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National Semiconductor Advanced Peripherals products in-
clude complex VLSI peripheral circuits designed to serve a
variety of applications. The Advanced Peripherals products
are especially well suited for microcomputer and microproc-
essor systems such as graphics workstations, personal
computers, and many others. National Semiconductor Ad-
vanced Peripherals devices are fully described in a series of
databooks and handbooks.

Among the Advanced Peripherals books are the following
titles:

MASS STORAGE

The National Semiconductor family of mass storage inter-
face products offers the industry’s highest performance and
broadest range of products for Winchester hard disks and
floppy disks. The Mass Storage Handbook includes com-
plete product information and datashests as well as a com-
prehensive design guide for disk controller systems.

MEMORY SUPPORT

Today's large Dynamic Random Access Memory (DRAM)
arrays require sophisticated high performance devices to
provide timing access arbitration on board drive and control.
National Semiconductor offers the broadest range of DRAM
controllers with the highest “No-waitstate” performance
available on the market. Controllers are available in Junc-
tion Isolated LS, Oxide Isolated ALS, and double metal
CMOS for DRAMSs from 64k bit through 4M bit devices, sup-
porting memory arrays up to 64 Mbyte in size with only one
LSI/VLSI device. For critical applications, National Semi-
conductor has developed several 16- and 32-bit Error
Checking and Correction (ECC) devices to provide maxi-
mum data integrity. The Memory Support Handbook con-
tains complete product information and several application
notes detailing complete memory system design.

LOCAL AREA NETWORKS AND DATA
COMMUNICATIONS

Today’s computer systems have created a hugh demand for
data communications and Local Area Networks (LANSs). Na-
tional Semiconductor supplies a broad range of products to
fill these needs. The |IEEE 802.3 Standard for Ethernet/
Cheapernet LANs is one of the most popular solutions. Na-
tional Semiconductor provides a complete three-chip solu-
tion for an entire 802.3 design. For IBM 370 class main-
frame and system 34/36/38 peripheral connectivity, Nation-
al offers a completely integrated solution. For the physical
layer front end transceiving and processing of the IBM
3270/3299 “coaxial” and IBM 5250 “twinaxiar” protocols.
To drive the communications lines, National Semiconductor
has drivers and receivers designed to meet all the major
standards such as RS-232, RS-422, and RS-485. Data-
sheets and applications information for all these products
are in the LAN/DATA COMM Handbook.

GRAPHICS

Sophisticated human interface is a mark of the newest com-
puter systems designs. Today’s personal computer may
have better graphics display capability than engineering
workstations of a few years ago. National Semiconductor
has developed a new family of Advanced Graphics products
to provide extremely high performance, high resolution color
graphics displays. The graphics chip setis designed to pro-
vide the highest level of performance with minimum de-
mands and loading on the system CPU. The graphics sys-
tem may be expanded to any number of color planes with
virtually unlimited resolution. The Graphics Databook lays it
all out and makes the display system design easy.
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Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
d Production
oted ‘

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to

improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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DP8390C/NS32490C Network Interface Controller

General Description

The DP8380C/NS32490C Network Interface Controller
(NIC) is a microCMOS VLS| device designed to ease inter-
facing with CSMA/CD type local area networks including
Ethernet, Thin Ethernet (Cheapernet) and StarLAN. The
NIC implements all Media Access Control (MAC) layer func-
tions for transmission and reception of packets in accord-
ance with the |IEEE 802.3 Standard. Unique dual DMA chan-
nels and an internal FIFO provide a simple yet efficient
packet management design. To minimize system parts
count and cost, all bus arbitration and memory support logic
are integrated into the NIC.

The NIC is the heart of a three chip set that implements the
complete IEEE 802.3 protocol and node electronics as
shown below. The other two chips are the DP8391 Serial
Network Interface (SNI) and the DP8392A Coaxial Trans-
ceiver Interface (CTI).

Features

B Compatible with IEEE 802.3/Ethernet II/Thin Ethernet/
StarLAN

B Interfaces with 8-, 16- and 32-bit microprocessor
systems

| Implements simple, versatile buffer management

B Forms integral part of DP83390C, 91, 92 Ethernet/Thin
Ethernet solution

m Requires single 5V supply

| Utilizes low power microCMOS process

m Includes
— Two 16-bit DMA channels
— 16-byte internal FIFO with programmable threshold
— Network statistics storage

m Supports physical, multicast, and broadcast address
filtering

W Provides 3 levels of loopback

' Utilizes independent system and network clocks
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2.0 Block Diagram
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3.0 Functional Description
(Refer to Figure 1) '

RECEIVE DESERIALIZER

The Receive Deserializer is activated when the input signal
Carrier Sense is asserted to allow incoming bits to be shift-
ed into the shift register by the receive clock. The serial
receive data is also routed to the CRC generator/checker.
The Receive Deserializer includes a synch detector which
detects the SFD (Start of Frame Delimiter) to establish
where byte boundaries within the serial bit stream are locat-
ed. After every eight receive clocks, the byte wide data is
transferred to the 16-byte FIFO and the Receive Byte Count
is incremented. The first six bytes after the SFD are
checked for valid comparison by the Address Recognition
Logic. If the Address Recognition Logic does not recognize
the packet, the FIFO is cleared.

CRC GENERATOR/CHECKER

During transmission, the CRC logic generates a local CRC
field for the transmitted bit sequence. The CRC encodes all
fields after the synch byte. The CRC is shifted out MSB first
following the last transmit byte. During reception the CRC
logic generates a CRC field from the incoming packet. This
local CRC is serially compared to the incoming CRC ap-
pended to the end of the packet by the transmitting node. If
the local and received CRC match, a specific pattern will be
generated and decodedto indicate no data errors. Trans-
mission errors result in a different pattern and are detected,
resulting in rejection of a pabke_t.

TRANSMIT SERIALIZER

The Transmit Serializer reads parailel data from the FIFO
and serializes it for transmission. The serializer is clocked by

TL/F/8582-2

the transmit clock generated by the Serial Network Interface
(DP8391). The serial data is also shifted into the CRC gen-
erator/checker. At the beginning of each transmission, the
Preamble and Synch Generator append 62 bits of 1,0 pre-
amble and a 1,1 synch pattern. After the last data byte of
the packet has been serialized the 32-bit FCS field is shifted
directly out of the CRC generator. In the event of a collision
the Preamble and Synch generator is used to generate a
32-bit JAM pattern of all 1's

ADDRESS RECOGNITION LOGIC

The address recognition logic compares the Destination Ad-
dress Field (first 6 bytes of the received packet) to the Phys-
ical address registers stored in the Address Register Array.
If any one of the six bytes does not match the pre-pro-
grammed physical address, the Protocol Control Logic re-
jects the packet. All multicast destination addresses are fil-
tered using a hashing technique. (See register description.)
If the multicast address indexes a bit that has been set in
the filter bit array of the Multicast Address Register Array
the packet is accepted, otherwise it is rejected by the Proto-
col Control Logic. Each destination address is also checked
for all 1's which is the reserved broadcast address.

FIFO AND FIFO CONTROL LOGIC .

The NIC features a 16-byte FIFO. During transmission the
DMA writes data into the FIFO and the Transmit Serializer
reads data from the FIFO and transmits it. During reception
the Receive Deserializer writes data into the FIFO and the
DMA reads data from the FIFO. The FIFO control logic is
used to count the number of bytes in the FIFO so that after
a preset level, the DMA can begin a bus access and write/
read data to/from the FIFO before a FIFO underflow//over-
flow occurs.

1-4




3.0 Functional Description (continued)

Because the NIC must buffer the Address field of each in-
coming packet to determine whether the packet matches its
Physical Address Registers or maps to ons of its Multicast
Registers, the first local DMA transfer does not occur until 8
bytes have accumulated in the FIFO.

To assure that there is no overwriting of data in the FIFO,
the FIFO logic flags a FIFO overrun as the 13th byte is
written into the FIFO; this effectively shortens the FIFO to
13 bytes. In addition, the FIFO logic operates differently in
Byte Mode than in Word Mode. In Byte Mode, a threshold is
indicated when the n + 1 byte has entered the FIFO; thus,
with an 8-byte threshold, the NIC issues Bus Request
(BREQ) when the 9th byte has entered the FIFO. For Word
Mode, BREQ is not generated until the n + 2 bytes have
entered the FIFO. Thus, with a 4 word threshold (equivalent
to an 8-byte threshold), BREQ is issued when the 10th byte
has entered the FIFO.

PROTOCOL PLA

The protocol PLA is responsible for implementing the IEEE
802.3 protocol, including collision recovery with random
backoff. The Protocol PLA also formats packets during
transmission and strips preamble and synch during recep-
tion.

DMA AND BUFFER CONTROL LOGIC

The DMA and Buffer Control Logic is used to control two
16-bit DMA channels. During reception, the Local DMA
stores packets in a receive buffer ring, located in buffer
memory. During transmission the Local DMA uses pro-
grammed pointer and length registers to transfer a packst
from local buffer memory to the FIFO. A second DMA chan-
nel is used as a slave DMA to transfer data between the
local buffer memory and the host system. The Local DMA
and Remote DMA are internally arbitrated, with the Local
DMA channel having highest priority. Both DMA channels
use a common external bus clock to generate all required
bus timing. External arbitration is performed with a standard
bus request, bus acknowledge handshake protocol.

4.0 Transmit/Receive Packet

Encapsulation/Decapsulation

A standard IEEE 802.3 packet consists of the following
fields: preamble, Start of Frame Delimiter (SFD), destination
address, source address, length, data, and Frame Check
Sequence (FCS). The typical format is shown in Figure 2.
The packets are Manchester encoded and decoded by the
DP8391 SNI and transferred serially to the NIC using NRZ
data with a clock. All fields are of fixed length except for the
data field. The NIC generates and appends the preamble,
SFD and FCS field during transmission. The Preamble and
SFD fields are stripped during reception. (The CRC is
passed through to buffer memory during reception.)

PREAMBLE AND START OF FRAME DELIMITER (SFD)

The Manchester encoded alternating 1,0 preamble field is
used by the SNI (DP8391) to acquire bit synchronization
with an incoming packet. When transmitted each packet
contains 62 bits of alternating 1,0 preamble. Some of this
preamble will be lost as the packet travels through the net-
work. The preamble field is stripped by the NIC. Byte align-
ment is performed with the Start of Frame Delimiter (SFD)
pattern which consists of two consecutive 1's. The NIC
does not treat the SFD pattern as a byte, it detects only the

two bit pattern. This allows any preceding preamble within
the SFD to be used for phase locking.

DESTINATION ADDRESS

The destination address indicates the destination of the
packet on the network and is used to filter unwanted pack-
ets from reaching a node. There are three types of address
formats supported by the NIC: physical, multicast, and
broadcast. The physical address is a unique address that
corresponds only to a single node. All physical addresses
have an MSB of “0". These addresses are compared to the
internally stored physical address registers. Each bit in the
destination address must match in order for the NIC to ac-
cept the packet. Multicast addresses begin with an MSB of
1", The DP8390C filters multicast addresses using a stan-
dard hashing algorithm that maps all multicast addresses
into a 6-bit value. This 6-bit value indexes a 64-bit array that
filters the value. If the address consists of all 1's it is a
broadcast address, indicating that the packet is intended for
all nodes. A promiscuous mode allows reception of all pack-
ets: the destination address is not required to match any
filters. Physical, broadcast, multicast, and promiscuous ad-
dress modes can be selected.

SOURCE ADDRESS

The source address is the physical address of the node that
sent the packet. Source addresses cannot be multicast or
broadcast addresses. This field is simply passed to buffer
memory.

LENGTH FIELD

The 2-byte length field indicates the number of bytes that
are contained in the data field of the packet. This field is not
interpreted by the NIC.

DATA FIELD

The data field consists of anywhere from 46 to 1500 bytes.
Messages longer than 1500 bytes need to be broken into
multiple packets. Messages shorter than 46 bytes will re-
quire appending a pad to bring the data field to the minimum
length of 46 bytes. If the data field is padded, the number of
valid data bytes is indicated in the length field. The NIC
does not strip or append pad bytes for short packets,
or check for oversize packets.

FCS FIELD

The Frame Check Sequence (FCS) is a 32-bit CRC field
calculated and appended to a packet during transmission to
allow detection of errors when a packet is received. During
reception, error free packets result in a specific pattern in
the CRC generator. Packets with improper CRC will be re-
jected. The AUTODIN Il (X32 + X26 + X23 + X22 4 X16 +
X12 4 X11 + X10 4 X8 + X7 + X5 + X4 + X2 + X1 + 1)
polynomial is used for the CRC calculations.

PREAMBLE ' SFD  DESTINATION SOURCE LENGTH DATA FCS
[ oo | 2o ] e8 | 68 | 28 | 4ee-15008 | 48 |
RECEVE >< >
OPERATIONS ™ srRippED TRANSFERRED VIA DNA
PG >—>
OPERATIONS ™ APPENDED TRANSFERRED VIA DMA CALCULATED ¢
BY NIC B=BYTES  APPENDED
b=BITS

BY NC
TL/F/8582-3
FIGURE 2
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Connection Diagrams
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See NS Package Number N48A or V68A
5.0 Pin Descriptions
BUS INTERFACE PINS
Symbol DIP Pin No Function Description
ADO-AD15 1-12 110, MULTIPLEXED ADDRESS/DATA BUS: }
14-17  Register Access, with DMA inactive, CS low and ACK returned from NIC, pins
ADO-AD? are used to read/write register data. AD8—AD15 float during I/0
transfers. SRD, SWR pins are used to select direction of transfer.
* Bus Master with BACK input asserted.
During t1 of memory cycle ADO-AD15 contain address.
During t2, t3, t4 ADO-AD15 contain data (word transfer mode).
During t2, t3, t4 ADO-AD?7 contain data, AD8-AD15 contain address
(byte transfer mode).
Direction of transfer is indicated by NIC on MWR, MRD lines.
ADSO 18 110,2 ADDRESS STROBE 0
* Input with DMA inactive and C5 low, latches RAO0-RAS inputs on falling edge.
If high, data present on RA0-RA3 will flow through latch.
e Qutput when Bus Master, latches address bits (AO-A15) to external memory
during DMA transfers.




5.0 Pin Descriptions (continued)
BUS INTERFACE PINS (Continued)

Symbol DIP Pin No Function Description

CS 19 | CHIP SELECT: Chip Select places controller in slave mode for uP access to
internal registers. Must be valid through data portion of bus cycle. RAO-RA3 are
used to select the internal register. SWR and SRD select direction of data
transfer.

006¥C¢ESN/D06€8dd

<
By

20 0,2 MASTER WRITE STROBE: Strobe for DMA transfers, active low during write
cycles (t2, t3, tw) to buffer memory. Rising edge coincides with the presence of
valid output data. TRI-STATE® until BACK asserted.

=
D
@)

21 0,2 MASTER READ STROBE: Strobe for DMA transfers, active during read cycles
(t2, t3, tw) to buffer memory. Input data must be valid on rising edge of MRD.
TRI-STATE until BACK asserted.

(7
2
D

22 | SLAVE WRITE STROBE: Strobe from CPU to write an internal register selected
by RAO-RA3.

|

78]
i
O

23 | SLAVE READ STROBE: Strobe from CPU to read an internal register selected
by RAO-RA3.

ACK 24 (o] ACKNOWLEDGE: Active low when NIC grants access to CPU. Used to insert
WAIT states to CPU until NIC is synchronized for a register read or write
operation.

RA0-RA3 45-48 | REGISTER ADDRESS: Thess four pins are used to select a register to be read
or written, The state of these inputs is ignored when the NIC is not in slave mode
(CS high).

PRD 44 o PORT READ: Enables data from external latch onto local bus during a memory
write cycle to local memory (remote write operation). This allows asynchronous
transfer of data from the system memory to local memory.

:
>
X

43 | WRITE ACKNOWLEDGE: Issued from system to NIC to indicate that data has
been written to the external latch. The NIC will begin a write cycle to place the
data in local memory.

INT 42 (o} INTERRUPT: Indicates that the NIC requires CPU attention after reception
transmission or completion of DMA transfers. The interrupt is cleared by writing
to the ISR. All interrupts are maskable.

X
m
[72]
m|
—

41 I RESET: Reset is active low and places the NIC in a reset mode immediately, no
packets are transmitted or received by the NIC until STA bit is set. Affects
Command Register, Interrupt Mask Register, Data Configuration Register and
Transmit Configuration Register. The NIC will execute reset within 10 BUSK
cycles.

BREQ 31 (0] BUS REQUEST: Bus Request is an active high signal used to request the bus for
DMA transfers. This signal is automatically generated when the FIFO needs
servicing.

BACK 30 | BUS ACKNOWLEDGE: Bus Acknowledge is an active high signal indicating that
the CPU has granted the bus to the NIC. If immediate bus access is desired,
BREQ should be tied to BACK. Tying BACK to V¢c will result in a deadlock.

PRQ, ADS1 29 (o4 PORT REQUEST/ADDRESS STROBE 1

* 32-BIT MODE: If LAS is set in the Data Configuration Register, this line is
programmed as ADS1. Itis used to strobe addresses A16-A31 into external
latches. (A16—A31 are the fixed addresses stored in RSARO, RSAR1.) ADS1
will remain at TRI-STATE until BACK is received.

* 16-BIT MODE: If LAS is not set in the Data Configuration Register, this line is
programmed as PRQ and is used for Remote DMA Transfers. In this mode
PRQ will be a standard logic output. )

NOTE: This line will power up as TRI-STATE until the Data Configuration

Register is programmed.

READY 28 | READY: This pin is set high to insert wait states during a DMA transfer. The NIC
will sample this signal at t3 during DMA transfers.
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5.0 Pin Descriptions (continued)

BUS INTERFACE PINS (Continued)

Symbol DIP Pin No Function Description

PWR 27 (e] PORT WRITE: Strobe used to latch data from the NIC into external latch for
transfer to host memory during Remote Read transfers. The rising edge of PWR
coincides with the presence of valid data on the local bus.

RACK 26 1 READ ACKNOWLEDGE: Indicates that the system DMA or host CPU has read
the data placed in the external latch by the NIC. The NIC will begin a read cycle
to update the latch.

BSCK 25 I This clock is used to establish the period.of the DMA memory cycle Four clock

. cycles (t1, t2, t3, t4) are used per DMA cycle. DMA transfers can be extended by
one BSCK increments using the READY input.

NETWORK INTERFACE PINS .

coL 40 ' | COLLISION DETECT: This line becomes active when a collision has been
detected on the coaxial cable. During transmission this line is monitored after
preamble and synch have been transmitted. At the end of each transmission this
line is monitored for CD heartbeat.

RXD 39 | RECEIVE DATA: Serial NRZ data received from the ENDEC, clocked into the
NIC on the rising edge of RXC.

CRS 38 . | CARRIER SENSE: This signal is provided by the ENDEC and indicates that
carrier is present. This signal is active high.

RXC 37 | RECEIVE CLOCK: Re-synchronized clock from the ENDEC used to clock data

. . from the ENDEC into the NIC.
LBK 35 .0 LOOPBACK: This output is set high when the NIC is programmed to perform a
’ loopback through the StarL AN ENDEC.

TXD i 34 (o} TRANSMIT DATA: Serial NRZ Data output to the ENDEC. The data is valid on
the rising edge of TXC.

TXC 33 | TRANSMIT CLOCK: This clock is used to provide timing for internal operation
and to shift bits out of the transmit serializer. TXC is nominally a 1 MHz clock
provided by the ENDEC.

TXE 32 (0] TRANSMIT ENABLE: This output becomes active when the first bit of the

o packet is valid on TXD and goes low after the last bit of the packet is clocked out
of TXD. This signal connects directly to the ENDEC. This signal is active high.

POWER

Vee 36 +5V DC is required. It is suggested that a decoupling capacitor be connected
between these pins. It is essential to provide a path to ground for the GND pin

GND 13 ; S
with the lowest possible impedance.

6.0 Direct Memory Access Control (DMA)

The DMA capabilities of the NIC greatly simplify use of the
DP8390C in typical configurations. The local DMA channel
transfers data between the FIFO and memory. On transmis-
sion, the packet is DMA'd from memory to the FIFO in
bursts. Should a collision occur (up to 15 times), the packet
is retransmitted with no processor intervention. On recep-
tion, packets are DMAed from the FIFO to the receive buffer
ring (as explained below).

A remote DMA channel is also provided on the NIC to ac-
complish transfers between a buffer memory and system
memory. The two DMA channels can alternatively be com-
bined to form a single 32-bit address with 8- or 16-bit data.

DUAL DMA CONFIGURATION
An example configuration using both the local and remote

DMA channels is shown below. Network activity is isolated

on a local bus, where the NIC’s local DMA channel per-
forms burst transfers between the buffer memory and the

‘NIC's FIFO. The Remote DMA transfers data between the

buffer memory and the host memory via a bidirectional 170
port. The Remote DMA provides local addressing capability
and is used as a slave DMA by the host. Host side address-
ing must be provided by a host DMA or the CPU. The NIC
allows Local and Remote DMA operations to be interleaved.

SINGLE CHANNEL DMA OPERATION

If desirable, the two DMA channels can be combined to
provide a 32-bit DMA address. The upper 16 bits of the 32-
bit address are static and are used to point to a 64k byte (or
32k word) page of memory where packets are to be re-
ceived and transmitted.




6.0 Direct Memory Access Control (DMA) (continued)

Dual Bus System
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32-Bit DMA Operation 7.0 Packet Reception

The Local DMA receive channel uses a Buffer Ring Struc-
DATA ture comprised of a series of contiguous fixed length 256
I FIFO I: byte (128 word) buffers for storage of received packets. The
location of the Receive Buffer Ring is programmed in two
REMOTE DMA registers, a Page Start and a Page Stop Register. Ethernet
LOCAL DMa | ACDRESS(S2-8m) packets consist of a distribution of shorter link control pack-
ets and longer data packets, the 256 byte buffer length pro-
HOST vides a good compromise between short packets and long-
MEMORY er packets to most efficiently use memory. In addition these
buffers provide memory resources for storage of back-to-
— back packets in loaded networks. The assignment of buffers
TL/F/8582-6

DP8390
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NIC Receive Buffer Ring
BUFFER RAM

{UP TO 64 KBYTES)
PAGE START
ADDRESS BUFFER #1
BUFFER #2
BUFFER #3
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:
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PAGE STOP BUFFER N
ADDRESS
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7.0 Packet Reception (continued)

for storing packets is controlled by Buffer Management Log-
ic in the NIC. The Buffer Management Logic provides three
basic functions: linking receive buffers for long packets, re-
covery of buffers when a packet is rejected, and recircula-
tion of buffer pages that have been read by the host.

At initialization, a portion of the 64k byte (or 32k word) ad-
dress space is reserved for the receive buffer ring. Two
eight bit registers, the Page Start Address Register
(PSTART) and the Page Stop Address Register (PSTOP)
define the physical boundaries of where the buffers reside.
The NIC treats the list of buffers as a logical ring; whenever
the DMA address reaches the Page Stop Address, the DMA
is reset to the Page Start Address.

INITIALIZATION OF THE BUFFER RING

Two static registers and two working registers control the
operation of the Buffer Ring. These are the Page Start Reg-
ister, Page Stop Register (both described previously), the
Current Page Register and the Boundary Pointer Register.
The Current Page Register points to the first buffer used to
store a packet and is used to restore the DMA for writing
status to the Buffer Ring or for restoring the DMA address in
the event of a Runt packet, a CRC, or Frame Alignment
error. The Boundary Register points to the first packet in the
Ring not yet read by the host. If the local DMA address ever
reaches the Boundary, reception is aborted. The Boundary
Pointer is also used to initialize the Remote DMA for remov-
ing a packet and is advanced when a packet is removed. A
simple analogy to remember the function of these registers
is that the Current Page Register acts as a Write Pointer and
the Boundary Pointer acts as a Read Pointer.

Note 1: At initialization, the Page Start Register value should be loaded into
both the Current Page Register and the Boundary Pointer Register.

Note 2: The Page Start Register must not be initialized to 00H.

~ Receive Buffer Ring At Initialization

TL/F/8582-30

BEGINNING OF RECEPTION

When the first packet begins arriving the NIC begins storing
the packet at the location pointed to by the Current Page

Register. An offset of 4 bytes is saved in this first buffer to
allow room for storing receive status corresponding to this
packet.

Received Packet Enters Buffer Pages

BEGIN RECEPTION

4 BYTE OFFSET
FOR PACKET

TL/F/8582-31

LINKING RECEIVE BUFFER PAGES

If the length of the packet exhausts the first 256 byte buffer,
the DMA performs a forward link to the next buffer to store
the remainder of the packet. For a maximal length packet
the buffer logic will link six buffers to store the entire packet.
Buffers cannot be skipped when linking, a packet will always
be stored in contiguous buffers. Before the next buffer can
be linked, the Buffer Management Logic performs two com-
parisons. The first comparison tests for equality between
the DMA address of the next buffer and the contents of the
Page Stop Register. If the buffer address equals the Page
Stop Register, the buffer management logic will restore the
DMA to the first buffer in the Receive Buffer Ring value
programmed in the Page Start Address Register. The sec-
ond comparison tests for equality between the DMA ad-
dress of the next buffer address and the contents of the
Boundary Pointer Register. If the two values are equal the
reception is aborted. The Boundary Pointer Register can be
used to protect against overwriting any area in the receive
buffer ring that has not yet been read. When linking buffers,
buffer management will never cross this pointer, effectively
avoiding any overwrites. If the buffer address does not
match either the Boundary Pointer or Page Stop Address,
the link to the next buffer is performed.

Linking Buffers

Before the DMA can enter the next contiguous 256 byte
buffer, the address is checked for equality to PSTOP and to
the Boundary Pointer. If neither are reached, the DMA is
allowed to use the next buffer.

Linking Receive Buffer Pages

1) Check for = to PSTOP
2) Check for = to Boundary

TL/F/8582-32




7.0 Packet Reception (continued)

Recelved Packet Aborted If It Hits Boundary Pointer
IND PACKET

18T PACKET

RECEPTION
ABORTED BY
NIC ~ OVFLW

BOUNDARY
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Buffer Ring Overflow

If the Buffer Ring has been filled and the DMA reaches the
Boundary Pointer Address, reception of the incoming pack-
et will be aborted by the NIC. Thus, the packets previously
received and still contained in the Ring will not be de-
stroyed.

In a heavily loaded network environment the local DMA may
be disabled, preventing the NIC from buffering packets from
the network. To guarantee this will not happen, a software
reset must be issued during all Receive Buffer Ring over-
flows (indicated by the OVW bit in the Interrupt Status Reg-
ister). The following procedure Is required to recover
from a Recelver Buffer Ring Overflow.

1. Issue the STOP mode command (Command Register =
21H). The NIC may not immediately enter the STOP
mode. If it is currently processing a packet, the NIC will
enter STOP mode only after finishing the packet. The NIC
indicates that it has entered STOP mode by setting the
RST bit in the Interrupt Status Register.

2.Clear the Remots Byte Counter Registers (RBCRO,
RBCR1). The NIC requires these registers to be cleared
before it sets the RST bit.

Note: If the STP is set when a transmission is in progress, the RST bit may
not be set. In this case, the NIC is guaranteed to be reset after the
longest packet time (1500 bytes = 1.2 ms). For the DP8390C (but not
for the DP8390B), the NIC will be reset within 2 microseconds after
the STP bit is set and Loopback mode 1 is programmed.

3. Poll the Interrupt Status Register for the RST bit. When

set, the NIC is in STOP mode.

4. Place the NIC in LOOPBACK (mode 1 or 2) by writing
02H or 04H to the Transmit Configuration Register. This
step is required to properly enable the NIC onto an active
network.

5. Issue the START mode command (Command Register =
22H). The local receive DMA is still inactive since the NIC
is in LOOPBACK.

. Remove at least one packet from the Receive Buffer
Ring to accommodate additional incoming packets.

. Take the NIC out of LOOPBACK by programming the
Transmit Configuration Register back to its original value
and resume normal operation.

Note: If the Remote DMA channel is not used, you may eliminate step 6 and
remove packets from the Receive Buffer Ring after step 1. This will
reducs or eliminate the polling time incurred in step 3.

o

~

END OF PACKET OPERATIONS

At the end of the packet the NIC determines whether the
received packet is to be accepted or rejected. It either
branches to a routine to store the Buffer Header or to anoth-
er routine that recovers the butfers used to store the packet.

SUCCESSFUL RECEPTION

If the packet is successfully received as shown, the DMA is
restored to the first buffer used to store the packet (pointed
to by the Current Page Register). The DMA then stores the
Receive Status, a Pointer to where the next packet will be
stored (Buffer 4) and the number of received bytes. Note
that the remaining bytes in the last buffer are discarded and
reception of the next packet begins on the next empty 256-
byte buffer boundary. The Current Page Register is then
initialized to the next available buffer in the Buffer Ring. (The
location of the next buffer had been previously calculated
and temporarily stored in an internal scratchpad register.)

Termination of Recelved Packet—Packet Accepted
CURRENT
—

iy

STATUS
REXT PAGE
LENBTH {L)
LENGTH (H)

p——

CURRENT
PAGE
REGISTER

Vo1 PACKET STATUS

TL/F/B582-10

BUFFER RECOVERY FOR REJECTED PACKETS

If the packet is a runt packet or contains CRC or Frame
Alignment errors, it is rejected. The buffer management log-
ic resets the DMA back to the first buffer page used to store
the packet (pointed to by CURR), recovering all buffers that
had been used to store the rejected packet. This operation
will not be performed if the NIC is programmed to accept
either runt packets or packets with CRC or Frame Alignment
errors. The received CRC is always stored in buffer memory
after the last byte of received data for the packet.

Termination of Recelved Packet—Packet Rejected

TL/F/8582-13
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7.0 Packet Reception (continued)

Error Recovery

If the packet is rejected as shown, the DMA is restored by
the NIC by reprogramming the DMA starting address point-
ed to by the Current Page Register.

REMOVING PACKETS FROM THE RING

Packets are removed from the ring using the Remote DMA
or an external device. When using the Remote DMA the
Send Packet command can be used. This programs the Re-
mote DMA to automatically remove the received packet
pointed to by the Boundary Pointer. At the end of the trans-
fer, the NIC moves the Boundary Pointer, freeing additional
buffers for reception. The Boundary Pointer can also be
moved manually by programming the Boundary Register.
Care should be taken to keep the Boundary Pointer at least
one buffer behind the Current Page Pointer.

The following is a suggested method for maintaining the

Receive Buffer Ring pointers.

1. At initialization, set up a software variable (next__pkt) to
indicate where the next packet will be read. At the begin-
ning of each Remote Read DMA operation, the value of
next__pkt will be loaded into RSARO and RSAR1.

2. When initializing the NIC set:
BNDRY = PSTART
CURR = PSTART + 1
next__pkt = PSTART + 1

3. After a packet is DMAed from the Receive Buffer Ring,
the Next Page Pointer (second byte in NIC buffer header)
is used to update BNDRY and next__pkt.
next_pkt = Next Page Pointer
BNDRY = Next Page Pointer — 1
If BNDRY < PSTART then BNDRY = PSTOP — 1

Note the size of the Receive Buffer Ring is reduced by one
256-byte buffer; this will not, however, impede the operation
of the NIC.

In StarLAN applications using bus clock frequencies greater
than 4 MHz, the NIC does not update the buffer header
information properly because of the disparity between the
network and bus clock speeds. The lower byte count is cop-
ied twice into the third and fourth locations of the buffer
header and the upper byte count is not written. The upper
byte count, however, can be calculated from the current
next page pointer (second byte in the buffer header) and the
previous next page pointer-(stored in memory by the CPU).
The following routine calculates the upper byte count and
allows StarLAN applications to be insensitive to bus clock
speeds. Next__pkt is defined similarly as above.

1st Received Packet Removed By Remote DMA
.

137 PACKET

2ND PACKET

'.

NEW PACKET

ARRIVING r=——-

o
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upper byte count = next page pointer — next__pkt — 1
if (upper byte count) < 0 then
upper byte count = (PSTOP — next__pkt) +

(next page pointer — PSTART) — 1
if (lower byte count) > 0 fch then
upper byte count = upper byte count + 1

STORAGE FORMAT FOR RECEIVED PACKETS

The following diagrams describe the format for. how re-
ceived packets are placed into memory by the local DMA
channel. These modes are selected in the Data Configura-
tion Register.

Storage Format

AD15 AD8 AD7 ADO
Next Packet Receive
Pointer Status
Receive Receive
Byte Count 1 Byte Count 0
Byte 2 Byte 1

BOS = 0, WTS = 1 in Data Configuration Register.
This format used with Series 32000 808X type processors.

AD15 AD8 AD7 ADO
Next Packet Receive
Pointer Status
Receive Receive
Byte Count 0 Byte Count 1
Byte 1 Byte 2

BOS = 1, WTS = 1 in Data Configuration Register.
This format used with 68000 type processors.
Note: The Receive Byte Count ordering remains the same for BOS=0 or 1.

AD7 ADO

Receive Status

Next Packet
Pointer

Receive Byte
Count 0

Receive Byte
Count 1

Byte 0
Byte 1

BOS = 0, WTS = 0 in Data Configuration Register.
This format used with general 8-bit CPUs.

8.0 Packet Transmission

The Local DMA is also used during transmission of a pack-
et. Three registers control the DMA transfer during trans-
mission, a Transmit Page Start Address Register (TPSR)
and the Transmit Byte Count Registers (TBCRO,1). When
the NIC receives a command to transmit the packet pointed
to by these registers, buffer memory data will be moved into
the FIFO as required during transmission. The NIC will gen-
erate and append the preamble, synch and CRC fields.




8.0 Packet Transmission (Continued)

TRANSMIT PACKET ASSEMBLY

The NIC requires a contiguous assembled packet with the
format shown. The transmit byte count includes the Destina-
tion Address, Source Address, Length Field and Data. It
does not include preamble and CRC. When transmitting
data smaller than 46 bytes, the packet must be padded to a
minimum size of 64 bytes. The programmer is responsible
for adding and stripping pad bytes.

General Transmit Packet Format

A
DESTINATION ADDRESS 6 BYTES
SOURCE ADDRESS 6 BYTES
TX BYTE COUNT
(TBCRO, 1) TYPE LENGTH 2 BYTES
DATA 2> 46 BYTES
4 PAD (IF DATA < 46 BYTES)
TL/F/8582-58
TRANSMISSION

Prior to transmission, the TPSR (Transmit Page Start Regis-
ter) and TBCRO, TBCR1 (Transmit Byte Count Registers)
must be initialized. To initiate transmission of the packet the
TXP bit in the Command Register is set. The Transmit
Status Register (TSR) is cleared and the NIC begins to pre-
fetch transmit data from memory (unless the NIC is currently
receiving). If the interframe gap has timed out the NIC will
begin transmission.

CONDITIONS REQUIRED TO BEGIN TRANSMISSION

In order to transmit a packet, the following three conditions
must be met:

1. The Interframe Gap Timer has timed out the first 6.4 us
of the Interframe Gap (See appendix for Interframe Gap
Flowchart)

2. At least one byte has entered the FIFQ. (This indicates
that the burst transfer has been started)

3. If the NIC had collided, the backoff timer has expired.

In typical systems the NIC has already prefetched the first
burst of bytes before the 6.4 us timer expires. The time
during which NIC transmits preamble can also be used to
load the FIFO.

Note: If carrier sense is asserted before a byte has been loaded into the
FIFO, the NIC will become a receiver.

COLLISION RECOVERY

During transmission, the Buffer Management logic monitors
the transmit circuitry to determine if a collision has occurred.
If a collision is detected, the Buffer Management logic will
reset the FIFO and restore the Transmit DMA pointers for
retransmission of the packet. The COL bit will be set in the
TSR and the NCR (Number of Collisions Register) will be
incremented. If 15 retransmissions each result in a collision
the transmission will be aborted and the ABT bit in the TSR
will be set.

Note: NCR reads as zeroes if excessive collisions are encountered.

TRANSMIT PACKET ASSEMBLY FORMAT

The following diagrams describe the format for how packets
must be assembled prior to transmission for different byte
ordering schemes. The various formats are selected in the
Data Configuration Register.

D15 D8 D7 DO
DA1 DAO
DA3 DA2
DAS DA4
SA1 DAOQ
SA3 DA2
SAS DA4
T/L1 T/LO
DATA1 DATAQ

BOS = 0, WTS = 1 in Data Configuration Register.

This format is used with Series 32000, 808X type proces-
sors.

D15 D8 D7 DO
DAO DA1
DA2 DA3
DA4 DAS
SA0 SA1
SA2 SA3
SA4 SA5
T/L0 T/LA
DATA O DATA 1

BOS = 1, WTS = 1 in Data Configuration Register.
This format is used with 68000 type processors.

D7 DO
DAO
DA1
DA2
DA3
DA4
DAS
SAQ
SA1
SA2
SA3

BOS = 0, WTS = 0 in Data Configuration Register.
This format is used with general 8-bit CPUs.

Note: All examples above will result in a transmission of a packet in order of
DAO, DA1, DA2, DA3. .. bits within each byte will be transmitted least
significant bit first.

DA = Destination Address
SA = Source Address
T/L = Type/Length Field

D06¥CESN/D06€8d0
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9.0 Remote DMA

The Remote DMA channel is used to both assemble pack-
ets for transmission, and to remove received packets from
the Receive Buffer Ring. It may also be used as a general
purpose slave DMA channel for moving blocks of data or
commands between host memory and local buffer memory.
There are three modes of operation, Remote Write, Remote
Read, or Send Packet.

Two register pairs are used to control the Remote DMA, a
Remote Start Address (RSARO, RSAR1) and a Remote
Byte Count (RBCRO, RBCR1) register pair. The Start Ad-
dress Register pair points to the beginning of the block to be
moved while the Byte Count Register pair is used to indicate
the number of bytes to be transferred. Full handshake logic
is provided to move data between local buffer memory and
a bidirectional 170 port.

REMOTE WRITE

A Remote Write transfer is used to move a block of data
from the host into local buffer memory. The Remote DMA
will read data from the 1/0 port and sequentially write it to
local buffer memory beginning at the Remote Start Address.
The DMA Address will be incremented and the Byte Coun-
ter will be decremented after each transfer. The DMA is
terminated when the Remote Byte Count Register reaches
a count of zero. o :

REMOTE READ

A Remote Read transfer is used to move a block of data
from local buffer memory to the host. The Remote DMA will
sequentially read data from the local buffer memory, begin-
ning at the Remote Start Address, and write data to the 170
port. The DMA Address will be incremented and the Byte
Counter will be decremented after each transfer. The DMA
is terminated when the Remote Byte Count Register reach-
@es zero.

SEND PACKET COMMAND

The Remote DMA channel can be automatically initialized
to transfer a single packet from the Receive Buffer Ring.
The CPU begins this transfer by issuing a “Send Packet”
Command. The DMA will be initialized to the value of the
Boundary Pointer Register and the Remote Byte Count
Register pair (RBCRO, RBCR1) will be initialized to the value
of the Receive Byte Count fields found in the Buffer Header
of each packet. After the data is transferred, the Boundary
Pointer is advanced to allow the buffers to be used for new
receive packets. The Remote Read will terminate when the
Byte Count equals zero. The Remote DMA is then prepared
to read the next packet from the Receive Buffer Ring. If the
DMA pointer crosses the Page Stop Register, it is reset to
the Page Start Address. This allows the Remote DMA to
remove packets that have wrapped around to the top of the
Receive Buffer Ring. ’

Note 1: In order for the NIC to correctly execute the Send Packet Com-
mand, the upper Remote Byte Count Register (RBCR1) must first
be loaded with OFH.

Note 2: The Send Packet command cannot be used with 68000 type proc-
essors.

10.0 Internal Registers

All registers are 8-bit wide and mapped into two pages
which are selected in the Command Register (PS0, PS1).
Pins RA0-RA3 are used to address registers within each
page. Page 0 registers are those registers which are com-
monly accessed during NIC operation while page 1 registers
are used primarily for initialization. The registers are parti-
tioned to avoid having to perform two write/read cycles to
access commonly used registers.

Remote DMA Autoinitialization from Buffer Ring

BOUNDARY
POINTER

n=1

STATUS
NEXT PACKET

POINTER

RECEIVE BYTE

COUNT (1)

BOUNDARY
POINTER"

DMA ENDS HERE

REMOTE

REMOVES
PACKET

RECEIVE BYTE

REGISTERS LOADED BY
AUTOSEND COMMAND

Z REMOTE REMOTE

= BYTE COUNT1 | BYTE COUNTO
2

8

BOUNDARY
POINTER

REMOTE
START ADD 1

REMOTE
START ADDO

ugr
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10.0 Internal Registers (continued)
10.1 REGISTER ADDRESS MAPPING

| COMMAND REGISTER I
PS0, PS1 ADDRESS
DECODE
»| COMMAND L=—p] COMMAND
—p] /SWR
—»] /sk0 PAGE 0 PAGE 0
—] /cs (READ) (WRITE)
=] RAO=RA3
COMMAND [==p| COMMAND
PAGE 1 PAGE 1
(READ) (WRITE)
COMMAND =] COMMAND
PAGE 2 PAGE 2
(READ) (WRITE)
9| COMMAND |—| COMMANG
TEST TEST
PAGE PAGE

10.2 REGISTER ADDRESS ASSIGNMENTS
Page 0 Address Assignments (PS1 = 0, PS0 = 0)

TL/F/8582-60

Page 1 Address Assignments (PS1 = 0, PS0 = 1)

RA0-RA3 RD WR RA0-RA3 RD WR
00H Command (CR) Command (CR) O0H Command (CR) Command (CR)
01H Current Local DMA | Page Start Register 01H Physical Address Physical Address
Address 0 (CLDAO) | (PSTART) Register 0 (PARO) Register 0 (PARO)
02H Current Local DMA | Page Stop Register 02H Physical Address Physical Address
Address 1 (CLDA1) | (PSTOP) Register 1 (PAR1) Register 1 (PAR1)
03H Boundary Pointer Boundary Pointer 03H Physical Address Physical Address
(BNRY) (BNRY) Register 2 (PAR2) Register 2 (PAR2)
04H Transmit Status Transmit Page Start 04H Physical Address Physical Address
Register (TSR) Address (TPSR) Register 3 (PAR3) Register 3 (PAR3)
05H Number of Collisions | Transmit Byte Count 05H Physical Address Physical Address
Register (NCR) Register 0 (TBCRO) Register 4 (PAR4) Register 4 (PAR4)
06H FIFO (FIFO) Transmit Byte Count 06H Physical Address Physical Address
Register 1 (TBCR1) Register 5 (PARS5) Register 5 (PAR5)
07H Interrupt Status Interrupt Status 07H Current Page Current Page
Register (ISR) Register (ISR) Register (CURR) Register (CURR)
08H Current Remote DMA | Remote Start Address 08H Multicast Address Multicast Address
Address 0 (CRDAQ) | Register 0 (RSARO) Register 0 (MARO) | Register 0 (MARO)
09H Current Remote DMA | Remote Start Address 08H Multicast Address Multicast Address
Address 1 (CRDA1) | Register 1 (RSAR1) Register 1 (MAR1) | Register 1 (MAR1)
0AH Reserved Remote Byte Count 0AH Multicast Address Multicast Address
Register 0 (RBCRO0) Register 2 (MAR2) | Register 2 (MAR2)
0BH Reserved Remote Byte Count 0BH Multicast Address Multicast Address
Register 1 (RBCR1) Register 3 (MAR3) Register 3 (MAR3)
OCH Receive Status Receive Configuration 0CH Multicast Address Multicast Address
Register (RSR) Register (RCR) Register 4 (MAR4) Register 4 (MAR4)
ODH Tally Counter 0 Transmit Configuration ODH Multicast Address Multicast Address
(Frame Alignment Register (TCR) Register 5 (MARS) Register 5 (MARS5)
Errors) (CNTRO)
OEH Tally Counter 1 Data Configuration OEH Multicast Address Multicast Address
(CRC Errors) Register (DCR) Register 6 (MAR6) | Register 6 (MARS)
(CNTR1)
OFH Tally Counter 2 Interrupt Mask OFH Multicast Address Multicast Address
(Missed Packet Register (IMR) Register 7 (MAR7?) Register 7 (MAR7)

Errors) (CNTR2)

006F2ESN/J06€8dd




DP8390C/NS32490C

10.0 Internal Registers (Continued)
Page 2 Address Assignments (PS1 = 1, PS0 = 0)

RA0-RA3 RD WR RA0-RA3 RD WR
00H Command (CR) Command (CR) 08H Reserved Reserved
01H Page Start Register | Current Local DMA 09H Reserved Reserved

(PSTART) Address 0 (CLDAO) 0AH Reserved Reserved
02H Page Stop Register | Current Local DMA 0BH Reserved Reserved
(PSTOP) Address 1 (CLDA1)
OCH Receive Configuration Reserved
03H Remote Next Packet | Remote Next Packet Register (RCR)
Pointer Pointer
N ODH Transmit Configuration Reserved
04H Transmit Page Start | Reserved Register (TCR)
Address (TPSR) : '
OEH Data Configuration Reserved
05H Local Next Packet Local Next Packet Register (DCR)
Pointer Pointer
OFH Interrupt Mask Register Reserved
06H Address Counter Address Counter (IMR)
(Upper) (Upper) - - -
Note: Page 2 registers should only be accessed for diagnostic purposes.
07H Address Counter Address Counter They should not be modified during normal operation.
(Lower) (Lower) Page 3 should never be modified.




10.0 Internal Registers (continued)
10.3 Register Descriptions

COMMAND REGISTER (CR)  00H (READ/WRITE)

The Command Register is used to initiate transmissions, enable or disable Remote DMA operations and to select register
pages. To issue a command the microprocessor sets the corresponding bit(s) (RD2, RD1, RDO, TXP). Further commands may
be overlapped, but with the following rules: (1) If a transmit command overlaps with a remote DMA operation, bits RDO, RD1,
and RD2 must be maintained for the remote DMA command when setting the TXP bit. Note, if a remote DMA command is re-is-
sued when giving the transmit command, the DMA will complete immediately if the remote byte count register have not been re-
initialized. (2) If a remote DMA operation overlaps a transmission, RDO, RD1, and RD2 may be written with the desired values
and a “0” written to the TXP bit. Writing a “0” to this bit has no effect. (3) A remote write DMA may not overlap remote read
operation or visa versa. Either of these operations must either complete or be aborted before the other operation may start.

Bits PS1, PS0, RD2, and STP may be set any time.

006+2ESN/006€8d0A

7 6 5 4 3 2 1 0
| pst [ pso | ro2 [ D1 [ R0 [ TxP [ s7A [ sTP |

Bit Symbol Description

Do STP STOP: Software reset command, takes the controller offline, no packets will be received or
transmitted. Any reception or transmission in progress will continue to completion before
entering the reset state. To exit this state, the STP bit must be reset and the STA bit must be
set high. To perform a software reset, this bit should be set high. The software reset has
executed only when indicated by the RST bit in the ISR being set to a 1. STP powers up

high.
Note: If the NIC has previously been in start mode and the STP is set, both the STP and STA bits will remain set.

D1 STA START: This bit is used to activate the NIC after either power up, or when the NIC has been
placed in a reset mode by software command or error. STA powers up low.

D2 TXP ) TRANSMIT PACKET: This bit must be set to initiate transmission of a packet. TXP is

" internally reset either after the transmission is completed or aborted. This bit should be set
only after the Transmit Byte Count and Transmit Page Start registers have been
programmed. .

D3, D4,D5 RDO, RD1, RD2 REMOTE DMA COMMAND: These three encoded bits control operation of the Remote DMA
channel. RD2 can be set to abort any Remote DMA command in progress. The Remote Byte
Count Registers should be cleared when a Remote DMA has been aborted. The Remote
Start Addresses are not restored to the starting address if the Remote DMA is aborted.

RD2 RD1 RDO

0 0 0 Not Allowed
0 0 1 Remote Read
0 1 0 Remote Write (Note 2)
0 1 1 Send Packet
1 X X Abort/Complete Remote DMA (Note 1)

Note 1: If a remote DMA operation is aborted and the remote byte count has not decremented to zero, PRQ (pin 29,
DIP) will remain high. A read acknowledge (RACK) on a write acknowledge (WACK) will reset PRQ low.

Note 2: For proper operation of the Remote Write DMA, there are two steps which must be performed before using
the Remote Write DMA. The steps are as follows:

i) Write a non-zero value into RBCRO.
ii) Set bits RD2, RD1,RD0 t0 0, 0, 1.
iii) Issue the Remote Write DMA Command (RD2, RD1, RD0O = 0, 1, 0}

D6, D7 PSO0, PS1 PAGE SELECT: These two encoded bits select which register page is to be accessed with
addresses RA0-3.
PS1 PSO

0 Register Page 0
Register Page 1
Register Page 2
Reserved

- O =0

0
1
1
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10.0 Internal Registers (Continued)
10.3 Register Descriptions (Continued)

INTERRUPT STATUS REGISTER (ISR)  07H (READ/WRITE)

This register is accessed by the host processor to determine the cause of an interrupt. Any interrupt can be masked in the
Interrupt Mask Register (IMR). Individual interrupt bits are cleared by writing a ““1"" into the corresponding bit of the ISR. The INT
signal is active as long as any unmasked signal is set, and will not go low until all unmasked bits in this register have been
cleared. The ISR must be cleared after power up by writing it with all 1's.

7 6 5 4 3 2 1 0
[ ms | roc | ont [ovw | xe | rxe | p1x | prx |

Bit Symbol Description
DO PRX PACKET RECEIVED: Indicates packet received with no errors.
D1 PTX ) PACKET TRANSMITTED: Indicates packet transmitted with no errors.
D2 RXE RECEIVE ERROR: Indicates that a packet was received with one or more of the
following errors:
—CRC Error
—Frame Alignment Error
—FIFO Overrun
—Missed Packet
D3 - TXE TRANSMIT ERROR: Set when packet transmitted with one or more of the

following errors:
—Excessive Collisions

—FIFO Underrun

D4 ovw OVERWRITE WARNING: Set when receive buffer ring storage resources have
been exhausted. (Local DMA has reached Boundary Pointer).

D5 CNT COUNTER OVERFLOW: Set when MSB of one or more of the Network Tally
Counters has been set.

D6 ’ RDC ) REMOTE DMA COMPLETE: Set when Remote DMA operation hé$ been
completed.

D7 RST RESET STATUS: Set when NIC enters reset state and cleared when a Start

Command is issued to the CR. This bit is also set when a Receive Buffer Ring
overflow occurs and is cleared when one or more packets have been removed
from the ring. Writing to this bit has no effect.

NOTE: This bit does not generate an interrupt, it is merely a status indicator.




10.0 Internal Registers (continued)
10.3 Reglster Descriptions (Continued)

INTERRUPT MASK REGISTER (IMR)  OFH (WRITE)

The Interrupt Mask Register is used to mask interrupts. Each interrupt mask bit corresponds to a bit in the Interrupt Status
Register (ISR). If an interrupt mask bit is set an interrupt will be issued whenever the corresponding bit in the ISR is set. If any bit
in the IMR is set low, an interrupt will not occur when the bit in the ISR is set. The IMR powers up all zeroes.

J06+¥2ESN/D06€8dA

7 6 5 4 3 2 1 0
| — [moce|cnTe|ovwe| TxeE | Axee] PTxE | PRXE|

Bit Symbol . Description

Do PRXE PACKET RECEIVED INTERRUPT ENABLE
0: Interrupt Disabled .
1: Enables Interrupt when packet recsived.

D1 PTXE PACKET TRANSMITTED INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet is transmitted.

D2 RXEE RECEIVE ERROR INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet received with error.

D3 TXEE TRANSMIT ERROR INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet transmission resuits in error.

D4 OVWE OVERWRITE WARNING INTERRUPT ENABLE

0: Interrupt Disabled

1: Enables Interrupt when Buffer Management Logic lacks sufficient buffers to
store incoming packet. T

D5 CNTE COUNTER OVERFLOW INTERRUPT ENABLE

0: Interrupt Disabled

1: Enables Interrupt when MSB of one or more of the Network Statistics
counters has been set. :

D6 RDCE DMA COMPLETE INTERRUPT ENABLE
0: Interrupt Disabled ’
1: Enables Interrupt when Remote DMA transfer has been completed.

D7 reserved reserved
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

DATA CONFIGURATION REGISTER (DCR)  OEH (WRITE)

This Register is used to program the NIC for 8- or 16-bit memory interface, select byte ordering in 16-bit applications and
establish FIFO threshholds. The DCR must be initlalized prior to loading the Remote Byte Count Reglsters LAS Is seton

power up.
7 6 5 4 3 2 1 0
| — [ Fr1 ] Fro [aRM] Ls | Las [ Bos | wrs|
Bit Symbol Description
DO WTS WORD TRANSFER SELECT
0: Selects byte-wide DMA transfers
1: Selects word-wide DMA transfers
; WTS establishes byte or word transfers
for both Remote and Local DMA transfers
Note: When word-wide mode is selected, up to 32k words are addressable; A0 remains low.
D1 BOS BYTE ORDER SELECT ,
0: MS byte placed on AD15-AD8 and LS byte on AD7-ADO. (32000, 8086)
1: MS byte placed on AD7-ADO and LS byte on AD15-AD8. (68000)
; lgnored when WTS is low
D2 LAS LONG ADDRESS SELECT
0: Dual 16-bit DMA mode -
1: Single 32-bit DMA mode
; When LAS is high, the contents of the Remote DMA registers RSARO,1 are issued as A16-A31
Power up high.
D3 LS LOOPBACK SELECT
0: Loopback mode selected. Bits D1, D2 of the TCR must also be programmed for Loopback
operation.
1: Normal Operation.
D4 AR AUTO-INITIALIZE REMOTE
0: Send Command not executed, all packets removed from Buffer Ring under program control.
1: Send Command executed, Remote DMA auto-initialized to remove packets from Buffer Ring.
Note: Send Command cannot be used with 68000 type processors.
D5, D6 FTO, FT1 FIFO THRESHHOLD SELECT: Encoded FIFO threshhold. Establishes point at which bus is

requested when filling or emptying the FIFO. During reception, the FIFO threshold indicates the
number of bytes (or words) the FIFO has filled serially from the network before bus request
(BREQ) is asserted.

Note: FIFO threshold setting determines the DMA burst length.

RECEIVE THRESHOLDS
FT1 FTO Word Wide Byte Wide
0 0 1 Word 2 Bytes
0 1 2 Words 4 Bytes
1 0 4 Words 8 Bytes
1 1 6 Words 12 Bytes

During transmission, the FIFO threshold indicates the numer of bytes (or words) the FIFO has
filled from the Local DMA before BREQ is asserted. Thus, the transmission threshold is 16 bytes
less the receive threshold.
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

TRANSMIT CONFIGURATION REGISTER (TCR)  ODH (WRITE)

The transmit configuration establishes the actions of the transmitter section of the NIC during transmission of a packet on the
network. LB1 and LBO which select loopback mode power up as 0.

7 6 5 4 3 2 1 0

| — | — | = |orst|atD] 181 | B0 [ cRE|

Bit Symbol Description

DO CRC INHIBIT CRC
0: CRC appended by transmitter
1: CRC inhibited by transmitter
; In loopback mode CRC can be enabled or disabled to test the CRC logic.

D1, D2 LBO, LB1 ENCODED LOOPBACK CONTROL: These encoded configuration bits set the type of loopback
that is to be performed. Note that loopback in mode 2 sets the LPBK pin high, this places the SNI
in loopback mode and that D3 of the DCR must be set to zero for loopback operation.

LB1 LB2
Mode 0 0 0 ~ Normal Operation (LPBK = 0)
Mode 1 0 1 Internal Loopback (LPBK = 0)
Mode 2 1 0 External Loopback (LPBK = 1)
Mode 3 1 1 External Loopback (LPBK = 0)
D3 ATD AUTO TRANSMIT DISABLE: This bit allows another station to disable the NIC's transmitter by

transmission of a particular multicast packet. The transmitter can be re-enabled by resetting this
bit or by reception of a second particular multicast packet.

0: Normal Operation

1: Reception of multicast address hashing to bit 62 disables transmitter, reception of multicast
address hashing to bit 63 enables transmitter.

D4 OFST COLLISION OFFSET ENABLE: This bit modifies the backoff algorithm to allow prioritization of
nodes.

0: Backoff Logic implements normal algorithm.

1: Forces Backoff algorithm modification to 0 to 2min(3+n,10) giot times for first three collisions,
then follows standard backoff. (For first three collisions station has higher average backoff delay
making a low priority mode.)

D5 reserved reserved
Dé reserved reserved
D7 reserved reserved
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

TRANSMIT STATUS REGISTER (TSR)  04H (READ)

This register records events that occur on the media during transmission of a packet. It is cleared when the next transmission is
initiated by the host. All bits remain low unless the event that corresponds to a particular bit occurs during transmission. Each
transmission should be followed by a read of this register. The contents of this register are not specified until after the first
transmission.

7 6 5 4 3 2 1 0

lowc|con| Fu | crs | aBT | coL| — | p7x]
Bit Symbol Description
DO PTX PACKET TRANSMITTED: Indicates transmission without error. (No excessive
collisions or FIFO underrun) (ABT = “0”, FU = “0").
D1 reserved reserved
D2 CcoL TRANSMIT COLLIDED: Indicates that the transmission collided at least once

with another station on the network. The number of collisions is recorded in the
Number of Collisions Registers (NCR).

D3 ABT TRANSMIT ABORTED: Indicates the NIC aborted transmission because of
excessive collisions. (Total number of transmissions including original
transmission attempt equals 16).

D4 CRS CARRIER SENSE LOST: This bit is set when carrier is lost during transmission
of the packet. Carrier Sense is monitored from the end of Preamble/Synch until
TXEN is dropped. Transmission is not aborted on loss of carrier.

D5 FU FIFO UNDERRUN: If the NIC cannot gain access of the bus before the FIFO
) .empties, this bit is set. Transmission of the packet will be aborted.
D6 CDH CD HEARTBEAT: Failure of the transceiver to transmit a collision signal after

transmission of a packet will set this bit. The Collision Detect (CD) heartbeat
signal must commence during the first 6.4 us of the Interframe Gap following a
transmission. In certain collisions, the CD Heartbeat bit will be set even though
the transceiver is not performing the CD heartbeat test.

D7 OWC OUT OF WINDOW COLLISION: Indicates that a collision occurred after a slot
time (51.2 ps). Transmissions rescheduled as in normal collisions.
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10.0 Internal Registers (continued)
10.3 Reglster Descriptions (Continued)

RECEIVE CONFIGURATION REGISTER (RCR)  OCH (WRITE)

This register determines operation of the NIC during reception of a packet and is used to program what types of packets to
accept.
5 4 3 2 1 0

7 s
| — | — [mon[pro| am | a8 | AR | sEr|

Bit Symbol Description

Do SEP SAVE ERRORED PACKETS

0: Packets with receive errors are rejected. .

1: Packets with receive errors are accepted. Recsive errors are CRC and Frame
Alignment errors.

D1 AR ACCEPT RUNT PACKETS: This bit allows the receiver to accept packets that
are smaller than 64 bytes. The packet must be at least 8 bytes long to be
accepted as a runt.

0: Packets with fewer than 64 bytes rejected.

1: Packets with fewer than 64 bytes accepted.

D2 AB ACCEPT BROADCAST: Enables the receiver to accept a packet withan ali 1’s
destination address.

0: Packets with broadcast destination address rejected.

1: Packets with broadcast destination address accepted.

D3 AM ACCEPT MULTICAST: Enables the receiver to accept a packet with a multicast
address, all multicast addresses must pass the hashing array.

0: Packets with multicast destination address not checked.

1: Packets with multicast destination address checked.

D4 PRO- PROMISCUOUS PHYSICAL: Enables the receiver to accept all packets with a
- physical address.
0: Physical address of node must match the station address programmed in
PARO-PARS.
1: Al packets with physical addresses accepted.

D5 MON MONITOR MODE: Enables the receiver to check addresses and CRC on
incoming packets without buffering to memory. The Missed Packet Tally counter
will be incremented for each recognized packet.

0: Packets buffered to memory.

1: Packets checked for address match, good CRC and Frame Alignment but not

buffered to memory.
D6 reserved reserved
D7 reserved reserved

Note: D2 and D3 are "“OR'd" together, i.e., if D2 and D3 are set the NIC will accept broadcast and multicast addresses as well as its own physical address. To
establish full promiscuous mode, bits D2, D3, and D4 should be set. In addition the multicast hashing array must be set to all 1’s in order to accept all multicast
addresses.
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

RECEIVE STATUS REGISTER (RSR)  OCH (READ)

This register records status of the received packet, including information on errors and the type of address match, either
physical or multicast. The contents of this register are written to buffer memory by the DMA after reception of a good packet. If
packets with errors are to be saved the receive status is written to memory at the head of the erroneous packet if an erroneous
packet is received. If packets with errors are to be rejected the RSR will not be written to memory. The contents will be cleared
when the next packet arrives. CRC errors, Frame Alignment errors and missed packets are counted internally by the NIC which
relinquishes the Host from reading the RSR in real time to record errors for Network Management Functions. The contents of
this register are not specified until after the flrst receptlon

7 6 5 4.3 2 1 o0
[oFr [ ois | pry [ wpa | Fo | Fae [ orc | pRx |

Bit . Symbol Description ¢
DO ' " PRX PACKET RECEIVED INTACT: Indicates packet received without error. (Bits
CRG, FAE, FO, and MPA are zero for the received packet.)
D1 CRC CRC ERROR: Indicates packet received with CRC error. Increments Tally
[E " Counter (CNTR1). This bit will also be set for Frame Alignment errors.
D2 FAE FRAME ALIGNMENT ERROR: Indicates that the incoming packet did not end

on a byte boundary and the CRC did not match at last byte boundary. Increments
Tally Counter (CNTRO).

D3 FO - FIFO OVERRUN: This bit is set when the FIFO is not serviced causing overflow
) during reception. Reception of the packet will be aborted.
D4 MPA } MISSED PACKET: Set when packet intended for node cannot be accepted by

NIC because of a lack of receive buffers or if the controller is in monitor mode
and did not buffer the packet to memory. Increments Tally Counter (CNTR2). -

D5 PHY PHYSICAL/MULTICAST ADDRESS: Indicates whether received packet had a
physical or multicast address type.

0: Physical Address Match

1: Multicast/Broadcast Address Match

D6 ‘ DIS ' RECEIVER DISABLED: Set when receiver disabled by entering Monitor mode.
Reset when receiver is re-enabled when exiting Monitor mode.

D7 DFR - DEFERRING: Set when CRS or COL inputs are active. If the transceiver has
asserted the CD lineas a result of the 1abber this bit will stay set indicating the
jabber condition.

Note: Following coding applies to CRC and FAE bits

FAECRC Type of Error .
0 0 NoError (Good CRC and <6 Dribble Bits)
0 1 CRCError
1 0 lllegal, will not occur
1 1 . Frame Alignment Error and CRC Error
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10.0 Internal Reglsters (Continued)
10.4 DMA REGISTERS

DMA Registers -

LOCAL DMA TRANSMIT REGISTERS

15 8|7

PAGE START I

(TPSR)

0,

(TBCRO,,1)

TRANSMIT BYTE COUNT

LOCAL
DMA

15 - 8|7
PAGE START
PAGE STOP

(PSTART)
(PsToP)

LOCAL DMA RECEIVE REGISTERS

vyv

CHANNEL
0

(CURR)
(BRNY)

CURRENT
BOUNDARY

~ . NOT
READABLE

RECEIVE BYTE COUNT

(CLDAD 1)

| currenT LocaL oma aboress  |«—

REMOTE DMA REGISTERS

15 8|7

(RSARO ,1) START ADDRESS

v

REMOTE

BYTE COUNT

(RBCRO,1)

DMA

CHANNEL

l CURRENT REMOTE DMA ADDRESSJ4—|-—

* (CRADO,1)

The DMA Registers are partitioned into three groups; Trans-
mit, Receive and Remote DMA Registers. The Transmit reg-
isters are used to initialize the Local DMA Channel for trans-
mission of packets while the Receive Registers are used to
initialize the Local DMA Channel for packet Reception. The
Page Stop, Page Start, Current and Boundary Registers are
used by the Buffer Management Logic to supervise the Re-
ceive Buffer Ring. The Remote DMA Registers are used to
initialize the Remote DMA.

Note: In the figure above, registers are shown as 8 or 16 bns wide. Although
some registers are 16-bit internal registers, all registers are accessed
as 8-bit registers. Thus the 16-bit Transmit Byte Count Register is
broken into two 8-bit registers, TBCRO and TBCR1. Also TPSR,
PSTART, PSTOP, CURR and BNRY only check or control the upper 8
bits of address information on the bus. Thus they are shifted to posi-
tions 15-8 in the diagram above.

10.5 TRANSMIT DMA REGISTERS
TRANSMIT PAGE START REGISTER (TPSR)
This register points to the assembled packet to be transmit-
ted. Only the eight higher order addresses are specified
since all transmit packets are assembled on 256-byte page
boundaries. The bit assignment is shown below. The values
placed in bits D7-DO0 will be used to initialize the higher
order address (AB~A15) of the Local DMA for transmission.
The lower order bits (A7-AO) are initialized to zero.

Bit Assignment

7 6 5 4 3 2 1 0

TpsR| A15 | a14] a13 | a1z | a11] at0] a9 | s |
(A7-A0 Initialized to zero)

TRANSMIT BYTE COUNT REGISTER 0,1 (TBCRO, TBCR1)

These two registers indicate the Iength of the packet to be
transmitted in bytes. The count must include the number of

TL/F/8582-61

bytes in the source, destination, length and data fields. The
maximum number of transmit bytes allowed is 64k bytes.
The NIC will not truncate transmissions longer than 1500
bytes. The bit assignment is shown below:

7 6 5 4 3 2 1 0

TBCR1| L15 | Laf 3] 2 L1 | L1o| | s8]

TBCRO| L7|L6]L5IL4|L3 L2|L—[L0|
10.6 LOCAL DMA RECEIVE REGISTERS
PAGE START STOP REGISTERS (PSTART, PSTOP)
The Page Start and Page Stop Registers program the start-
ing and stopping address of the Receive Buffer Ring. Since
the NIC uses fixed 256-byte buffers aligned on page bound-
aries only the upper eight bits of the start and stop address
are specified.
PSTART,PSTOP bit assignment

7 6 5 4 3 2 1 0
PSTART,

porop LA15] Ata] m3] ar2| a11]at0] Ao | as |

BOUNDARY (BNRY) REGISTER
This register is used to prevent overflow of the Receive
Buffer Ring. Buffer management compares the contents of
this register to the next butfer address when linking buffers
together. If the contents of this register match the next buff-
er address the Local DMA operation is aborted.

7. 6 5 4 3 2 1 0

BNRY| A15 [ a14 | a13 [ a12] a11 [ at0] A9 [ s |
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10.0 Internal Registers (continued)
CURRENT PAGE REGISTER (CURR)
This register is used internally by the Buffer Management
Logic as a backup register for reception. CURR contains the
address of the first buffer to be used for a packet reception
and is used to restore DMA pointers in the event of receive
errors. This register is Initialized to the same value as
PSTART and should not be written to again unless the con-
troller is Reset.

7 6 5 4 3 2 1 0

CURR| A15 [ A14 | A13 | A12 [ A11 [ A10 | A9 | A8 |

CURRENT LOCAL DMA REGISTER 0,1 (CLDAO,1)

These two registers can be accessed to determine the cur-
rent Local DMA Address.
7 6 5 4 3 2 1 0

cLoat| A1s | ata | a13] a12] a11 [ at0] a9 | as |
7 6 5 4 3 2 1 0
cwoao| A7 | A | as [ a4 | a3 | a2 [ a1 ] a0

10.7 REMOTE DMA REGISTERS
REMOTE START ADDRESS REGISTERS (RSARO,1)
Remote DMA operations are programmed via the Remote
Start Address (RSARO0,1) and Remote Byte Count
(RBCRO, 1) registers. The Remote Start Address is used to
point to the start of the block of data to be transferred and
the Remote Byte Count is used to indicate the length of the
block (in bytes).

7 6 5 4 3 2 1 0

RsAR1| A15 [ a14 [ 13 a12] a11 [ at0] a9 | As |
7 6 5 4 3 2 1 0
RoAro| A7 [ A6 [ As [ aa [ a3 | a2 ] a1 ] a0

6.4.3.2 REMOTE BYTE COUNT REGISTERS (RBCRO,1)
7 6 5 4 3 2 1 0

RBCR1(BC15|BC14|BC13|BC12|BC11|BC10] BC9 | B8 |
7 6 5 4 3 2 1 0
RBCRO| BC7|Bce] BC5|BC4|BC3|302]BC1|BCT

Note:

RSARO programs the start address bits AO-A7.

RSAR1 programs the start address bits AB-A15.

Address incremented by two for word transters, and by one for byte trans-
fers.

Byte Count decremented by two for word transfers and by one for byte
transfers.

RBCRO programs LSB byte count.

RBCR1 programs MSB byte count.

CURRENT REMOTE DMA ADDRESS (CRDAO, CRDA1)
The Current Remote DMA Registers contain the current ad-
dress of the Remote DMA. The bit assignment is shown
below:

7 6 5 4 3 2 1 0
croa1| Ats | ata | a13] a12] a11 [ a10] a9 | s |

7 6 5 4 3 2 1 0
croao| A7 | A6 | A5 | aa | A3 | A2 [ A1 | Ao |

10.8 PHYSICAL ADDRESS REGISTERS (PAR0-PARS5)

The physical address registers are used to compare the
destination address of incoming packets for rejecting or ac-
cepting packets. Comparisons are performed on a byte-
wide basis. The bit assignment shown below relates the se-
quence in PARO-PARS to the bit sequence of the received
packet.

D7 D6 D5 D4 D3 D2 D1 DO

PARO| DA7 | DA6 | DAS | DA4 | DA3 | DA2 | DA1 | DAO
PAR1/DA15(DA14|DA13|DA12|DA11|DA10| DA9 | DA8
PAR2|DA23|DA22|DA21|DA20|DA19|DA18|DA17|DA16
PAR3|DA31{DA30|DA29(DA28| DA27|DA26|DA25|DA24
PAR4|DA39|DA38|DA37|DA36{DA35|DA34| DA33|DA32
PARS|DA47(DA46|DA45|DA44| DA43| DA42| DA41|DA40

Destination Address Source

p/s|paolpat|paz]pad. . ... [Dads|pasz/sad]...

Note:
P/S = Preamble, Synch
DAO = Physical/Multicast Bit

10.9 MULTICAST ADDRESS REGISTERS (MAR0O-MAR?7)

The multicast address registers provide filtering of multicast
addresses hashed by the CRC logic. All destination ad-
dresses are fed through the CRC logic and as the last bit of
the destination address enters the CRC, the 6 most signifi-
cant bits of the CRC generator are latched. These 6 bits are
then decoded by a 1 of 64 decode to index a unique filter bit
(FB0-63) in the multicast address registers. If the filter bit
selected is set, the multicast packet is accepted. The sys-
tem designer would use a program to determine which filter
bits to set in the multicast registers. All multicast filter bits
that correspond to multicast address accepted by the node
are then set to one. To accept all multicast packets alt of
the registers are set to all ones.
Note: Although the hashing algorithm does not guarantee perfect filtering of
multicast address, it will perfectly filter up to 64 multicast addresses if

these addresses are chosen to map into unique locations in the multi-
cast filter.

| cre cenEraTOR |
(X-31 0 x-26)
CLK

1 OF 64 DECODE
FILTER BIT ARRAY

SELECTED BIT
"0" = REJECT "1" = ACCEPT

TL/F/8582-62
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10.0 Internal Registers (continued)
D7z Dé D5 D4 D3 D2 D1t

MARO| FB7 | FB6 | FB5 | FB4 | FB3 | FB2 | FB1 | FBO
MAR1|FB15|FB14|FB13|FB12|FB11|FB10| FB9 | FB8
MAR2| FB23|FB22|FB21|FB20|FB19|FB18|FB17|FB16

DO

MARS3|FB31|FB30|FB29 |FB28|FB27|FB26|FB25|FB24
MAR4|FB39|FB38|FB37 | FB36 | FB35| FB34 | FB33| FB32
MARS| FB47|FB46|FB45| FB44|FB43|FB42|FB41|FB40
MARS6| FB55| FB54 | FB53|FB52|FB51|FB50| FB49| FB48
MAR7|FB63|FB62|FB61|FB60 | FB59| FB58| FB57 | FB56

If address Y is found to hash to the value 32 (20H), then
FB32 in MAR4 should be initialized to “1". This will cause
the NIC to accept any multicast packet with the address Y.

NETWORK TALLY COUNTERS

Three 8-bit counters are provided for monitoring the number
of CRC errors, Frame Alignment Errors and Missed Pack-
ets. The maximum count reached by any counter is 192
(COH). These registers will be cleared when read by the
CPU. The count is recorded in binary in CTO-CT7 of each
Tally Register.

Frame Alignment Error Tally (CNTRO)

This counter is incremented every time a packet is received
with a Frame Alignment Error. The packet must have been
recognized by the address recognition logic. The counter is
cleared after it is read by the processor.

7 6 5 4 3 2 1 0

oNTRo| c17 | cT6 | cT5 | €14 | €T3 | T2 | CT1 | CTO |

CRC Error Tally (CNTR1)
This counter is incremented every time a packet is received
with a CRC error. The packet must first be recognized by
the address recognition logic. The counter is cleared after it
is read by the processor.

7 6 5 4 3 2 1 0

onTRi| c17| c16 | 15 | €14 | cTa | o72 | 011 | CTO|

Frames Lost Tally Register (CNTR2)
This counter is incremented if a packet cannot be received
due to lack of buffer resources. In monitor mode, this coun-
ter will count the number of packets that pass the address
recognition logic.

7 6 5 4 3 2 1 0

ontRe| 17| cTe | o185 | 14| €13 [ 072 | CT1 | CT0 |

FIFO
This is an eight bit register that allows the CPU to examine
the contents of the FIFO after loopback. The FIFO will con-
tain the last 8 data bytes transmitted in the loopback packet.
Sequential reads from the FIFO will advance a pointer in the
FIFO and allow reading of all 8 bytes.

7 6 5 4 3 2 1 0

FIFo| pB7 | ps | pes | a4 | pe3 | pB2 | pB1 | DBO |

Note: The FIFO should only ba read when the NIC has been programmed in
loopback mode.

NUMBER OF COLLISIONS (NCR)

This register contains the number of collisions a node expe-
riences when attempting to transmit a packst. If no colli-
sions are experienced during a transmission attempt, the
COL bit of the TSR will not be set and the contents of NCR
will be zero. If there are excessive collisions, the ABT bit in
the TSR will be set and the contents of NCR will be zero.
The NCR is cleared after the TXP bit in the CR is set.

7 6 5 4 3 2 1 0

noR| — | — | = | — [nca]ncz|net | ncof

11.0 Initialization Procedures

The NIC must be initialized prior to transmission or recep-
tion of packets from the network. Power on reset is applied
to the NIC'’s reset pin. This clears/sets the following bits:

Register Reset Bits Set Bits
Command Register (CR) TXP, STA RD2, STP
Interrupt Status (ISR) RST
Interrupt Mask (IMR) All Bits
Data Control (DCR) LAS
Transmit Config. (TCR) LB1, LBO

The NIC remains in its reset state until a Start Command is
issued. This guarantees that no packets are transmitted or
received and that the NIC remains a bus slave until all ap-
propriate internal registers have been programmed. After
initialization the STP bit of the command register is reset
and packets may be received and transmitted.

Initialization Sequence

The following initialization procedure is mandatory.

1) Program Command Register for Page 0 (Command
Register = 21H)

2) Initialize Data Configuration Register (DCR)
3) Clear Remote Byte Count Registers (RBCR0, RBCR1)
4) Initialize Receive Configuration Register (RCR)

5) Place 'the NIC in LOOPBACK mode 1 or 2 (T ransmit
Configuration Register = 02H or 04H)

6) Initialize Receive Buffer Ring: Boundary Pointer
(BNDRY), Page Start (PSTART), and Page Stop
(PSTOP)

7) Clear Interrupt Status Register (ISR) by writing OFFh to
it.

8) Initialize Interrupt Mask Register (IMR)

9) Program Command Register for page 1 (Command
Register = 61H)
i)Initialize Physical Address Registers (PAR0O-PARS)
ii)Initialize Multicast Address Registers (MARO-MAR?7)
jii)Initialize CURRent pointer

10) Put NIC in START mode (Command Register = 22H).

The local receive DMA is still not active since the NIC is
in LOOPBACK.

11) Initialize the Transmit Configuration for the intended val-
ue. The NIC is now ready for transmission and recep-
tion.
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11.0 Initialization Procedures

(Continued)

Before receiving packets, the user must specify the location
of the Receive Buffer Ring. This is programmed in the Page
Start and Page Stop Registers. In addition, the Boundary
and Current Page Registers must be initialized to the value
of the Page Start Register. These registers will be modified
during reception of packets.

12.0 Loopback Diagnostics

Three forms of local loopback are provided on the NIC. The
user has the ability to loopback through the deserializer on
the DP8390C NIC, through the DP8391 SNI, and to the coax
to check the link through the transceiver circuitry. Because
of the half duplex architecture of the NIC, loopback
testing Is a special mode of operation with the follow-
Ing restrictions:

Restrictions During Loopback

The FIFOQ is split into two halves, one used for transmission
the other for reception. Only 8-bit fields can be fetched from
memory so two tests are required for 16-bit systems to veri-
fy integrity of the entire data path. During loopback the maxi-
mum latency from the assertion of BREQ to BACK is 2.0 us.
Systems that wish to use the loopback test yet do not meet
this latency can limit the loopback packet to 7 bytes without
experiencing underflow. Only the last 8 bytes of the loop-
back packet are retained in the FIFO. The last 8 bytes can
be read through the FIFO register which will advance
through the FIFO to allow reading the receive packet se-
quentially.

DESTINATION ADDRESS| = (6 bytes) Station Physical Address
SOURCE ADDRESS |
LENGTH 2 bytes
DATA = 46 to 1500 bytes
CRC Appended by NIC if CRC = “0" in TCR

When in word-wide mode with Byte Order Select set, the
loopback packet must be assembled in the even byte loca-
tions as shown below. (The loopback only operates with
byte wide transfers.)

MS BYTE (ADO=7)
DESTINATION

LS BYTE (AD8=15)

SOURCE

LENGTH

)

v] I~ DATA

hYy]
(&S

CRC

WIs="1"  BOS="1" (DCR BITS)

TL/F/8582-15

When in word-wide mode with Byte Order Select low, the
following format must be used for the loopback packet.

MS BYTE (ADB=15) ~ LS BYTE (ADO=7)

DESTINATION
SOURCE
LENGTH
) DATA ] >
CRE
wis="{"  BOS="Q" (DCR BITS)

TL/F/8562-16
Note: When using loopback in word mode 2n bytes must be programmed in
TBCRO, 1. Where n = actual number of bytes assembled in even or
odd location,
To initiate a loopback the user first assembles the loopback
packet then selects the type of loopback using the Transmit
Configuration register bits LBO, LB1. The transmit configura-
tion register must also be set to enable or disable CRC gen-
eration during transmission. The user then issues a normal
transmit command to send the packet. During loopback the
receiver checks for an address match and if CRC bit in the
TCR is set, the receiver will also check the CRC. The last 8
bytes of the loopback packet are buffered and can be read
out of the FIFO using the FIFO read port.

Loopback Modes

MODE 1: Loopback Through the Controller (LB1 = 0, LBO
=1),

If the loopback is through the NIC then the serializer is sim-
ply linked to the deserializer and the receive clock is derived
from the transmit clock.

MODE 2: Loopback Through the SNI (LB1 = 1, LBO = 0).
If the loopback is to be performed through the SNI, the NIC
provides a control (LPBK) that forces the SNI to loopback
all signals.

MODE 3: Loopback to Coax (LB1 = 1, LBO = 1).

Packets can be transmitted to the coax in loopback mode to
check all of the transmit and receive paths and the coax
itself.

Note: In MODE 1, CRS and COL lines are not indicated in any status regis-
ter, but the NIC will still defer if these lines are active. In MODE 2,
COL is masked and in MODE 3 CRS and COL are not masked. It is
not possible to go directly between the loopback modes, it is neces-
sary to return to normal operation (00H) when changing modes.

Reading the Loopback Packet

The last eight bytes of a received packet can be examined
by 8 consecutive reads of the FIFO register. The FIFO
pointer is incremented after the rising edge of the CPU’s
read strobe by internally synchronizing and advancing the
pointer. This may take up to four bus clock cycles, if the
pointer has not been incremented by the time the CPU
reads the FIFO register again, the NIC will insert wait states

Note: The FIFO may only be read during Loopback. Reading the FIFO at
any other time will cause the NIC to malfunction. .




12.0 Loopback Diagnostics (continued)
Alignment of the Received Packet in the FIFO

Reception of the packet in the FIFO begins at location zero,
after the FIFO pointer reaches the last location in the FIFO,
the pointer wraps to the top of the FIFO overwriting the
previously received data. This process continues until the
last byte is received. The NIC then appends the received
byte count in the next two locations of the FIFO. The con-
tents of the Upper Byte Count are also copied to the next
FIFO location. The number of bytes used in the loopback
packet determines the alignment of the packet in the FIFO.
The alignment for a 64-byte packet is shown below.

FIFO FIFO
LOCATION CONTENTS
0 LOWER BYTE COUNT | — First Byte Read
1 UPPER BYTE COUNT | —  Second Byte Read
2 UPPER BYTE COUNT .
3 LAST BYTE .
4 CRC1 .
5 CRC2 .
6 CRC3 .
7 CRC4 b Last Byte Read

For the following alignment in the FIFO the packet length
should be (N X 8) + 5 Bytes. Note that if the CRC bit in the
TCR is set, CRC will not be appended by the transmitter. If
the CRC is appended by the transmitter, the last four bytes,

bytes N-3 to N, correspond to the CRC.
FIFO FIFO
LOCATION CONTENTS

] BYTE N-4 g

1

BYTEN-3 (CRC1)

BYTE N-2 (CRC2)

BYTE N-1 (CRC3)

BYTE N (CRC4)

First Byte Read
AR  Second Byte Read
.

.

LOWER BYTE COUNT .
UPPER BYTECOUNT | — - LastByte Read
UPPER BYTE COUNT

N o o & W N

LOOPBACK TESTS

Loopback capabilities are provided to allow certain tests to

be performed to validate operation of the DP8390C NIC pri-

or to transmitting and receiving packets on a live network.

Typically these tests may be performed during power up of

a node. The diagnostic provides support to verify the follow-

ing:

1) Verity integrity of data path. Received data is checked
against transmitted data.

2) Verify CRC logic's capability to generate good CRC on
transmit, verify CRC on receive (good or bad CRC).

3) Verify that the Address Recognition Logic can
a) Recognize address match packets
b) Reject packets that fail to match an address

LOOPBACK OPERATION IN THE NIC

Loopback is a modified form of transmission using only half
of the FIFO. This places certain restrictions on the use of
loopback testing. When loopback mode is selected in the
TCR, the FIFO is split. A packet should be assembled in
memory with programming of TPSR and TBCRO,TBCR1
registers. When the transmit command is issued the follow-
ing operations occur:

Transmitter Actions

1) Data is transferred from memory by the DMA until the
FIFO is filled. For each transfer TBCRO and TBCR1 are
decremented. (Subsequent burst transfers are initiated
when the number of bytes in the FIFO drops below the
programmed threshold.)

2) The NIC generates 56 bits of preamble followed by an
8-bit synch pattern.

3) Data transferred from FIFO to serializer.

4) If CRC=1 in TCR, no CRC calculated by NIC, the last
byte transmitted is the last byte from the FIFO (Allows
software CRC to be appended). If CRC=0, NIC calcu-
lates and appends four bytes of CRC.

5) At end of Transmission PTX bit set in ISR.

Receiver Actions
1) Wait for synch, all preamble stripped.

2) Store packet in FIFO, increment receive byte count for
each incoming byte.

3) If CRC=0 in TCR, receiver checks incoming packet for
CRC errors. If CRC=1 in TCR, receiver does not check
CRC errors, CRC error bit always set in RSR (for address
matching packets).

4) At end of receive, receive byte count written into FIFO,
receive status register is updated. The PRX bit is typically
set in the RSR even if the address does not match. If
CRC errors are forced, the packet must match the ad-
dress filters in order for the CRC error bit in the RS to be
set.

EXAMPLES

The following examples show what results can be expected
from a properly operating NIC during loopback. The restric-
tions and results of each type of loopback are listed for
reference. The loopback tests are divided into two sets of
tests. One to verify the data path, CRC generation and byte
count through all three paths. The second set of tests uses
internal loopback to verify the receiver's CRC checking and
address recognition. For all of the tests the DCR was pro-
grammed to 40h.

PATH TCR | RCR
NIC Internal 02 00

TSR
53(1)

RSR
02(2)

ISR
02(3)

Note 1: Since carrier sense and collision detect inputs are blocked during
internal loopback, carrier and CD heartbeat are not sesn and the CRS and
CDH bits are set.

Note 2: CRC errors are always indicated by receiver if CRC is appended by
the transmitter,

Note 3: Only the PTX bit in the ISR is set, the PRX bit is only set if status is
written to memory. In loopback this action does not occur and the PRX bit
remains O for all loopback modes.

Note 4: All values are hex.
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12.0 Loopback Diagnostics (continued)

PATH TCR | RCR
NIC External 04 00

TSR | RSR | ISR
43(1) 02 02

Note 1: CDH is set, CRS is not set since it is generated by the external
encoder/decoder. .

PATH TCR | RCR
NIC External 06 00

TSR | RSR
03(1) 02

ISR
02(2)

Note 1: CDH and CRS should not be set. The TSR however, could also
contain 01H,03H,07H and a variety of other values depending on whether
collisions were encountered or the packet was deferred.

Note 2.Will contain 08H if packet is not transmittable.

Note 3: During external loopback the NIC is now exposed to network traffic,
it is therefore possible for the contents of both the Receive portion of the
FIFO and the RSR to be corrupted by any other packet on the network. Thus
in a live network the contents of the FIFO and RSR should not be depended
on. The NIC will still abide by the standard CSMA/CD protocol in external
loopback mode. (i.e. The network will not be disturbed by the loopback
packet).

Note 4: All values are hex.

CRC AND ADDRESS RECOGNITION

The next three tests exercise the address recognition logic
and CRC. These tests should be performed using internal
loopback only so that the NIC is isolated from interference
from the network. These tests also require the capability to
generate CRC in software.

The address recognition logic cannot be directly tested. The
CRC and FAE bits in the RSR are only set if the address of
the packet matches the address filters. If errors are expect-
ed to be set and they are not set, the packet has been
rejected on the basis of an address mismatch. The following
sequence of packets will test the address recognition logic.
The DCR should be set to 40H, the TCR should be set to
03H with a software generated CRC.

Packet Contents Results
Test Address CRC RSR
TestA Matching Good 01(1)
TestB Matching Bad 02(2)
TestC Non-Matching Bad 01

Note 1: Status will read 21H if multicast address used.
Note 2: Status will read 22H if multicast address used.

Note 3: In test A, the RSR is set up. In test B the address is found to match
since the CRC is flagged as bad. Test C proves that the address recognition
logic can distinguish a bad address and does not notity the RSR of the bad
CRC. The receiving CRC is proven to work in test A and test B.

Note 4: All values are hex.

NETWORK MANAGEMENT FUNCTIONS

Network management capabilities are required for mainte-
nance and planning of a local area network. The NIC sup-
ports the minimum requirement for network management in
hardware, the remaining requirements can be met with soft-
ware counts. There are three events that software alone
can not track during reception of packets: CRC errors,
Frame Alignment errors, and missed packets.

Since errored packets can be rejected, the status associat-
ed with these packets is lost unless the CPU can access the
Receive Status Register before the next packet arrives. In
situations where another packet arrives very quickly, the
CPU may have no opportunity to do this. The NIC counts
the number of packets with CRC errors and Frame Align-
ment errors. 8-bit counters have been selected to reduce
overhead. The counters will generate interrupts whenever
their MSBs are set so that a software routine can accumu-
late the network statistics and reset the counters before
overflow occurs. The counters are sticky so that when they
reach a count of 192 (GOH) counting is halted. An additional
counter is provided to count the number of packets NIC
misses due to buffer overflow or being offline.

The structure of the counters is shown below:

> s '
= MSB % >—> INTERRUPT
—> NSB

TL/F/8582-63

Additional information required for network management is
available in the Receive and Transmit Status Registers.
Transmit status is available after each transmission for infor-
mation regarding events during transmission.

Typically, the following statistics might be gathered in soft-
ware:

CNTRO { FRAME ALIGNMENT ERRORS COUNTER

CNTR1 | CRC ERRORS COUNTER

CNTR2 | MISSED PACKETS COUNTER

Frames Sent OK

Frames Received OK

Multicast Frames Received

Packets Lost Due to Lack of Resources
Retries/Packet

CRC Errors

Alignment Errors
Excessive Collisions
Packet with Length Errors
Heartbeat Failure

Traffic:

Errors:
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13.0 Bus Arbitration and Timing

The NIC operates in three possible modes:

o BUS MASTER (WHILE PERFORMING DMA)
BUS SLAVE (WHILE BEING ACCESSED BY CPU)

o IDLE
POR
BUS SLAVE STOP ¢ START
(ACCESSED AS INT ERROR
PERIPHERAL)
LOCAL & REMOTE
3§ e
BUS MASTER BRQ

PERFORMS DMA;
(PERFO )BACK

BURST COMPLETE
+ EMPTY + FULL

TL/F/8582-64

The NIC powers up as a bus slave in the Reset State, the acquiring the bus in a BREQ/BACK handshake the Remote
receiver and transmitter are both disabled in this state. The or Local DMA transfer is completed and the NIC reenters
reset state can be reentered under three conditions, soft the idle state.

reset (Stop Command), hard reset (RESET input) or an error

that shuts down the receiver or transmitter (FIFO underflow DMA TRANSFERS TIMING )

or oveflow, receive buffer ring overflow). After initialization The DMA can be programmed for the following types of
of registers, the NIC is issued a Start command and the NIC transfers:

enters Idle state. Until the DMA is required the NIC remains 16-Bit Address, 8-bit Data Transfer

in an idle state. The idle state is exited by a request from the 16-Bit Address, 16-bit Data Transfer

FIFO in the case of receive or transmit, or from the Remote/ 32-Bit Address, 8-bit Data Transfer

DMA in the case of Remote DMA operation. After 32-Bit Address, 16-bit Data Transfer

All DMA transfers use BSCK for timing. 16-Bit Address
modes require 4 BSCK cycles as shown below:

16-Bit Address, 8-Bit Data
I m | 2 | 3 | T4 I
s L L LI LI _L

ADO-7 =l A0-7 X DATA
ADB-15 e AB=15
ADSO /\

TL/F/8582-65
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13.0 Bus Arbitration and Timing (continued)

16-Bit Address, 16-Bit Data

| m l n ||

s« | [ LT LI LI 1
ADO-7  mmmeen AQ-7 )(b DATA

)—
Apg-1s ——— g-15 X DATA —

WWR, RO . \ /[

32-Bit Address, 8-Bit Data

TL/F/8582-66

| W | om | oo |

s | [ L LI L LI LI

e — 623 Y 07 X DATA
ang-15 —— A24-31. ¥ AB-15

ADSH / \ ..
CC
ADSO s
—-—ﬁ

S . i \

)—
/ ‘

|

TL/F/8582-67
32-Bit Address, 16-Bit Data
| T1-T4 | m | T2 | 3 | T4 |
s | L LI LT LI |
ADO-7 =l A16-23 X a0-7 X DATA

) e—
ADE-15 (st X re1s X DATA )

ADS / \...
C
ADSO
_——ﬁ

53

R, WRD e \ /
TL/F/8582-68

Note: In 32-bit address mode, ADS1 is at TRI-STATE after the first T1-T4 states; thus, a 4.7k pull-down resistor is required for 32-bit address mode.
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13.0 Bus Arbitration and Timing (continued)

When in 32-bit mode four additional BSCK cycles are re-
quired per burst. The first bus cycle (T1’-T4') of each burst
is used to output the upper 16-bit addresses. This 16-bit
address is programmed in RSARO and RSAR1 and points to
a 64k page of system memory. All transmitted or received
packets are constrained to reside within this 64k page.

FIFO BURST CONTROL

All Local DMA transfers are burst transfers, once the DMA
requests the bus and the bus is acknowledged, the DMA will

transfer an exact burst of bytes programmed in the Data
Configuration Register (DCR) then relinquish the bus. If
there are remaining bytes in the FIFO the next burst will not
be initiated until the FIFO threshold is exceeded. If desired
the DMA can empty/fill the FIFO when it acquires the bus. If
BACK is removed during the transfer, the burst transfer will
be aborted. (DROPPING BACK DURING A DMA CYCLE IS
NOT RECOMMENDED.)

BREQ /

BACK /

ADO-15

———(WORD1 WWORD2 Y rroereren

| W
| W

) woroN )

where N = 1, 2, 4, or 6 Words or N = 2, 4, 8, or 12 Bytes when in byte mode

INTERLEAVED LOCAL OPERATION

If a remote DMA transfer is initiated or in progress when a
packet is being received or transmitted, the Remote DMA
transter will be interrupted for higher priority Local DMA

BREQ /

ONE BURST

TL/F/8582-69

transfers. When the Local DMA transfer is completed the
Remote DMA will rearbitrate for the bus and continue its
transfers. This is illustrated below:

/T

BACK

p—

A N

ADO=15

—<REMOTE >< LOCAL BURST

(oo y—t——

BUS MASTER

IDLE

Note that if the FIFO requires service while a remote DMA is
in progress, BREQ is not dropped and the Local DMA burst
is appended to the Remote Transfer. When switching from
a local transfer to a remote transfer, however, BREQ is
dropped and raised again. This allows the CPU or other
devices to fairly contend for the bus.

REMOTE DMA-BIDIRECTIONAL PORT CONTROL

The Remote DMA transfers data between the local buffer
memory and a bidirectional port (memory to 1/0 transfer).

Bus Handshake Signals for
BIDIRECTIONAL PORT

MASTER
TL/F/8582-70

This transfer is arbited on a byte by byte basis versus the
burst transfer used for Local DMA transfers. This bidirec-
tional port is also read/written by the host. All transfers
through this port are asynchronous. At any one time trans-
fers are limited to one direction, either from the port to local
buffer memory (Remote Write) or from local buffer memory
to the port (Remote Read).

Remote DMA Transfers

NIC SIGNALS DMA SIGNALS
WACK <
PRD P——l
OEA
8/16 cka<lle <ioW
DATA 4=~ DATA
PWR p——> ?cxa 8/16
OEB
RACK i < 10RD
PRQ D> ¥ DRQ

+ TL/F/8582-71
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13.0 Bus Arbitration and Timing (continued)

REMOTE READ TIMING

1) The DMA reads byte/word from local buffer memory and
writes byte/word into latch, increments the DMA address
and decrements the byte count (RBCRO,1).

2) A Request Line (PRQ) is asserted to inform the system
that a byte is available. :

3) The system reads the port, the read strobe (RACK) is
used as an acknowledge by the Remote DMA and it goes
back to step 1.

BREQ / \

Steps 1-3 are repeated until the remote DMA is com-
plete.

Note that in order for the Remote DMA to transfer a byte
from memory to the latch, it must arbitrate access to the
local bus via a BREQ, BACK handshake. After each byte or
word is transferred to the latch, BREQ is dropped. If a Local
DMA is in progress, the Remote DMA is held off until the
local DMA is complete.

wx [\

ADSO /~ \
MRD \ /
PWR \ /
PRQ / \
RACK \ /
BYTE WRITTEN WAIT FOR BYTE READ
TO LATCH HOST BY HOST

REMOTE WRITE TIMING

A Remote Write operation transfers data from the /0 port
to the local buffer RAM. The NIC initiates a transfer by re-
questing a byte/word via the PRQ. The system transfers a
byte/word to the latch via TOW, this write strobe is detected
by the NIC and PRQ is removed. By removing the PRQ, the
Remote DMA holds off further transfers into the latch until
the current byte/word has been transferred from the latch,

PRQ is reasserted and the next transfer can begin.

TL/F/8582-72

1) NIC asserts PRQ. System writes byte/word into latch.
NIC removes PRQ.

2) Remote DMA reads contents of port and writes
byte/word to local buffer memory, increments address
and decrements byte count (RBCRO,1).

3) Go back to step 1.

Steps 1~3 are repeated until the remote DMA is com-
plete.

BREQ

BACK

ADO-15

ADSO

[

PRD

«———— BYTE WRITTEN T0 ———

LATCH BY SYSTEM

RS
7/

BYTE READ FROM LATCH
BY REMOTE DMA AND
WRITTEN TO LOCAL
BUFFER MEMORY

—_—

TL/F/8582-73
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13.0 Bus Arbitration and Timing (continued)

SLAVE MODE TIMING

When TS is low, the NIC becomes a bus slave. The CPU
can then read or write any internal registers. All register
access is byte wide. The timing for register access is shown
below. The host CPU accesses internal registers with four
address lines, RAO-RA3, SRD and SWR strobes.

ADSO is used to latch the address when interfacing to a
multiplexed, address data bus. Since the NIC may be a local
bus master when the host CPU attempts to read or write to
the controller, an ACK line is used to hold off the CPU until
the NIC leaves master mode. Some number of BSCK cycles
is also required to allow the NIC to synchronize to the read
or write cycle.

Write to Reglster
RAO-RA3  eme————{  REGISTER ADDRESS )
ADSO __/—\
ADO-AD? { DATA >
ACK

s\

TL/F/8582-74

Read from Register

RAO-RA3  —————mee{  REGISTER ADDRESS )
wo [\

ADO-AD7 { DATA >
ACK \ /

TL/F/8582-75
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14.0 Preliminary Electrical Characteristics

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

Supply Voltage (Vco) —0.5Vto +7.0V
DC Input Voltage (V|n) —0.5Vto Ve + 0.5V

DC Output Voltage (Vout) —0.5V to Vgg + 0.5V
Storage Temperature Range (Tstg) —65°Cto +150°C
Power Dissipation (PD) 500 mW
Lead Temp. (TL) (Soldering, 10 sec.) 260°C
ESD rating (Rzap = 1.5k, Czap = 120 pF) 1600V

Preliminary DC Specifications 4 = 0°Cto 70°C, Voo = 5V £5%, unless otherwise specified

Symbol Parameter Conditions Min Max Units
VoH Minimum High Level Output Voltage loH = —20 pA Vee — 0.1 v
(Notes 1, 4) loH = —20mA 3.5 v
VoL Minimum Low Level Output Voltage loL = 20 pA 0.1 \
(Notes 1, 4) loL = 20 mA 04 \
ViH Minimum High Level Input Voltage 20 v
(Note 2) ’
ViH2 Minimum High Level Input Voltage 27 v
for RACK, WACK (Note 2) ’
ViL Minimum Low Level Input Voltage 08 v
(Note 2) ’
ViL2 Minimum Low Level Input Voltage 0.6 Vv
For RACK, WACK (Note 2) ’
IN Input Current V| = Vgg or GND -1.0 +1.0 pA
loz Maximum TRI-STATE Vout = Vg or GND _
Output Leakage Current 10 +10 pA
lcc Average Supply Current TXCK = 10 MHz
(Note 3) RXCK = 10 MHz
BSCK = 20 MHz 40 mA
‘lout =0 pA
ViN = Vgc or GND

Note 1: These levels are tested dynamically using a limited amount of functionat test patterns, please refer to AC Test Load.

Note 2: Limited functional test patterns are performed at these input levels. The majority of functional tests are performed at levels of OV and 3V.

Note 3: This is measured with a 0.1 pF bypass capacitor between Vgg and GND.

Note 4: The low drive CMOS compatible Von and Vo limits are not tested directly. Detailed device characterization validates that this specification can be
guaranteed by testing the high drive TTL compatible Vg and Voy specification.
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15.0 Switching Characteristics Ac specs DP8390C Note: All Timing is Preliminary

Register Read (Latched Using ADS0)

RAQ=3 el

006b2ESN/D06€8dA

ADSO \
aswi

t+— rsrs| —»]

& ANNN\S L7777

rackl rackh
K v N\ J

gl
20
o
W
4

[e——ackdv ———s] rdz
ADO=7 Do-7 .
) TL/F/8582-76
Symbol Parameter Min Max Units
rss Register Select Setup to ADSO Low 10 ns
rsh Register Select Hold from ADSO Low 13 ns
aswi Address Strobe Width In 15 ns
ackdv Acknowledge Low to Data Valid 55 ns
rdz Read Strobe to Data TRI-STATE 15 70 ns
rackl Read Strobe to ACK Low (Notes 1, 3) n*beye + 30 ns
rackh Read Strobe to ACK High 30 ns
rsrsl Register Select to Slave Read Low, 10 ns
Latched RS0-3 (Note 2)

Note 1: ACK is not generated until CS and SRD are low and the NIC has synchronized to the register access. The NIC will insert an integral number of Bus Clock
cycles until itis synchronized. In Dual Bus systems additional cycles will be used for a local or remote DMA to complete. Wait states must be issued to the CPU until
ACK is asserted low.

Note 2: CS may be asserted before or after SRD. If CS is asserted after SRD, rackl is referenced from falling edge of CS. TS can be de-asserted concurrently with
SAD or after SRD is de-asserted.

Note 3: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to drive these lines with
no contention.
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15.0 Switching Characteristics (continusa)
Register Read (Non Latched, ADSO = 1)

RAQ=3 re——

|

S =\

[e— rsrs

SRD

rackl rackh
ACK \ J;

ackdv L__. rdz

ADO=7 00=-7
TL/F/8582-77
Symbol Parameter Min Max Units
rsrs Register Select to Read Setup 10 ns
(Notes 1, 3)
rsth Register Select Hold from Read 0 . ns
ackdv ACK Low to Valid Data ; 55 ns
rdz ::\le;: z;robe to Data TRI-STATE 15 | 70 ns
rackl Read Strobe to ACK Low (Note 3) n*bcyc + 30 ns
rackh Read Strobe to ACK High 30 ns

Note 1: rsrs includes flow-through time of latch.

Note 2: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns enabling other devices to drive these lines with
no contention. o

Note 3: TS may be asserted before or after RAD-3, and SRD, since address decode begins when ACK is asserted. If TS is asserted after RA0-3, and SRD, rack1
is referenced from falling edge of CS.
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15.0 Switching Characteristics (continued)
- Register Write (Latched Using ADS0)

006¥2ESN/D06€8dd

RAQ=3 et
le—rss rsh
ADSO \
aswl
& L-\\\\\ L7777
rsws| —|
SWR \ ) G
I ww wackh
ACK . F‘ o
e~ wack! rwds rwdh
ADO-7 D0-7 .
' TL/F/8582-78
Symbol Parameter Min Max Units
rss Register Select Setup to ADSO Low 10 ' ns
rsh Register Select Hold from ADSO Low 17 ns
aswi Address Strobe Width In 15 ' ns
rwds . Register Write Data Setup 20 . ns
rwdh Register Write Data Hold 21 ns
ww Write Strobe Width from ACK 50 } ns
wackh Write Strobe High to ACK High 30 ns
wack! Wirite Low to ACK Low (Notes 1, 2) n*beyc + 30 ns
rswsl Register Select to Write Strobe Low 10 ns

Note 1: ACK is not generated until CS and SWR are low and the NIC has synchronized to the register access. In Dual Bus Systems additional cycles will be used
for a local DMA or Remote DMA to complete.

Note 2: T3 may be asserted before or after SWR. If CS is asserted after SWR, wackl is referenced from falling edge of C3.
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15.0 Switching Characteristics (continued)
Register Write (Non Latched, ADS0 = 1)

RAQ-3 e p—
le— rswh —»|
s T\
|«— rsws ww
wackl - wackh
- { J,‘_
rwds rwdh
ADO-7 Do-7
TL/F/8562-79
Symbol Parameter Min Max Units
rsws Register Select to Write Setup
(Note 1) 5 ns
rswh Register Select Hold from Write 0 ns
rwds Register Write Data Setup 20 ns
rwdh Register Write Data Hold 21 ns
wackl \(I\I\Ilr(i)ttee l;c);w to ACK Low n*beyc + 30 e
wackh ‘Write High to ACK High 30 ns
ww Wirite Width from ACK 50 ns

Note 1: Assumes ADSO is high when RA0-3 changing.
Note 2: ACK is not generated until CS and SWR are low and the NIC has synchronized to the register access. In Dual Bus systems additional cycles will be used for

a local DMA or remote DMA to complete.
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15.0 Switching Characteristics (continued)

DMA Control, Bus Arbitration
4 0N I - T VU | T2 13 T4 W T2 13 T4 T T2 1B 4 T 7 T

A |m [+ brabr res ~l }‘_brql
BREQ [ [ )3 1
. b
SO S M i B (s
BACK / { ) ¥ ™\
[e—e becte bectr
S\ /N _—
- . bj
cecammeasccad ¢
ADO-15 3 * { a0 X' DATA )—qWDX DATA ———
PR W ¥
MIWR, MRD ik § / \ / \ /
FIRST TRANSFER FIRST TRANSFER -
[+—— IF BACK SEEN ON —\—— IF BACK NOT GIVEN ——I LAST TRANSFER
FIRST T1. ON FIRST T1. .
TL/F/8582-80
Symbol Parameter Min Max Units
brghl Bus Clock to Bus Request High for Local DMA 43 ns
brghr Bus Clock to Bus Request High for Remote DMA 38 ns
bral Bus Request Low from Bus Clock 50 ns
backs Acknowledge Setup to Bus Clock 2 ns
(Note 1)
beete Bus Clock to Control Enable 60 ns
beetr Bus Clock to Control Release 70 ns
(Notes 2, 3)

Note 1: BACK must be setup before T1 after BREQ is asserted. Missed setup will slip the beginning of the DMA by four bus clocks. The Bus Latency will influence
the allowable FIFO threshold and transfer mode (empty/fill vs exact burst transfer). )

Note 2: During remote DMA transfers only, a single bus transfer is performed. During local DMA operations burst mode transfers are performed.
Note 3: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns enabling other devices to drive these lines with

no contention.
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15.0 Switching Characteristics (continued)

DMA Address Generation
T (NoTET) T2 T3 T4 m T2 T3
ﬁ
ADS1
m beasl
ADSO #
beadv ~| ads ‘_.,d.‘: beadv ‘:V;i:Hr adh
ADO-15 A16-A31 Ao-A15 X DATA
TL/F/8582-81

Symbol Parameter Min Max Units
beye (B;:t(e.‘,l;ck Cycle Time 50 1000 ns
bch Bus Clock High Time 225 ns
bel Bus Clock Low Time 22,5 ns
bcash Bus Clock to Address Strobe High 34 ns
bcasl Bus Clock to Address Strobe Low 44 ns
aswo Address Strobe Width Out bch ns
becadv Bus Clock to Address Valid 45 ns
bcadz Bus Clock to Address TRI-STATE

(Note 3) 15 55 ns
ads Address Setup to ADS0/1 Low bch — 15 ns
adh Address Hold from ADS0/1 Low bel — 5 ns

Note 1: Cycles T1', T2', T3, T4' are only issued for the first transfer in a burst when 32-bit mode has been selected.
Note 2: The rate of bus clock must be high enough to support transfers to/from the FIFO at a rate greater than the serial network transters from/to the FIFQ.
Note 3: Thess limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to drive these lines with

no contention.
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15.0 Switching Characteristics (continued) *
DMA Memory Read :_O:
~
| m | n (I ¢ I ™ | no o~ =
N
e berl [« berh o
o
ADSO drw o
asds [«
MRD \ /

s :_—dsada——‘
(8,16 an':u[:)or;:; —t 1 YL A w0-1X///
avrh

ADB=15 - -
(8 BT MoDE) —_— A8-15 A8=15

= ds

(16 ot oony ———— 2615 Y/ /[ /A o p—— w-5X///

TL/F/8582-82

Symbol Parameter ) Min Max Units
berl Bus Clock to Read Strobe Low . 43 ns
berh Bus Clock to Read Strobe High 40 ns
ds Data Setup to Read Strobe High 25 ns
dh Data Hold from Read Strobe High 0 ns
drw DMA Read Strobe Width Out 2*bcyc — 15 ns
raz mlrtr;?; 'Rze)ad High to Address TRI-STATE beh + 40 ns
asds Address Strobe to Data Strobe bel + 10 ns
dsada Data Strobe to Address Active beyc — 10 ns
avth Address Valid to Read Strobe High 3*beyc — 15 ns

Note 1: During a burst AB-A15 are not TRI-STATE if byte wide transfers are selected. On the last transfer AB~A15 are TRI-STATE as shown above.

Note 2: These limits include the RC delay inherent in our test method. These signals typically turn off within bch + 15 ns, enabling other devices to drive these
lines with no contention.
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15.0 Switching Characteristics (continued)

DMA Memory Write
| | |13 R I n |
BSCK
bewl “bewh e
ADSO r
- asds
WWR y 4
aswd wds —| wdh |+
(8,16 BT ':4%11;57) — 01 X/ /A oata(0-07) Pl m0-aiX /[
~>| waz [+
(@ et — AB=AT5 _ AB=15
) [e— wds — wdh [+
(16 B"‘“”‘%D’S — a0-a15  X/// K oata(00-015) I a0-a15X///
TL/F/8582-83
Symbol Parameter Min Max Units
bew! Bus Clock to Write Strobe Low 40 ns
bewh Bus Clock to Write Strobe High 40 ns
wds Data Setup to WR High 2*becyc — 30 ns
wdh Data Hold from WR Low beh + 7 ns
waz m;t; sS:r'o;:)e to Address TRI-STATE boh + 40 ns -
asds Address Strobe to Data Strobe bel + 10 ns
aswd Address Strobe to Write Data Valid bel + 30 ns

Note 1: When using byte mode transfers A8-A15 are only TRI-STATE on the last transfer, waz timing is only valid for last transfer in a burst.
Note 2: These limits include the RC delay inherent in our test method. These signals typically turn off within bch + 15 ns, enabling other devices to drive these

lines with no contention.
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15.0 Switching Characteristics (continued)
Wait State Insertion

[ £ A I N I S A " AN I 7 S

ADSO /- \

RO/ \ /

ows —>] ' oWr|e—
READY

TL/F/8582-45

Symbol Parameter Min - Max Units
ows External Wait Setup to T3 J, Clock .
10 ns
(Note 1) h
ewr External Wait Release Time
15 ns
(Note 1)

Note 1: The addition of wait states affects the count of deserialized bytes and is limited to a number of bus clock cycles depending on the bus clock and network
rates. The allowable wait states are found in the table below. (Assumes 10 Mbit/sec data rate.)

# of Walt Stat The number of allowable wait states in byte mode can be calculated using:
O a ates
BUSCK (MHz) Bt
: Byte Transfer | Word Transter #Wioyte mode) = (m -1 )
8 0 91 *W = Number of Wait States
thw = Network Clock Period
10 0 1 tbsck = BSCK Period
12 1 2 The number of allowable wait states in word mode can be calculated using:
5 tnw

- 1 z #Wiwrd mode) = (2 tosck )

16 1 3

18 2 3

20 2 4

Table assumes 10 MHz network clock.
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15.0 Switching Characteristics (continued)
Remote DMA (Read, Send Command)

I n i m 1 13

/S

ADSO / \ 5
B £ C
WRD \ / i
— pwrl — pwrh
PWR -
prqh L G
PRQ -
pral
£ C
W g J |
rakw
ADO=15 [
: TL/F/8582-84
Symbol Parameter Min’ Max Units
bpwrl Bus Clock to Port Write Low 43 ns
bpwrh Bus Clock to Port Write High 40 ns
prgh Port Write High to Port 30 ns
Request High (Note 1)
prql Port Request Low from 45 ns
Read Acknowledge High
rakw Remote Acknowledge 20 ’ ns
Read Strobe Pulse Width

Note 1: Start of next transfer is dependent on where RACK is generated refative to BSCK and whether a local DMA is pending.
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15.0 Switching Characteristics (continued)
Remote DMA (Read, Send Command) Recovery Time

1 T2 1 T3

[ T4 Lo T2 T3 T4
0 N N N NI o NI NI NP N N NV NV N W
os0 5 —/\ 45
- - Vs 55 55 PR { S—
- |ebpwrl =»| |e-bpwrh
9 # i
prgh—] F
PRQ § \;f / § \
e

006¥2€SN/J06€8d0A

J rhowh

C Ml i
RACK Jj—/_s‘ Js- \ ’
rakwie—
ADO-15 e AO=AIS ) LSRR e e T TN e T

TL/F/8582-85

Symbol Parameter ' Min Max Units

bpwrl Bus Clock to Port Write Low 43 ns

bpwrh Bus Clock to Port Write High 40 ns

prgh Port Write High to Port 30 ns
Requsst High (Note 1)

pral Port Request Low from 45 - ns
Read Acknowledge High

rakw Remots Acknowledge 20 ns
Read Strobe Pulse Width

rhpwh Read Acknowledge High to . '
Next Port Write Cycle 1 : BUSCK
(Notes 2,3,4)

Note 1: Start of next transfer is dependent on where RACK is generated relative to BSCK and whether a local DMA is pending.
Note 2: This is not a measured valus but guaranteed by design.

Note 3: RACK must be high for a minimum of 7 BUSCK.

Note 4: Assumes no local DMA interleave, no CS, and immediate BACK.
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15.0 Switching Characteristics (continued)
Remote DMA (Write Cycle)

I m I n | I n I mn I 13 I 14

L G j——
_ 5 G—
MWR \ /
- —t G
PRD - S0

— bprdl . bprdh —~{ |=—

PRQ

WACK

A0-A15 X DO-D15 )—

ADO-15 {
TL/F/8582-86
Symbol B Parameter . Min Max Units
bprgh Bus Clock to Port Request High © 2 ‘ ns
(Note 1)
wprg| WACK to Port Request Low , 45 " ns
wackw WACK Pulse Width 20 : ‘ ns
bprdi . Bus Clock to Port Read Low . 40 s
(Note 2)
bprdh Bus Clock to Port Read High 40 “ ns

Note 1: The first port request is issued in responsas to the remote write command. It is subsequently issued on T1 clock cycles following completion of remote DMA
cycles.

Note 2: The start of the remote DMA write following WACK is dependent on where WACK is issued relative to BUSCK and whether a local DMA is pending.
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15.0 Switching Characteristics (Continued)

Remote DMA (Write Cycle) Recovery Time

[ 12 | 13 | T4 [ 1 T2 | 13 | T4 [ | T2

BSCK _/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\__;;./_\_/—\_/
ADSO /- \L rr

006¥2€SN/006€£8dA

MWR
— {—bprdl bprdh——;:‘r
oDR 7
PRO — '——bprqh ) |
wprq

PRQ _} ‘*L_ ‘ ‘ g 9—) ‘
- wprql

g
WACK $ )4 45 \
wackw '

ADO-15 { A0=a15 X D0-D15 ) )
TL/F/8582-87
Symbol Parameter Min Max Units
bprgh Bus Clock to Port Request High ' ns
40

(Note 1)
wprq| WACK to Port Request Low 45 ns
wackw WACK Pulse Width 20 ’ ns
bprdl Bus Clock to Port Read Low 40 ns

(Note 2)
bprdh . Bus Clock to Port Read High 40 ns
wprq Remote Write Port Request

to Port Request Time 12 BUSCK

(Notes 3,4,5)

Note 1: The first port request is issued in response to the remote write command. It is subsequently issued on T1 clock cycles following completion of remote DMA
cycles.

Note 2: The start of the remote DMA write following WACK is dependent on where WACK is issued relative to BUSCK and whether a local DMA is pending.
Note 3: Assuming wackw < 1 BUSCK, and no local DMA interleave, no CS, immediate BACK, and WACK goes high before T4.

Note 4: WACK must be high for a minimum of 7 BUSCK.

Note 5: This is not a measured value but guaranteed by design.
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15.0 Switching Characteristics (continued)

RXC

CRS / rds

Serlal Timing-——Recelve (Beginning of Frame)

- rch
rel

reye —>|

pts

RXD A D0 D1 )q D( SYNCH X SYNCH
o TL/F/8582-88
Symbol Parameter Min Max Units
rch Receive Clock High Time 40 ns
rel Receive Clock Low Time 40 ns
rcyc Receive Clock Cycle Time 800 1200 ns
rds Receive Data Setup Time to 20 ns
Receive Clock High (Note 1)
rdh Receive Data Hold Time from 19 ns
) Receive Clock High
pts First Preamble Bit to Synch 8 rcyc
(Note 2) cycles

Note 1: All bits entering NIC must be properly decoded, if the PLL is still locking, the clock to the NIC should be disabled or CRS delayed. Any two sequential 1 data
bits will be interpreted as Synch. ’

Note 2: This is a minimum requirement which allows recebtion of a packet.

RXC

CRS

RXD

Serial Timing—Receive (End of Ffame)

IR \NNRNN J/—
X Brn-1 X ETN )@'?—7; rrek ‘e

TL/F/8582-89

Symbol Parameter Min Max Units
rxrck Minimum Number of Receive Clocks 5 rcyc
after CRS Low (Note 1) cycles
tdrb Maximum of Allowed Dribble Bits/Clocks 3 rcyc
(Note 2) cycles
tifg Receive Recovery Time 40 rcyc
(Notes 4,5) cycles
tersl Receive Clock to Carrier Sense Low rcyc
0 1
(Note 3) cycles

Note 1: The NIC requires a minimum number of receive clocks following the de-assertion of carrier sense (CRS). These additional clocks are provided by the
DP8391 SNI. If other decoder/PLLs are being used additiona! clocks should be provided. Short clocks or glitches are not allowed.

Note 2: Up to 5 bits of dribble bits can be tolerated without resulting in a receive error,
Note 3: Guarantees to only load bit N, additional bits up to tdrb can be tolerated.

Note 4: This is the time required for the receive state machine to complete end of receive processing. This parameter is not measured but is guaranteed by design.
This is not a measured parameter but is a design requirement.

Note 5: CRS must remain de-asserted for a minimum of 2 RXC cycles to be recognized as end of carrier.
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15.0 Switching Characteristics (continued)

Serial Timing—Transmit (Beginning of Frame)

- 006¥2ESN/D06€8d0

TXC
. txcenh
TXE txcyc —= {
txesdv—+{ “ i<- txesdh .
™o Cr Xo X + X V|
i TL/F/8582-80
Symbol Parameter Min Max Units
txch Transmit Clock High Time 36 ns
txcl Transmit Clock Low Time 36 ns
txcyc Transmit Clock Cycle Time 800 1200 ns
txcenh Transmit Clock to Transmit Enable High
(Note 1) 48 ns
txcsdv Transmit Clock to Serial Data Valid 67 ns
txcsdh Serial Data Hold Time from 10 ns
Transmit Clock High

Note 1: The NIC issues TXEN coincident with the first bit of preamble. The first bit of preamble is always a 1.

Serial Timing—Transmit (End of Frame, CD Heartbeat)

tcenl
TXE \\ < ¢
7

- — tedl
o BTN-2 X BTN-1 X BTN e
AR

R -—I cdhw
tdedh
coL

TL/F/8582-91

Symbol Parameter Min Max Units
tedl Transmit Clock to Data Low 55 ns
tcenl Transmit Clock to TXEN Low 55 ns

tdcdh TXEN Low to Start of Collision ' 0 64 txcyc

Detect Heartbeat (Note 1) cycles

cdhw Collision Detect Width 2 txcyc

cycles

Note 1: If COL is not seen during the first 64 TX clock cycles following de-assertion of TXEN, the CDH bit in the TSR is set.
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15.0 Switching Characteristics (continued)

Serial Timing—Transmit (Collision)

e \_/ N\ SN\

{ ¢
LR

tedl

X
L
d
2

L
JAMT )6\JAM32
4

teenl —‘1
TXE :

tjam 1\

TL/F/8582-92

Symbol Parameter Min Max Units
tcolw Collision Detect Width P txeyc
cycles

tedj ' Delay from Collision to First 8 txcyc
Bit of Jam (Note 1) cycles

tiam Jam Period (Note 2) as txcyc
cycles

Note 1: The NIC must synchronize to collision detect. If the NIC is in the middle of serializing a byte of data the remainder of the byte will be serialized. Thus the jam
pattern will start anywhere from 1 to 8 TXC cycles after COL is asserted.

Note 2: The NIC always issues 32 bits of jam. The jam is all 1's data.

Reset Timing

e UL

rstw -
RESET l ’ }

TL/F/8582-93

Symbol Parameter Min Max Units

rstw Reset Pulse Width (Note 1) | BSCK Cycles or TXC Cycles

8. (Note 2) *

Note 1: The RESET pulse requires that BSCK and TXC be stable. On power up, RESET should not be raised until BSCK and TXC have become stable. Several
registers are affected by RESET. Consult the register descriptions for details.

Note 2: The slower of BSCK or TXC clocks will determine the minimum time for the RESET signal to be low.
If BSCK < TXC then RESET = 8 X BSCK
If TXC < BSCK then RESET = 8 X TXC
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. s aarx . 0

AC Timing Test Conditions Capacitance 1, = 25°C, 1 = 1 MHz 53
o

Input Pulse Levels GND to 3.0V Parameter Description Typ Max Unit 8
Input Rise and Fall Times 5ns >
CIN Input =

Input and Output Reference Levels 1.3V Capacitance 7 15 pF o
TRI-STATE Reference Levels Float (AV) £0.5V @
Output Load (See Figure below) Cour Output 7 15 pF 3
Capacitance o

(9]

Note: This parameter is sampled and not 100% tested.
Yee s (note 2)

_—4—0 DERATING FACTOR )
L f Output timings are measured with a purely capacitave load
I" for 50 pF. The following correction factor can be used for
= DEVICE other loads:
O—] UNDER Cp. > 50 pf: +0.3 ns/pF (for all outputs except TXE, TXD,
TEST and LBK) :

T :E,_(NOTE 1)

TL/F/8582-94

Note 1: C = 50 pF, includes scope and jig capacitance.
Note 2: S1 = Open for timing tests for push pull outputs.
S1 = Vg for Vg test.
S1 = GND for Vg test.

81 = Vg for High Impedance to active low and active low to High
Impedance measurements.

S1 = GND for High Impedance to active high and active high to
High Impedance measurements.
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National
Semiconductor

PRELIMINARY

ADP8390C-1/NS324900-1 Network Interface Controller

General Description

The DP8390C-1/NS32490C-1 Network Interface Controller
(NIC) is a microCMOS VLS| device designed to ease inter-
facing with CSMA/CD type local area networks such as
StarLAN. The NIC implements all Media Access Control
(MAC) layer functions for transmission and reception of
packets in accordance with the IEEE 802.3 Standard.
Unique dual DMA channels and an internal FIFO provide a
simple yet efficient packet management design. To mini-
mize system parts count and cost, all bus arbitration and
memory support logic are integrated into the NIC.

The DP8390C-1 is software compatible with the DP8390.

Features

m Compatible with IEEE 802.3 StarLAN (1 Mb/s)

u Interfaces with 8-, 16- and 32-bit microprocessor sys-
tems

B Implements simple, versatile buffer management

W Requires single 5V supply

m Utilizes low power microCMOS process

m Includes
— Two 16-bit DMA channels
— 16-byte internal FIFO with programmable threshold
— Network statistics storage

B Supports physical, multicast, and broadcast address fil-
tering

| Provides loopback diagnostics

m Utilizes independent system and network clocks

Table of Contents

1.0 SYSTEM DIAGRAM
2.0 BLOCK DIAGRAM
3.0 FUNCTIONAL DESCRIPTION

4.0 TRANSMIT/RECEIVE PACKET ENCAPSULATION/
DECAPSULATION
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6.0 DIRECT MEMORY ACCESS CONTROL (DMA)
7.0 PACKET RECEPTION
8.0 PACKET TRANSMISSION
9.0 REMOTE DMA
10.0 INTERNAL REGISTERS
11.0 INITIALIZATION PROCEDURES
12.0 LOOPBACK DIAGNOSTICS
13.0 BUS ARBITRATION AND TIMING
14.0 PRELIMINARY ELECTRICAL CHARACTERISTICS
15.0 SWITCHING CHARACTERISTICS
16.0 PHYSICAL DIMENSIONS

1.0 System Diagram
DP8390C-1 StarLAN System
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DPB330~1
NC  [¢—>
—> >
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PAIR «— — N
PHONE
CABLE RJ=45 <«
JACK ISOLATION
PULSE
TRANSFORMERS

TL/F/9345-1
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FIGURE 1

3.0 Functional Description
(Refer to Figure 1)

RECEIVE DESERIALIZER

The Receive Deserializer is activated when the input signal
Carrier Sense is asserted to allow incoming bits to be shift-
ed into the shift register by the receive clock. The serial
receive data is also routed to the CRC generator/checker.
The Receive Deserializer includes a synch detector which
detects the SFD (Start of Frame Delimiter) to establish
where byte boundaries within the serial bit stream are locat-
ed. After every eight receive clocks, the byte wide data is
transferred to the 16-byte FIFO and the Receive Byte Count
is incremented. The first six bytes after the SFD are
checked for valid comparison by the Address Recognition
Logic. If the Address Recognition Logic does not recognize
the packet, the FIFO is cleared.

CRC GENERATOR/CHECKER

During transmission, the CRC logic generates a local CRC
field for the transmitted bit sequence. The CRC encodes all
fields after the synch byte. The CRC is shifted out MSB first
following the last transmit byte. During reception the CRC
logic generates a CRC field from the incoming packet. This
local CRC is serially compared to the incoming CRC ap-
pended to the end of the packet by the transmitting node. If
the local and received CRC match, a specific pattern will be
generated and decoded to indicate no data errors. Trans-
mission errors result in a different pattern and are detected,
resulting in rejection of a packet.

TRANSMIT SERIALIZER

The Transmit Serializer reads parallel data from the FIFO
and serializes it for transmission. The serializer is clocked by
the transmit clock. The serial data is also shifted into the

CRC generator/checker. At the beginning of each transmis-
sion, the Preamble and Synch Generator append 62 bits of
1,0 preamble and a 1,1 synch pattern. After the last data
byte of the packet has been serialized the 32-bit FCS field is
shifted directly out of the CRC generator. In the event of a
collision the Preamble and Synch generator is used to gen-
erate a 32-bit JAM pattern of all 1’s

ADDRESS RECOGNITION LOGIC

The address recognition logic compares the Destination Ad-
dress Field (first 6 bytes of the received packet) to the Phys-
ical address registers stored in the Address Register Array.
If any one of the six bytes does not match the pre-pro-
grammed physical address, the Protoco!l Control Logic re-
jects the packet. All multicast destination addresses are fil-
tered using a hashing technique. (See register description) If
the multicast address indexes a bit that has been set in the
filter bit array of the Multicast Address Register Array the
packet is accepted, otherwise it is rejected by the Protocol
Control Logic. Each destination address is also checked for
all 1’s which is the reserved broadcast address.

FIFO AND FIFO CONTROL LOGIC

The NIC features a 16-byte FIFO. During transmission the
DMA writes data into the FIFO and the Transmit Serializer
reads data from the FIFO and transmits it. During reception
the Receive Deserializer writes data into the FIFO and the
DMA reads data from the FIFO. The FIFO control logic is
used to count the number of bytes in the FIFO so that after
a preset level, the DMA can begin a bus access and write/
read data to/from the FIFO before a FIFO underflow over-
flow occurs.

1-55




DP8390C-1/NS32490C-1

3.0 Functional Description (continued)
Because the NIC must buffer the Address field of each in-
coming packet to determine whether the packet matches its
Physical Address Registers or maps to one of its Multicast
Registers, the first local DMA transfer does not occur until 8
bytes have accumulated in the FIFO.

To assure that there is no overwriting of data in the FIFO,
the FIFO logic flags a FIFO overrun as the 13th byte is
written into the FIFO; this effectively shortens the FIFO to
13 bytes. In addition, the FIFO logic operates differently in
Byte Mode than in Word Mode. In Byte Mode, a threshold is
indicated when the n+ 1 byte has entered the FIFO; thus,
with an 8-byte threshold, the NIC issues Bus Request
(BREQ) when the 9th byte has entered the FIFO. For Word
Mode, BREQ is not generated until the n+2 bytes have
entered the FIFO. Thus, with a 4 word threshold (equivalent
to an 8-byte threshold), BREQ is issued when the 10th byte
has entered the FIFO.

PROTOCOL PLA

The protocol PLA is responsible for implementing the
IEEEB023 protocol, including collision recovery with random
backoff. The Protocol PLA also formats packets during
transmission and strips preamble and synch during recep-
tion.

DMA AND BUFFER CONTROL LOGIC

The DMA and Buffer Control Logic is used to control two
16-bit DMA channels. During reception, the Local DMA
stores packets in a receive buffer ring, located in buffer
memory. During transmission the Local DMA uses pro-
grammed pointer and length registers to transfer a packet
from local buffer memory to the FIFO. A second DMA chan-
nel is used as a slave DMA to transfer data between the
local buffer memory and the host system. The Local DMA
and Remote DMA are internally arbitrated, with the Local
DMA channel having highest priority. Both DMA channels
use a common external bus clock to generate all required
bus timing. External arbitration is performed with a standard
bus request, bus acknowledge handshake protocol.

4.0 Transmit/Receive Packet-

Encapsulation/Decapsulation

A standard IEEE 802.3 packet consists of the following
fields: preamble, Start of Frame Delimiter (SFD), destination
address, source address, length, data, and Frame Check
Sequence (FCS). The typical format is shown in Figure 2.
The packets are Manchester encoded and decoded by the
StarLAN ENDEC and transferred serially to the NIC using
NRZ data with a clock. All fields are of fixed length except
for the data field. The NIC generates and appends the pre-
amble, SFD and FCS field during transmission. The Pream-
ble and SFD fields are stripped during reception. (The CRC
is passed through to buffer memory during reception.)

PREAMBLE AND START OF FRAME DELIMITER (SFD)

The Manchester encoded alternating 1,0 preamble field is
used by the StarLAN ENDEG to acquire bit synchronization
with an incoming packet. When transmitted each packet
contains 62 bits of alternating 1,0 preamble. Some of this
preamble will be lost as the packet travels through the net-
work. The preamble field is stripped by the NIC. Byte align-
ment is performed with the Start of Frame Delimiter (SFD)
pattern which consists of two consecutive 1's. The NIC
does not treat the SFD pattern as a byte, it detects only the
two bit pattern. This allows any preceding preamble within
the SFD to be used for phase locking.

DESTINATION ADDRESS

The destination address indicates the destination of the
packet on the network and is used to filter unwanted pack-
ets from reaching a node. There are three types of address
formats supported by the NIC: physical, multicast, and
broadcast. The physical address is a unique address that
corresponds only to a single node. All physical addresses
have an MSB of “0". These addresses are compared to the
internally stored physical address registers. Each bit in the
destination address must match in order for the NIC to ac-
cept the packet. Multicast addresses begin with an MSB of
“1”, The NIC filters multicast addresses using a standard
hashing algorithm that maps all multicast addresses into a
six bit value. This six bit value indexes a 64 bit array that
filters the value. If the address consists of all 1's it is a
broadcast address, indicating that the packet is intended for
all nodes. A promiscuous mode allows reception of all pack-
ets: the destination address is not required to match any
filters. Physical, broadcast, multicast, and promiscuous ad-
dress modes can be selected.

SOURCE ADDRESS

The source address is the physical address of the node that
sent the packet. Source addresses cannot be multicast or
broadcast addresses. This field is simply passed to buffer
memory.

LENGTH FIELD

The 2-byte length field indicates the number of bytes that
are contained in the data field of the packet. This field is not
interpreted by the NIC.

DATA FIELD

The data field consists of anywhere from 46 to 1500 bytes.
Messages longer than 1500 bytes need to be broken into
multiple packets. Messages shorter than 46 bytes will re-
quire appending a pad to bring the data field to the minimum
length of 46 bytes. If the data field is padded, the number of
valid data bytes is indicated in the length field. The NIC
does not strip or append pad bytes for short packets,
or check for oversize packets.

PREAMBLE SFD DESTINATION SOURCE LENGTH DATA FCS

e | 2] o8 |

| 28 | 4e-15008 | 48 |

RECEIVE <

v
-~

OPERATIONS ™ sTRipPED
TRANSMT o BT NC

>
>

TRANSFERRED VIA DMA

v
A

OPERATIONS ™ Appenpin
BY NIC
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> —>
»>4—>
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b=BNS gy N
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4.0 Transmit/Receive Packet Encapsulation/Decapsulation (continued) §
FCS FIELD the CRC generator. Packets with improper CRC will be re- 8
The Frame Check Sequence (FCS) is a 32-bit CRC field jected. The AUTODIN If (X32 + X26 + X23 + X22 + X16 + o
calculated and appended to a packet during transmission to X12 4 X1 4 X10 + X8 + X7 + X5 + X4 + X2 + X1 + 1) ':
allow detection of errors when a packet is received. During polynomial is used for the CRC calculations. 2>
reception, error free packets result in a specific pattern in g
N
Connection Diagram 8
Plastic Chip Carrier Dual-In-Line Package 2
b4
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= TL/F/9345-5 ACK ] 24 25 [ABsck
TL/F/9345-4
Order Number DP8390CN-1 or DP8390CV-1
See NS Package Number N48A or V68A
5.0 Pin Descriptions
BUS INTERFACE PINS
Symbol DIP Pin No Function Description
ADO-AD15 1-12 1710,2 MULTIPLEXED ADDRESS/DATA BUS:
14-17 * Register Access, with DMA inactive, CS low and ACK returned from NIC, pins
ADO-AD? are used to read/write register data. AD8~AD15 float during I/0
transfers. SRD, SWR pins are used to select direction of transfer.
® Bus Master with BACK input asserted
During t1 of memory cycle ADO-AD15 contain address
During t2, t3, t4 ADO-AD15 contain data (word transfer mode).
During t2, t3, t4 AD0-AD?7 contain data, AD8-AD15 contain address
(byte transfer mode).
Direction of transfer is indicated by NIC on MWR, MRD lines.
ADSO 18 1/0,2 ADDRESS STROBE 0
* Input with DMA inactive and CS low, latches RAO-RA3 inputs on falling edge.
If high, data present on RA0-RA3 will flow through latch.
¢ QOutput when Bus Master, latches address bits (AO-A15) to external memory
during DMA transfers.
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5.0 Pin Descriptions (continued)
BUS INTERFACE PINS (Continued)

Symbol

DIP Pin No

Function

Description

¢S

19

CHIP SELECT: Chip Select places controller in slave mode for uP access to
internal registers. Must be valid through data portion of bus cycle. RAO-RA3 are
used to select the internal register. SWR and SRD select direction of data
transfer.

=
|

20

0,2

MASTER WRITE STROBE: Strobe for DMA transfers, active low during write
cycles (12, t3, tw) to buffer memory. Rising edge coincides with the presence of
valid output data. TRI-STATE® until BACK asserted.

=
|
(w)

21

0,z

MASTER READ STROBE: Strobe for DMA transfers, active during read cycles
(t2, t3, tw) to buffer memory. Input data must be valid on rising edge of MRD.
TRI-STATE until BACK asserted.

®
=
E

22

SLAVE WRITE STROBE: Strobe from CPU to write an internal register selected
by RAO-RA3.

[0}
v
O

23

SLAVE READ STROBE: Strobe from CPU to read an internal register selected
by RAO-RAS3.

>[
(@]
X

24

ACKNOWLEDGE: Active low when NIC grants access to CPU. Used to insert
WAIT states to CPU until NIC is synchronized for a register read or write
operation.

RAO-RA3

45-48

REGISTER ADDRESS: These four pins are used to select a register to be read
or written. The state of these inputs is ignored when the NIC is not in slave mode
(CS high).

44

PORT READ: Enables data from external latch onto local bus during a memory
write cycle to local memory (remote write operation). This allows asynchronous
transfer of data from the system memory to local memory.

43

WRITE ACKNOWLEDGE: Issued from system to NIC to indicate that data has
been written to the external latch. The NIC will begin a write cycle to place the
data in local memory.

INT

42

INTERRUPT: Indicates that the NIC requires CPU attention after reception
transmission or completion of DMA transfers. The interrupt is cleared by writing
to the ISR. All interrupts are maskable.

41

RESET: Reset is active low and places the NIC in a reset mode immediately, no
packets are transmitted or received by the NIC until STA bit is set. Affects
Command Register, Interrupt Mask Register, Data Configuration Register and
Transmit Configuration Register. The NIC will execute reset within 10 BUSK
cycles.

BREQ

31

BUS REQUEST: Bus Request is an active high signal used to request the bus for
DMA transfers. This signal is automatically generated when the FIFO needs
servicing.

BACK

30

BUS ACKNOWLEDGE: Bus Acknowledge is an active high signal indicating that
the CPU has granted the bus to the NIC. If inmediate bus access is desired,
BREQ should be tied to BACK. Tying BACK to V¢ will result in a deadlock.

PRQ, ADS1

29

(o4

PORT REQUEST/ADDRESS STROBE 1

® 32 BIT MODE: If LAS is set in the Data Configuration Register, this line is
programmed as ADSH. Itis used to strobe addresses A16-A31 into external
latches. (A16-A31 are the fixed addresses stored in RSARO, RSAR1.) ADS1
will remain at TRI-STATE until BACK is received.

* 16 BIT MODE: If LAS is not set in the Data Configuration Register, this line is
programmed as PRQ and is used for Remote DMA Transfers. In this mode
PRQ will be a standard logic output.

NOTE: This line will power up as TRI-STATE until the Data Configuration

Register Is programmed.

28

READY: This pin is set high to insert wait states during a DMA transfer. The NIC
will sample this signal at t3 during DMA transfers.

1.58




=]
. A 'U
5.0 Pin Descriptions (continued) ]
BUS INTERFACE PINS (Continued) §
Symbol DIP Pin No Function Description '.\a.
PWR 27 (0] PORT WRITE: Strobe used to latch data from the NIC into external latch for =
transfer to host memory during Remote Read transfers. The rising edge of PWR 8
coincides with the presence of valid data on the local bus. g
RACK 26 | READ ACKNOWLEDGE: Indicates that the system DMA or host CPU has read 8
the data placed in the external latch by the NIC. The NIC will begin a read cycle 9
to update the latch. -t
BSCK 25 | This clock is used to establish the period of the DMA memory cycle. Four clock
cycles (t1, t2, t3, t4) are used per DMA cycle. DMA transfers can be extended by
one BSCK increments using the READY input.
NETWORK INTERFACE PINS
COoL 40 | COLLISION DETECT: This line becomes active when a collision has been
detected on the coaxial cable. During transmission this line is monitored after
preamble and synch have been transmitted. At the end of each transmission this
ling is monitored for CD heartbeat.
RXD 39 | RECEIVE DATA: Serial NRZ data received from the ENDEC, clocked into the
NIC on the rising edge of RXC.
CRS 38 | CARRIER SENSE: This signal is provided by the ENDEC and indicates that
carrier is present. This signal is active high.
RXC 37 | RECEIVE CLOCK: Re-synchronized clock from the ENDEC used to clock data
from the ENDEC into the NIC.
LBK 35 (o] LOOPBACK: This output is set high when the NIC is programmed to perform a
loopback through the StarLAN ENDEC.
TXD 34 (o} TRANSMIT DATA: Serial NRZ Data output to the ENDEC. The data is valid on
the rising edge of TXC.
TXC 33 | TRANSMIT CLOCK: This clock is used to provide timing for internal operation
and to shift bits out of the transmit serializer. TXC is nominally a 1 MHz clock
provided by the ENDEC.
TXE 32 (0] TRANSMIT ENABLE: This output becomes active when the first bit of the
packet is valid on TXD and goes low after the last bit of the packet is clocked out
of TXD. This signal connects directly to the ENDEC. This signal is active high.
POWER
Vce 36 +5V DCis required. It is suggested that a decoupling capacitor be connected
between these pins. It is essential to provide a path to ground for the GND pin
GND 13 - S
with the lowest possible impedance.

6.0 Direct Memory Access Control (DMA)

The DMA capabilities of the NIC greatly simplify use of the
DP8390C-1 in typical configurations. The local DMA chan-
nel transfers data between the FIFO and memory. On trans-
mission, the packet is DMA'd from memory to the FIFO in
bursts. Should a collision occur (up to 15 times), the packet
is retransmitted with no processor intervention. On recep-
tion, packets are DMAed from the FIFO to the receive buffer
ring (as explained below).

A remote DMA channel is also provided on the NIC to ac-
complish transfers between a buffer memory and system
memory. The two DMA channels can alternatively be com-
bined to form a single 32-bit address with 8- or 16-bit data.

DUAL DMA CONFIGURATION

An example configuration using both the local and remote
DMA channels is shown below. Network activity is isolated

on a local bus, where the NIC's local DMA channel per-
forms burst transfers between the buffer memory and the
NIC's FIFO. The Remote DMA transfers data between the
buffer memory and the host memory via a bidirectional 1/O
port. The Remote DMA provides local addressing capability
and is used as a slave DMA by the host. Host side address-
ing must be provided by a host DMA or the CPU. The NIC
allows Local and Remote DMA operations to be interleaved.

SINGLE CHANNEL DMA OPERATION

If desirable, the two DMA channels can be combined to
provide a 32-bit DMA address. The upper 16 bits of the 32-
bit address are static and are used to point to a 64 kbyte (or
32k word) page of memory where packets are to be re-
ceived and transmitted.
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6.0 Direct Memory Access Control (DMA) (continued)

NETWORK

DATA| -

.

Dual Bus System

DP8390-1
| FIFO I:

REMOTE DMA
+
LOCAL DMA

CONTROLLER e‘,ﬁ:g;;m ﬁ—*l_—
A
16=BYTE FIFO ff——"—> 1 -
Lo Wi,
V_
HANDSHAKE I_
SIGNALS .
—
LOCAL SYSTEM
DMA
r‘_"' MICROPROCESSOR "_’ CONTROLLER
SYSTEM
ADDRESS
BLOCK DATA
SYSTEM DATA TRANSFERS d
SYSTEM
L’ 1/0 PORT AN
. MEMORY
LOCAL BUS SYSTEM BUS
. TL/F/9345-6
32-Bit DMA Operation 7.0 PaCKet R_eceptlon .
The Local DMA receive channel uses a Buffer Ring Struc-
ture comprised of a series of contiguous fixed length 256
DATA > byte (128 word) buffers for storage of received packets. The
location of the Receive Buffer Ring is programmed in two
ADDRESS(32-6) registers, a Page Start and a Page Stop register. Ethernet
packets consist of a distribution of shorter link control pack-
HosT ets and longer data packets, the 256 byte buffer length pro-
MEMORY vides a good compromise between short packets and long-
er packets to most efficiently use memory. In addition these
TUF /o357 buffers provide memory resources for storage of back-to-
i back packets in loaded networks. The assignment of buffers
NIC Recelve Buffer Ring

PAGE START
ADDRESS l

BUFFER RAM

(e

TO B4 KBYTES)

BUFFER #1

BUFFER #2

BUFFER #3

PASE $T0P l
I ADDRESS I

BUFFER N

|
— Tt brres

TL/F/9345-8
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7.0 Packet Reception (Continued)

for storing packets is controlled by Buffer Management logic
in the NIC. The Buffer Management logic provides three
basic functions: linking receive buffers for long packets, re-
covery of buffers when a packet is rejected, and recircula-
tion of buffer pages that have been read by the host.

At initialization, a portion of the 64 kbyte (or 32k word) ad-
dress spacs is reserved for the receive buffer ring. Two
eight bit registers, the Page Start Address Register
(PSTART) and the Page Stop Address Register (PSTOP)
define the physical boundaries of where the buffers reside.
The NIC treats the list of buffers as a logical ring; whenever
the DMA address reaches the Page Stop Address, the DMA
is reset to the Page Start Address.

INITIALIZATION OF THE BUFFER RING

Two static registers and two working registers control the
operation of the Buffer Ring. These are the Page Start Reg-
ister, Page Stop Register (both described previously), the
Current Page Register and the Boundary Pointer Register.
The Current Page Register points to the first buffer used to
store a packet and is used to restore the DMA for writing
status to the Buffer Ring or for restoring the DMA address in
the event of a Runt packet, a CRC, or Frame Alignment
error. The Boundary Register points to the first packet in the
Ring not yet read by the host. If the local DMA address ever
reaches the Boundary, reception is aborted. The Boundary
Pointer is also used to initialize the Remote DMA for remov-
ing a packet and is advanced when a packet is removed. A
simple analogy to remember the function of these registers
is that the Current Page Register acts as a Write Pointer and
the Boundary Pointer acts as a Read Pointer.

Note: At initialization, the Page Start Register value should be loaded into
both the Current Page Register and the Boundary Pointer Register.

Recelve Buffer Ring At Initialization
POINTER J

/

TL/F/9345-9

BEGINNING OF RECEPTION

When the first packet begins arriving the NIC begins storing
the packet at the location pointed to by the Current Page

Register. An offset of 4 bytes is saved in this first buffer to
allow room for storing receive status corresponding to this
packet.

Recelved Packet Enters Buffer Pages

BEGIN STORING
—

/

BEGIN RECEPTION

4 BYTE DFFSET
FOR PACKET

TL/F/9345-11

LINKING RECEIVE BUFFER PAGES

If the length of the packet exhausts the first 256-byte buffer,
the DMA performs a forward link to the next buffer to store
the remainder of the packet. For a maximal length packet
the buffer logic will link six buffers to store the entire packet.
Buffers cannot be skipped when linking, a packet will always
be stored in contiguous buffers. Before the next buffer can
be linked, the Buffer Management Logic performs two com-
parisons. The first comparison tests for equality between
the DMA address of the next buffer and the contents of the
Page Stop Register. If the buffer address equals the Page
Stop register, the buffer management logic will restore the
DMA to the first buffer in the Receive Buffer Ring value
programmed in the Page Start Address register. The second
comparison tests for equality between the DMA address of
the next buffer address and the contents of the Boundary
Pointer register. If the two values are equal the reception is
aborted. The Boundary Pointer register can be used to pro-
tect against overwriting any area in the receive buffer ring
that has not yet been read. When linking buffers, buffer
management will never cross this pointer, effectively avoid-
ing any overwrites. If the buffer address does not match
either the Boundary Pointer or Page Stop address, the link
to the next buffer is performed.

Linking Buffers

Before the DMA can enter the next contiguous 256-byte
buffer, the address is checked for equality to PSTOP and to
the Boundary Pointer. If neither are reached, the DMA is
allowed to use the next buffer.

Linking Recelve Buffer Pages

1) Check for = to PSTOP
2) Check for = to Boundary

TL/F/9345-10
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7.0 Packet Reception (continued)

Recelved Packet Aborted If It Hits Boundary Pointer
2ND PACKET

TL/F/9345-12

Buffer Ring Overflow

If the Buffer Ring has been filled and the DMA reaches the
Boundary Pointer Address, reception of the incoming pack-
et will be aborted by the NIC. Thus, the packets previously
received and still contained in the Ring will not be de-
stroyed.

In a heavily loaded network environment the local DMA may
be disabled, preventing the NIC from buffering packets from
the network. To guarantee this will not happen, a software
reset must be issued during all Receive Buffer Ring over-
flows (indicated by the OVW bit in the Interrupt Status Reg-
ister). The following procedure Is required to recover
from a Recelver Buffer Ring Overflow.

1. Issue the STOP mode command (Command Register =
21H). The NIC may not immediately enter the STOP
mode. If it is currently processing a packet, the NIC will
enter STOP mode only after finishing the packet. The NIC
indicates that it has entered STOP mode by setting the
RST bit in the Interrupt Status Register.

2.Clear the Remote Byte Counter Registers (RBCRO,
RBCR1). The NIC requires these registers to be cleared
before it sets the RST bit.

Note: If the STP is set when a transmission is in progress, the RST bit may
not be set. In this case, the NIC is guaranteed to be reset after the
longest packet time (1500 bytes = 1.2 ms). For the DP8390C (but not
for the DPB390B), the NIC will be reset within 2 microseconds after
the STP bit is set and Loopback mode 1 is programmed.

3. Poll the Interrupt Status Register for the RST bit. When

set, the NIC is in STOP mode.

4. Place the NIC in LOOPBACK (mode 1 or 2) by writing
02H or 04H to the Transmit Configuration Register. This
step is required to properly enable the NIC onto an active
network.

5. Issue the START mode command (Command Register =
22H). The local receive DMA is still inactive since the NIC
is in LOOPBACK.

6. Remove at least one packet from the Receive Buffer
Ring to accommodate additional incoming packets.

7. Take the NIC out of LOOPBACK by programming the
Transmit Configuration Register back to its original value
and resume normal operation.

Note: If the Remote DMA channel is not used, you may eliminate step 6 and
remove packsts from the Receive Buffer Ring after step 1. This will
reduce or eliminate the polling time incurred in step 3.

END OF PACKET OPERATIONS

At the end of the packet the NIC determines whether the
received packet is to be accepted or rejected. It either
branches to a routine to store the Buffer Header or to anoth-
er routine that recovers the buffers used to store the packet.

SUCCESSFUL RECEPTION

If the packet is successfully received as shown, the DMA is
restored to the first buffer used to store the packet (pointed
to by the Current Page Register). The DMA then stores the
Receive Status, a Pointer to where the next packet will be
stored (Buffer 4) and the number of received bytes. Note
that the remaining bytes in the last buffer are discarded and
reception of the next packet begins on the next empty 256-
byte buffer boundary. The Current Page Register is then
initialized to the next available buffer in the Buffer Ring. (The
location of the next buffer had been previously calculated
and temporarily stored in an internal scratchpad register.)

Termination of Received Packet—Packet Accepted

CURRENT
PABE
REGISTER

STATUS
NEXT PAGE
LENGTH ()
LENETH (K}

& |1 PACKET STATUS

TL/F/9345-13

' BUFFER RECOVERY FOR REJECTED PACKETS

If the packet is a runt packet or contains CRC or Frame
Alignment errors, it is rejected. The buffer management log-
ic resets the DMA back to the first buffer page used to store
the packet (pointed to by CURR), recovering all buffers that
had been used to store the rejected packet. This operation
will not be performed if the NIC is programmed to accept
either runt packets or packets with CRC or Frame Alignment
errors. The received CRC is always stored in buffer memory
after the last byte of received data for the packet.

Termination of Received Packet—Packet Rejected

TL/F/9345-14
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7.0 Packet Reception (continued)

Error Recovery

If the packet is rejected as shown, the DMA is restored by
the NIC by reprogramming the DMA starting address point-
ed to by the Current Page Register.

REMOVING PACKETS FROM THE RING

Packets are removed from the ring using the Remote DMA
or an external device. When using the Remote DMA the
Send Packet command can be used. This programs the Re-
mote DMA to automatically remove the received packet
pointed to by the Boundary Pointer. At the end of the trans-
fer, the NIC moves the Boundary Pointer, freeing additional
buffers for reception. The Boundary Pointer can also be
moved manually by programming the Boundary Register.
Care should be taken to keep the Boundary Pointer at least
one buffer behind the Current Page Pointer.

The following is a suggested method for maintaining the
Receive Buffer Ring pointers.

1. At initialization, set up a software variable (next__pkt) to
indicate where the next packet will be read. At the begin-
ning of each Remote Read DMA operation, the value of
next__pkt will be loaded into RSARO and RSAR1.

2. When initializing the NIC set:

BNDRY = PSTART
CURR = PSTART+1
next_pkt = PSTART +1

. After a packet is DMAed from the Receive Buffer Ring,

the Next Page Pointer (second byte in NIC buffer header)
is used to update BNDRY and next__pkt.

next__pkt = Next Page Pointer

BNDRY = Next Page Pointer — 1

If BNDRY < PSTART then BNDRY = PSTOP — 1

Note the size of the Receive Buffer Ring is reduced by one

256-byte buffer; this will not, however, impede the operation

of the NIC.

In StarL AN applications using bus clock frequencies greater

than 4 MHz, the NIC does not update the buffer header

information properly because of the disparity between the
network and bus clock speeds. The lower byte count is cop-
ied twice into the third and fourth locations of the buffer
header and the upper byte count is not written. The upper
byte count, however, can be calculated from the current
next page pointer (second byte in the buffer header) and the
previous next page pointer (stored in memory by the CPU).

The following routine calculates the upper byte count and

allows StarLAN applications to be insensitive to bus clock

speeds. Next__pkt is defined similarly as above.

w

1st Received Packet Removed By Remote DMA
= =]

13T PACKET

liﬂ PACKET

i

NEW PACKET
ARRIVING

REMOTE DMA
REMOVES
PACKET

TL/F/9345-15

upper byte count = next page pointer — next_pkt — 1
if (upper byte count) < 0 then
upper byte count = (PSTOP — next__pkt)
+ (next page pointer — PSTART) — 1
if (lower byte count > 0 fch) then
upper byte count = upper byte count + 1
STORAGE FORMAT FOR RECEIVED PACKETS

The following diagrams describe the format for how re-
ceived packets are placed into memory by the local DMA
channel. These modes are selected in the Data Configura-
tion Register.

Storage Format
AD15 AD8 AD7 ADO
Next Packet Receive
Pointer Status
Receive Receive
Byte Count 1 Byte Count 0
Byte 2 Byte 1

BOS = 0, WTS = 1 in Data Configuration Register.
This format used with Series 32000 808X type processors.

AD15 AD8 AD7 ADO
Next Packet Receive
Pointer Status
Receive Receive
Byte Count 1 Byte Count 0
Byte 1 Byte 2-

BOS = 1, WTS = 1 in Data Configuration Register.

This format used with 68000 type processors.
Note: The Recsive Byte Count ordering remains the same for BOS = O or 1

AD7 ADO
Receive Status

Next Packet
Pointer

Receive Byte
Count 0

Receive Byte
Count 1

Byte O
Byte 1

BOS = 0, WTS = 0 in Data Configuration Register.
This format used with general 8-bit CPUs.

8.0 Packet Transmission

The Local DMA is also used during transmission of a pack-
et. Three registers control the DMA transfer during trans-
mission, a Transmit Page Start Address Register (TPSR)
and the Transmit Byte Count Registers (TBCRO,1). When
the NIC receives a command to transmit the packet pointed
to by these registers, buffer memory data will be moved into
the FIFO as required during transmission. The NIC will gen-
erate and append the preamble, synch and CRC fields.

1-63
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8.0 Packet Transmission (continued)

TRANSMIT PACKET ASSEMBLY

The NIC requires a contiguous assembled packet with the
format shown. The transmit byte count includes the Destina-
tion Address, Source Address, Length Field and Data. It
does not include preamble and CRC. When transmitting
data smaller than 46 bytes, the packet must be padded to a
minimum size of 64 bytes. The programmer is responsible
for adding and stripping pad bytes.

General Transmit Packet Format

A
[ DESTINATION ADDRESS | 6 BYTES
SOURCE ADDRESS 6 BYTES
TX BYTE COUNT
(TBCRO,1) TYPE LENGTH 2 BYTES
DATA > 46 BYTES
1 | a0 (F oaTa < 46 BYTES)

TL/F/9345-16

TRANSMISSION

Prior to transmission, the TPSR (Transmit Page Start Regis-
ter) and TBCRO, TBCR1 (Transmit Byte Count Registers)
must be initialized. To initiate transmission of the packet the
TXP bit in the Command Register is set. The Transmit
Status Register (TSRY) is cleared and the NIC begins to pre-
fetch transmit data from memory (unless the NIC is currently
receiving). If the interframe gap has timed out the NIC will
begin transmission.

CONDITIONS REQUIRED TO BEGIN TRANSMISSION

In order to transmit a packet, the following three conditions
must be met:

1. The Interframe Gap Timer has timed out the first 6.4 ps
of the Interframe Gap (See appendix for Interframe Gap
Flowchart)

2. At least one byte has entered the FIFQ. (This indicates
that the burst transfer has been started)

3. If the NIC had collided, the backoff timer has expired.

In typical systems the NIC has already prefetched the first
burst of bytes before the 6.4 pns timer expires. The time
during which NIC transmits preamble can also be used to
load the FIFQ.

Note: If carrier sense is asserted before a byte has been loaded into the
FIFO, the NIC will become a receiver.

COLLISION RECOVERY

During transmission, the Buffer Management logic monitors
the transmiit circuitry to determine if a collision has occurred.
If a collision is detected, the Buffer Management logic will
reset the FIFO and restore the Transmit DMA pointers for
retransmission of the packet. The COL bit will be set in the
TSR and the NCR (Number of Collisions Register) will be
incremented. If 15 retransmissions each result in a collision
the transmission will be aborted and the ABT bit in the TSR
will be set.

Note: NCR reads as zeroes if excessive collisions are encountered.

TRANSMIT PACKET ASSEMBLY FORMAT

The following diagrams describe the format for how packets
must be assembled prior to transmission for different byte
ordering schemes. The various formats are selected in the
Data Configuration Register.

D15 D8 D7 DO
DA1 DAO
DA3 DA2
DA5S DA4
SA1 DAO
SA3 DA2
SA5 DA4
T/L1 T/LO
DATA1 DATAO

BOS = 0, WTS = 1 in Data Configuration Register.

This format is used with Series 32000, 808X type proces-
SOrs.

D15 D8 D7 DO
DAO DA1
DA2 DA3
DA4 DA5
SAO SA1
SA2 SA3
SA4 SAS
T/LO T/L1
DATAO DATA1

BOS = 1, WTS = 1 in Data Configuration Register.
This format is used with 68000 type processors.

D7 DO
DAO
DA1
DA2
DA3
DA4
DAS
SA0
SA1
SA2
SA3

BOS = 0, WTS = 0in Data Configuration Register.

This format is used with general 8-bit CPUs.

Note: All examples above will result in a transmission of a packet in order of
DAO, DA1, DA2, DA3. . . bits within each byte will be transmitted least
significant bit first.

DA = Destination Address
SA = Source Address
T/L = Type/Length Field
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9.0 Remote DMA

The Remote DMA channel is used to both assemble pack-
ets for transmission, and to remove received packets from
the Receive Buffer Ring. It may also be used as a general
purpose slave DMA channel for moving blocks of data or
commands between host memory and local buffer memory.
There are three modes of operation, Remote Write, Remote
Read, or Send Packet.

Two register pairs are used to control the Remote DMA, a
Remote Start Address (RSARO, RSAR1) and a Remote
Byte Count (RBCRO, RBCR1) register pair. The Start Ad-
dress register pair point to the beginning of the block to be
moved while the Byte Count register pair are used to indi-
cate the number of bytes to be transferred. Full handshake
logic is provided to move data between local buffer memory
and a bidirectional 1/0 port.

REMOTE WRITE

A Remote Write transfer is used to move a block of data
from the host into local buffer memory. The Remote DMA
will read data from the 1/0 port and sequentially write it to
local buffer memory beginning at the Remote Start Address.
The DMA address will be incremented and the Byte Counter
will be decremented after each transfer. The DMA is termi-
nated when the Remote Byte Count register reaches a
count of zero.

REMOTE READ

A Remote Read transfer is used to move a block of data
from local buffer memory to the host. The Remote DMA will
sequentially read data from the local buffer memory, begin-
ning at the Remote Start Address, and write data to the 170
port. The DMA address will be incremented and the Byte
Counter will be decremented after each transfer. The DMA
is terminated when the Remote Byte Count register reaches
zero.

SEND PACKET COMMAND

The Remote DMA channel can be automatically initialized
to transfer a single packet from the Receive Buffer Ring.
The CPU begins this transfer by issuing a “Send Packet”
Command. The DMA will be initialized to the value of the
Boundary Pointer register and the Remote Byte Count regis-
ter pair (RBCRO, RBCR1) will be initialized to the value of
the Receive Byte Count fields found in the Buffer Header of
each packet. After the data is transferred, the Boundary
Pointer is advanced to allow the buffers to be used for new
receive packets. The Remote Read will terminate when the
Byte Count equals zero. The Remote DMA is then prepared
to read the next packet from the Receive Buffer Ring. If the
DMA pointer crosses the Page Stop register, it is reset to
the Page Start Address. This allows the Remote DMA to
remove packets that have wrapped around to the top of the
Receive Buffer Ring.

Note 1: In order for the NIC to correctly execute the Send Packet Com-
mand, the upper Remote Byte Count Register (RBCR1) must first
be loaded with OFH.

Note 2: The Send Packet command cannot be used with 68000 type proc-
essors.

10.0 Internal Registers

All registers are 8-bit wide and mapped into two pages
which are selected in the Command register (PS0O, PS1).
Pins RAO-RA3 are used to address registers within each
page. Page 0 registers are those registers which are com-
monly accessed during NIC operation while page 1 registers
are used primarily for initialization. The registers are parti-
tioned to avoid having to perform two write/read cycles to
access commonly used registers.

Remote DMA Autoinitialization from Buffer Ring

BOUNDARY
POINTER

n=1

BOUNDARY
POINTER"

DMA ENDS HERE

RECEIVE BYTE
COUNT (L)
RECEIVE BYTE

STATUS
NEXT PACKET
POINTER

REMOTE
OMA
REMOVES
PACKET
2
REGISTERS LOADED BY
AUTOSEND COMMAND
—_ 1
< REMOTE REMOTE
= BYTE COUNT 1 | BYTE COUNTO
3
8

BOUNDARY

POINTER
REMOTE REMOTE
START ADD 1 | START ADDO

"o" TL/F/9345-17
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10.0 Internal Registers (continued)
10.1 REGISTER ADDRESS MAPPING

| COMMAND REGISTER I

PS0, PS? ADDRESS
S DECODE
> | coumann
e [ PAGE 0 PAGE 0
i (REA0) (WRITE)
—>| Rao-Ra3 T
COMMAND |—»| commanD
PAGE 1 PAGE 1
(READ) (WRITE)
COMMAND |—P| COMMAND
PAGE 2 PAGE 2
(READ) {WRITE)
$]| COMMAND |—| COMMAND
TEST TEST
PAGE PAGE
. TL/F/9345-18
10.2 REGISTER ADDRESS ASSIGNMENTS
Page 0 Address Assignments (PS1 = 0, PS0 = 0) Page 1 Address Assignments (PS1 = 0, PS0 = 1)
RA0-RA3 " RD WR RAO-RA3 RD WR
00H Command (CR) Command (CR) 00H Command (CR) Command (CR)
01H Current Local DMA | Page Start Register 01H Physical Address Physical Address
Address 0 (CLDAO) | (PSTART) Register 0 (PARO) Register 0 (PARO)
02H Current Local DMA | Page Stop Register 02H Physical Address Physical Address
Address 1 (CLDA1) | (PSTOP) Register 1 (PAR1) Register 1 (PAR1)
03H Boundary Pointer Boundary Pointer 03H Physical Address Physical Address
(BNRY) (BNRY) Register 2 (PAR2) Register 2 (PAR2)
04H Transmit Status Transmit Page Start 04H Physical Address Physical Address
Register (TSR) Address (TPSR) Register 3 (PAR3) Register 3 (PAR3)
05H Number of Collisions | Transmit Byte Count 05H Physical Address Physical Address
Register (NCR) Register 0 (TBCRO) Register 4 (PAR4) Register 4 (PAR4)
06H FIFO (FIFO) Transmit Byte Count 06H Physical Address Physical Address
Register 1 (TBCR1) Register 5 (PAR5) Register 5 (PAR5)
07H Interrupt Status Interrupt Status 07H Current Page Current Page
Register (ISR) Register (ISR) Register (CURR) Register (CURR)
08H Current Remote DMA | Remote Start Address 08H Multicast Address Multicast Address
Address 0 (CRDAQ) | Register 0 (RSARO) Register 0 (MARO) | Register 0 (MARO)
09H Current Remote DMA | Remote Start Address 09H Multicast Address Multicast Address
Address 1 (CRDA1) | Register 1 (RSAR1) Register 1 (MAR1) Register 1 (MAR1)
O0AH Reserved Remote Byte Count 0AH Multicast Address Multicast Address
Register 0 (RBCRO) Register 2 (MAR2) Register 2 (MAR2)
O0BH Reserved Remote Byte Count 0BH Multicast Address Multicast Address
Register 1 (RBCR1) Register 3 (MAR3) | Register 3 (MAR3)
OCH Receive Status Receive Configuration OCH Multicast Address Multicast Address
Register (RSR) Register (RCR) Register 4 (MAR4) Register 4 (MAR4)
ODH Tally Counter 0 Transmit Configuration ODH Multicast Address Multicast Address
(Frame Alignment Register (TCR) Register 5 (MARS5) | Register 5 (MARS)
Errors) (CNTRO)
OEH Tally Counter 1 Data Configuration OEH Multicast Address Multicast Address
(CRC Errors) Register (DCR) Register 6 (MAR6) | Register 6 (MARS)
(CNTR1)
OFH Tally Counter 2 Interrupt Mask OFH Multicast Address Multicast Address
(Missed Packet Register (IMR) Register 7 (MAR7) | Register 7 (MAR7)
Errors) (CNTR2)
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10.0 Internal Registers (continued)
Page 2 Address Assignments (PS1 = 1,PS0 = 0)

RA0-RA3 RD WR RAO-RA3 RD WR
00H Command (CR) Command (CR) 08H Reserved Reserved
01H Page Start Register | Current Local DMA 09H Reserved Reserved

(PSTART) Address 0 (CLDAO) 0AH Reserved Reserved
02H Page Stop Register | Current Local DMA OBH Reserved Reserved
(PSTOP) Address 1 (CLDA1)
OCH Receive Configuration Reserved
03H Re.mote Next Packet Re.mote Next Packet Register (RCR)
Pointer Pointer
X ODH Transmit Configuration Reserved
04H Transmit Page Start | Reserved Register (TCR)
Address (TPSR)
OEH Data Configuration Reserved
05H Lo<':al Next Packet Lo9al Next Packet Register (DCR)
Pointer Pointer
OFH Interrupt Mask Register Reserved
06H Address Counter Address Counter (IMR)
(Upper) (Upper) - ) !
Note: Page 2 registers should only be accessed for diagnostic purposes.
07H Address Counter Address Counter They should not be modified during normal operation.
(Lower) (Lower) Page 3 should never be modified.
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10.0 Internal Registers (continued)
10.3 Register Descriptions

COMMAND REGISTER (CR)  00H (READ/WRITE)

The Command Register is used to initiate transmissions, enable or disable Remote DMA operations and to select register
pages. To issue a command the microprocessor sets the corresponding bit(s) (RD2, RD1, RDO, TXP). Further commands may
be overlapped, but with the following rules: (1) If a transmit command overlaps with a remote DMA operation, bits RDO, RD1,
and RD2 must be maintained for the remote DMA command when setting the TXP bit. Nots, if a remote DMA command is re-is-
sued when giving the transmit command, the DMA will complete immediately if the remote byte count register has not been re-
initialized. (2) If a remote DMA operation overlaps a transmission, RDO, RD1, and RD2 may be written with the desired values
and a 0" written to the TXP bit. Writing a “0” to this bit has no effect. (3) A remote write DMA may not overlap remote read
operation or visa versa. Either of these operations must either complete or be aborted before the other operation may start.

Bits PS1, PS0, RD2, and STP may be set at any time.

7 6 5 4 3 2 1 0
| pst | pso | RD2 | RD1 [ RDO [ 7xP | sTA [ STP |

Bit Symbol ’ Description

DO : STP STOP: Software reset command, takes the controller offline, no packets will be received or

: transmitted. Any reception or transmission in progress will continue to completion before
entering the reset state. To exit this state, the STP bit must be reset and the STA bit must be
set high. To perform a software reset, this bit should be set high. The software reset has
executed only when indicated by the RST bit in the ISR being set to a 1. STP powers up

high.
Note: If the NIC has previously been in start mode and the STP is set, both the STP and STA bits will remain set.

D1 STA START: This bit is used to activate the NIC after either power up, or when the NIC has been
placed in a reset mode by software command or error. STA powers up low.

D2 TXP TRANSMIT PACKET: This bit must be set to initiate transmission of a packet. TXP is

internally reset either after the transmission is completed or aborted. This bit should be set
only after the Transmit Byte Count and Transmit Page Start registers have been
programmed.

D3, D4, D5 RDO, RD1, RD2 REMOTE DMA COMMAND: These three encoded bits control operation of the Remote DMA
channel. RD2 can be set to abort any Remote DMA command in progress. The Remote Byte
Count Registers should be cleared when a Remote DMA has been aborted. The Remote
Start Addresses are not restored to the starting address if the Remote DMA is aborted.

RD2 RD1 RDO

0 0 0 Not Allowed

0 0 1 Remote Read

0 1 0 Remote Write (Note 2)

0 1 1 Send Packet

1 X X Abort/Complete Remote DMA (Note 1)

Note 1: If a remote DMA operation is aborted and the remote byte count has not decremented to zero, PRQ (pin 29,
DIP) will remain high. A read acknowledge (RACK) or a write acknowledge (WACK) will reset PRQ low.

Note 2: For proper operation of the Remote Write DMA, there are two steps which must be performed before using
the Remote Write DMA. The steps are as follows:

i) Write a non-zero value into RBCRO.
ii) Set bits RD2, RD1, RD0 10 0, 0, 1.
iii) Issue the Remote Write DMA command (RD2, RD1, RDO = 0, 1, 0).

D6, D7 PS0, PS1 PAGE SELECT: These two encoded bits select which register page is to be accessed with
addresses RAO-3.
PS1 PSo

0 Register Page 0
Register Page 1
Register Page 2
Reserved

a4 0 -0

0
1
1
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10.0 Internal Registers (continueq)
10.3 Register Descriptions (Continued)

INTERRUPT STATUS REGISTER (ISR)  07H (READ/WRITE)

This register is accessed by the host processor to determine the cause of an interrupt. Any interrupt can be masked in the
Interrupt Mask Register (IMR). Individual interrupt bits are cleared by writing a ““1"" into the corresponding bit of the ISR. The INT
signal is active as long as any unmasked signal is set, and will not go low until all unmasked bits in this register have been
cleared. The ISR must be cleared after power up by writing it with all 1's.

7 6 5 4 3 2 1 0
| rsT | RDC | ont [ovw | e [ RxE | PTx | PRX |

1-006¥2ESN/1-006€8d0

Bit Symbol Description
Do PRX PACKET RECEIVED: Indicates packet received with no errors.
D1 PTX PACKET TRANSMITTED: Indicates packet transmitted with no errors.
D2 RXE RECEIVE ERROR: Indicates that a packet was received with one or more of the
following errors: '
. —CRC Error

—Frame Alignment Error

—FIFO Overrun

—Missed Packet
D3 TXE TRANSMIT ERROR: Set when packet transmitted with one or more of the

following errors:
—Excessive Collisions

—FIFO Underrun
D4 ovw OVERWRITE WARNING: Set when receive buffer ring storage resources have
) been exhausted. (Local DMA has reached Boundary Pointer).
D5 CNT COUNTER OVERFLOW: Set when MSB of one or more of the Network Tally
Counters has been set.
D6 RDC REMOTE DMA COMPLETE: Set when Remote DMA operation has been
: completed.
D7 RST RESET STATUS: Set when NIC enters reset state and cleared when a Start

Command is issued to the CR. This bit is also set when a Receive Buffer Ring
overflow occurs and is cleared when one or more packets have been removed
from the ring. Writing to this bit has no effect.

NOTE: This bit does not generate an interrupt, it is merely a status indicator.
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10.0 Internal Registers (Continued)
10.3 Register Descriptions (Continued)

INTERRUPT MASK REGISTER (IMR)  OFH (WRITE)

The Interrupt Mask Register is used to mask interrupts. Each interrupt mask bit corresponds to a bit in the Interrupt Status
Register (ISR). If an interrupt mask bit is set an interrupt will be issued whenever the corresponding bitin the ISR is set. If any bit
in the IMR is set low, an interrupt will not occur when the bit in the ISR is set. The IMR powers up all zero.

7 6 5 4 3 2 1 0
| — |roce|cnTe|ovwe| TxeE | RxEE| PTXE | PRXE]

Bit Symbol Description

Do PRXE PACKET RECEIVED INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet recelved

D1 PTXE PACKET TRANSMITTED INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet is transmitted.

D2 RXEE RECEIVE ERROR INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packet received with error.

D3 TXEE TRANSMIT ERROR INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when packst transmission results in error.

D4 OVWE OVERWRITE WARNING INTERRUPT ENABLE

0: Interrupt Disabled

1: Enables Interrupt when Buffer Management Logic lacks sufficient buffers to
store incoming packet.

D5 CNTE COUNTER OVERFLOW INTERRUPT ENABLE

: 0: Interrupt Disabled
1: Enables Interrupt when MSB of one or more of the Network Statistics
counters has been set.

Dé RDCE DMA COMPLETE INTERRUPT ENABLE
0: Interrupt Disabled
1: Enables Interrupt when Remote DMA transfer has been completed.

D7 reserved reserved
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10.0 Internal Registers (Continued)
10.3 Register Descriptions (Continued)

DATA CONFIGURATION REGISTER (DCR)  OEH (WRITE)

This Register is used to program the NIC for 8- or 16-bit memory interface, select byte ordering in 16-bit applications and
establish FIFO threshholds. The DCR must be Initialized prior to loading the Remote Byte Count Registers. LAS Is set on
power up.

7 6 5 4 3 2 1 0
| — | Fm1 | Fro [arM] 1s | Las | Bos [ wrs|

1-00642ESN/1-006€8dA

Bit Symbol Description

Do WTS WORD TRANSFER SELECT
0: Selects byte-wide DMA transfers
1: Selects word-wide DMA transfers

; WTS establishes byte or word transfers
for both Remote and Loca!l DMA transfers
Note: When word-wide mode is selected, up to 32k words are addressable; AO remains low.

D1 BOS BYTE ORDER SELECT
0: MS byte placed on AD15-ADB8 and LS byte on AD7-ADQO. (32000, 8086)
1: MS byte placed on AD7-ADO and LS byte on AD15-ADS8. (68000)

; ignored when WTS is low

D2 LAS LONG ADDRESS SELECT
0: Dual 16-bit DMA mode.
1: Single 32-bit DMA mode.

; When LAS is high, the contents of the Remote DMA registers RSARO,1 are issued as A16-A31
Power up high.

D3 LS LOOPBACK SELECT

0: Loopback mode selected. Bits D1, D2 of the TCR must also be programmed for Loopback
operation.

1: Normal Operation

D4 AR AUTOINITIALIZE REMOTE

0: Send Command not executed, all packets removed from Buffer Ring under program control.
1: Send Command executed, Remote DMA autoinitialized to remove packets from Buffer ring.
NOTE: Send Command cannot be used with 68000 type processors.

D5, D6 FTO, FT1 FIFO THRESHOLD SELECT: Encoded FIFO threshhold. Establishes point at which bus is
requested when filling or emptying the FIFO. During reception, the FIFQO threshold indicates the
number of bytes (or words) the FIFO has filled serially from the network before bus request
(BREQ) is asserted.

Note: FIFO threshold setting determines the DMA burst length.

RECEIVE THRESHOLDS
FT1 FTO Word Wide Byte Wide
0 0 1 Word 2 Bytes
0 1 2 Words 4 Bytes
1 0 4 Words 8 Bytes
1 1 6 Words 12 Bytes

During transmission, the FIFO threshold indicates the number of bytes (or words) the FIFO has
filled from the Local DMA before BREQ is asserted. Thus, the transmit threshold is 16 bytes, less
the receive threshold.
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10.0 Internal Registers (Continued)
10.3 Register Descriptions (Continued)

TRANSMIT CONFIGURATION REGISTER (TCR)  ODH (WRITE)

The transmit configuration establishes the actions of the transmitter section of the NIC during transmission of a packet on the
network. LB1 and LBO which select loopback mode power up as 0.

7 6 5 4 3 2 1 0
[ = [ = ] = [orst|[ atD [ 11 | 1B | cRC]

Bit Symbol Description

DO .CRC INHIBIT CRC
0: CRC appended by transmitter
1: CRC inhibited by transmitter

; In loopback mode CRC can be enabled or disabled to test the CRC logic.
D1,D2 LBO, LB1 ENCODED LOOPBACK CONTROL: These encoded configuration bits set the type of loopback
that is to be performed. Note that loopback in mode 2 sets the LPBK pin high, this places the
StarLAN ENDEC in loopback mode. Also, D3 of DCR must be set to zero.
LB1 LB2

Mode 0 0 0 Normal Operation (LPBK ='0)

Mode 1 0 1 Internal Loopback (LPBK = 0)

Mode 2 1 0 External Loopback (LPBK = 1)

Mode 3 1 1 External Loopback (LPBK = Q)

D3 ATD AUTO TRANSMIT DISABLE: This bit allows another station to disable the NIC's transmitter by
transmission of a particular multicast packet. The transmitter can be re-enabled by resetting this
bit or by reception of a second particular multicast packet.

0: Normal Operation
1: Reception of multicast address hashing to bit 62 disables transmitter, reception of multicast
address hashing to bit 63 enables transmitter.

D4 OFST COLLISION OFFSET ENABLE: This bit modifies the backoff algorithm to allow prioritization of
nodes.

0: Backoff Logic implements normal algorithm.

1: Forces Backoff algorithm modification to 0 to 2min(3+n,10) slot times for first three collisions,
then follows standard backoff. (For first three collisions station has higher average backoff delay
making a low priority mode.)

D5 reserved reserved

D6 reserved reserved

D7 reserved reserved
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

TRANSMIT STATUS REGISTER (TSR)  04H (READ)

This register records events that occur on the media during transmission of a packet. it is cleared when the next transmission is
initiated by the host. All bits remain low unless the event that corresponds to a particular bit occurs during transmission. Each
transmission should be followed by a read of this register. The contents of this register are not specified until after the first
transmission.

7 6 5 4 3 2 1 0

1-006¥2€SN/1-006€8d0d

lowc|con| Fu | crs | aBT [ coL| — | erx]|
Bit Symbol Description
Do PTX PACKET TRANSMITTED: Indicates transmission without error. (No excessive
collisions or FIFO underrun) (ABT = “0”, FU = “0").
D1 reserved reserved
D2 COoL TRANSMIT COLLIDED: Indicates that the transmission collided at least once

with another station on the network. The number of collisions is recorded in the
Number of Collisions Registers (NCR).

D3 ABT TRANSMIT ABORTED: Indicates the NIC aborted transmission because of
excessive collisions. (Total number of transmissions including original
transmission attempt equals 16).

D4 CRS CARRIER SENSE LOST: This bitis set when carrier is lost during transmission
of the packet. Carrier Sense is monitored from the end of Preamble/Synch until
TXEN is dropped. Transmission is not aborted on loss of carrier.

D5 FU FIFO UNDERRUN: If the NIC cannot gain access of the bus before the FIFO
empties, this bit is set. Transmission of the packet will be aborted.
Dé CDH CD HEARTBEAT: Failure of the transceiver to transmit a collision signal after

transmission of a packet will set this bit. The Collision Detect (CD) heartbeat
signal must commence during the first 6.4 ps of the Interframe Gap following a
transmission. In certain collisions, the CD Heartbeat bit will be set even though
the transceiver is not performing the CD heartbeat test.

D7 owe OUT OF WINDOW COLLISION: Indicates that a collision occurred after a slot
time (61.2 us). Transmissions rescheduled as in normal collisions.
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

RECEIVE CONFIGURATION REGISTER (RCR)  OCH (WRITE)

This register determines operation of the NIC during reception of a packet and is used to program what types of packets to
accept.
7 6 5 L) 3 2 1 0

[ — ] — [von]pro| am | a8 | am | ser|

Bit Symbol Description

Do ~ SEP SAVE ERRORED PACKETS

0: Packets with receive errors are rejected.

1: Packsts with receive errors are accepted. Receive errors are CRC and Frame
Alignment errors.

D1 AR ACCEPT RUNT PACKETS: This bit allows the receiver to accept packets that
are smaller than 64 bytes. The packet must be at least 8 bytes long to be
accepted as a runt.

0: Packets with fewer than 64 bytes rejected.

1: Packets with fewer than 64 bytes accepted.

D2 AB ACCEPT BROADCAST: Enables the receiver to accept a packet with an all 1's
destination address.

0: Packets with broadcast destination address rejected.

1: Packets with broadcast destination address accepted.

D3 AM ACCEPT MULTICAST: Enables the receiver to accept a packet with a multicast
address, all multicast addresses must pass the hashing array.

0: Packets with multicast destination address not checked.

1: Packets with multicast destination address checked.

D4 PRO PROMISCUOUS PHYSICAL: Enables the receiver to accept all packets with a
physical address.

0: Physical address of node must match the station address programmed in
PARO-PARS.

1: All packets with physical addresses accepted.

D5 MON MONITOR MODE: Enables the receiver to check addresses and CRC on
incoming packets without buffering to memory. The Missed Packet Tally counter
will be incremented for each recognized packet.

0: Packets buffered to memory.

1: Packets checked for address match, good CRC and Frame Alignment but not
buffered to memory.

D6 reserved reserved

D7 reserved reserved

Note: D2 and D3 are “OR'd” together, i.e., if D2 and D3 are set the NIC will accept broadcast and multicast addresses as well as its own physical address. To
establish full promiscuous mode, bits D2, D3, and D4 should be set. In addition the multicast hashing array must be set to all 1's in order to accept all multicast
addresses.
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10.0 Internal Registers (continued)
10.3 Register Descriptions (Continued)

RECEIVE STATUS REGISTER (RSR)  OCH (READ)

This register records status of the received packet, including information on errors and the type of address match, either
physical or multicast. The contents of this register are written to buffer memory by the DMA after reception of a good packet. If
packets with errors are to be saved the receive status is written to memory at the head of the erroneous packet if an erroneous
packet is received. If packets with errors are to be rejected the RSR will not be written to memory. The contents will be cleared
when the next packet arrives. CRC errors, Frame Alignment errors and missed packets are counted internally by the NIC which
relinquishes the Host from reading the RSR in real time to record errors for Network Management Functions. The contents of
this register are not specified until after the first reception.

1-00642ESN/1-006€8d0

7 6 5 4 3 2 1 0
loFr | ois | pry [ MPa | FO | FaE | cRC | PRX |

Bit Symbol Description

DO PRX PACKET RECEIVED INTACT: Indicates packet received without error. (Bits
CRC, FAE, FO, and MPA are zero for the received packet.)

D1 CRC CRC ERROR: Indicates packet received with CRC error. Increments Tally
Counter (CNTR1). This bit will also be set for Frame Alignment errors.

D2 FAE FRAME ALIGNMENT ERROR: Indicates that the incoming packet did not end

on a byte boundary and the CRC did not match at last byte boundary. Increments
Tally Counter (CNTRO).

D3 FO FIFO OVERRUN: This bit is set when the FIFO is not serviced causing overflow
during reception. Reception of the packet will be aborted.
D4 MPA MISSED PACKET: Set when packet intended for node cannot be accepted by

NIC because of a lack of receive buffers or if the controller is in monitor mode
and did not buffer the packet to memory. Increments Tally Counter (CNTR2).

D5 PHY PHYSICAL/MULTICAST ADDRESS: Indicates whether received packet had a
physical or multicast address type.

0: Physical Address Match

1: Multicast/Broadcast Address Match

D6 DIS RECEIVER DISABLED: Set when receiver disabled by entering Monitor mode.
Reset when receiver is re-enabled when exiting Monitor mode.

D7 DFR DEFERRING: Set when CRS or COL inputs are active. If the tranceiver has
asserted the CD line as a result of the jabber, this bit will stay set indicating the
jabber condition.

Note: Following coding applies to CRC and FAE bits

FAE CRC Type of Error
0 0 No Error (Good CRC and <6 Dribble Bits)
0 1 CRCError
1 0 lllegal, will not occur
1 1 Frame Alignment Error and CRC Error
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10.0 Internal Registers (continued)
10.4 DMA REGISTERS

DMA Registers
LOCAL DMA TRANSMIT REGISTERS

15 8|7

PAGE START I

(TPSR)

0

LOCAL

. (TBCRO,1)

TRANSMIT BYTE COUNT

DMA

15 8(7
PAGE START
PAGE STOP

(PSTART)
(PSTOP)

LOCAL DMA RECEIVE REGISTERS

|w v

CHANNEL
0

(CURR)
(BRNY)

CURRENT
BOUNDARY

NOT
READABLE

RECEIVE BYTE COUNT

(CLDAD,1)

| CURRENT LOCAL DMA ADDRESS |4~

REMOTE DMA REGISTERS

15 8|7

(RSARO,1) | START ADDRESS

(RBCRO,1) | BYTE COUNT

v

REMOTE
DMA

CHANNEL

(CRADO,1) | CURRENT REMOTE DMA ADDRESS |4—,_

The DMA Registers are partitioned into three groups; Trans-
mit, Receive and Remote DMA Registers. The Transmit reg-
isters are used to initialize the Local DMA Channel for trans-
mission of packets while the Receive registers are used to
initialize the Local DMA Channel for packet Reception. The
Page Stop, Page Start, Current and Boundary registers are
used by the Buffer Management Logic to supervise the Re-
ceive Buffer Ring. The Remote DMA Registers are used to
initialize the Remote DMA.

Note: In the figure above, registers are shown as 8 or 16 bits wide. Although
some registers are 16-bit internal regi , all regi are d
as 8-bit registers. Thus the 16-bit Transmit Byte Count Register is
broken into two 8-bit registers, TBCRO and TBCR1. Also TPSR,
PSTART, PSTOP, CURR and BNRY only check or control the upper 8
bits of address information on the bus. Thus they are shifted to posi-
tions 15-8 in the diagram above.

10.5 TRANSMIT DMA REGISTERS
TRANSMIT PAGE START REGISTER (TPSR)
This register points to the assembled packet to be transmit-
ted. Only the eight higher order addresses are specified
since all transmit packets are assembled on 256 byte page
boundaries. The bit assignment is shown below. The values
placed in bits D7-DO will be used to initialize the higher
order address (A8-A15) of the Local DMA for transmission.
The lower order bits (A7-A0) are initialized to zero.

Bit Assignment

7 6 5 4 3 2 1 0

TPsR| A5 | A1a [ a13 [ a2 [ A11 [ at0] Ao [ s |
(A7-A0 Initialized to zero)

TRANSMIT BYTE COUNT REGISTER 0,1 (TBCRO, TBCR1)

These two registers indicate the length of the packet to be
transmitted in bytes. The count must include the number of

TL/F/9345-18

bytes in the source, destination, length and data fields. The
maximum number of transmit bytes allowed is 64k bytes.
The NIC will not truncate transmissions longer than 1500
bytes. The bit assignment is shown below:
7 6 5 4 3 2 1 0
TBcri[ 115 | L1a] L[ 2] L1 [ 1o Lo | 18 |
7 6 5 4 3 2 1 0

ecro| L7 [ 6 [ s [ Laf s | 1] o]

10.6 LOCAL DMA RECEIVE REGISTERS
PAGE START STOP REGISTERS (PSTART, PSTOP)
The Page Start and Page Stop Registers program the start-
ing and stopping address of the Receive Buffer Ring. Since
the NIC uses fixed 256 byte buffers aligned on page bound-
aries only the upper eight bits of the start and stop address
are specified.
PSTART,PSTOP bit assignment

7 6 5 4 3 2 1 0
PSTART,

potop | LA15 [ A14] a13 | At2] A11 [ At0] Ao | a8 |

BOUNDARY (BNRY) REGISTER
This register is used to prevent overflow of the Receive
Buffer Ring. Buffer management compares the contents of
this register to the next buffer address when linking buffers
together. If the contents of this register match the next buff-
er address the Local DMA operation is aborted.

7 6 5 4 3 2 1 0

BNRY| A15 | a14 [ 13 A12] a11 | a0 ] A9 | a8 |

1-76




10.0 Internal Registers (continued)
CURRENT PAGE REGISTER (CURR)

This register is used internally by the Buffer Management
Logic as a backup register for reception. CURR contains the
address of the first buffer to be used for a packet reception
and is used to restore DMA pointers in the event of receive
errors. This register is initialized to the same value as
PSTART and should not be written to again unless the con-
troller is Reset.

7 6 5 4 3 2 1 0
curr| at5 | at4 [ a3 ] a12[a11 [ at0] a9 [ as |

CURRENT LOCAL DMA REGISTER 0,1 (CLDAO,1)

These two registers can be accessed to determine the cur-
rent Local DMA Address.
7 6 5 4 3 2 1 0

cLoat| a1s | a4 ] a3 ] a2 ] at1 ] at0] ao | as |
7 6 5 4 3 2 1 0
cono| A7 [ A6 [ As [ a4 | a3 | a2 | a1 [ a0

10.7 REMOTE DMA REGISTERS
REMOTE START ADDRESS REGISTERS (RSARO0,1)
Remote DMA operations are programmed via the Remote
Start Address (RSARO,1) and Remote Byte Count
(RBCRO,1) registers. The Remote Start Address is used to
point to the start of the block of data to be transferred and
the Remote Byte Count is used to indicate the length of the
block (in bytes).

7 6 5 4 3 2 1 0

RsAR1| A15 | A14 | A1a] a1z a11 ] a10] As | s |
7 6 5 4 3 2 1 0
RrsAR0| A7 | A6 | As [ aa [ A3 [ a2 [ a1 [ ao]

6.4.3.2 REMOTE BYTE COUNT REGISTERS (RBCRO,1)
7 6 5 4 3 2 1 0

Recri1/Bc15|sc14]Bc1aaciz]ac11]acio] Bos | Bcs]
7 6 5 4 3 2 1 0
Recro| 87 | Bes | BCs | BC4 | BC3 | BC2 | BG1 | BOO |

Note:

RSARO programs the start address bits AO-A7.

RSAR1 programs the start address bits AB-A15.

Address incremented by two for word transfers, and by one for byte trans-
fers.

Byte Count decremented by two for word transfers and by one for byte
transfers.

RBCRO programs LSB byte count.

RBCR1 programs MSB byte count.

CURRENT REMOTE DMA ADDRESS (CRDAO, CRDA1)
The Current Remote DMA Registers contain the current ad-

dress of the Remote DMA. The bit assignment is shown
below:

7 6 5 4 3 2 1 0
crDA1| A15 | a14 [ a13] a12 [ a11 [ Aa10] A9 | s |

7 6 5 4 3 2 1 0
croao| A7 | a6 | As | a4 | a3 | A2 | a1 ] a0 |

10.8 PHYSICAL ADDRESS REGISTERS (PARO-PARS)

The physical address registers are used to compare the
destination address of incoming packets for rejecting or ac-
cepting packets. Comparisons are performed on a byte-
wide basis. The bit assignment shown below relates the se-
quence in PARO-PARS to the bit sequence of the received
packet.

D7 D6 D5 D4 D3 D2 D1

PARO[ DA7 | DA6 | DAS | DA4 | DA3 | DA2 | DA1 [ DAO
PAR1|DA15|DA14|DA13|DA12|DA11|DA10| DAY | DA8
PAR2|DA23|DA22|DA21|DA20|DA19| DA18|DA17|DA16
PAR3|DA31|DA30|DA29|DA28|DA27| DA26|DA25| DA24
PAR4|DA39|DA38|DA37|DA36| DA35|DA34| DA33|DA32
PARS|DA47|DA46|DA45|DA44|DA43| DA42| DA41|DA40

DO

Destination Address Source

lpss|paojpat[pazlpad... ... [pads|paaz[sadl. ..

Note:
P/S = Preambls, Synch
DAO = Physical/Multicast Bit

10.9 MULTICAST ADDRESS REGISTERS (MAR0O-MAR7?)

The multicast address registers provide filtering of multicast
addresses hashed by the CRC logic. All destination ad-
dresses are fed through the CRC logic and as the last bit of
the destination address enters the CRC, the 6 most signifi-
cant bits of the CRC generator are latched. These 6 bits are
then decoded by a 1 of 64 decode to index a unique filter bit
(FB0~-63) in the multicast address registers. If the filter bit
selected is set, the multicast packet is accepted. The sys-
tem designer would use a program to determine which filter
bits to set in the multicast registers. All multicast filter bits
that correspond to multicast address accepted by the node
are then set to one. To accept all multicast packets all of
the registers are set to all ones. Note: Although the hash-
Ing algorithm does not guarantee perfect filtering of
multicast address, it will perfectly filter up to 64 multi-
cast addresses if these addresses are chosen to map
Into unique locations in the multicast filter.

| cRe GENERATOR |
(X-31 10 X-26)
CLK

1 OF 64 DECODE
FILTER BIT ARRAY

SELECTED BIT
"0" = REJECT "1" = ACCEPT

TL/F/9345-20
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10.0 Internal Registers (Continued)
D7 D6 D5 D4 D3 D2 D1
MARO| FB7 | FB6 | FB5 | FB4 | FB3 | FB2 | FB1
MAR1|FB15|FB14|FB13|FB12|FB11|FB10| FB9
MAR2|FB23|FB22|FB21(FB20|FB19|FB18|FB17
MARS3|FB31|FB30|FB29 |FB28|FB27|FB26|FB25
MAR4|FB39|FB38|FB37|FB36|FB35|FB34|FB33
MARS|FB47|FB46|FB45|FB44|FB43|FB42| FB41
MARS6|FB55|FB54 | FB53| FB52|FB51|FB50|FB49| FB48
MAR7|FB63|FB62|FB61|FB60|FB59|FB58 | FB57 | FB56

If address Y is found to hash to the value 32 (20H), then
FB32 in MAR4 should be initialized to “1”. This will cause
the NIC to accept any multicast packet with the address Y.

NETWORK TALLY COUNTERS

Three 8-bit counters are provided for monitoring the number
of CRC errors, Frame Alignment Errors and Missed Pack-
ets. The maximum count reached by any counter is 192
(COH). These registers will be cleared when read by the
CPU. The count is recorded in binary in CTO-CT7 of each
Tally Register.

Frame Alignment Error Tally (CNTRO)

This counter is incremented every time a packet is received
with a Frame Alignment Error. The packet must have been
recognized by the address recognition logic. The counter is
cleared after it is read by the processor.

7 6 5 4 3 2 1 0

onTro| c17 | c16 | ct5 | oT4 | oT3 | cT2 | CT1 | CTO |

DO
FBO
FB8

FB16,
FB24
FB32
FB40

CRC Error Tally (CNTR1)
This counter is incremented every time a packet is received
with a CRC error. The packet must first be recognized by
the address recognition logic. The counter is cleared after it
is read by the processor. .

7 6 5 4 3 2 1 0

oNTR1| 17 | c16 | o5 | 614 | 073 | CT2 | CT1 | CTO |

Frames Lost Tally Register (CNTR2)
This counter is incremented if a packet cannot be received
due to lack of buffer resources. In monitor mode, this coun-
ter will count the number of packets that pass the address
recognition logic.

7 6 5 4 3 2 1 0

onTR2| o17 | 16| c15 | cT4 | 13| cT2 | 071 | CTO |

FIFO
This is an eight bit register that allows the CPU to examine
the contents of the FIFO after loopback. The FIFO will con-
tain the last 8 data bytes transmitted in the loopback packet.
Sequential reads from the FIFO will advance a pointer in the
FIFO and allow reading of all 8 bytes.

7 6 5 4 3 2 1 0

FIFO{ D87 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO |

Note: The FIFO should only be read when the NIC has been programmed in
loopback mode.

NUMBER OF COLLISIONS (NCR)

This register contains the number of collisions a node expe-
riences when attempting to transmit a packet. If no colli-
sions are experienced during a transmission attempt, the
COL bit of the TSR will not be set and the contents of NCR
will be zero. If there are excessive collisions, the ABT bit in
the TSR will be set and the contents of NCR will be zero.
The NCR is cleared after the TXP bit in the CR is set.
7 6 5 4 3 2 1 0

ner| — [ = [ = | = | nca] nez] net [ noo|

11.0 Initialization Procedures

The NIC must be initialized prior to transmission or recep-
tion of packets from the network. Power on reset is applied
to the NIC's reset pin. This clears/sets the following bits:

Register Reset Bits Set Bits
Command Register (CR) TXP, STA RD2, STP
Interrupt Status (ISR) RST
Interrupt Mask (IMR) All Bits
Data Control (DCR) LAS
Transmit Config. (TCR) LB1,LBO

The NIC remains in its reset state until a Start Command is

issued. This guarantees that no packets are transmitted or

received and that the NIC remains a bus slave until all ap-

propriate internal registers have been programmed. After

initialization the STP bit of the command register is reset

and packets may be received and transmitted.

Initialization Sequence

The following Initialization procedure is mandatory.

1) Program Command Register for page 0 (Command Reg-
ister = 21H)

2) Initialize Data Configuration Register (DCR)

3) Clear Remote Byte Count Registers (RBCRO, RBCR1)

4) Initialize Receive Configuration Register (RCR)

5) Place the NIC in LOOPBACK mode 1 or 2 (Transmit Con-
figuration Register = 02H or 04H)

6) Initialize Recieve Buffer Ring: Boundary Pointer
(BNDRY), Page Start (PSTART), and Page Stop (PSTOP)

7) Clear Interrupt Status Register (ISR) by writing OFFH to it.
8) Initialize Interrupt Mask Register (IMR)
9) Program Command Register for page 1 (Command Reg-
ister = 61H)
i) Initialize Physical Address Registers (PARO-PARS)
ii) Initialize Multicast Address Registers (MARO-MAR7)
iii) Initialize CURRent pointer

10) Put NIC in START mode (Command Register = 22H).
The local recieve DMA is still not active since the NIC is
. in LOOPBACK.
11) Initialize the Transmit Configuration for the intended val-
ue. The NIC is now ready for transmission and recep-
tion.
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11.0 Initialization Procedures (continued)

Before receiving packets, the user must specify the location
of the Receive Buffer Ring . This is programmed in the Page
Start and Page Stop Registers. In addition, the Boundary
and Current Page Registers must be initialized to the value
of the Page Start Register. These registers will be modified
during reception of packets.

12.0 Loopback Diagnostics

Three forms of local loopback are provided on the NIC. The
user has the ability to loopback through the deserializer on
the DP8390C-1 NIC. Because of the half duplex architec-
ture of the NIC, loopback testing Is a special mode of
operation with the following restrictions:

Restrictions During Loopback

The FIFQ is split into two halves, one used for transmission
the other for reception. Only 8-bit fields can be fetched from
memory so two tests are required for 16-bit systems to veri-
fy integrity of the entire data path. During loopback the maxi-
mum latency from the assertion of BREQ to BACK is 2.0 us.
Systems that wish to use the loopback test yet do not meet
this latency can limit the loopback packet to 7 bytes without
experiencing underflow. Only the last 8 bytes of the loop-
back packet are retained in the FIFO. The last 8 bytes can
be read through the FIFO register which will advance
through the FIFO to allow reading the receive packet se-
quentially.

IDESTINATION ADDRESS| = (6 bytes) Station Physical Address
SOURCE ADDRESS |
LENGTH 2bytes
DATA = 46 to 1500 bytes
CRC Appended by NIC if CRC = “0™in TCR

When in word-wide mode with Byte Order Select set, the
loopback packet must be assembled in the even byte loca-
tions as shown below. (The loopback only operates with
byte wide transfers.)

LS BYTE (AD8-15) MS BYTE (ADO=7)

DESTINATION

SOURCE

LENGTH

S5

DATA

CC
L
C
Y]
(£

CRC

wrs="1"  BOS="1" (DCR BITS)

TL/F/9345-21

When in word-wide mode with Byte Order Select low, the
following format must be used for the loopback packet.

MS BYTE (AD8-15) LS BYTE (ADO-7)

DESTINATION
SOURCE
LENGTH
o DATA o~ =
CRC
WIS="1"  BOS="0" (OCR BITS)

TL/F/9345-22
Note: When using loopback in word mode 2n bytes must be programmed in
TBCRO, 1. Where n = actua! number of bytes assembled in even or
odd location.
To initiate a loopback the user first assembles the loopback
packet then selects the type of loopback using the Transmit
Configuration register bits LBO, LB1. The transmit configura-
tion register must also be set to enable or disable CRC gen-
eration during transmission. The user then issues a normal
transmit command to send the packet. During loopback the
receiver checks for an address match and if CRC bit in the
TCR is set, the receiver will also check the CRC. The last 8
bytes of the loopback packet are buffered and can be read
out of the FIFO using the FIFO read port.

Loopback Modes

MODE 1: Loopback Through the Controller (LB1 = 0, LBO
=1).

If the loopback is through the NIC then the serializer is sim-
ply linked to the deserializer and the receive clock is derived
from the transmit clock.

MODE 2: Loopback Through the ENDEC (LB1 = 1, LB0 =

0).

Because of the method bits are clocked in during loopback,

RXC must not be active for more than 5 clocks after CRS

goes low. Failure to do so will result In false bits being

clocked into the FIFO. This restriction also applies to

loopback mode 3.

MODE 3: Loopback to Hub (LB1 = 1, LB0 = 1).

Packets can be transmitted to the Hub in loopback mode to

check all of the transmit and receive paths and the Hub

itself.

Note: In MODE 1, CRS and COL lines are not indicated in any status regis-
ter, but the NIC will still defer if those lines are active. In MODE 2,
COL is masked and in MODE 3 CRS and COL are not masked. It is

not possible to go directly between the loopback modes, it is neces-
sary to return to normal operation (00H) when changing modes.

Reading the Loopback Packet

The last eight bytes of a received packet can be examined
by 8 consecutive reads of the FIFO register. The FIFO
pointer is incremented after the rising edge of the CPU’s
read strobe by internally synchronizing and advancing the
pointer. This may take up to four bus clock cycles, if the
pointer has not been incremented by the time the CPU
reads the FIFO register again, the NIC will insert wait states.

Note: The FIFO may only be read during Loopback. Reading the FIFO at
any other time will cause the NIC to malfunction.
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12.0 Loopback Diagnostics (continued)
Alignment of the Received Packet in the FIFO

Reception of the packet in the FIFO begins at location zero,
after the FIFO pointer reaches the last location in the FIFO,
the pointer wraps to the top of the FIFO overwriting the
previously received data. This process continues until the
last byte is received. The NIC then appends the received
byte count in the next two locations of the FIFO. The con-
tents of the Upper Byte Count are also copied to the next
FIFO location. The number of bytes used in the loopback
packet determines the alignment of the packet in the FIFO.
The alignment for a 64-byte packet is shown below.

FIFO FIFO
LOCATION CONTENTS
0 LOWER BYTECOUNT | — First Byte Read
1 UPPER BYTECOUNT | —  Second Byte Read
2 UPPER BYTE COUNT .
3 LAST BYTE .
4 CRC1 .
5 CRC2 .
6 CRC3 .
7 CRC4 - Last Byte Read

For the following alignment in the FIFO the packet length
should be (N X 8) + 5 Bytes. Note that if the CRC bit in the
TCR is set, CRC will not be appended by the transmitter. If
the CRC is appended by the transmitter, the last four bytes,
bytes N-3 to N, correspond to the CRC.

FIFO FiFO
LOCATION CONTENTS
L] BYTE N-4 e First Byte Read
1 BYTE N-3 (CRC1) AR  Second Byte Read
2 BYTE N-2 (CRC2) .
3 BYTE N-1(CRC3) .
4 BYTE N (CRC4) .
5 LOWER BYTE COUNT .
6 UPPER BYTE COUNT | —> Last Byte Read
7 UPPER BYTE COUNT
LOOPBACK TESTS
Testing CRC

If CRC = 0 in the TCR, the NIC computes and appends a
4-byte FCS field to the packet as in normal operation. The
CRC will not be verified during reception in loopback mode.
The CRC must be read from the FIFO and verified by com-
parison to a previously computed value.

If CRC = 1, the NIC will not append a 4-byte FCS field. The

user must supply a pre-calculated CRC value and append it
to the transmitted packet.

NETWORK MANAGEMENT FUNCTIONS

Network management capabilities are required for mainte-
nance and planning of a local area network. The NIC sup-
ports the minimum requirement for network management in
hardware, the remaining requirements can be met with soft-
ware counts. There are three events that software alone
cannot track during reception of packets: CRC errors,
Frame Alignment errors, and missed packets.

Since errored packets can be rejected, the status associat-
ed with these packets is lost unless the CPU can access the
Receive Status Register before the next packet arrives. In
situations where another packet arrives very quickly, the
CPU may have no opportunity to do this. The NIG counts
the number of packets with CRC errors and Frame Align-
ment errors. 8-bit counters have been selected to reduce
overhead. The counters will generate interrupts whenever
their MSBs are set so that a software routine can accumu-
late the network statistics and reset the counters before
overflow occurs. The counters are sticky so that when they
reach a count of 192 (COH) counting is halted. An additional
counter is provided to count the number of packets NIC
misses due to buffer overflow or being offline.

The structure of the counters is shown below:

—> Msh
= usB }D—» INTERRUPT
[—> usB

TL/F/9345-23

Additional information required for network management is
available in the Receive and Transmit Status registers.
Transmit status is available after each transmission for infor-
mation regarding events during transmission.

Typically, the following statistics might be gathered in soft-
ware:

Traffic:

CNTRO | FRAME ALIGNMENT ERRORS COUNTER

CNTR1 | CRC ERRORS COUNTER

CNTR2 | MISSED PACKETS COUNTER

Frames Sent OK

Frames Received OK

Multicast Frames Received

Packets Lost Due to Lack of Resources
Retries/Packet

CRC Errors

Alignment Errors
Excessive Collisions
Packet with Length Errors
Heartbeat Failure

Errors:




13.0 Bus Arbitration and Timing

The NIC operates in three possible modes:

o BUS MASTER (WHILE PERFORMING DMA)
e BUS SLAVE (WHILE BEING ACCESSED BY CPU)

e IDLE
BUS SLAVE  STOP +
(ACCESSED AS INT ERROR
PERIPHERAL)
BUS MASTER

(PERFORMS DMA)
BACK

The NIC powers up as a bus slave in the Reset State, the
receiver and transmitter are both disabled in this state. The
reset state can be reentered under three conditions, soft
reset (Stop Command), hard reset (RESET input) or an error
that shuts down the receiver or transmitter (FIFO underflow
or oveflow, receive buffer ring overflow). After initialization
of registers, the NIC is issued a Start command and the NIC
enters Idle state. Until the DMA is required the NIC remains
in an idle state. The idle state is exited by a request from the
FIFO in the case of receive or transmit, or from the Remote/
DMA in the case of Remote DMA operation. After

POR

START

LOCAL & REMOTE

BURST COMPLETE
+ EMPTY + FULL

TL/F/9345-24

acquiring the bus in a BREQ/BACK handshake the Remote
or Local DMA transfer is completed and the NIC reenters
the idle state.

DMA TRANSFERS TIMING
The DMA can be programmed for the following types of
transfers:

16 Bit Address, 8 Bit Data Transfer

16 Bit Address, 16 Bit Data Transfer

32 Bit Address, 8 Bit Data Transfer

32 Bit Address, 16 Bit Data Transfer
All DMA transfers use BSCK for timing. 16 Bit Address
modes require 4 BSCK cycles as shown below:

16 Bit Address, 8 Bit Data

o

2 | 3 | T4 |

Bsck | [ | I

|

apo-7 ——= a7 X

DATA

ADB=15 =l

AB-15

)_.
)—

/\

ADSO

MWR, MRD

—

TL/F/9345-25
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13.0 Bus Arbitration and Timing (continued)

16 Bit Address, 16 Bit Data

| T | n | T3 | T4 l
s | - L LI L_I 1
AD0-7 e a0-7 X DATA )
ADB-15 ==l pB-15 X DATA )
ADSO /\
WWR, MRD \
TL/F/9345-26
32 Bit Address, 8 Bit Data
I Ti=T4 | m | 12 | 13 | T4 |
osck || 4 - 4 L1 |
AD0=7 wmmmef A16-23 W A0-7 X DATA —
ADB-15  =mmmeel A24-31 X AB-15 >

TL/F/9345-27

32 Bit Address, 16 Bit Data
| T1=T4 | T | ] | L&) | T4 |
s L, L L I 1L 1|
AD0-7 =l A16-23 W A0-7 X DATA ) —
ADB-15 = A24-31 X #8-15 X DATA ) e

wst - f \ .
<
ADSO
—2

-

R, WD 2 \ /
TL/F/9345-28

Note: In 32-bit address mode, ADS1 is at TRI-STATE after the first T1-T4 states; thus, a 4.7k pull-down resistor is required for 32-bit address mode.
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13.0 Bus Arbitration and Timing (continued)

When in 32 bit mode four additional BSCK cycles are re-
quired per burst. The first bus cycle (T1’-T4') of each burst
is used to output the upper 16 bit addresses. This 16 bit
address is programmed in RSARO and RSAR1 and points to
a 64k page of system memory. All transmitted or received
packsts are constrained to reside within this 64k page.

FIFO BURST CONTROL

All Local DMA transfers are burst transfers, once the DMA
requests the bus and the bus is acknowledged, the DMA will

transfer an exact burst of bytes programmed in the Data
Configuration Register (DCR) then relinquish the bus. If
there are remaining bytes in the FIFO the next burst will not
be initiated until the FIFO threshold is exceeded. If desired
the DMA can empty/fill the FIFO when it acquires the bus. If
BACK is removed during the transfer, the burst transfer will
be aborted. (DROPPING BACK DURING A DMA CYCLE IS
NOT RECOMMENDED.)

BREQ /

BACK /

ADO-15

Kworo1 Y worbz X ..

n
) W

where N = 1, 2,4, or 6 Words or N = 2, 4, 8, or 12 Bytes when in byte mode

INTERLEAVED LOCAL OPERATION

If a remote DMA transfer is initiated or in progress when a
packet is being received or transmitted, the Remote DMA
transfer will be interrupted for higher priority Local DMA

BREQ /

ONE BURST

BACK

—

ADO=15  —mmmmat—{REMOTE ) LOCAL BURST

TL/F/9345-29

transfers. When the Local DMA transfer is completed the
Remote DMA will rearbitrate for the bus and continue its
transfers. This is illustrated below:

/T
/ \

r+—BUS MASTER

REMOTE

IDLE MASTER

Note that if the FIFO requires service while a remote DMA is
in progress, BREQ is not dropped and the Local DMA burst
is appended to the Remots Transfer. When switching from
a local transfer to a remote transfer, however, BREQ is
dropped and raised again. This allows the CPU or other
devices to fairly contend for the bus.

REMOTE DMA-BIDIRECTIONAL PORT CONTROL

The Remote DMA transfers data between the local buffer
memory and a bidirectional port (memory to 1/0 transfer).

TL/F/9345-30

This transfer is arbited on a byte by byte basis versus the
burst transfer used for Local DMA transfers. This bidirec-
tional port is also read/written by the host. All transfers
through this port are asynchronous. At any one time trans-
fers are limited to one direction, either from the port to local
buffer memory (Remote Write) or from local buffer memory
to the port (Remote Read).

Bus Handshake Signals for Remote DMA Transfers

BIDIRECTIONAL PORT

NIC SIGNALS DMA SIGNALS
WATK 4
PRD )———A
OEA
8/16 cka <« <iow
DATA ¢—~—>] DATA
AR b——p > KB 8/16
0EB
RACK < i < 10RD
PRQ P » DRQ

TL/F/9345-31
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13.0 Bus Arbitration and Timing (continued)

REMOTE READ TIMING

1) The DMA reads byte/word from local buffer memory and
writes byte/word into latch, increments the DMA address
and decrements the byte count (RBCRO,1).

2) A Request Line (PRQ) is asserted to inform the system
that a byte is available. .
3) The system reads the port, the read strobe (RACK) is

used as an acknowledge by the Remote DMA and it goes

back to step 1.
BREQ / \

Steps 1-3 are repeated until the remote DMA is com-

plete.
Note that in order for the' Remote DMA to transfer a byte
from memory to the latch, it must arbitrate access to the
local bus via a BREQ, BACK handshake. After each byte or
word is transferred to the latch, BREQ is dropped. If a Local
DMA is in progress, the Remote DMA is held off until the
local DMA is complete.

BACK / \

ADO-15 1BYTE/WORD

ADSO / \
MRD \ /
PWR \ /
PRQ / \
RACK \ /
BYTE WRITTEN WAIT FOR BYTE READ
T0 LATCH HosT BY HOST

REMOTE WRITE TIMING

A Remote Write operation transfers data from the 1/0 port
to the local buffer RAM. The NIC initiates a transfer by re-
questing a byte/word via the PRQ. The system transfers a
byte/word to the latch via TOW, this write strobe is detected
by the NIC and PRQ is removed. By removing the PRQ, the
Remote DMA holds off further transfers into the latch until
the current byte/word has been transferred from the latch,
PRQ is reasserted and the next transfer can begin.

TL/F/9345-32

1) NIC asserts PRQ. System writes byte/word into latch.
NIC removes PRQ.

2) Remote DMA reads contents of port and writes
byte/word to local buffer memory, increments address
and decrements byte count (RBCRO,1).

3) Go back to step 1.

Steps 1-3 are repeated until the remote DMA is com
plete. :

BREQ
s ST\
ADSO 4/_\

PRD

<——— BYTE WRITTEN T0 ———
LATCH BY SYSTEM

_/

BYTE READ FROM LATCH
BY REMOTE DMA AND
WRITTEN TO LOCAL
BUFFER MEMORY

—_—

TL/F/9345-33




13.0 Bus Arbitration and Timing (continued)
SLAVE MODE TIMING

When CS is low, the NIC becomes a bus slave. The CPU

can then read or write any internal registers. All register
access is byte wide. The timing for register access is shown
below. The host CPU accesses internal registers with four
address lines, RAO-RA3, SRD and SWR strobes.

ADSO is used to latch the address when interfacing to a
multiplexed, address data bus. Since the NIC may be a local
bus master when the host CPU attempts to read or write to
the controller, an ACK line is used to hold off the CPU until
the NIC leaves master mode. Some number of BSCK cycles
is also required to allow the NIC to synchronize to the read
or write cycle.

Write to Register

RAO-RA3 ——m———{  REGISTER ADDRESS )

ADQ-AD7

SWR

TL/F/9345-34

Read from Register

RAO-RA3  emmmmmemd{" REGISTER ADDRESS

N\
V4

ADO-AD7

SRD

ACK

].

TL/F/9345-35
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14.0 Preliminary Electrical Characteristics

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Vco) —0.5Vto 7.0V
DC Input Voltage (ViN) —0.5Vto Vg + 0.5V
DC Output Voltage (VouT) —0.5VtoVgg + 0.5V
Storage Temperature Range (Tstg) —65°C to +150°C
Power Dissipation (PD) 500 mW
Lead Temp. (TL) (Soldering, 10 sec.) 260°C
ESD rating (Rzap = 1.5k, Czap = 120 pF) 1600V

Preliminary DC Specifications 1, = 0°Cto 70°C Vg = 5V +5%, unless otherwise specified.

Symbol Parameter Conditions Min Max Units
Von Minimum High Level Output Voltage loq = —20 pA Veg — 0.1 \"
(Note 1, 4) loH = —2.0mA 3.5 \
VoL Minimum Low Level Output Voltage loL = 20 pA 0.1 \
(Note 1, 4) loL = 20 mA 0.4 \'
ViH Minimum High Level Input Voltage 20 v
(Note 2) : :
ViHz2 Minimum High Level Input Voltage 27 v
for RACK, WACK (Note 2) )
ViL Minimum Low Level Input Voltage
: 0.8 v
(Note 2)
ViLe Minimum Low Level Input Voltage 0.6 v
For RACK, WACK (Note 2) ’
IIn Input Current V| = Vgc or GND -1.0 | +1.0 pA
loz Maximum TRI-STATE Vout = Vgg or GND _
Output Leakage Current - 10 +10 HA
lec Average Supply Current TXCK = 10 MHz
(Note 3) RXCK = 10 MHz
BSCK = 20 MHz 40 mA
loutr = 0 A
VIN = VCC or GND

Note 1: These levels are tested dynamically using a limited amount of functional test patterns, please refer to AC Test Load.

Note 2: Limited functional test patterns are performed at these input levels. The majority of functional tests are performed at levels of 0 and 3 volts.

Note 3: This is measured with a 0.1 uF bypass capacitor between V¢g and GND.

Note 4: The low drive CMOS compatible Vo and Vo limits are not tested directly. Detailed device characterization validates that this specification can be
guaranteed by testing the high drive TTL compatible Vo, and Vo specification.




15.0 Switching Characteristics Ac specs DP8330C-1 Note: Al Timing is Preliminary

Register Read (Latched Using ADS0)

RAQ=3 e

le—rss rsh

ADSO N\
aswi

1-006¥2ESN/1-006€£8d0

te— rsrs| —o|

& AN L7777

S0 ‘\\ e
rackl rackh
ACK N F
I-—— rdz

|¢——ackdy ——»

AD0O=7 Do-7  a——
TL/F/9345-36
Symbol Parameter Min . Max Units
rss Register Select Setup to ADSO Low 10 C ns
rsh Register Select Hold from ADSQ Low 13 ) ns
aswi Address Strobe Width In ) 15 : ns
ackdv Acknowledge Low to Data Valid ' 55 ns
rdz Read Strobe to Data TRI-STATE 15 70 ns
rackl Read Strobe to ACK Low (Notes 1; 2, 3) : n*bcyc + 30 ns
rackh Read Strobe to ACK High . : 30 ns
rsrsl Register Select to Slave Read Low, 10 ns
Latched RS0-3 (Note 2)

Note 1: ACK is not generated until CS and SRD are low and the NIC has synchronized to the register access. The NIC will insert an integral number of Bus Clock
cycles until it is synchronized. tn Dual Bus systems additional cycles will be used for a local or remote DMA to complete. Wait states must be issued to the CPU until
ACK is asserted low.

Note 2: TS may be asserted before or after SRD. If CS is asserted after SRD, rackl is referenced from falling edge of CS.

Note 3: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to drive these lines with
no contention.
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15.0 Switching Characteristics (continued)

Register Read (Non Latched, ADSO = 1)

RAO=-3
le— rsrh —]
S ANN\N L7777
[ SIS
5 )
rackl - rackh
ackdy [e—>rdz
ADO-7 D0=7 e ——
TL/F/9345-37
Symbol Parameter Min Max Units
rsrs Register Select to Read Setup 10 ns
(Notes 1, 3)
rsth Register Select Hold from Read 0 ns
ackdv ACK Low to Valid Data 55 ns
rdz Read Strobe to Data TRI-STATE
(Note 2) . 15 70 ns
rackl Read Strobe to ACK Low (Note 3) n*beyc + 30 ns
rackh Read Strobe to ACK High 30 ns

Note 1: rsrs includes flow through time of latch.
Note 2: These limits inlcude the RC delay inherent in our test method. These signals typically turn off within 15 ns enabling other devices to drive these lines with

no contention.

Note 3: TS may be asserted before or after RA0-3, and SRD, since address decode begins when ACK is asserted. If CS is asserted after RA0-3, and SRD, rack1
is referenced from falling edge of CS. '
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15.0 Switching Characteristics (continued)

Reglster Write (Latched Using ADS0)

[TV p—

F— rss rsh

ADSO { \
aswl

1-006¥2ESN/1-006€8dd

S L\\\\\ 777
. * rsws| —|
SWR ‘\ /_
| ww wackh
[ wackl rwds rwdh
ADO-7 bo-7
TL/F/9345-38
Symbol Parameter Min Max Units
rss Register Select Setup to ADSO Low 10 ns
rsh Register Select Hold from ADSO Low 17 . ns
aswi . Address Strobe Width In - 15 ‘ns
rwds Register Write Data Setup 20 ns
rwdh Register Write Data Hold 21 ns
ww Write Strobe Width from ACK 50 ns
wackh Write Strobe High to ACK High : i 30 ns
wackl Write Low to ACK Low (Notes 1, 2) n*beyc + 30 ns
rswsl Register Select to Write Strobe Low 10 ns

Note 1: ACK is not generated until CS and SWR are low and the NIC has synchronized to the register access. In Dual Bus Systems additional cycles will be used
for a local DMA or Remote DMA to complete.

Note 2: TS may be asserted before or after SWR. If CS is asserted after SWR, wackl is referenced from falling edge of CS.
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15.0 Switching Characteristics (continued)

Register Write (Non Latched, ADSO = 1)

RAQ=3 et R
|e— rswh -
s\ )
‘ [e— rsws WW
wackl - wackh
_ { /|,‘__
rwds rwdh
ADO-7 DO-7  —
TL/F/9345-39
Symbol Parameter Min Max Units
rsws Register Select to Write Setup
(Note 1) 13 ns
rswh Register Select Hold from Write 0 ns
rwds Register Write Data Setup 20 ns
rwdh Register Write Data Hold 21 ns
wackl zmtt: Iéc)sw to ACK Low n*beyc + 30 ns
wackh Write High to ACK High 30 ns
ww Write Width from ACK 50 ns

Note 1: Assumes ADSO is high when RA0-3 changing.

Note 2: ACK is not generated until CS and SWR are low and the NIC has synchronized to the register access. In Dual Bus systems additional cycles will be used for
a local DMA or remote DMA to complete.
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15.0 Switching Characteristics (continued)

DMA Control, Bus Arbitration
T4 T 12 13 T4 T 12 13 T4 m T2 T3 T4 m 12 T3 T4 T T2 13

brthl F‘_ e - | fesra
BREQ _/ .) i '\_
-h:c.k:----.--- backs —— e
BACK Y Yy }; \
[+—>1 becte beetr
N } C )]
ADO-15 1 (o X o )—q\ADDX DATA ———
WWR, WRD "'..\‘. / \ , ; , \ /
FIRST TRANSFER FIRST TRANSFER
le—— IF BACK SEEN ON IF BACK NOT GIVEN LAST TRANSFER
FIRST T1. ON FIRST T1.
TL/F/9345-40
Symbol Parameter Min Max Units
brghl Bus Clock to Bus Request High for Local DMA 43 ns
brghr Bus Clock to Bus Request High for Remote DMA 38 ns
brgl Bus Request Low from Bus Clock 50 ns
backs Acknowledge Setup to Bus Clock P ns
(Note 1)
becte Bus Clock to Control Enable 60 ns
beetr Bus Clock to Control Release 70 ns
(Notes 2, 3)

Note 1: BACK must be setup before T1 after BREQ is asserted. Missed setup will slip the beginning of the DMA by four bus clocks. The Bus Latency will influence
the allowable FIFO threshold and transfer mode (empty/fill vs exact burst transfer).

Note 2: During remote DMA transfers only, a single bus transfer is performed. During local DMA operations burst mode transfers are performed.
Note 3: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns enabling other devices to drive these lines with

no contention.
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15.0 Switching Characteristics (continued)

DMA Address Generation
- T (NoTEY) T2 3 i3 m T2 3
BSCK -\_/
beash I~ beasl beash — L—’— beasl
aswo
——e
boadv 177 g [L00N beady |ofe ado] adh
ADD=15 e A16=A31 a0-A15 X DATA
TL/F/9345-41
Symbol Parameter Min Max Units
beyc (B,\:x:tglg)ck Cycle Time "50 500 ns
bch Bus Clock High Time 225 ns
bel Bus Clock Low Time 225 ns
bcash Bus Clock to Address Strobe High 34 ns
beasl Bus Clock to Address Strobe Low 44 ns
aswo Address Strobe Width Out bch ns
bcadv Bus Clock to Address Valid 45 ns
bcadz Bus Clock to Address TRI-STATE 15 .55 ns
(Note 3)
ads Address Setup to ADS0/1 Low bch — 15 ns
adh Address Hold from ADS0/1 Low bel — 5 ns

Note 1: Cycles T1’, T2', T3', T4’ are only issued for the first transfer in a burst when 32-bit mode has been selected.
Note 2: The rate of bus clock must be high enough to support transfers to/from the FIFO at a rate greater than the serial network transfers from/to the FIFO.
Note 3: These limits include the RC delay inherent in our test method. These signals typically turn off within 15 ns, enabling other devices to drive these lines with

no contention.
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15.0 Switching Characteristics (continued)

DMA Memory Read
| m | 12 | 3 | T4 | T |

BSCK

e~ berl =~ berh
ADSO drw

asds [«

WRD TN\ 4

) — fle— dsada —»]

| ds (e

ADO=7 ~
(8,16 BIT MODE) (__Ao-7

Y LU LA o

avrh

AD3~1 = =
@ Bif Monz) R ¢ AB=15 AB=15

- ds e
= dh [e

(16 sné%o-ng) — s Y/ /S [ A {

=X 77

a-15X///

TL/F/9345-42

Symbol Parameter Min Max Units
berl Bus Clock to Read Strobe Low 43 ns
berh Bus Clock to Read Strobe High 40 ns
ds Data Setup to Read Strobe High 25 ns
dh Data Hold from Read Strobe High 0 ns
drw DMA Read Strobe Width Out 2*bcyc — 15 ns
raz meor‘nec;n: ,Rze)ad High to Address TRI-STATE beh + 40 ns
asds Address Strobe to Data Strobe bel + 10 ns
dsada Data Strobe to Address Active beyc — 10 ns
avrh Address Valid to Read Strobe High 3*bcyc — 15 ns

Note 1: During a burst A8-A15 are not TRI-STATE if byte wide transfers are selected. On the last transfer A8-A15 are TRI-STATE as shown above.

Note 2: These limits include the RC delay inherent in our test method. These signals typically turn off within bch + 15 ns, enabling other devices to drive these
lines with no contention.
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15.0 Switching Characteristics (continued)

[

DMA Memory Write

12 |

3 | T4

[ ¢ |

[ bewl bewh r

ADSO
—=| asds [«
IR \ e
aswd wds — wdh [+~

ADO=7
(8,16 BIT MODE) (
AbB15

(8 BIT MODE)

ADO=15
(16 BIT MODE)

w1 X/ A

DATA (00-D7) Y

a0-a7X/ / /

-~ waz [«

AB-A15

A8=15

[e— wds —| wdh [«

w-a15 X/ // A

DATA (00-D15)  p——l

a-a15X/ /1

TL/F/9345-43

Symbol Parameter Min Max Units
bew! Bus Clock to Write Strobe Low 40 ns
bewh Bus Clock to Write Strobe High 40 ns
wds Data Setup to WR High 2*beyc — 30 ns
wdh Data Hold from WR Low bch + 7 ns
vyaz ‘(J:\ll:i)ttee SSt1r,o:)e to Address TRI-STATE beh + 40 ns
asds Address Strobe to Data Strobe bel + 10 ns
aswd Address Strobe to Write Data Valid bel + 30 ns

Note 1: When using byte mode transfers A8-A15 are only TRI-STATE on the last transfer, waz timing is only valid for last transfer in a burst.
Note 2: These limits include the RC delay inherent in our test method. These signals typically turn off within bch + 15 ns, enabling other devices to drive these

lines with no contention.
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15.0 Switching Characteristics (continued)

Wait State Insertion

I 1 B w1 oW

ADSO / \

WRD/WWR \ /

ows —> oWrfe-
READY
TL/F/9345-44
Symbol Parameter Min Max Units
ews ) External Wait Setup to T3 J, Clock
10 ns
(Note 1)
ewr External Wait Release Time
15 ns
(Note 1)

Note 1: The addition of wait states affects the count of deserialized bytes and is limited to a number of bus clock cycles depending on the bus clock and network
rates. The allowable wait states are found in the table below. (Assumes 1 Mbit/sec data rate.)

# of Walt Stat The number of allowable wait states in byte mode can be calculated using:
of Wa ates
BUSCK (MHz) Bty
Byte Transfer Word Transfer #Wibyte mode) = (m -1 )
1 0 1 W = Number of Wait States
- tow = Network Clock Period

2 2 4 thsck = BSCK Period .

4 6 9 The number of allowable wait states in word mode can be calculated using:

8 13 19 ( 5 tnhw )

* = —m — — —
Wiword mode) = \ 3psck

Table assumes 1 MHz network clock.
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15.0 Switching Characteristics (continued)

ADSO

MRD

PWR

PRQ

RACK

Remote DMA (Read, Send Command)

| ¢ FR I R B £

M

/ . ) \ L C
: 4 7
L C
— pwrl — pwrh
55
prqh L G
7 7
prg!
L C
4 7
rakw
[

TL/F/9345-45

Symbol Parameter Min Max Units

bpwrl Bus Clock to Port Write Low 43 ns

bpwrh Bus Clock to Port Write High .40 ns

prgh Port Write High to Port 30 ns
Request High (Note 1)

prql Port Request Low from 45 ns
Read Acknowledge High

rakw Remote Acknowledge 20 ns
Read Strobe Pulse Width

Note 1: Start of next transfer is dependent on where RACK is generated relative to BSCK and whether a local DMA is pending.
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15.0 Switching Characteristics (continued)

Remote DMA (Read, Send Command) Recovery Time

"\

c

g

N

L S

G
"
[ NN
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o N/ ./
— pwrl —+{ [+—bpwrh
————— 5 5 ¢
PWR Y > 55 \
- prah

PRQ § \ ..

5

| rhpwh
< < N

RACK i 7 4 =\ r—

rakw

L ioens M\
e L0 S - S S I SEPER

TL/F/9345-46

“
[ Y
¥

N

Symbol Parameter Min Max Units

bpwrl Bus Clock to Port Write Low 43 ns

bpwrh Bus Clock to Port Write High 40 ns

prgh Port Write High to Port 30 ns
Request High (Note 1)

pral Port Request Low from 45 ns
Read Acknowledge High

rakw Remote Acknowledge 20 ns
Read Strobe Pulse Width

rhpwh Read Acknowledge High to .
Next Port Write Cycle 11 BUSCK
(Notes 2, 3, 4)

Note 1: Start of next transfer is dependent on where RACK is generated relative to BSCK and whether a local DMA is pending.
Note 2: This is not a measured valus but guaranteed by design.

Note 3: RACK must be high for a minimum of 7 BUSCK.

Note 4: Assumes no local DMA interleave, no CS, and immediate BACK.
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15.0 Switching Characteristics (Continued)

Remote DMA (Write Cycle)
| n | 12 | | T | 12 | 3 | T4
s \_/ N\ NS\
ADSO
55
£ ¢

‘m : . ‘ \

m 4 I
- bprgh — bprdl bprdh —»| |=—
PRQ P,
wprq!
___ 3;
WACK
wackw . .
. . / .
ADO-15 { a0-m5 X Do-DI5 >—
' TL/F/9345-47
Symbol Parameter Min Max Units
bprgh Bus Clock to Port Request High
42 ns
(Note 1)
wprgl WACK to Port Request Low ' . 45 ns
wackw WACK Pulse Width 20 : ns
bprdl Bus Clock to Port Read Low 0 ns
(Note 2) :
bprdh Bus Clock to Port Read High 40 ns

Note 1: The first port request is issued in response to the remote write command. Itis subsequently issued on T1 clock cycles following completion of remote DMA
cycles.

Note 2: The start of the remote DMA write following WACK is dependent on where WACK is issued relative to BUSCK and whether a local DMA is pending.
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15.0 Switching Characteristics (continued)
Remote DMA (Write Cycle) Recovery Time

[ | 12 1 T3 | T4 [ 1 12 113 | T4 1N I 12
sk_V N/ N/ VS
c— u.—;
ADSO / \ (C
E2d
£C
m 5
PRD _ | ~—bprgh
wprq
PRQ 4
— | —
i ™ wprgl LC
WACK * y i N
k wackw .
ADO=15 { A0-A15 X D0-D15 —i
TL/F/9345-48
Symbol Parameter Min Max Units
bprgh Bus Clock to Port Request High 40 ns
(Note 1)
wprg! WACK to Port Request Low 45 ns
wackw WACK Pulse Width 20 ns
bprdl Bus Clock to Port Read Low 40 ns
(Note 2)
bprdh Bus Clock to Port Read High 40 .ns-
wprq Remote Write Port Request
to Port Request Time 12 BUSCK
(Notes 3, 4, 5)

Note 1: The first port request is issued in response to the remote write command. it is subsequently issued on T1 clock cycles following completion of remote DMA

cycles.

Note 2: The start of the remote DMA write following WACK is dependent on where WACK is issued relative to BUSCK and whether a local DMA is pending.
Note 3: Assuming wackw < 1 BUSCK, and no local DMA interleave, no CS, immediate BACK, and WACK goes high before T4.

Note 4: WACK must be high for a minimum of 7 BUSCK. .

Note 5: This is not a measured value but guaranteed by design.

1-99

1-006¥2ESN/1-006€8d0




DP8390C-1/NS32490C-1

15.0 Switching Characteristics (continued)

Serlal Timing—Recelve (Beginning of Frame)

RXC [
i rch
rel
CRS / |4rds+<—' reye —=|
pts
- rdh |e
RXD 00 D1 Xj D( SYNCH X SYNCH
TL/F/9345-49
Symbol Parameter Min Max Units
rch Receive Clock High Time 400 ns -
rcl Receive Clock Low Time 400 ns
rcyc Receive Clock Cycle Time 800 1200 ns
rds Receive Data Setup Time to 20 ns
Receive Clock High (Note 1)
rdh Receive Data Hold Time from 19 ns
Receive Clock High
pts First Preamble Bit to Synch 8 reyc
(Note 2) . cycles

Note 1: All bits entering NIC must be properly decoded, if the PLL is still locking, the clock to the NIC should be disabled or CRS delayed. Any two sequential 1 data
bits will be interpreted as Synch. ’

Note 2: This is a minimum requirement which allows reception of a packet.

Serlal Timing—Recelve (End of Frame)

N\

-
—

RXC
tesrl tifg
RS AV
l— tdrb —~ [
RXD X Brn-1 X BTN DQZS W? ek

~-

TL/F/9345-50

Symbol Parameter Min Max Units
rxrck Minimum Number of Receive Clocks 5 rcyc
after CRS Low (Note 1) cycles
tdrb Maximum of Allowed Dribble Bits/Clocks 3 reyc
(Note 2) cycles
tifg Receive Recovery Time 40 rcyc
(Notes 4, 5) cycles
ters! Receive Clock to Carrier Sense Low reyc
0 1
(Note 3) cycles

Note 1: The NIC requires a minimum number of receive clocks following the deassertion of carrier sense (CRS). These additional clocks are provided by the
DP8391 SNI. If other decoder/PLLs are being used additional clocks should be provided. Short clocks or glitches are not allowed.

Note 2: Up to 5 bits of dribble bits can be tolerated without resulting in a receive error.
Note 3: Guarantees to only load bit N, additional bits up to tdrb can be tolerated.

Note 4: This is the time required for the receive state machine to complete end of receive processing. This parameter is not measured but is guaranteed by design.
This is not a measured parameter but is a design requirement.

Note 5: CRS must remain deasserted for a minimum of 2 RXC cycles to be recognized as end of carrier.
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15.0 Switching Characteristics (continued)

Serlal Timing—Transmit (Beginning of Frame)

1-00642ESN/1-006€8d0

™C
*‘_{ txcenh
TXE txcyc —
txcsdv— ‘. f+-txesdh .
20 C v X o X 1+ X ! }
TL/F/9345-51
Symbol Parameter Min Max Units
txch Transmit Clock High Time 36 ns
txcl Transmit Clock Low Time 36 ns
txeye Transmit Clock Cycle Time 800 1200 ns
txcenh Transmit Clock to Transmit Enable High 48 ns
(Note 1)
txcsdv Transmit Clock to Serial Data Valid 67 ns
txxsdh Serial Data Hold Time from 10 ns
Transmit Clock High

Note 1: The NIC issues TXEN coincident with the first bit of preamble. The first bit of preamble is always a 1.

Serial Timing—Transmit (End of Frame, CD Heartbeat)

NIV N N A N

\ tecenl
TXE \\ ¢
AR
- — tedl
o BTN-2 X BTN-1 X BTN ‘e
LA}
cdhw
re— tdedh
coL
TL/F/9345-52
" Symbol Parameter Min " Max Units
tedl Transmit Clock to Data Low 55 ns
tcenl Transmit Clock to TXEN Low 55 ns
tdedh TXEN Low to Start of Collision 0 64 txcyc
Detect Heartbeat (Note 1) cycles
cdhw Collision Detect Width 2 txcyc
cycles

Note 1: If COL is not seen during the first 64 TX clock cycles following deassertion of TXEN, the CDH bit in the TSR is set.
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15.0 Switching Characteristics (continued)

Serial Timing—Transmit (Collision)

e \_/ N\ N\

coL / }
teolw

TXE

{C f ¢
17 9
ted) i tedl

L L

X X )6 \ JAM1 \ san32 ]
4 4

teenl -‘1
tjam 1\

TL/F/9345-53

Symbol Parameter Min - Max Units
tcolw Collision Detect Width 2 txcyc
cycles

tedj Delay from Collision to First 8 txeye
Bit of Jam (Note 1) cycles

tjam Jam Period (Note 2) 32 txcyc
cycles

Note 1: The NIC must synchronize to collision detect. If the NIC is in the middle of serializing a byte of data the remainder of the byte will be serialized. Thus the jam

pattern will start anywhere from 1 to 8 TXC cycles after COL is asserted.
Note 2: The NIC always issues 32 bits of jam. The jam is all 1's data.

Reset Timing

BSCK _\_/_\_/_\_/_\_/_\_/—\_/_\_/_\_/_\_/_\_/_\_/
e AR

RESET l

rstw

TL/F/9345-54

Symbol

Parameter

Max

Units

rstw

Reset Pulse Width (Note 1)

8

(Note 2)

BSCK Cycles or TXC Cycles

Note 1: The RESET pulse requires that BSCK and TXC be stable. On power up, RESET should not be raised until BSCK and TXC have become stable. Several

registers are affected by RESET. Consult the register descriptions for details.

Note 2: The slower of BSCK or TXC clocks will determine the minimum time for the RESET signal to be low.

If BSCK < TXC then RESET = 8 X BSCK
If TXC < BSCK then RESET = 8 X TXC
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AC Timing Test Conditions

Capacitance 1, = 25°C,f = 1MHz

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 5ns
Input and Output Reference Levels 1.3V

TRI-STATE Reference Levels
Output Load (See Figure below)

Float (AV) £0.5V

Yee s (NotE 2)
T 1
Auf
= | oewice

O—1 UNDER
TEST

T J:CL(NOTE 1)

TL/F/9345-55

Note 1: C = 50 pF, includes scope and jig capacitance.

Note 2: S1 = Open for timing tests for push pull outputs.
81 = Vg for Voo test.
S1 = GND for Von test.
81 = Vg for High Impedance to active low and active low to High
Impedance measurements,
S1 = GND for High Impedance to active high and active high to
High Impedance measurements.

Parameter Description Typ Max Unit
CiN Input

Capacitance 7 ) 15 PF
Cout Output

Capacitance 7 15 pF

Note: This parameter is sampled and not 100% tested.

DERATING FACTOR

Output timings are measured with a purely capacitave load
for 50 pF. The following correction factor can be used for

other loads:

CL = 50 pf: +0.3 ns/pF (for all outputs except TXE, TXD,
and LBK)
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DP8391A/NS32491A

National
Semiconductor

DP8391A/NS32491A Serial Network Interface

General Description

The DP8391A Serial Network Interface (SNI) provides the
Manchester data encoding and decoding functions for
IEEE 802.3 Ethernet/Cheapernet type local area networks.
The SNl interfaces the DP8390 Network Interface Controller
(NIC) to the Ethernet transceiver cable. When transmitting,
the SNI converts non-return-to-zero (NRZ) data from the
controller and clock pulses into Manchester encoding and
sends the converted data differentially to the transceiver.
The opposite process occurs on the receive path, where a
digital phase-locked loop decodes 10 Mbit/s signals with as
much as * 18 ns of jitter.

The DP8391A SNI is a functionally complete Manchester
encoder/decoder including ECL like balanced driver and re-
ceivers, on board crystal oscillator, collision signal transla-
tor, and a diagnostic loopback circuit.

The SNl is part of a three chip set that implements the com-
plete IEEE compatible network node electronics as shown
below. The other two chips are the DP8392 Coax Transceiv-
er Interface (CTI) and the DP8390 Network Interface Con-
troller (NIC).

Incorporated into the CTI are the transceiver, collision and
jabber functions. The Media Access Protoco! and the buffer
management tasks are performed by the NIC. There is an
isolation requirement on signal and power lines between the
CTl and the SNI. This is usually accomplished by using a set
of miniature pulse transformers that come in a 16-pin plastic
DIP for signal lines. Power isolation, however, is done by
using a DC to DC converter.

Features

# Compatible with Ethernet Il, IEEE 802.3 10base5 and
10base2 (Cheapernet)

@ 10 Mb/s Manchester encoding/decoding with receive
clock recovery

| Patented digital phase locked loop (DPLL) decoder re-
quires no precision external components

m Decodes Manchester data with up to +18 ns of jitter

W Loopback capability for diagnostics

m Externally selectable half or full step modes of opera-
tion at transmit output

W Squelch circuits at the receive and collision inputs re-
ject noise

m High voltage protection at transceiver interface (16V)
® TTL/MOS compatible controller interface
® Connects directly to the transceiver (AUI) cable -
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1.0 System Diagram
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2.0 Block Diagram
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FIGURE 1

3.0 Functional Description
The SNI consists of five main logical blocks:

a) the oscillator—generates the 10 MHz transmit clock sig-
nal for system timing.

b) the Manchester encoder and differential output driver—
.accepts NRZ data from the controller, performs Man-
chester encoding, and transmits it differentially to the
transceiver.

c) the Manchester decoder—receives Manchester data
from the transceiver, converts it to NRZ data and clock
pulses, and sends them to the controller.

d) the collision translator—indicates to the controller the
presence of a valid 10 MHz signal at its input.

e) the loopback circuitry—when asserted, switches encod-
ed data instead of receive input signals to the digital
phase-locked loop.

3.1 OSCILLATOR

The oscillator is controlled by a 20 MHz parallel resonant
crystal connected between X1 and X2 or by an external
clock on X1. The 20 MHz output of the oscillator is divided
by 2 to generate the 10 MHz transmit clock for the control-
ler. The oscillator also provides internal clock signals to the
encoding and decoding circuits.

Crystal Specification

Resonant frequency 20 MHz
Tolerance +0.001% at 25°C
Stability +0.005% 0-70°C
Type AT-Cut
Circuit Parallel Resonance

The 20 MHz crystal connection to the SNI requires special
care. The IEEE 802.3 standard requires a 0.01% absolute
accuracy on the transmitted signal frequency. Stray capaci-
tance can shift the crystal's frequency out of range, causing

the transmitted frequency to exceed its 0.01% tolerance.
The frequency marked on the crystal is usually measured
with a fixed shunt capacitance (Cp) that is specified in the
crystal’s data sheet. This capacitance for 20 MHz crystals is
typically 20 pF. The capacitance between the X1 and X2
pins of the SNI, of the PC board traces and the plated
through holes plus any stray capacitance such as the sock-
et capacitance, if one is used, should be estimated or mea-
sured. Once the total sum of these capacitances is deter-
mined, the value of additional external shunt capacitance
required can be calculated. This capacitor can be a fixed
5% tolerance component. The frequency accuracy should
be measured during the design phase at the transmit clock
pin (TXC) for a given pc layout. Figure 2 shows the crystal

connection.
Tl
201 CL-CP

MHz ==
(NOTE 1)

;

X2
TL/F/9357-3

CL = Load capacitance specified by the crystal's manufacturer

CP = Total parasitic capacitance including:
a) SNI input capacitance between X1 and X2 (typically 5 pF)
b) PC board traces, plated through holes, socket capacitances

Note 1: When using a Viking (San Jose) VXB49NS5 crystal, the external ca-
pacitor is not required, as the C of the crystal matches the input
capacitance of the DP8391A.

FIGURE 2. Crystal Connection
3.2 MANCHESTER ENCODER AND DIFFERENTIAL
DRIVER

The encoder combines clock and data information for the
transceiver. Data encoding and transmission begins with the
transmit enable input (TXE) going high. As long as TXE re-
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3.0 Functional Description (continued)

mains high, transmit data (TXD) is encoded out to the trans-
mit-driver pair (TX £). The transmit enable and transmit data
inputs must meet the setup and hold time requirements with
respect to the rising edge of transmit clock. Transmission
ends with the transmit enable input going low. The last tran-
sition is always positive at the transmit output pair. It will
occur at the center of the bit cell if the last bit is one, or at
the boundary of the bit cell if the last bit is zero.

The differential line driver provides ECL like signals to the
transceiver with typically 5 ns rise and fall times. It can drive
up to 50 meters of twisted pair AUl Ethernet transceiver
cable. These outputs are source followers which need ex-
ternal 2709 pulldown resistors to ground. Two different
modes, full-step or half-step, can be selected with SEL in-
put. With SEL low, transmit + is positive with respect to
transmit — in the idle state. With SEL high, transmit + and
transmit — are equal in the idle state, providing zero differ-
ential voltage to operate with transformer coupled loads.
Figures 4, 5 and 6 illustrate the transmit timing.

3.3 MANCHESTER DECODER

The decoder consists of a differential input circuitry and a
digital phase-locked loop to separate Manchester encoded
data stream into clock signals and NRZ data. The differen-
tial input should be externally terminated if the standard
78Q transceiver drop cable is used. Two 394 resistors con-
nected in series and one optional common mode bypass
capacitor would accomplish this. A squelch circuit at the
input rejects signals with pulse widths less than 5 ns (nega-
tive going), or with levels less than —175 mV. Signals more
negative than —300 mV and with a duration greater than
30 ns are always decoded. This prevents noise at the input
from falsely triggering the decoder in the absence of a valid
signal. Once the input exceeds the squelch requirements,

4.0 Connection Diagram

carrier sense (CRS) is asserted. Receive data (RXD) and
receive clock (RXC) become available typically within 6 bit
times. At this point the digital phase-locked loop has locked
to the incoming signal. The DP8391A decodes a data frame
with up to 18 ns of jitter correctly.

The decoder detects the end of a frame when the normal
mid-bit transition on the differential input ceases. Within one
and a half bit times after the last bit, carrier sense is de-as-
serted. Receive clock stays active for five more bit times
before it goes low and remains low until the next frame.
Figures 7, 8 and 9 illustrate the receive timing.

3.4 COLLISION TRANSLATOR

The Ethernet transceiver detects collisions on the coax ca-
ble and generates a 10 MHz signal on the transceiver cable.
The SNI's collision translator asserts the collision detect
output (COL) to the DP8390 controller when a 10 MHz sig-
nal is present at the collision inputs. The controller uses this
signal to back off transmission and recycle itself. The colli-
sion detect output is de-asserted within 350 ns after the 10
MHz input signal disappears.

The collision differential inputs (+ and —) should be termi-
nated in exactly the same way as the receive inputs. The
collision input also has a squelch circuit that rejects signals
with pulse widths less than 5 ns (negative going), or with
levels less than —175 mV. Figure 10 illustrates the collision
timing.

3.5 LOOPBACK FUNCTIONS

Logic high at loopback input (LBK) causes the SNI to route
serial data from the transmit data input, through its encoder,
returning it through the phase-locked-loop decoder to re-
ceive data output. In loopback mode, the transmit driver is in
idle state and the receive and collision input circuitries are
disabled.

Top View
CONTROLLER TRANSCEIVER -
INTERFACE _INTERFACE
N | <E
<3+—Hco oo+ |22 90 i’ COLLISION
<TF—Hero o 42—-1- 0.01,F PAR
TF—3 crs axe 122 390
<:l—; RXC RX= :L 903 =
|:>—G SEL ppgsera NC o 4 it—J |
e [ Vee 203 0014F - RECEIVE
— 7 BK SNI v 18 T PARR
g S| oar P = <
CL=CP* = 20 MHz o, M KT I 0.0014F MINIMUM —
 D—Ymo nepE——=—| TRANSHIT
) - Uhe N A g 2700 ‘ PAIR
o—E e - v -
= 2700
*Refer to the Oscillator section - ) TL/F/9357;4
FIGURE 3a
Order Number DP8391AN

See NS Package Number N24C
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PCC Connection Diagram
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5.0 Pin Descriptions

Pin No. Name 170 Description
(DIP) (PCC)

1 1 CcOoL (o] Collision Detect Output. A TTL/MOS level active high output. A 10 MHz
(+25%-15%) signal at the collision input will produce a logic high at COL
output. When no signal is present at the collision input, COL output will go low.

2 2 RXD o} Recelve Data Output. A TTL/MOS level signal. This is the NRZ data output
from the digital phase-locked loop. This signal should be sampled by the
controller at the rising edge of receive clock.

3 3 CRS (o} Carrler Sense. A TTL/MOS level active high signal. Itis asserted when valid
data from the transceiver is present at the receive input. Itis de-asserted one
and a half bit times after the last bit at receive input.

4 4 RXC o Recelve Clock. A TTL/MOS level recovered clock. When the phase-locked loop
locks to a valid incoming signal a 10 MHz clock signal is activated on this output.
This output remains low during idle (5 bit times after activity ceases at receive
input).

5 5 SEL | Mode Select. A TTL level input. When high, transmit + and transmit — outputs
are at the same voltage in idle state providing a “‘zero” differential. When low,
transmit + is positive with respect to transmit — in idle state.

6 6-9 GND Negative Supply Pins.

7 10 LBK | Loopback. A TTL level active high on this input enables the loopback mode.

8 11 X1 | Crystal or External Frequency Source Input (TTL).

9 12 X2 (o} Crystal Feedback Output. This output is used in the crystal connection only. It
must be left open when driving X1 with an external frequency source.

10 13 TXD | Transmit Data. A TTL level input. This signal is sampled by the SNI at the rising
edge of transmit clock when transmit enable input is high. The SNI combines
transmit data and transmit clock signals into a Manchester encoded bit stream
and sends it differentially to the transceiver.

1 14 TXC (o} Transmit Clock. A TTL/MOS level 10 MHz clock signal derived from the 20
MHz oscillator. This clock signal is always active.

12 15 TXE | Transmit Enable. A TTL level active high data encoder enable input. This signal
is also sampled by the SNI at the rising edge of transmit clock.

13 16 TX— o Transmit Output. Differential line driver which sends the encoded data to the

14 17 TX+ transceiver. These outputs are source followers and require 270 pulldown
resistors to GND.

15 18 NC No Connection.

16

17 19 CAP (o} Bypass Capacitor. A ceramic capacitor (greater than 0.001 uF) must be
connected from this pin to GND.

18 20-23 VCC Positive Supply Pins. A 0.1 uF ceramic decoupling capacitor must be

19 connected across VCC and GND as close to the device as possible.

20 24 NC No Connection.

21 25 RX— | Recelve Input. Differential receive input pair from the transceiver,

22 26 RX+

23 27 CD— | Collision Input. Differential collision input pair from the transceiver.

24 28 CD+
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6.0 Absolute Maximum Ratings Recommended Operating b
Supply Voltage (Vco) v Conditions =
Input Voltage (TTL) ‘ 0to 5.5V Supply Voltage (Vce) 5V + 5% 2
Input Voltage (differential) —5.5t0 +16V Ambient Temperature (DIP) 0° to 70°C 5
Output Voltage (differential) Oto 16V (PCC) 0° to 55°C %
Output Current (differential) —40 mA Note: Absolute maximum ratings are those values beyond ‘%
Storage Temperature —65° to 150°C which the safety of the device cannot be guaranteed. They -
Lead Temperature (soldering, 10 sec) - 300°C ;:Z s,;o/ti ,/;?:n! to imply that the device should be operated at >
Package Power Rating for DIP at 25°C 2.95W* ’
(PC Board Mounted)
Derate Linearly at the rate of 23.8 mW/°C
Package Power Rating for PCC at 25°C 1.92w*

Derate Linearly at the rate of 15.4 mW/°C

*For actual power dissipation of the device please refer to
Section 7.0. :

ESD rating 2000V

7.0 Electrical Characteristics
Vec = 5V £5%, Ta = 0°C to 70°C for DIP and 0°C to 55°C for PCC (Notes 1 & 2)

Symbol Parameter Test Conditions Min Max Units
ViR Input High Voltage (TTL) 20 \
ViHx1a Input High Voltage (X1) No Series Resistor 2.0 Veg—1.5 Vv
ViHx1b Input High Voltage (X1) 1k Series Resistor 2.0 Vee Vv
ViL Input Low Voltage (TTL and X1) 0.8 \'
v Input High Current (TTL) VIN = Vce 50 pA
Input High Current (RX+ CD ) ViN = Vce 500 pA
L Input Low Current (TTL) ViN = 0.5V -300 pA
Input Low Current (RX+ CDz) ViN = 0.5V -700 pA
VoL Input Clamp Voltage (TTL) IIN= —12mA -1.2 v
VoH Ouptut High Voltage (TTL/MOS) loH = —100 pA 3.5 Vv
VoL Output Low Voltage (TTL/MOS) loL = 8 mA 0.5 \'
los Output Short Circuit Current (TTL/MOS) —40 -200 mA
Vop Differential Output Voltage (TX ) 780 termination, and +550 +1200 mV
2700 from each to GND
Vos Diff. Output Voltage Imbalance (TXt) same as above +40 mV
Vps Diff. Squelch Threshold (RX+ CD+) ) —-175 -300 mV
Vem Diff. Input Common Mode Voltage (RX+ CD+) —5.25 5.25 \
lcc Power Supply Current 10Mbit/s 270 " mA

8.0 Switching Characteristics vcc = 5V £5%, Ta = 0°C to 70°C for DIP and 0°C to 55°C for PCC (Note 2)

Symbol | Parameter | Figure I Min [ Typ I Max | Units
OSCILLATOR SPECIFICATION

tXTH X1 to Transmit Clock High 12 8 20 ns
txTL X1 to Transmit Clock Low 12 8 20 ns
TRANSMIT SPECIFICATION

tred Transmit Clock Duty Cycle at 50% (10 MHz) 12 42 50 58 %
trer Transmit Clock Rise Time (20% to 80%) 12 8 ns
tret Transmit Clock Fall Time (80% to 20%) 12 8 ns
ttDs Transmit Data Setup Time to Transmit Clock Rising Edge 48&12 20 ns
tTDh Transmit Data Hold Time from Transmit Clock Rising Edge 48&12 0 ns
trEs Transmit Enable Setup Time to Trans. Clock Rising Edge 48&12 20 ns
tTER Transmit Enable Hold Time from Trans. Clock Rising Edge 5&12 0 ns

Note 1: All currents into device pins are positive, all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 2: All typicals are given for Voc = 5V and Tp = 25°C.

1-109



DP8391A/NS32491A

8.0 Switching Characteristics
Vec = 5V £5%, Tp = 0°C to 70°C for DIP and 0°C to 55°C for PCC (Note 2) {Continued)

Symbol T Parameter | Figure —| Min | Typ Max | Units
TRANSMIT SPECIFICATION (Continued)
trod Transmit Output Delay from Transmit Clock Rising Edge 48&12 40 ns
tror Transmit Output Rise Time (20% to 80%) 12 7 ns
trof Transmit Output Fall Time (80% to 20%) 12 7 ns
troj Transmit Output Jitter 12 +0.25 ns
troh Transmit Output High Before Idle in Half Step Mode 5&12 200 ns
troi Transmit Output Idle Time in Half Step Mode 5&12 800 ns
RECEIVE SPECIFICATION
tRed Receive Clock Duty Cycle at 50% (10 MHz) 12 40 50 60 %
tRer Receive Clock Rise Time (20% to 80%) 12 8 ns
tRot Receive Clock Fall Time (80% to 20%) 12 8 ns
tRDr Receive Data Rise Time (20% to 80%) 12 8 ns
trDf Receive Data Fall Time (80% to 20%) 12 8 ns
tRDs Receive Data Stable from Receive Clock Rising Edge 7&12 +40 ns
tcson Carrier Sense Turn On Delay 7&12 50 ns
tcsoff Carrier Sense Turn Off Delay ] 8,9&12 160 ns
tDAT Decoder Acquisition Time 7 0.6 1.80 ps
__torej Differential Inputs Rejection Pulse Width (Squelch) 7 5 30 ns
tRd Receive Throughput Delay 8&12 150 ns
COLLISION SPECIFICATION
tcoLon Collision Turn On Delay 10& 12 50 ns
tcoLoft Collision Turn Off Delay 10&12 350 ns
LOOPBACK SPECIFICATION
tLBs Loopback Setup Time . 11 20 ns
tLBh Loopback Hold Time ’ 11 0 ns

Note 2: All typicals are given for Voc = 5V and Tp = 25°C.

9.0 Timing and Load Diagrams
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Xe/- .
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FIGURE 4. Transmit Timing - Start of Transmission

TL/F/9357-6
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9.0 Timing and Load Diagrams (Continued)
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FIGURE 5. Transmit Timing - End of Transmisslion (last bit = 0)
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FIGURE 6. Transmit Timing - End of Transmisslon (last bit = 1)
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9.0 Timing and Load Diagrams (continued)
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FIGURE 7. Receive Timing - Start of Packet
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FIGURE 8. Receive Timing - End of Packet (last bit = 0)
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9.0 Timing and Load Diagrams (Continued)
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FIGURE 9. Receive Timing - End of Packet (last bit = 1)
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FIGURE 10. Collision Timing
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FIGURE 11. Loopback Timing
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*27 pH transtormer is used for testing purposes, 100 uH transformers (Valor, LT1101, or Pulse Engineering 64103) are recommended for application use.

FIGURE 12. Test Loads
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National
Semiconductor

DP8392A/NS32492A Coaxial Transceiver Interface

General Description

The DP8392A Coaxial Transceiver Interface (CTl) is a coax-
ial cable line driver/receiver for Ethernet/Thin Ethernet
(Cheapernet) type local area networks. The CTl is connect-
ed between the coaxial cable and the Data Terminal Equip-

ment (DTE). In Ethernet applications the transceiver is usu- -

ally mounted within a dedicated enclosure and is connected
to the DTE via a transceiver cable. In Cheapernet applica-
tions, the CTI is typically located within the DTE and con-
nects to the DTE through isolation transformers only. The
CTl consists of a Receiver, Transmitter, Collision Detector,
and a Jabber Timer. The Transmitter connects directly to a
50 ohm coaxial cable where it is used to drive the coax
when transmitting. During transmission, a jabber timer is ini-
tiated to disable the CTI transmitter in the event of a longer
than legal length data packet. Collision Detection circuitry
monitors the signals on the coax to determine the presence
of colliding packets and signals the DTE in the event of a
collision.

The CTl is part of a three chip set that implements the com-
plete IEEE 802.3 compatible network node electronics as
shown below. The other two chips are the DP8391 Serial
Network Interface (SNI) and the DP8390 Network Interface
Controller (NIC).

The SNI provides the Manchester encoding and decoding
functions; whereas the NIC handles the Media Access Pro-
tocol and the buffer management tasks. Isolation between
the CT! and the SNl is an |IEEE 802.3 requirement that can
be easily satisfied on signal lines using a set of pulse trans-
formers that come in a standard DIP. However, the power
isolation for the CTI is done by DC-to-DC conversion
through a power transformer.

Features

® Compatible with Ethernet Il, IEEE 802.3 10Base5 and
10Base2 (Cheapernet)

® Integrates all transceiver electronics except signal &
power isolation

B Innovative design minimizes external component count

m Jabber timer function integrated on chip

m Externally selectable CD Heartbeat allows operation
with |EEE 802.3 compatible repeaters

B Precision circuitry implements receive mode collision
detection

m Squelch circuitry at all inputs rejects noise

m Designed for rigorous reliability requirements of
IEEE 802.3

m Standard Outline 16-pin DIP uses a special leadframe
- that significantly reduces the operating die temperature
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2.0 Block Diagram
DTE INTERFACE
COAX DIFF LINE DRIVER
CABLE RECEIVER RECEIVE
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FIGURE 1. DP8392A Block Diagram

3.0 Functional Description
The CTI consists of four main logical blocks:

a) the Receiver - receives data from the coax and sends it
to the DTE

b) the Transmitter - accepts data from the DTE and trans-
mits it onto the coax

¢) the Collision Detect circuitry - indicates to the DTE any
collision on the coax

d) the Jabber Timer - disables the Transmitter in case of
longer than legal length packets

3.1 RECEIVER FUNCTIONS

The Receiver includes an input buffer, a cable equalizer, a
4-pole Bessel low pass filter, a squelch circuit, and a differ-
ential line driver.

The buffer provides high input impedance and low input ca-
pacitance to minimize loading and reflections on the coax.

The equalizer is a high pass filter which compensates for
the low pass effect of the cable. The composite result of the
maximum length cable and the equalizer is a flatband re-
sponse at the signal frequencies to minimize jitter.

The 4-pole Bessel low pass filter extracts the average DC
level on the coax, which is used by both the Receiver
squelch and the collision detection circuits.

The Receiver squelch circuit prevents noise on the coax
from falsely triggering the Receiver in the absence of the
signal. At the beginning of the packet, the Receiver turns on
when the DC level from the low pass filter is lower than the
DG squelch threshold. However, at the end of the packet, a
quick Receiver turn off is needed to reject dribble bits. This
is accomplished by an AC timing circuit that reacts to high
level signals of greater than typically 200 ns in duration. The

Receiver then stays off only if within about 1 ps, the DC
level from the low pass filter rises above the DC squelch
threshold. Figure 2 illustrates the Receiver timing.

The differential line driver provides ECL compatible signals
to the DTE with typically 3 ns rise and fall times. In its idle
state, its outputs go to differential zero to prevent DC stand-
ing current in the isolation transformer.

3.2 TRANSMITTER FUNCTIONS

The Transmitter has a differential input and an open collec-
tor output current driver. The differential input common
mode voltage is established by the CTI and should not be
altered by external circuitry. The transformer coupling of
TX+ will satisfy this condition. The driver meets all IEEE
802.3/Ethernet Specifications for signal levels. Controlled
rise and fall times (25 ns V £5 ns) minimize the higher
harmonic components. The rise and fall times are matched
to minimize jitter. The drive current levels of the DP8392A
meet the tighter recommended limits of IEEE 802.3 and are
set by a built-in bandgap reference and an external 1% re-
sistor. An on chip isolation diode is provided to reduce the
Transmitter's coax load capacitance. For Ethernet compati-
ble applications, an external isolation diode (see Figure 4)
may be added to further reduce coax load capacitance. In
Cheapernet compatible applications the external diode is
not required as the coax capacitive loading specifications
are relaxed.

The Transmitter squelch circuit rejects signals with pulse
widths less than typically 20 ns (negative going), or with
levels less than —175 mV. The Transmitter turns off at the
end of the packet if the signal stays higher than —175 mV
for more than approximately 300 ns. Figure 3 illustrates the
Transmitter timing.
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3.0 Functional Description (continued)

3.3 COLLISION FUNCTIONS

The collision circuitry consists of two buffers, two 4-pole
Bessel low pass filters (section 3.1), a comparator, a heart-
beat generator, a 10 MHz oscillator, and a differential line
driver.

Two identical buffers and 4-pole Bessel low pass filters ex-
tract the DC level on the center conductor (data) and the
shield (sense) of the coax. These levels are monitored by
the comparator. If the data level is more negative than the
sense level by at least the collision threshold (Vth), the colli-
sion output is enabled.

At the end of every transmission, the heartbeat generator
creates a pseudo collision for a short time to ensure that the
collision circuitry is properly functioning. This burst on colli-
sion output occurs typically 1.1 ps after the transmission,
and has a duration of about 1 ps. This function can be dis-
abled externally with the HBE (Heartbeat Enable) pin to al-
low operation with repeaters.

The 10 MHz oscillator generates the signal for the collision
and heartbeat functions. It is also used as the timebase for
all the jabber functions. It does not require any external
components.

The collision differential line driver transfers the 10 MHz sig-
nal to the CD* pair in the event of collision, jabber, or
heartbeat conditions. This line driver also features zero dif-
ferential idle state.

3.4 JABBER FUNCTIONS

The Jabber Timer monitors the Transmitter and inhibits
transmission if the Transmitter is active for longer than
20 ms (fault). It also enables the collision output for the fault
duration. After the fault is removed, The Jabber Timer waits
for about 500 ms (unjab time) before re-enabling the Trans-
mitter. The transmit input must stay inactive during the unjab
time.

RECEIVE
VA WAWAWAWAWAWA VAW ™
FROM COAX THRESHOLD

TYPICALLY |

THRESHOLD 200ns = CHECK;
Low wxss_.'\‘¥ TIMER * '
FILTER ———/}/—:f_—
f S ol o
outPUT ' e | TYPICALLY.
' -1 ys—
[ '
RECEIVER ¢ 5 2 RECEIVER
RECEIVE cb
ENABLE TURN=ON TURN=OFF
RECEIVE
OUTPUT I | I_l I_l I—I 5_|_\_|_|_|_—\
T0 DTE .
) ) TL/F/7405-3
"' FIGURE 2. Receiver Timing
TRANSMIT
INPUT
FROM DTE e il -
o ' 1
_TRANSMITTER TURN=ON ! » TRANSMITTER TURN=OFF ! ' TRANSMIT SQUELCH j
PULSE WIDTH —=1 ‘=~ PULSE WIDTH - - THRESHOLD
~ (TYPICALLY 25 ns) . (TYPICALLY 300ns) '
TRANSMIT r L G )
DRIVER | |
ENABLE
TRANSMIT
oUTPUT
TO COAX

TL/F/7405-4

FIGURE 3. Transmitter Timing
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4.0 Connection Diagram

OPTIONAL
TRANSCEIVER
CABLE
:-.-:
(> ] [
. 0C T0 DC *
12 TO15vVDC : : CONVERTER 9V (ISSLATED)
] []
(>
] [
] ] 500 OHM EACH
: : 1 16 M
: : : "‘VAV
COLLISION ] ' AAA
PAR | ¢ o
' ] A
2 15 \A A4
[} [}
;<
7 : ] TH(NOTE 1)
'
E ] ' 4 13
<3 COAX
b S
RECEVE | ! ! CD+ DS
PAIR 1 16
: : 5 12 co- 2 15 —'lﬁrxo Na16
<3 +
' s RX 3 14 RXI )\ >
' ] =1, DPB392A 13 =
7 10
- 1K 1%
(> e ::E 5 C gy ';:
- +
TRANSMIT : : Bg 6 1
PAR | ¢ 1O S X+ 7 10 GND
] ]
8 9 TX= HBE
o1+ 8 < 18
eee——— o ood
Note 1: T1 is a 1:1 pulse transformer, L = 100 pH
Pulse Engineering (San Diego) Part No. 64103 Top View
Valor Electronics (San Diego) Order Number DP8392AN

Part No. 1101 or equivalent

See NS Package Number N16A

FIGURE 4
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DP8392A/NS32492A

5.0 Pin Descriptions

Pin No. Name 1/0 Description

1 CD+"* (o] Collision Output. Balanced differential line driver outputs from the collision detect

2 CD- circuitry. The 10 MHz signal from the internal oscillator is transferred to these
outputs in the event of collision, excessive transmission {jabber), or during CD
Heartbeat condition. These outputs are open emitters; pulldown resistors to VEE
are required. When operating into a 7852 transmission line, these resistors should
be 5000 In Cheapernet applications, where the 78 drop cable is not used,
higher resistor values (up to 1.5k) may be used to save power.

3 RX+"* o) Receive Output. Balanced differential line driver outputs from the Receiver. These

6 RX— outputs also require 5000 pulldown resistors.

7 TX+* | Transmit Input. Balanced differential line receiver inputs to the Transmitter. The

8 TX— common mode voltage for these inputs is determined internally and must not be
externally established. Signals meeting Transmitter squelch requirements are
waveshaped and output at TXO.

9 HBE i Heartbeat Enable. This input enables CD Heartbeat when grounded, disables it
when connected to VEE.

11 RR+ | External Resistor. A fixed 1k 1% resistor connected between these pins

12 RR— establishes internal operating currents.

14 RXI . | Receive Input. Connects directly to the coaxial cable. Signals meeting Receiver
squelch requirements are equalized for inter-symbol distortion, amplified, and
outputted at RX £

15 TXO (0] Transmit Output. Connects either directly (Cheapernet) or via an isolation diode
(Ethernet) to the coaxial cable.

16 CDs | Collision Detect Sense. Ground sense connection for the collision detect circuit.
This pin should be connected separately to the shield to avoid ground drops from
altering the receive mode collision threshold.

10 GND Positive Supply Pin. A 0.1 uF ceramic decoupling capacitor must be connected
across GND and VEE as close to the device as possible.

4 VEE Negative Supply Pins. In order to make full use of the 3.5W power dissipation

5 capability of this package, these pins should be connected to a large metal frame

13 area on the PC board. Doing this will reduce the operating die temperature of the

device thereby increasing the long term reliability.

* |EEE names for CD+ = Cl+, RXt = DI+, TX+ = DOt

5.1 P.C. BOARD LAYOUT Veg pins are to be connected to a copper plane which
The DP8392A package is uniquely designed to ensure that should be included in the printed circuit board layout. Refer
the device meets the 1 million hour Mean Time Between to National Semiconductor application note AN-442 (Ether-
Failure (MTBF) requirement of the IEEE 802.3 standard. In net/Cheapernet Physical Layer Made Easy) for complete
order to fully utilize this heat dissipation design, the three board layout instructions.
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6.0 Absolute Maximum Ratings (Note 1) Recommended Operating

Supply Voltage (VeE) —12v Conditions

Package Power Rating at 25°C 3.5 Watts* Supply Voltage (VEg) —9v +5%
(PC Board Mounted) See Section 5 Ambient Temperature 0° to 70°C
Derate linearly at the rate of 28.6 mW/°C P

If Military/Aerospace speclified devices are required,

VZ6vZESN/V26€£8dd

Input Voltage (:to _1%\/ contact the Natlonal Semiconductor Sales Office/
Storage Temperature —65°10 150°C Distributors for avallability and specifications.
Lead Temp. (Soldering, 10 seconds) 260°C

*For actual power dissipation of the device please refer to section 7.0.

7.0 Electrical Characteristics vee = —9v +5%, Ta = 0°t0 70°C (Notes 2 & 3)

Symbol Parameter Min Typ Max Units
[33] Supply current out of Vg pin—non transmitting —85 —130 mA
[33) Supply current out of Vg pin—transmitting —125 -180 mA
IRxI Receive input bias current (RXI) . -2 +25 nA
ITpc Transmit output dc current level (TXO) 37 41 45 mA
ITac Transmit output ac current level (TXO) +28 IToc mA
Vep Collision threshold (Receive mode) —1.45 —1.53 —1.58 Vv
Vob Differential output voltage (RX+, CD*) +550 +1200 mV
Voc Common mode output voltage (RX+, CD %) -1.5 -2.0 —-25 \
Vos Diff. output voltage imbalance (RX+, CD ) +40 mv
V1s Transmitter squelch threshold (TX <) —-175 —225 —300 mV
Cx Input capacitance (RXI) ) ‘ 1.2 pF
RRxi Shunt resistance—non transmitting (RXI) 100 KQ
Rtxo Shunt resistance—transmitting (TXO) 10 KO

8.0 Switching Characteristics vez = —9v 5%, Ta = 0°to 70°C (Note 3)

Symbol Parameter Fig Min Typ Max Units
tRON Receiver startup delay (RXI to RX ) 5&11 4 bits
trd Receiver propagation delay (RXI to RX t) 5& 11 15 50 ns
tar Differential outputs rise time (RX+, CD t) 5&11 4 ' ns
trt Differential outputs fall time (RX £, CD %) 5& 11 4 ns
trJ Receiver & cable total jitter 10 +2 ns
trsT Transmitter startup delay (TX+ to TXO) . 6&11 1 bits
trd Transmitter propagation delay (TX+ to TXO) 6&11 25 50 ns
e Transmitter rise time —10% to 90% (TXO) 6&11 25 ns
trs Transmitter fall time —90% to 10% (TXO) 6&11 25 ns
ttm t1r and tyy mismatch . 0.5 ns
trs Transmitter skew (TXO) +0.5 ns
tTON Transmit turn-on pulse width at V1g (TX ) 6&11 20 ns
tTOFF Transmit turn-off pulse width at Vg (TX %) . 6&11 250 ns
tcon Collision turn-on delay 7&11 7 bits
tcoFF Collision turn-off delay 7 & 11 20 bits
fcp Collision frequency (CD ) 7&11 8.0 125 MHz
tocp Collision pulse width (CD ) 7&11 35 70 ns
tHON CD Heartbeat delay (TX £ to CD ) . 8&11 0.6 16 s
thw CD Heartbeat duration (CD +) 8&11 0.5 1.0 1.5 us
tJA Jabber activation delay (TX+ to TXO and CD ) 9&11 20 29 60 ms
tiR Jabber reset unjab time (TX+ to TXO and CD ) 9&11 250 500 750 ms

Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits.

Note 2: All currents into device pins are positive, all currents out of device pins are negative. All voltages referenced to ground unless otherwise specified.
Note 3: All typicals are given for Vg = —9V and Tp = 25°C.
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9.0 Timing and Load Diagrams
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FIGURE 5. Recelver Timing
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FIGURE 8. Heartbeat Timing

1-120




9.0 Timing and Load Diagrams (continued)
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.DP83910/NS324910

National
Semiconductor

ADVANCE INFORMATION

DP83910/NS324910 CMOS Serial Network Interface

General Description

The DP83910 CMOS Serial Network Interface (SNI) is a di-
rect-pin equivalent of the bipolar DP8391 and provides the
Manchester data encoding and decoding functions for IEEE
802.3 Ethernet/Thin-Ethernet type local area networks. The
SNI interfaces the DP8390 Network Interface Controller
(NIC) to the Ethernet transceiver cable. When transmitting,
the SNI converts non-return-to-zero (NRZ) data from the
controller and clock pulses into Manchester data and sends
the converted data differentially to the transceiver. Con-
versely, when receiving, a phase-locked loop decodes the
10 Mbit/sec data rate.

The DP83910 operates in conjunction with the DP8392 Co-
axial Transceiver Interface (CTI) and the DP8390 Network
Interface Controller (NIC) to form a three-chip. set that im-
plements the complete |[EEE 802.3 compatible network as
shown below. The DP83910 is a functionally complete Man-
chester encoder/decoder including a balanced driver and
receiver, on-board crystal oscillator, collision signal transla-

tor, and a diagnostic loopback feature. The DP83910, fabri-
cated in low-power microCMOS, typically-consumes less
than 100 mA.

Features

m Compatible with Ethernet I, IEEE 802.3 10base5 and

" 10base2 (Thin Ethernet)

Functional and pin-out duplicate of the DP8381

10 Mbits/sec Manchester encoding/decoding with re-

ceive clock recovery

Requires no precision components

Decodes Manchester data with up to +20 ns of jitter

Loopback capability for diagnostics

Externally selectable half or full step modes of opera-

tion at transmit output

B Squelch circuitry at the receive and collision inputs re-
ject noise

B TTL/MOS compatible controller interface

® Connects directly to the transceiver (AUI) cable

1.0 System Diagram
gAOBALxE TRANSCEIVER OR MAU STATION OR DTE
s h
DP8392 ol DP8390
4 coaX eyl ke N % NETWORK ?
BNC TRANSCEIVER e TRANSCEIVER / INTERFACE 8
INTERFACE ! chBLe INTERFACE CONTROLLER 2
| e, | 222 s
TL/F/9365-1
2.0 Block Diagram
TRANSCEIVER CONTROLLER
CABLE INTERFACE

RECEVER

RECEIVE

RECEIVE DATA (RXD)
RECEIVE CLOCK (RXC)
CARRIER SENSE (CRS)

g
83
Se
k-]
vyvYyvY

PAIR
(RX+,RX=)

A
L

TRANSMIT
P,

LOOP BACK (LBK)

20MHz XTAL
(x1,x2)

|

TRANSMIT CLOCK {TXC)

o] o )
(X T «m‘_% (

v

TRANSMIT DATA (TXD)

COLLISION - . ENCODER | TRANSMIT ENABLE (TXE)
coLu;lgv; »> \ MODE SELECT (SEL)
(CD+,CD-) g / |
> %)ELC%%I?; » COLLISION DETECT (coL)

TL/F/9365-2
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Nati | Semi duct
DP839EB Network Applieation Nota 478
Evaluation Board

OVERVIEW NETWORK INTERFACE OPTIONS

The National Semiconductor DP839EB Evaluation Board  The evaluation board supports three physical layer options:
provides IBM® PCs and PC Compatibles with Ethernet,  Ethernet, Cheapernet and StarLAN. When using Ethernet, a
Cheapernet and StarLAN connections. The evaluation  drop cable is connected to an external transceiver which is
board is compatible with the PC-bus and requires only a %2 connected to a standard Ethernet network. (Ses Figure 7).
Size Slot for installation. The evaluation board utilizes Na- ~ When using Cheapernet, a low cost version of Ethernet, a
tional Semiconductor's Ethernet/Cheapernet chipset con-  transceiver is available on-board allowing direct connection
sisting of the DP8390 Network Interface Controller, the to the network via the evaluation board. (See Figure 2).
DP8391 Serial Network Interface (SNI) and the DP8392 Co-  When using a StarLAN network, an optional daughter card
axial Transceiver Interface (CTI). The DMA capabilities of  replaces the SNI function and implements the required elec-
the DP8390, coupled with 8 kbytes of buffer RAM, allow the tronics to interface the DP8390 NIC to StarLAN. This config-
Network Interface Adapter to appear as a standard I/0O port  uration is illustrated in Figure 3. No software changes are

to the system. needed for conversion between any of the described config-
HARDWARE FEATURES urations.

® Half-Size IBM PC 1/0 Card Form Factor HARDWARE DESCRIPTION

* DP8380 Network Interface Controller with DMA The block diagram shown in Figure 4illustrates the architec-

ture of the Network Interface Adapter. The system/network

* 8 kbyte on-board Multipacket Buffer interface is partitioned at the DP8390 Network Interface

* Clean DMA Interface to IBM-PC Controller (NIC). The NIC acts as both a master and a slave
o Ethernet Interface via 15-Pin D Connector on the local bus. During reception or transmission of pack-
* Cheapernet Interface via BNC Connector ets, the NIC is a master. When accessed by the PC, the NIC
o StarLAN Support with Optional Daughter Card and 8-Pin becomes a slave. The NIC utilizes a local 8-bit data bus

connected to an 8k x 8 Static RAM for packet storage. The
Modular Ph(?ne Jack 8k x 8 RAM is partitioned into a transmit buffer and a re-
* DPB391 Serial Network Intertace ceive buffer. All outgoing packets are first assembled in the
» DP8392 Coaxial Transceiver Interface (For Cheapernet)  packet buffer and then transmitted by the NIC. All incoming
¢ Low Power Requirement packets are placed in the packet buffer by the NIC and then
transferred to the PC's memory. The transfer of data be-
SOFTWARE FEATURES tween the evaluation board and the PC is accomplished us-
* No Software changes for conversion between Ethernet/  ing the PC’s DMA in conjunction with the NIC's Remote
Cheapernet and StarLAN DMA. Two LS374 latches implement a bidirectional 1/0 port
¢ Demonstration and diagnostic software available with the PC bus. The 8-bit transceiver (LS245) allows the PC
to access to the NIC’s internal registers for programming. A
32 x 8 PROM located on the evaluation board contains the

unique Physical Address assigned to each board.

] ppys DPB39EB

DROP=CABLE [ ] PHONE
HES
 m—|
TRANSCEIVER
ETHERNET CABLE

TL/FI9179-1
FIGURE 1. Ethernet Connection
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FIGURE 2. Cheapernet Connector
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FIGURE 3. StarLAN Connector
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FIGURE 4

Since the NIC is accessing 8-bit memory, only a single dem-
ultiplexing latch is required for the lower 8-bits of address.
An LS373 is provided for this purpose.

A 20L8 PAL provides the address decoding and support for
DMA handshaking and wait state generation.

SOFTWARE SUPPORT

The evaluation board provides a simple programming inter-
face for development of software. Several software pack-
ages are provided for evaluation and development of net-
works using the DP8390 Chip set. SDEMO is a demonstra-
tion program that provides a low level interface to the
DP8390 NIC for transmission and reception of packets.
SDEMO supports register dumps and simple register modifi-
cation. CONF is a conferencing program which supports
simple message transfer. WORKSTAT and SERVER sup-
port file transfer between two nodes, one configured as a
server and a second configured as a workstation. NLS, Net-
work Load Simulator, is a program that simulates network
loads based on statistical distributions of packet sizes,

bursts and intervals. NLS is useful for performance mea-
surement and debug of software drivers. NES, Network
Evaluation Software, consists of sample software drivers
implementing a low level interface to the evaluation board.

LOCAL MEMORY MAP

The DP8390 NIC accesses an 8k x 8 buffer RAM located in
its 64 kbyte memory space. This buffer RAM is used for
temporary storage of receive and transmit packets. Data
from this RAM is transferred between the host (the PC) and
the evaluation board using the DP8390 NIC's remote DMA
channel. An ID address PROM, containing the physical ad-
dress of the evaluation board is also mapped into the mem-
ory space of the NIC.
Note: Partial decoding is performed on the PROM and RAM which will result
in these devices appearing at other locations in the 64k memory

. space. The first occurrance of the PROM and RAM are used for pro-
gramming purposes.
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?)?)0(1): PROM Address Contents
1 oon ADDRESS 0
. . (Physical Address Most
. . Significant Byte)
2000h 8kx8 01h ADDRESS 1
3ffth BUFFER RAM 02h ADDRESS 2
. : 03h ADDRESS 3
L]
04h ADDRESS 4
fffth L]
05h ADDRESS 5
PROM FORMAT (Physical Address Least
Each evaluation board is assigned a unique network (physi- Significant Byte)
cal) address. This address is stored in a 745288 32 x 8 CHECKSUM
PROM. The physical address is followed by a checksum. 06h (XOR OF ADDRESS 0-5)
The checksum is calculated by exclusive OR-ing the 6 ad-
dress bytes with each other. At initialization the software OPTIONAL
reads the PROM, verifies the checksum and loads the NIC’s 07h REV. NUMBER
physical address registers. The following format is used in
the PROM: : 08h MANUFACTURE LOT #
0h MANUFACTURE
DATE (MONTH)
10h MANUFACTURE
DATE (YEAR)
11h-1th RESERVED
T ut Y1 U2 u3
o — » Kil: 1
: U4
o — — =
5] [©)] O]
L| U6 s
[ - . — ke 3
T hd T g i R 1| 15-pin
— C=ls O} RRgE . D connector
B Lci | :
z |3 o= UI0
g [ b =p4--
] = 0000
v =] jm] P
1]1]
e &3
b S| R“S_—';ca-El
z e
] oo 2| ae
3C g
~| o) ‘J’4C
S 5 52
e U e w0 ]
e e 000000000 ;]
b E uis R
Ute Jsu“ c21 o Modular Phone
5 Jack
*
|31 1|'_——

FIGURE §

TL/F/9179-5
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1/0 SPACE

The I/0 space and Ethernet/Cheapernet configurations are
selected using the various /0 jumpers. There are 4 sets of
jumpers that should be programmed prior to installation of
the evaluation board into the PC environment. There are:

Ja 170 address, interrupt selection, DMA chan-
nel assignment

J1C-J7C, J7E Select Ethernet or Cheapernet

Figure 5 depicts the location of the jumpers on the evalua-
tion board.

The Factory Installed Configuration Is:
Ja 170 base = 300h
Interrupt = IRQ3
DMA = DREQ1, DACK1
J1C-J7C, J7E Cheapernet selected

The evaluation board uses 32 1/0 locations in the PC’s I/0
space. The base address is fixed at 300h and is not select-
able using jumpers. (See Switch settings section.) The I/0
map is shown below:

BASE + 00h COMMAND REGISTER
01h NIC REGISTER
02h SPACE
03h .
04h .
05h .
06h .
07h .
L] [ ]

ofh .

10h I/0 PORTS
L] ]

1th .

NOTES: The NIC's Command Register is always mapped at Base + 0. The
NIC registers are Base + 01 to Base + 0f; 0f will contain different
registers depending on the value of bits PS0 and PS1 in the Com-
mand Register. These two bits select one of three register pages.
For additional information consult the DP8390 data sheet.

The NIC uses the remote DMA channel to read/write data from/to
the 8k x 8 Buffer RAM on the evaluation board. Typically a DMA
channel on the PC is used in conjunction with the NIC's remote
DMA. The I/0 ports are then serviced by the DMA channel. If a
DMA channel on the PC is not available, the NIC's DMA can still be
used by accessing the 1/0 ports using programmed |/0. Reading
the 170 port address will result in a RACK strobe to the NIC while
writing the 1/0 port address will result in a WACK strobe to the NIC.

SWITCH SETTINGS

Jumper J4 allows assignment of 1/0 Address Bases, DMA
channel assignments and Interrupt Request assignments.
The jumper configuration is shown below and described in
the following sections.

e 06 6 o 0 0 0 0 o o o
e o6 06 o 0 0 0 0 o o o
| | | i D D I D D B B
R R R R R R R A A A A
Q ¢ 0 @ E E Q@ C C s s
2 3 4 5 @ Q@ 5 K K E E
1 3 1 3 2 3
TU/F/9179-6
170 BASE ADDRESS

The I/0 Base Address for DP8390B boards is fixed at 300h
and is not selectable.

INTERRUPTS

The NIC will generate interrupts based on received and
transmitted packets, completion of DMA and other internal
events. The interrupt can be connected to Interrupts 2, 3, 4
or 5 (IRQ 2, 3, 4, 5) via Jumper J4. Interrupt 5 is also provid-
ed as a software driven DMA Channel. If Interrupt 5 is being
used as a DMA channe! Interrupt 5 cannot be chosen for
the NIC interrupt. The figures below illustrate the jumper
positions for the various interrupt levels.

Interrupt 2
\% e 06 06 0 0 0 0 o o o
\ e 06 @ o o 0 0 o o o

TL/F/9179-9

Interrupt 3

(Factory Installed)

B

TL/F/917¢-10

Interrupt 4
% e o o o o o ¢ o
\o\ e o o6 o o o o o

TL/F/9179-11
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Interrupt 5
o o o % e e o o o o o
e o \0\ e o @ o o o o

TL/F/9179-25

Note: Rev D demo software will not work unless the factory configuration for
Jumper Block J4 is used.

FACTORY CONFIGURATION:

ANBRNBE

R

TL/F/9179-26

DMA

The evaluation board may use 1 DMA channel on the PC
expansion bus. DMA channel 1 or 3 can be selected. The
corresponding DACK line must also be installed on Jumper
J4.

DMA Channel 1
(Factory Installed)

SHEE

TL/F/9179-15

NBE

DMA Channel 3

NEE

e o
o o
TL/F/9179-16

If a DMA channel is not available an interrupt driven routine
can be used to move data between the PC and the buffer
memory on the evaluation board. Interrupt 5 is used for this
function.

IRQ 5 for DMA

e o o o

TL/F/9179-17

SELECTING ETHERNET OR CHEAPERNET

Two 10 Mbit/sec Interface options are available, a connec-
tion to an external transceiver via the DB-15 connector, or a
direct interface to a BNC T-connector. Seven jumpers are
used to select the appropriate option. These jumpers are
labeled J1C-J7C and J7E.

For Cheapernet the following jumpers should be shorted:

77

%
£%7
2
£
%5
.7

JJE]eo o

J7c

Jic| e

J2c

[
J3Ct o

JC| o

I5Cl e

J6C| @

TL/F/9179-18
(Factory Installed)
For Ethernet the following jumpers should be shorted.

J7c °

J1c

J2c //5/
Jsc/f//

JAC

N
NN

J5C

J6C

N

J7E

. TL/F/9179-19
Double check the jumper positions prior to powering up the
board.
OSCILLATOR

When the StarLAN daughter board is used, the 20 MHz os-
cillator must be disconnected by removing jumper JB. The
StarlL AN daughter board provides the clock to the NIC.

Ethernet, Cheapernet
(Factory Installed)

N

StarLAN
(Removed)

F
BE:

APPENDICES 18 TUF/9179-21

The remainder of this document contains the evaluation
board parts list, schematic and PAL descriptions.
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PARTS LIST*

Item #

Description

RES.CC4.7K Q ViW5%
RES. CF 39 Q VW 5%
RES.CF1.5K 0 V,W5%
RES.CF1IM  Q1V.W5%
RES.CF 270K Q VW 1%
RES.MK1K QVW1%
CAP. FILM 0.01uF 630V

CAP. DIP TANT 100 pF 10VRD
CAP.DIP 0.47 uF 50V 0.3LS
CAP. CER 0.01 uF 50V 0.2LS
1.C. 7408245

1.C. 74L8374

1.C. 7418373

SRAM HM6264-100

PROM 745288

PAL20L8

TRANSFORMER PE64103
OSCILLATOR 20.00 MHz
JUMPER, 2 POSITION

CONN. 15 POS D-SUB

CONN. MODULAR JACK
CONN. BNC, R/A PCB MOUNT
HEADER, 2 PIN SINGLE ROW
HEADER, 3 PIN SINGLE ROW
HEADER, 44 PIN DOUBLE ROW
SOCKET, 24 PIN DIP
SOCKET, 24 PIN DIP (.300)
SOCKET, 24 PIN (MACH)
BRACKET, CNET

SPACER, D-25 SET

PCB

DC-DC CONVERTER, 2VP5U9
1.C. DP8390BN

1.C. DP8391N

1.C. DP8392AN

*551 A201-01 REV D Board

Reference Designator

R1, R2, R3, R23
R6, R7, R8, R9
R10,R11,R12, R13
R17
R4, R5
R14
C4
C3, C21
C1,C7-C17,C19
Cs, C6
U3
U2, Ue
U1
us
U4
U16
ut4
Y1
A/R
J1

J2
JB,J7C, J7E
J1C-J6C
J4
Ut1
uie
us
J1
J1

u10

U1
U9

u1s

2
<

"-‘-‘-"\’gmm-“""’a-‘-‘"-“"-‘N"'Na'\’-‘-"\’-‘“‘“‘“

—_ -

1-128




PAL20L8
Decode and DMA Interface Logic for the DP839EB
DECODE1

A9 A8 A7 A8 A5

A4 PCRST /NMRD NA13 /IORD /IOWR GND

PRQ /DACK /WAIT AEN /RACK /WACK /CSX /CSN /NICRST /CSROM /ACK VCC

CSN = /AEN* A9% A8*% JA7* JA6* [AS5* JA4* IOWR +

JAEN* AQ9* A8* [A7T* [A6* JA5* [A4* IORD
NICRST = PCRST

RACK

DACK* IORD

JAEN* A9* A8* [A7* [A6* [AS5* A4* PRQ* IORD +

WACK = /AEN* A9* A8% /JAT* JA6% [AS5* A4* PRQ* IOWR +

DACK* IOWR

CSX =  CSN* IORD +
CSN* IOWR +
JAEN* A9* A8* JA7* JA6* JAB* A4* IORD +
JAEN* A9* A8* [A7* [A6* JA5* A4* IOWR +

IF (CSX)
WAIT = JACK * CSN +
/PRQ * /CSN

CSROM = /NA13 * NMRD

DESCRIPTION

This PAL performs the 1/0 decodes for selecting the NIC,
and the handshake signals for NIC's remote DMA. The PAL
supports the DMA channels of the PC for remote DMA
transfers with the NIC and also allows the use of string I/0
between 80286 PC’s and NIC's remote DMA.

DECODET1 fixes the I/0 BASE of the card at 300h. NIC
registers fall in the space 300h-30fh. To use the string 170
port, reads and writes are done to port 310h.

Wait states are inserted (WAIT) to the PC bus when register
accesses are given and the NIC is busy performing DMA
operations. When the NIC is ready, /ACK is given and no
(more) wait states are inserted.

Wait states may also be inserted during remote DMA opera-
tions and 80286 machines using string 1/0’s. WAIT occurs
during a remote read if the PC AT’s /IORD goes low before
the DP8390's PRQ goes high. Similarly, WAIT occurs during

a remote write if the PC AT’s /IOWR goes Iow before the
NIC’s PRQ goes high.

NIC registers are accessed when CSN (Chip Select NIC) is
asserted. The IORD and IOWR terms are included to ensure
that the address lines are valid when CSN is given.

The RACK and WACK signals are used by the NIC's remote
DMA channel to acknowledge the end of a single read or
write operation through the remote DMA 1/O ports. These
ports are addressable by the PC DMA channel with DACK
and IORD or IOWR, or by addressing the I/0 location 310h
(with string 1/O's).

CSX is used to enable the TRI-STATE output of WAIT dur-
ing a register access CSN), and during string 1/0 to the
remote DMA's 1/0 port (CSX).

CSROM provides address decode for the address PROM.
The card’s unique Ethernet address is transferred to the
system using the NIC's remote DMA.
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Ethernet/Cheapernet
Physical Layer Made Easy
with DP8391/92

With the integration of the node electronics of IEEE 802.3
compatible local area networks now on silicon, system de-
sign is simplified. This application note describes the differ-
ences between the Ethernet and Cheapernet versions of
the standard, and provides design guidelines for implement-
ing the node electronics with National Semiconductor’s
DP8390 LAN chip set.

INTRODUCTION

The DP8390 chip set is designed to provide the physical
and media access control layer functions of local area net-
works as specified in IEEE 802.3 standard. This standard is
based on the access method known as carrier-sense multi-
ple access with collision detection (CSMA/CD). In this
scheme, if a network station wants to transmit, it first “lis-

National Semiconductor
Application Note 442
Alex Djenguerian

tens” to the medium; if someone else is transmitting, the
station defers until the medium is clear before it begins to
transmit. However, two or more stations could still begin
transmitting at the same time and give rise to a collision.
When this happens, the two nodes detect this condition,
back off for a random amount of time before making anoth-
er attempt. '

The IEEE 802.3 standard supports two different versions for
the media, 10BASES (commonly known as Ethernet) and
10BASE2 (Cheapernet). These can be used separately, or
together in a hybrid form. Both versions have similar electri-
cal specifications and can be implemented using the same
transceiver chip (DP8392). Cheapernet is the low cost ver-
sion and is user installable. The following table compares
the two:

Parameter 10BASES (Ethernet) 10BASE2 (Cheapernet)

Data Rate 10 Mbit/s baseband " 10 Mbits/s baseband
Segment Length 500 m 185m
Network Span 2500 m 925 m
Nodes per Segment 100 30
Node Spacing 2.5 m (cable marked) 0.5 m min
Capacitance per Node 4 pF max 8 pF max
Cable 0.4 in diameter 0.2 in diameter

500 500 (RG58A/U)

Double Shielded Single Shielded

Rugged Flexible

N-Series Connectors BNC Connectors
Tranceiver Drop Cable 0.39 in diameter multiway cable with Not needed due to the high flexibility of

15 pin D connectors 50 m max length the RG58A/U cable

Typical Connection Diagram for a Station
10BASES (Ethernet) 10BASE2 (Cheapernet)
STANDARD
BNC "T"
1
/T:-IICK - 15PN i {1y ~THN
ETHERNET D CONNECTOR : RG5BA/U
COAX COAX
- DTE
B%’;Sgig’fg DATA TERMINAL
EQUIPMENT
TL/F/8689-2
DTE
DATA TERMINAL
EQUIPMENT

TL/F/8689-1
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Although Cheapernet is intended for local use, several 185
meter segments can be joined together with simple repeat-
ers to provide for a larger network span. Similarly, several
Cheapernet segments can be tied into a longer Ethernet
“backbone”. In this hybrid configuration, the network com-

THIN CHEAPERNET
CABLE (RG584/U)

MAINFRAME
COMPUTER

bines all the benefits of Cheapernet, flexibility and low cost,
with the ruggedness and the much larger geographic range
of standard Ethernet. Figure 1 illustrates a typical hybrid
LAN configuration.

BNC "T" CONNECTOR
Ve

WORD
PROCESSOR

DAISY WHEEL
PRINTER

l_ "BACKBONE" ETHERNET CABLE

TRANSCEIVER OR MAU

REPEATER

PERSONAL
COMPUTER

0 @

m

TRANSCEIVER DROP CABLE
WITH 15 PIN D CONNECTORS

STORAGE

| THIN CHEAPERNET
CABLE (RG58A/U)

=50 OHM TERMINATION

TL/F/8689-3

FIGURE 1. A Hybrid Ethernet/Cheapernet System
TRANSMITTING AND RECEIVING PACKETS WITH THE DP8390 CHIPSET

Node Block Diagram
COAX
CABLE TRANSCEIVER OR MAU STATION OR DTE
!
s 5
e DP8392 0 DP8391 DP8390 S
. COAX < J o seriaL NETWORK T
BNe TRANSCENVER || 7 [T mvcceren network  [€] interrace [ o
INTERFACE i NSCEN INTERFACE CONTROLLER )
0
s
N

The node electronics is integrated into three chips, the
DP8390 Network Interface Controller (NIC), the DP8391 Se-
rial Network Interface (SNI), and the DP8392 Coaxial Trans-
ceiver Interface (CTI). To transmit a packet, the host proc-
essor issues a transmit command to the NIC, which normal-

TL/F/8689-4
ly transfers the data to a local buffer memory. The NIC then
automatically handles the transmission of the packet (from
the local buffer through an on-board FIFO to the SNI) ac-
cording to the CSMA/CD protocol. The packet has to be in
the following format:

PREAMBLE| SFD [DESTINATION|SOURCE|LENGTH

DATA CRC

62-bits | 2-bits

6-bytes

6-bytes

2-bytes |46-1500 bytes|4-bytes

1-133
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_PREAMBLE: This section consists of alternating 1 and 0
bits. As the packet travels through the network, some of
these bits would be lost as most of the network compo-
nents are allowed to provide an output some number of
bits after being presented with a valid input.

START OF A FRAME DELIMITER (SFD): This field con-
sists of two consecutive 1's to signal that the frame re-
ception should begin.

DESTINATION AND SOURCE ADDRESSES: Each one
of these frames is 6 bytes long and specifies the address
of the corresponding node.

LENGTH: This 2 byte field indicates the number of bytes
in the data field.

DATA: This field can be from 46 to 1500 bytes long.
Messages shorter than 46 bytes require padding to bring
the data field to the minimum length. If the data field is
padded, the host can determine the number of valid data
bytes by looking at the length field. Messages longer
than 1500 bytes must be broken into multiple packets.
CRC: This field contains a Cyclic Redundancy Code cal-
culation performed on the Destination address through
the Data field for error control.

The shortest packst length thus adds up to be 512 bits long
(excluding the preamble and the SFD). At 10 Mbit/sec this
amounts to 51.2 us, which is twice as much as the 25 us
maximum end-to-delay time that is allowed by the IEEE
802.3 protocol. This ensures that if a collision arises in the
network, it would be recognized at all node locations.

The SNI combines the NRZ data packet received from the
controller with a clock signal and encodes them into a serial
bit stream using standard Manchester encoding. In this cod-
ing scheme, the first half of the bit cell contains the comple-
mentary data and the second half contains the true data.
Thus a transition is always guaranteed in the midd!e of a bit
cell.

NRZ
DATA

MANCHESTER !
ENCODED ! :
DATA !

| ' [ 1 [
| ' ' 1 '
| ' | ) '
' ' ’ '

TL/F/8689-5
FIGURE 2. Manchester Coding

The encoded signal appears in differential form at the SNI's
output. In 10BASES (Ethernet) applications, this signal is
sent to the transceiver or the Medium Attachment Unit
(MAU) through the twisted pair Tranceiver Drop cable (also
known as the Attachment Unit Interface cable). This cable
typically consists of four individually shielded twisted wire
pairs with an overall shield covering these individually
shielded pairs. The signal pairs, which have a differential
characteristic impedance of 78Q +5%Q, should be terminat-
ed at the receiving ends. The cable can be up to 50 meters
in length and have a maximum delay of 257 ns. The shields
of the individual pairs should be connected to the logic
ground in the Data Terminal Equipment (DTE) and the outer
shield to the chassis ground. Figure 3 shows a picture of the
cable and the corresponding pin assignments.

DATA TERMINAL
EQUIPMENT , Pin | IEEE 802.3 Name pairs | DP8391/2 | Signal from
(0TE) Name | pTE | MAU
CONECTOR — L) 3 [DO+ (DataOut+) | Transmit| TxX+ | X
h‘AéL’EIN 10 | DO — (Data Out —) Pair TX- X
- .
D CONNECTOR 11 | DO S (DO Shield) X
5 DI + (Dataln +) Receive RX+ X
12 | DI — (Dataln —) Pair RX~— X
4 | DI'S (DI Shield) X
TRANSCEIVER .
<— DROP CABLE 7 CO + (Control Out +) | Optional X
(AU INTERFACE CABLE) 15 | CO — (Control Out —) Pair X
8 | CO S (CO Shield) X
2 Cl + (Control In +) Collision CD+ X
9 Cl — (Control In —) Pair CD- X
FEMALE | hiel X
~— CONNECTOR 1 Cl S (Cl Shield)
MALE — 6 | VC(Voltage Common) | Power X
CONNECTOR 13 | VP (Voltage Plus) Pair X
TRANSCEIVER ) | 14 | VS (Voltage Shield) X
(Mav) Shell | PG (Protective GND) X

TL/F/8689-6

FIGURE 3, Transceiver Cable Pin Assignments
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The transmitted packet from the SNI as well as all other signal has to meet several critical electrical requirements:
signals (receive, collision, and DC power) must be electrical- RISE/FALL TIMES: The 10%-90% rise and fall times
ly isolated from the coax in the MAU. The isolation means have to be 25 ns +5 ns at 10 Mbit/sec. This spec helps
provided must withstand 500 Vac rms for one minute for to minimize electro-magnetic radiation by reducing the
10BASE2 and 2000 VaG rms for 10BASES. In order to de- higher harmonic content of the signal and contributes to
tect collisions reliably, the electrical isolation is not done at the smaller reflection levels on the coax. In addition, the
the coax; instead it is done on the side of the Attachment rise and fall times are required to be matched to within
Unit Interface. The isolation for the three signal lines can be 1 ns to minimize the overall jitter in the system.

easily provided by using three pulse transformers that come
in a standard 16 pin plastic DIP from several manufacturers
(Pulse Engineering, Valor Electronics). The inductance val- ! ) L L )
ue for these transformers vary from 50 pH to 150 pH with tight since collisions are detected by monitoring the aver:

the larger inductance values slowing the rise and fall times, age DC level on the coax. X
and the smaller ones causing more voltage droop. AC LEVEL: Tha AC component of the signal has to be

between 28 mA and the DC level. This specification
guarantees a minimum signal at the far end of the coax
cable in the worst case condition.

DC LEVEL: The DC component of the signal has to be
between —37 mA and —45 mA. The tolerance here is

The Manchester encoded data from the SNI now reaches
the CTlI's transmit input after passing through the isolation
transformer. A noise filter at this input provides a static

noise margin of —175 mV to —300 mV. These thresholds The signal shown in Fig. 4 would be attenuated as it travels
assure that differential Transmit (TX+) data signals less along the coax. The maximum cable attenuation per seg-
than —175 mV or narrower than 10 ns are always rejected, ment is 8.5 dB at 10 MHz and 6 dB at 5 MHz. This applies
while signals greater than —300 mV and wider than 30 ns for both the 500 meters of Ethernet cable and the 185 me-
are always accepted. The —300 mV threshold provides suf- ters of Cheapernet cable. With 10 Mbit/sec Manchester
ficient margin since the differential drivers for the transceiv- data, Ehls cfabl'e attepuatpn results in appro?umately 7 ns of
er drop cable provide a minimum signal level of 450 mV edge jitter in either direction. The CTI's receiver has to com-
after inductive droop, and the maximum attenuation allowed pensate for at least a portion of this jitter to meet the +6 ns
for the drop cable is 3 dB at signal frequencies. Signals combined jitter budget. The receiver also should not over-
meeting the squelch requirements are waveshaped and out- compensate the signal in the case of a short cable. An
putted to the coax medium. This is done as follows: equalizer filter in the CTI accomplishes this task. Figure §

shows a typical waveform seen at the far end of the cable
and the corresponding differential output from the CTI's re-
ceiver.

The transmitter’s output driver is a switching current source
that drives a purely resistive load of 25Q presented by the
coax to produce a voltage swing of approximately 2V. This

OmA

----------------------- == DC LEVEL

RISE TIME

1 o 1 1. | 0

TL/F/8689-7
FIGURE 4. Coax Transmit Waveform

A _TYPICAL 10MB/S SIGNAL SEEN _
AT FAR END OF COAX CABLE

;mﬁ
RECEIVE OUTPUT ——— > B
OF CTl

TL/F/8689-8
FIGURE 5. Oscilloscope Waveforms '
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0 0
TRANSCEIVER TRANSCEIVER
DROP CABLE DROP CABLE
TRANSMITTING RECEIVING
ot MAU MAU I]:[ i
ETHERNET OR CHEAPERNET
MAXIMUM LENGTH COAX CABLE
JITTER I 0.5ns 1.0ns 2.0ns 7.0ns =1.0ns 1.0ns |

TL/F/8689-9

Total Jitter without Noise = 0.5 + 1.0 + 20+ 70— 1.0 + 1.0 = 105ns
Additional Jitter from Noise on Coax Cable = 5.0 ns
Additional Jitter from Noise on Drop Cables = 1.0 ns

!

Total System Jitter = 16.5 ns’

SAMPLING POINT l

i %0“?.0‘0.0‘0'0"’0‘0’0’

i\

W

100ns

L
R

THRESHOLD AITYTITXXIXIN) PN NI
PN I N
//ifufttt.%fm\\ //).iﬂMfﬂfh\\\ //ifwfufv.'.»f\\
16.5ns le—st«—s] 16.5ns

i
i
AL - -

TL/F/8689-10

FIGURE 6. Typical Signal Waveform at SNI's Input

In addition to the equalizer, an AC/DC squelch circuit at the
coax input prevents noise on the cable from falsely trigger-
ing the receiver in the absence of a valid signal. The Re-
ceive differential line from the CTI should be isolated before
it reaches the SNI for Manchester decoding. This signal now
could have accumulated as much as +16.5 ns of jitter. Fig-
ure 6 illustrates the jitter allocations for different network
components and a typical signal waveform at the SNI's in-
put. The digital phase-locked loop of the SNI can decode
Manchester data with up to £20 ns of random jitter which
provides enough margin for implementation.

The SNI converts the Manchester received packet to NRZ
data and clock pulses and sends them to the controller.
Upon reception, the NIC checks the destination address,
and if it is valid, verifies the CRC with the one generated on
board and stores the packet in the local buffer memory. The
packet is then moved to the host by the NIC, and when this
is completed the buffer area is reclaimed for storing new
packets. If a collision occurs during this transfer process,
the CTI will detect it by sensing the average DC level on the
coax and will send a 10 MHz collision signal to the SNI. The
SNI will translate this information to the controller in TTL
form, and the transmitting controllers will backoff for differ-
ent times and retransmit later. Also in case of illegally long
packets (longer than 20 ms), a jabber timer in the CTI will
disable the coax driver so that the “jabbering” station will
not bring down the entire network. The collision pair is acti-
vated in this case to inform the controller of the faulty condi-
tion. After the fault is removed, the jabber timer holds for
500 ms before re-enabling the coax driver.

COLLISION DETECTION SCHEMES

There are four different collision detection schemes that
can be implemented with the CTI; receive, transmit, transhy-
brid, and hybrid modes. The IEEE 802.3 standard allows the
use of receive, transmit, and transhybrid modes for non-re-
peater nodes for both Ethernet and Cheapernet applica-
tions. Repeaters are required to have the receive mode im-
plementation. Moreover in Cheapernet, where the AUI cable
is not exposed, the collision detection scheme can be tai-
lored to the user’s needs; in this case the hybrid mode can
also be used. These different modes are defined as follows:
RECEIVE MODE: Detects a collision between any two
stations on the network with certainty at all times.
TRANSMIT MODE: Detects collisions with certainty only
when the station is transmitting.
TRANSHYBRID MODE: Same as transmit mode except
uses a signal cancellation technique.
HYBRID MODE: Detects any carrier other than the sta-
tion’s own transmission. Signal cancellation is used.
RECEIVE MODE: The receive mode scheme has a very
simple truth table; however, the tight threshold limits make
the design of it difficult. The threshold in this case has to be
between the maximum DC level of one station (—1300 mV)
and the minimum DC level of two far end stations
(—1581 mV). Several factors such as the termination resis-
tor variation, coax center conductor resistance, driver cur-
rent level variation, signal skew, and input bias current of
non-transmitting nodes contribute to this tight margin. On
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Truth Table for Various Collision Detection Schemes

Mode Receive Transmit | Transhybrid Hybrid
No.of Stations |0 [1]|2|>2|0|1|2]|>2]0]|1[2|>2[0|1]|2]>2
Transmitting NIN|Y[ YIN|NJY|] YIN|IN[Y[ Y[N[N|Y
Non-Transmitting |[N[N|Y| Y[N[N[M| Y|[N|N{M| Y[N|Y]|Y

Y = It will detect a collision,

top of the —1300 mV minimum level, the impulse response
of the internal low pass filter has to be added. The CTI
incorporates a 4 pole Bessel filter in combination with a
trimmed on board bandgap reference to provide this mode
of collision detection. However it would be difficult in receive
mode to extend the cable length beyond the limits of the
standard. It is also argued that it is not necessary for non-re-
peater nodes to detect collisions between other stations.
This brings us to transmit mode.

TRANSMIT MODE: In this case collisions have to be de-
tected with certainty only when the station is transmitting.
Thus, collisions caused by two other nodes may or may not
be detected. This feature relaxes the upper limit of the
threshold from —1581 mV to —1782 mV. As a result of this,
longer cable segments can be used. With the CTl, a resistor
divider can be used at the Collision Detect Sense pin (CDS)
to lower the threshold from receive to transmit mode. Typi-
cal resistor values can be 1200 from CDS to GND and 10k
from CDS to Vgg (This moves the threshold by about —100
mV).

TRANSHYBRID MODE: This mode has exactly the same
truth table as transmit mode. However, during transmission
collisions are detected by a cancellation technique. This
provides more margin and makes it more reliable than the
transmit mode. It also allows for longer cable lengths than
the transmit mode.

HYBRID MODE: This mode is basically a “carrier sense”
when the station is not transmitting. However, during trans-
mission it is the same as the Transhybrid mode—it cancels
its own DC level to detect any other carrier on line. This is
by far the most robust option—the cable length can be ex-
tended to almost twice the value specified in the standard, it
is easy to implement, and it's reliable.

The DP8393-multimode CTl is needed to implement the hy-
brid and the transhybrid options.

IMPLEMENTING A 10 BASES (ETHERNET) MAU WITH
THE DP8392

The CTI provides all the MAU (transceiver) functions except
for signal and power isolation. Signal isolation can easily be
provided by a set of three pulse transformers that come in a
single Dual-in-Line package. These are available from trans-
former vendors such as Pulse Engineering (PE64103) and
Valor (LT1101). However, for the power isolation a DC to
DC converter is required. The CTI requires a single —9
(£5%) volt supply. This power has to be derived from the
power pair of the drop cable which is capable of providing
500 mA in the 12 (—6%) to 15 (+5%) volt range. The low
supply current of the CTI makes the design of the DC to DC
converter quite easy. Such converters are being developed
in hybrid packages by transformer manufacturers (Pulse En-
gineering PE64430 and Reliability Inc. 2E12R89). They pro-
vide the necessary voltage isolation and the output regula-
tion. One can also build a simple DC to DC converter with a

N = It will not detect a collision,

M = It may detect a collision

two transistor self oscillating primary circuit and some regu-
lation on the secondary as shown in Figure 7.

Several areas of the PC board layout require special care.
The most critical of these is for the coax connection. Ether-
net requires that the CTl capacitance be less than 2 pF on
the coax with another 2 pF allocated for the tap mechanism.
The Receive Input (RX]) and the Transmit Output (TXO)
lines should be kept to an absolute minimum by mounting
the CTI very close to the center pin of the tap. Also, for the
external diode at TXO (see Figure 8), the designer must
minimize any stray capacitance, particularly on the anode
side of the diode. To do this, all metal lines, especially the
ground and Vgg planes, should be kept as far as possible
from the RXI and TXO lines.

In order to meet the stringent capacitive loading require-
ments on the coax, it is imperative that the CT| be directly
soldered to the PC board without a socket. A special lead
frame in the CTI package allows direct conduction of heat
from the die through these leads to the PC board, thus re-
ducing the operating die temperature significantly. For good
heat conduction the Vgg pins (4, 5 and 13) should be con-
nected to large metal traces or planes.

A separate voltage sense pin (CDS) is provided for accurate
detection of collision levels on the coax. In receive mode,
where the threshold margin is tight, this pin should be inde-
pendently attached to the coax shield to minimize errors
due to ground drops. A resistor divider network at this pin
can be used for transmit mode operation as described earli-
er.

The differential transmit pair from the DTE should be termi-
nated with a 780 differential resistive load. By splitting the
termination resistor into two equal values and capacitively
AC grounding the center node, the common mode imped-
ance is reduced to about 209, which helps to attenuate
common mode transients.

To drive the 78Q differential line with sufficient voltage
swings, the CTl’s collision and receive drivers need external
5009 resistors to Vgg. By using external resistors, the pow-
er dissipation of the chip is reduced, enhancing long term
reliability. The only precision component required for the
CTlis one 1k 1% resistor. This resistor sets many important
parameters of the chip such as the coax driving levels, out-
put rise and fall times, 10 MHz collision oscillator frequency,
jabber timing, and receiver AC squelch timing. it should be
connected between pins 11 (RR+) and 12 (RR—).

The DP8392 features a heartbeat function which can be
externally disabled using pin 9. This function activates the
collision output for a short time (10 +5 bit cells) at the end
of every transmission. It is used to ensure the controller that
the collision circuitry is intact and properly functioning. Pin 9
enables CD Heartbeat when grounded, and disables it when
connected to VEg.
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The IEEE 802.3 standard requires a static discharge path to
be provided between the shield of the coax cable and the
DTE ground via a 1 MQ, 0.25W resistor. The standard also
requires the MAU to have low susceptibility levels to electro-
magnetic interference. A 0.01 uF capacitor will provide a
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FIGURE 7. A Simple Low Cost DC to DC Converter

" sufficient AC discharge path from the coaxial cable shield to

the DTE ground. The individual shields should also be ca-
pacitively coupled to the Voltage Common in MAU. A typical
Ethernet MAU connection diagram using the CTl in receive
mode with the CD Heartbeat enabled is shown in Figure 8.
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CHEAPERNET APPLICATION WITH
THE DP8391 AND DP8392

The pin assignment of both the CTI and the SNI are de-
signed to minimize the crossover of any printed circuit
traces. Some of the components needed for an Ethernet
like interface are not needed for Cheapernet. For instance,
Cheapernet's relaxed load capacitance (8 pF, compared
with 4 pF for Ethernet) obviates the need for an external
capacitance isolation diode at TXO. Also, since the trans-
ceiver drop cable is not used in Cheapernet, there's no
need for the 780 termination resistors. Moreover, without
the 78Q loading on the differential outputs, the pulldown
resistors for both the CTI's collision and receive drivers and
the SNI's transmit driver can be larger to save power. These
resistors can be 1.5k instead of 5009 for the CTI and 5000
instead of 270Q for the SNI.

The 20 MHz crystal connection to the SNI requires special
care. The IEEE 802.3 standard requires a 0.01% absolute
accuracy on the transmitted signal frequency. An external
capacitor between the X1 and X2 pins is normally needed to
get the required frequency range. Section 3.1 of the data
sheet describes how to choose the value of this capacitor.

The SNI also provides loopback capability for fault diagno-
sis. In this mode, the Manchester encoded data is internally
diverted to the decoder input and sent back to the control-
ler. Thus both the encoding and the decoding circuits are
tested. The transmit differential output driver and the differ-
ential input receiver circuits are disabled during loopback.
This mode can be enabled by a TTL active high input at pin
7.

Two different modes, half step and full step, can be select-
ed at the SNI's transmit output. The standards require half
step mode of operation, where the output goes to differen-
tial zero during idle to eliminate large idle currents through
the pulse transformers. On the other hand, the differential
output remains in a fixed state during idle in full step mode.
The SNI thus can be used with transceivers which work in
either mode. The two different medes can be selected with
a TTL input at pin 5.

Figure 9 shows a typical Cheapernet connection diagram
using the DP8391 and the DP8392.
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FIGURE 9. Cheapernet Connection Diagram

The power isolation is similar here as in the Ethernet appli-
cation, except the DC input is now usually 5V instead of
12V. Hybrid DC to DC converters are also being developed

for this application (Ex: Pulse Engineering PE64381). Figure
70 shows a discrete implementation with 5V input and —9V
output.
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DP8390 Network Interface
Controller: An Introductory
Guide

OVERVIEW

A general description of the DP8390 Network Interface Con-
troller (NIC) is given in this application note. The emphasis
is placed on how it operates, and how it can be used. This
description should be read in conjunction with the DP8390
data sheet.

1.0 INTRODUCTION

The DP8390 Network Interface Controller provides all the
Media Access Control layer functions required for transmis-
sion and reception of packsts in accordance with the IEEE
802.3 CSMA/CD standard. The controller was designed to
act as an advanced peripheral and serve as a complete
interface between the system and the network. The on-
board FIFO and DMA channels work together to form a
straight-forward packet management scheme, providing (lo-
cal) DMA transfers at up to 10 megabytes per second while
tolerating typical bus latencies.

A second set of DMA channels (remote DMA) is provided
on chip, and is integrated into the packet management
scheme to aid in the system interface. The DP8390 was
designed with the popular 8, 16 and 32 bit microprocessors
in mind, and gives system designers several architectural
options. The NIC is fabricated using National Semiconduc-
tor's double metal 2 micron microCMOS process, yielding
high speed with very low power dissipation.

2.0 METHOD OF OPERATION

The NIC is used as a standard peripheral device and is con-
trolled through an array of on-chip registers. These registers
are used during initialization, packet transmission and re-
ception, and remote DMA operations. At initialization, the
physical address and multicast filters are set, the receiver,
transmitter and data paths are configured, the DMA chan-
nels are prepared, and the appropriate interrupts are
masked. The Command Register (CR) is used to initiate
transmission and remote DMA operations.

National Semiconductor
Application Note 475

Upon packet reception, end of packet transmission, remote
DMA completion or error conditions, an interrupt is generat-
ed to indicate that an action should be taken. The proces-
sor's interrupt driven routine then reads the Interrupt Status
Register (ISR) to determine the type of interrupt that oc-
curred, and performs the appropriate actions.

3.0 PACKET TRANSMISSION

The NIC transmits packets in accordance with the CSMA/
CD protocol, scheduling retransmission of packets up to 15
times on collisions according to the truncated binary expo-
nential backoff algorithm. No additional processor interven-
tion is required once the transmit command is given.

DESTINATION ADDRESS 6 BYTES
SOURCE ADDRESS 6 BYTES
Tx Bﬁsggg’:') TYPE LENGTH 2 BYTES
DATA 2 46 BYTES
" "PAD (IF DATA < 46 BYTES)

TL/F/9141-1
FIGURE 1. Transmit Packet Format

3.1 Transmission Setup

After a packet that conforms to the |IEEE 820.3 specification
is set up in memory, with 6 bytes of the destination address,
followed by 6 bytes of the source address, followed by the
data byte count and the data, it is ready for transmission
(see Figure 1). To transmit a packet, the NIC is given the
starting address of the packet (TPSR), the length of the
packet (TPCRO, TBCR1), and then the PTX (transmit pack-
et) bit of the Command Register is set to initiate the trans-
mission (see Figure 2).

TRANSMIT
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FIGURE 2. Packet Transmission
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3.2 Transmission Process

Once the transmit command is given, if no reception is in
progress, the transmit prefetch begins. The high speed local
DMA channel bursts data into the NIC's FIFO. After the first
DMA transfer of the prefetch burst, if no carrier is present on
the network, and the NIC is not deferring, the TXE (transmit
enable) signal is asserted and the transmission begins. Af-
ter the 62 bits of preamble (alternating ONEs and ZEROs)
and the start of frame delimiter (two ONES) are sent out, the
data in the FIFO is serialized, and sent out as NRZ data (pin
TxD) with a clock (TxC), while the CRC is calculated. When
the FIFO reaches a threshold (X bytes empty) a new DMA
burst is initiated. This process continues until the byte count
reaches zero. After the last byte is serialized, the four bytes
of the calculated CRC are serialized and appended to com-
plete the packet.

Should a collision occur, the current transmission stops, a
jam sequence (32 Ones) transmitted (to ensure that every
node senses a collision), and a retransmission of the packet
is scheduled according to the truncated Binary Exponential
Backoff Routine.

3.3 Transmission Status

After the transmission is complete, an interrupt is generated
and either the PTX bit (complete packet transmitted) or the
TXE bit (packet transmission aborted) of the ISR (Interrupt
Status Register) is set. The interrupt driven routine then

‘reads the TSR to find out details of the transmission. If the

PTX bit is set, the TSR can reveal if a carrier was present
when the transmission was initiated (DFR), if the carrier was
lost during the transmission (CRS—this would point to a
short somewhere on the network), if the collision detect cir-
cuitry is working properly (CDH), and if collision occurred
(COL). Whenever a collision is encountered during transmis-
sion, the collision count register (NCR) is incremented.
Should a collision occur outside the 512 bit window (slot
time), the OWC (Out of Window Collision) bit of the TSR is
set.

The TXE bit of the ISR is set if 16 collisions or a FIFO
underrun occurs. If the transmission is aborted due to 16
collisions, the ABT bit of the TSR is set. (If this occurs it is
likely that there is an open somewhere on the network.) If
the local DMA channel can not fill the FIFO faster than data
is sent to the network, the FU bit (FIFO Underrun) of the
TSR is set and the transmission is also aborted. This is a
result of a system bandwidth problem and points to a sys-
tem design flaw. System bandwidth considerations are dis-
cussed further in Section 5.1.3. :

4.0 PACKET RECEPTION

The bus topology used in CSMA/CD networks allows every
node to receive every packet transmitted on the network.
The receive filters determine which packets will be buffered
to memory. Since every packet is not of interest, only pack-
ets having a destination address that passes the node's
receive filters will be transferred into memory. The NIC of-
fers many options for the receive filters and implements a
complete packet management scheme for storage of in-
coming packets.

4.1 Reception Process

When a carrier is first sensed on the network (i.e. CRS sig-
nal is active), the controller sees the alternating ONE -
ZERO preamble and begins checking for two consecutive
ONESs, denoting the start of frame delimiter (SFD). Once the
SFD is detected, the serial stream of data is deserialized
and pushed into the FIFO, a byte at a time. As the data is
being transferred into the FIFO, the first six bytes are
checked against the receive address filters. If an address
match occurs, the packet is DMAed from the FIFO into the
receive buffer ring. If the address does not match, the pack-
et is not buffered and the FIFO is reset.

Each time the FIFO threshold is reached, a DMA burst be-
gins and continues for the proper number of transfers. DMA
bursts continue until the end of the packet (Section 5.1.2).
At the end of a reception, the NIC prepares for an immedi-
ate reception while writing the status of the previous recep-
tion to memory. An interrupt is issued to indicate that a
packet was received, and is ready to be processed.

The CRC generator is free running and is reset whenever
the SFD is detected. At every byte boundary the calculated
value of the CRC is compared with the last four received
bytes. When the CRS signal goes LOW, denoting the end of
a packet, if the calculated CRC matches the received CRC
on the last byte boundary, the packet is a good packet and
is accepted. However, if the calculated and received CRCs
do not match on the last byte boundary before CRS goes
LOW, a CRC error is flagged (CRC bit of RSR set) and the
packet is rejected, i.e. the receive buffer ring pointer
(CURRY) is not updated (Section 4.5). If the CRS signal does
not go LOW on a byte boundary and a CRC error occurs,
the incoming packet is misaligned, and a frame alignment
error is flagged (FAE bit of RSR set). Frame alignment er-
rors only occur with CRC errors.

4.2 Address Matches

The first bit received after the SFD indicates whether the
incoming packet has a physical or multicast address. A
ZERO indicates a physical address, that is, a unique map-
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FIGURE 3. Packet Reception




ping between the received address and the node's 48 bit
physical address as programmed at intialization (PARO—
PARS5). A ONE indicates a multicast address, meaning a
packet intended for more than one node.

Multicast addressing is useful where one node needs to
send a packet to multiple nodes, as in a query command.
Multicast addressing provides a very fast way to perform
address filtering in realtime, by using an on-chip hashing
table. A hashing algorithm based on the CRC is used to map
the multicast address into the 64 bit Multicast Address Filter
(MAFO0-7).

After the CRC has been calculated on the destination ad-
dress, the upper six bits of the CRC are used as an index
into the Multicast Address Filter (MAF). If the selected filter
bit is ONE, the packet is accepted, if the MAF bit is ZERO
the packet is not accepted.

A special multicast address is the broadcast address, which
denotes a packet intended to be received by all nodes. The
broadcast packet has an address of all ONEs (this address
also maps into a bit in the MAF).

The DP8390 also provides the ability to accept all packets
on the network with a physical address. Promiscuous mode
causes any packet with a physical address to be buffered
into memory. To receive all multicast packets it is nesessary
to set all of the MAF bits to ONE.

4.3 Network Statistics

Three eight bit counters are provided for monitoring receive
packet errors. After an address match occurs if a Frame
Alignment or CRC error occurs, or if a packet is lost due to
insufficient buffer resources (see below), the appropriate
counter is incremented. These counters are cleared when
read. The counters trigger an interrupt when they reach a
value of 128 (if not masked) to force the processor to read
(and thus clear) their contents. The counters have a maxi-
mum value of 192, providing a large latency between when
the interrupt is asserted and when the counter overflows.
When a CNT interrupt occurs, all three tally counters should
be read and added into larger counters maintained by the
processor.

4.4 Setting the Receive Configuration Register

The Receive Configuration Register (RCR) is used in con-
junction with the physical and multicast addresses to deter-
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mine which packets should be accepted and placed in the
receive buffer ring. The RCR is initialized to accept physical,
multicast and/or broadcast packets, or alternatively to place
the receiver in promiscuous mode to accept all packets with
a physical address. If the MON bit of the RCR is set, placing
the receiver in monitor mode, the receiver still checks the
addresses of incoming packets according to the set up ad-
dress filter, and network statistics are still gathered, but
packets are not buffered into memory.

The minimum packet size in standard 802.3 networks is 64
bytes long. Packets less than 64 bytes are considered runt
packets and are normally rejected. However, in some appli-
cations it may be desirable to accept such packets. By set-
ting the AR bit of the RCR, runt packets are accepted.

For diagnostic purposes it may be desirable to examine er-
rored packets, and not overwrite them with good packets as
is done in normal operation. By setting the SEP bit of the
RCR, errored packets are saved and their status is written
to memory.

4.5 Recelve Buffer Ring

As packets are received they are placed into the receive
buffer ring, and as they are processed they are removed
from this ring. At initialization, an area of memory is allocat-
ed to act as the receive buffer ring, and the NIC's buffer
management scheme then makes efficient use of this mem-
ory. The efficiency is helped significantly because the ring
pointers are contained on chip, and the DMA channels can
work at up to a 10 Mbyte/sec transfer rate. A second DMA
channel, the remote DMA channel, is available for transfer-
ring packets out of the receive buffer ring.

The employed buffer management scheme effectively
works as a large packet FIFO. This buffer management
scheme is very appropriate for most networking applications
because packets are generally processed in the order they
are received.

Four pointers are used to control the ring; the (1) page start
(PSTART) and (2) page stop (PSTOP) pointers to determine
the size of the buffer ring, the (3) current page (CURR)
pointer, to determine where the next packet will be loaded,
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FIGURE 4. The Receive Buffer
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FIGURE 5. Recelve Packet Buffering

and the (4) boundary (BNRY) pointer, to show where the
next packet to be unloaded (or processed) lies. As packets
are received, the boundary pointer follows the current page
pointer around the ring. The page start and stop pointers
remain unchanged during operation.

The receive buffer ring is divided into 256 byte buffers, and
these buffers are linked together as required by the re-
ceived packets (see Figure 4). Up to 256 of these buffers
can be linked together in the receive buffer ring, yielding a
maximum buffer size of 64K bytes. Since all NIC registers
are 8 bits wide, the ring pointers refer to 256 byte bounda-
ries within a 64K byte space.

At initialization, PSTART register is loaded with the begin-
ning page address of the ring, and PSTOP is loaded with the
ending page address of the ring.

On a valid reception, the packet is placed in the ring at the
page pointed to by CURR plus a 4 byte offset (see Figure 5).
The packet is transferred to the ring, a DMA burst at a time.
When necessary, buffers are automatically linked together,
until the complete packet is received. The last and first buff-
ers of the ring buffer are linked just as the first and seconds
buffers. At the end of a reception, the status from

|
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FIGURE 6. Packet Rejection

the Receive Status Register (RSR), a pointer to the next
packet, and the byte count of the current packet are written
into the 4 byte offset.

If a receive error occurs (FAE, CRC) CURR is not updated
at the end of a reception, so the next packet received over-
writes the bad packet (see Figure 6). This feature can be
disabled (by setting the save errored packet (SEP) bit in the
RCR) to allow examination of errored packets.

At receiving nodes, collision fragments may be seen as runt
packets. A runt packet is a packet less than 64 bytes (512
bits) long, and since a collision must occur in the first 512 bit
times, the packet will be truncated to less than 64 bytes.
After runt packets are received, the CURR is not updated,
so the next packet received will overwrite the runt packet.
This standard feature can also be suppressed by setting the
AR bit in the TCR. This is useful when it is desirable to
examine collision fragments, and in non-standard applica-
tions where smaller packets are desirable.

Once packets are in the receive ring they must be process-
ed. However, the amount of processing that occurs while
the packet is in the buffer ring varies according to the imple-
mentation. As packets are removed from the buffer ring, the
boundary pointer (BNRY) must be updated. The BNRY al-
ways follows CURR around the ring (see Figure 7).
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FIGURE 7. Removing Packets From Receive Buffer Ring
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If the current local DMA address ever reaches BNRY, the
ring is full. In this case, the current and any additional recep-
tions are aborted and tallied until the BNRY pointer is updat-
ed. Packets already present in the ring will not be overwrit-
ten (see Figure 8). All missed packets will increment the
missed packet tally counter. When enough memory is allo-
cated for the receive buffer ring, the overwrite warning (set-
ting of the OVW bit of the ISR) should seldom occur.
2ND PACKET

1

%

18T PACKET

RECEPTION
ABORTED BY
NIC — OVFLW

BOUNDARY
POINTER

TL/F/9141-9
FIGURE 8. Receive Buffer Ring Overwrite Protection

A second set of DMA channels has been included on the
DP8390 to aid in the transfer of packets out of the buffer
ring. These Remote DMA channels can work in close co-op-
eration with the receive buffer ring to provide a very effec-
tive system interface (§7).

If the BNRY is placed outside of the buffer ring, no overwrite
protection will be present, and incoming packets may over-
write packets that have not been processed. This may be
useful when evaluating the DP8390, but in normal operation
it is not recommended.

When the CURR and BNRY pointers are equal, the buffer
ring can either be completely empty or completely full. To
ensure that the NIC does not misinterpret this condition, it is
necessary to guarantee that the value of the BNRY pointer
does not equal the value of the CURR pointer. It is recom-
mended that the BNRY pointer be kept one less than CURR
pointer when the ring is empty, and only be equal to CURR
when the ring is full, as shown below.
1. Use a variable (NXTPKT) to indicate from where the next

packet will be removed (possibly using Remote DMA)
2. At initialization set:

BNRY = PSTART

CURR = PSTART + 1

NXTPKT = PSTART + 1

3. After each packet is removed from the ring, use the next
packet pointer in the header information (the second byte
of the header), HNXTPKT, and set:

NXTPKT = HNXTPKT
BNRY = HNXTPKT — 1
If BNRY < PSTART then BNRY = PSTOP — 1

The above procedure is not necessary if the Send Packet
Command is used to remove packets from the ring as ex-
plained in section 7.

5.0 SYSTEM/NETWORK INTERFACE

The DP8390 offers considerable flexibility when designing a
system/network interface. This flexibility allows the design-
er to choose the appropriate price/performance combina-
tion while easing the actual design process.

5.1 Interfacing Consliderations

Several features have been included on the NIC to allow it
to easily be integrated into many systems. The size of the
data paths, the byte ordering, and the bus latencies are all
programmable. In addition, the clock the DMA channels use
is not coupled to the network clock, so the NIC's DMA can
easily be integrated into memory systems.

5.1.1 Data Path

The NIC can interface with 8, 16, and 32 bit microproces-
sors. The data paths are configurable for both byte- wide
and word-wide transfers (bit WTS in DCR). When in word-
wide mode, the byte ordering is programmable to accommo-
date both popular byte ordering schemes. All NIC registers
are 8 bits wide to allow 8, 16 and 32 bit processors to ac-
cess them with no additional hardware. If the NIC's 16 ad-
dress lines (64K bytes) do not provide an adequate address
space, the two DMA channels can be concatenated to form
a 32 bit DMA address (bit LAS in DCR).

5.1.2 Local DMA

The DMA transfers between the FIFO and memory during
transmission and reception occur in bursts. The bursts be-
gin when the FIFO threshold is reached. Since only a single
FIFO is required (because a node cannot receive and trans-
mit simultaneously), the threshold takes on different mean-
ings during transmission and reception. During reception the
FIFO threshold refers to the number of bytes in the FIFO.
During transmission the FIFO threshold refers to the num-
ber of empty bytes in the FIFO (16 - # bytes in FIFO). The
FIFO threshold is set to 2, 4, 8 or 12 bytes (1, 2, 4 or 6
words) in the DCR (bits FTO, FT1). -

The number of transfers that occur in a burst depends on
whether the Exact Transfer or Empty/Fill mode is used (bit
BMS in DCR). When in Exact Transfer mode, a number of
bytes/words equal to the FIFO threshold will be transferred
in each burst. The Empty/Fill mode continues the transfers
until the FIFO is empty, during receptions, and full, during
transmissions (see Figure 8). :

BREQ

—/
BACK /

ADO=15 e WORDT W WORD2 Y .

n
W

. X woroN )

ONE BURST

TL/F/9141-10

whereN = 1,2,4 or 6 Words or N = 2, 4, 8, or 12 Bytes when in byte mode
FIGURE 8. Local DMA Burst
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Before a burst can begin, the NIC must first arbitrate to
become master of the bus. It requests the bus by activating
the BREQ signal and waiting for acknowledgment with the
BACK signal. Once the NIC becomes the master of the bus,
the byte/word transfers may begin. The frequency of the
DMA clock is not related to the network clock, and can be
input (pin 25) as any frequency up to 20 MHz. For 10 Mbit/
sec networks the DMA clock can be as slow as 6 MHz. This
allows tailoring of the DMA channel, to the system. The lo-
cal DMA channel can burst data into and out of the FIFO at
up to 10 Mbyte/sec (8X the speed of standard Ethernet).
This means that during transmission or reception the net-
work interface could require as little as one elghth of the bus
bandwidth.

5.1.3 Bus Analysis

Two parameters useful in analysis of bus systems are the
Bus Latency and the Bus Utilization. The Bus Latency is the
maximum time between the NIC assertion of BREQ and the
system granting of BACK. This is of importance because of
the finite size of the NIC's internal FIFO. If the bus latency
becomes too great, the FIFO overflows during reception
(FIFO overrun error), and becomes empty during transmis-
sion (FIFO underrun error). Both conditions result in an error
that aborts the reception or transmission. In a well designed
system these errors should never occur. The Bus Utilization
is the fraction of time the NIC is the master of the bus. It is
desirable to minimize the time the NIC occupies the bus, in
order to maximize its use by the rest of the system. When
designing a system it is necessary to guarantee the NIC a
certain Bus Latency, and it is desirable to minimize the Bus
Utilization required by the NIC.

Associated with each DMA burst is a DMA set up and recov-
ery time. When a packet is being transferred either to or
from memory it will be transferred in a series of bursts. If
more byte/word transfers are accomplished in each burst,
fewer bursts are required to transfer the complete packet,
and less time is spent on DMA set up and recovery. Thus,
when longer bursts are used, less bus bandwidth is required
to complete the same packet transfer.

The Empty(/Fill) mode guarantees longer bursts because
as the byte/word transfers are taking place, serialized data
is still filling(/emptying) the FIFO, and these additional
bytes/words must also be transferred out of(/into) the
FIFO. The least NIC bus utilization occurs when the bursts
are as long as possible. This occurs when the threshold is
as high as possible, and Empty/Fill mode is used. The de-
termination of the threshold is related to the maximum bus
latency the system can guarantee the NIC.

If the NIC is required to guarantee other devices a certain
bus latency, it can only remain master of the bus for a cer-
tain amount of time. In this case, the Exact Transfer burst
mode is desirable because the NIC only remains master of
the bus for a certain amount of time.

6.0 INTERFACE OPTIONS

The network interface can be incorporated into systems in
several ways. The network interface can be controlled by
either a system processor or a dedicated processor, and
can utilize either system memory or buffer memory. This
section covers the basic interface architectures.

6.1 Single Bus System

The least complex implementation places the NIC on the
same bus as the processor (see Figure 10). The DP8390
acts as both a master and a slave on this bus; a master
during DMA bursts, and a slave during NIC register access-
es. This architecture is commonly seen on motherboards in
personal computers and low cost workstations, but until re-
cently without an integrated network interface. A major is-
sue in such designs is the bus bandwidth for use by the
processor. The DP8390 is particularly suitable for such ap-
plications because of its bus utilization characteristics. Dur-
ing transmissions and receptions, the only time the NIC be-
comes a bus master, the DP8390 can require as little as
one- eighth the bus bandwidth. In addition, the previously
mentioned bus tailoring features, ease its integration into
such systems.

PROCESSOR N
, —  omw
MenorY | | THER,

TL/F/9141-11
FIGURE 10. Single Bus Configuration

The design must only be able to guarantee the NIC a maxi-
mum bus latency (< 9 us for 10 Mbit/s networks), because
of the finite size of the on-chip FIFO. In bus systems where
the NIC is the highest priority device, this should present no
problem. However, if the bus contains other devices such as
Disk, DMA and Graphic controllers that require the bus for
more than 10 us during high priority or real time activities,
meeting this maximum bus latency criteria could present a
problem.

Likewise, many existing single bus systems make no provi-
sion for external devices to become bus masters, and if they
do, it is only under several restrictions. In such cases, an
interface without the mentioned bus latency restrictions is
highly desirable.
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6.2 Dual Port Memory

One popular method of increasing the apparent bus latency
of an interface, has the added effect of shielding the system
bus from the high priority network bandwidth. In this applica-
tion, the Dual Port Memory (DPM) allows the system bus to
access the memory through one port, while the network in-
terface accesses it through the other port. In this way, all of
the high priority network bandwidth is localized on a dedicat-
ed bus, with little effect on the system bus (see Figure 11).

PROCESSOR
orM — NC
DMA
—1  omHER
MEMORY il

TL/F/9141-12
FIGURE 11. DPM Configuration

Dual Port Memories are typically smaller than the main
memory and little, if any, processing can occur while the
packets are in the DPM. Therefore, the processor (or if
available, DMA controller) must transfer data between the
DPM and the main memory before beginning packet pro-
cessing. In this example, the DPM acts as a large packet
FIFO.

Such configurations provide workable solutions, however,
Dual Port Memories are inherently expensive. Aside from
the extra complexity of the software, DPM contention logic
is expensive, and dedicated DPM chips provide only 1k of
memory and cost as much as advanced VLSI devices. In
addition, some systems do not contain additional memory
for such memory mapped interfaces.

6.3 Dual Pbrt Memory Equivalent

The functional equivalent of a Dual Port Memory implemen-
tation can be realized for low cost with the DP8390. This
configuration makes use of the NIC's Remote DMA capabili-
ties and requires only a buffer memory, and a bidirectional
170 port (see Figure 12). The complete network interface,
with 8k x 8 of buffer memory, easily fits onto a half size IBM-
PC card (as in the Network Interface Adapter, NIA, for the
IBM-PC.)

PROCESSOR NI
DMA BUFFER
MEMORY
=] BI-DIRECTIONAL
MEMORY | | 1/0 FORT

TL/F/9141-13
FIGURE 12. DPM Equivalent Configuration

The high priority network bandwidth is decoupled from the
system bus, and the system interracts with the buffer mem-
ory using a lower priority bi-directional I/0 port. For exam-
ple, when a packet is received the local DMA channel trans-
fers it into the buffer memory, part of which has been config-
ured as the receive buffer ring. The remote DMA channel
then transfers the packet on a byte by byte (or word by
word) basis to the 1/0 port. At this point, as in the previous
example, the processor (or if available, DMA channel),
through a completely asynchronous protocol, transfers the
packet into the main memory.

6.4 Dual Processor Configuration

For higher performance applications, it is desirable to off-
load the lower-level packet processing functions from the
main system (see Figure 11). A processor placed on a local
bus with the NIC, memory and a bi-directional 170 port could
accomplish these lower-level tasks, and communicate with
the system processor through a higher level protocol. This
processor could be responsible for sending acknowledge-
ment packets, establishing and breaking logical links, as-
sembling and disassembling files, executing remote proce-
dure calls, etc.

PROCESSOR
NIC
[~ | BI=DIRECTIONAL]
MEMORY 1/0 PORT HOST

TLIF/9141-14
FIGURE 13. Dual Processor Configuration
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7.0 REMOTE DMA

A second set of DMA channels is built into the DP8390 to
aid in the system integration (as discussed above). Using a
simple asynchronous protocol, the Remote DMA channels
are used to transfer data between dedicated network mem-
ory, and common system memory. In normal operation, the
remote DMA channels transfer data between the network
memory and an 1/0 port, and the system transfers between
the 1/0 port and the system memory. The system transfers
are typically accomplished using either the processor, or a
DMA controller.

The Remote DMA channels work in both directions; pending
transmission packets are transferred into the network mem-
ory, and received packets are transferred out of the network
memory. Transfers into the network memory are known as
remote write operations, and transfers out of the network
memory are known as remote read operations. A special
remote read operation, send packet, automatically removes
the next packet from the receive buffer ring.

7.1 Performing Remote DMA Operations

Before beginning a remote DMA operation, the controller
must be informed of the network memory it will be using.

Both the starting address (RSARO,1) and length (RBCRO,1)
are set before initiating the remote DMA operation. The re-
mote DMA operation begins by setting the appropriate bits
in the Command Register (RDO-RD3). When the remote
DMA operation is complete (all of the bytes transferred), the
RDC bit (Remote DMA Complete) in the ISR (Interrupt
Status Register) is set and the processor receives an inter-
rupt, whereupon it takes the appropriate action. When the
Send packet command is used, the controller automatically
loads the starting address, and byte count from the receive
buffer ring for the remote read operation, and upon comple-
tion updates the boundary pointer (BNRY) for the receive
buffer ring. Only one remote DMA operation can be active at
a time.

7.2 Hardware Considerations

The Remote DMA capabilities of the NIC were designed to
require minimal external components and provide a simple
implementation. An eight bit bi-directional port can be imple-
mented using just two 374 latches (see the DP8390
Hardwre Design Guide). All of the control circuitry is provid-
ed on the DP8390. In addition, bus arbitration with the local
DMA is accomplished within the NIC in such a way as to not
lock out other devices on the bus (see the' DP8390 Data-
sheet).
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StarLAN With The DP839EB
Evaluation Board

OVERVIEW

Because of the identical packet structures between Star-
LAN (IEEE 802.3 1base5) and Ethernet (10base5), the
DP8390 Network Interface Controller (NIC) will operate in all
versions of |IEEE 802.3 based networks. To evaluate the
DP8390 in StarLAN applications, the DP839EB Evaluation
Board can be used with a “daughter card” that replaces the
Ethernet/Cheapernet front end with a StarLAN front end.
The StarLAN front end consists of an RS-422/485 type
transceiver and a 1 Mbit/s Manchester encoder/decoder
(ENDEC), as shown below. The 82C550A, manufactured by
Chips and Technology, and the MK5035N, manufactured by
Mostek corporation, can provide the required ENDEC func-
tions for the NIC.

CABLING

Since a significant number of StarLAN networks are expect-
ed to use existing twisted pair telephone wiring, DTEs will be
connected to wall outlets, which in turn, will be connected to
wiring closets where the StarLAN hubs will be located. The
cabling used typically will consist of 26-22 gauge, unshield-
ed twisted pairs with maximum cable length approximately
250 meters (800 ft) from Hub to DTE. If 5 levels of hub are
used, the network may extend up to 2.5 Km.

TRANSCEIVER

The transceiver connects to two twisted pair phone wires,
one for transmit, the other for receive and is isolated by two
pulse transformers. Some pulse transformers also provide
rise time limiting to reduce EMI. The transceiver circuitry is
based on the DS8923 dual receiver/driver combination.
Two of the receivers are used to provide receive and
squelch functions. :

National Semiconductor
Application Note 498
Wesley Lee

RECEIVER/SQUELCH

Since the cabling may be bundled together and routed close
to heavy electrical equipment, squelch circuitry is necessary
to reject signals generated from crosstalk between adjacent
wires and impulse noise from large equipment. Proper noise
immunity may be implemented using a second-order Butter-
worth filter with a 2 MHz cutoff and setting a 600 mV
squelch level. Because RS-422 receivers typically have
200 mV threshold levels, these inputs must be skewed to
600 mV. This may be implemented by using a resistor lad-
der which holds the inputs 600 mV apart (see Squelch Ad-
justment). When an incoming signal exceeds the 600 mV
threshold, the receiver is enabled.

As shown in the Squelch Level Adjustment figure, two re-
ceivers are used for the receive/squelch function. Cne re-
ceiver sets the 600 mV input threshold and is used by the
ENDEC to drive its internal squelch circuitry; the other re-
ceiver presents the actual unskewed data to be decoded.

TRANSMITTER

The transmitter is comprised of one RS-422 driver provided
in the DS8923 dual line driver-receiver package. The driver
is enabled using the external transceiver output of the Man-
chester ENDEC, which is asserted coincident with the first
bit of valid data and is de-asserted two bit times following
the last bit. This allows generation of.the 2-bit idle signal,
marking the end of the packet. '

82C550A INTERFACE TO THE NIC

The 82C550A interfaces to the DP8390 via 5 inverters to
provide the proper polarity of CRS, COL, TXE, RXC, and
LBK. The normal mode (MODE = 1) is selected to allow an
external transceiver to be used. The squelch level input,
/RxDI must be connected to pin 1 of the DS8923 to attain

StarLAN Front End for the DP8390

Isolation Transcelver Block Controller
"--------‘--------: 1Mb/3
L, o ' ENDEC
] [}
RX Palr o | Pass Squelch [——
3 | Filter '
: : <—)] DP8330
— ' ' D NIC
'
X Pair

TL/F/9346-1
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Squelch Level Adjustment

+5Y
A
01 4F 552.2 kQ
RX 4 amng
10005: To Squelch
RX= et

TL/F/9346-2

the proper input threshold (600 mV). The RxDI input con-
tains the actual data to be decoded to NRZ.

During transmission, encoded data comes from the TxDO
output and the external transceiver is enabled by the /TxDO
output. The 1 MHz transmit clock is generated from the
16 MHz on-chip oscillator.

MKS5035N INTERFACE TO THE NIC

The MKS5035N interfaces directly to the NIC when CMODE
is selected high. The MK5035N is functionally similar to the
82C550A; /RC and RD are the squelch and receive data
inputs, and /XEN and XD are the external transceiver en-
able and transmit data outputs. XSEL input has been select-
ed low to allow the use of an 8 MHz crystal.

BUILDING A StarLAN DAUGHTER CARD FOR THE
DP839EB

The DP8391 Serial Network Interface of the DP839EB Eval-
uation Board has been socketed to allow insertion of a Star-
LAN daughter card in its place. Unused pins on the DP8391
have been wired with additional signals that are necessary
for a StarLAN daughter card. The phone jack is connected
to the receiver and transmit pairs. The schematic of a work-
ing daughter card is attached.

Daughter Card Pin Assignment

SNI Socket (U9) Pin Connection

1 coL

2 RXD

3 CRS

4 ' RXC

6 GND

7 ) LBK

10 TXD

11 TXC

12 TXE

13 TX- (Pin 2 of Phone Jack)
14 TX+ (Pin 1 of Phone Jack)
16 /RST

19 +5V

21 L 'RX— (Pin 6 of Phone Jack)
22 RX+ (Pin 3 of Phone Jack)

INSTALLATION OF THE DAUGHTER CARD

Once the daughter.card has been assembled, the DP8391
Serial Network Interface chip (socketed) can be removed
and replaced with the daughter card. Prior to installing the
daughter card, the following jumpers must be removed:
J1C-J7C, J1E-J7E, and JY (alternatively, JB some
DP839EB boards have marked the oscillator jumper as JY
or JB. This jumper lies just above the DP8391). All demo
software that is provided with the DP839EB also works in
StarLAN. The DPB39EB is attached to the StarLAN network
by connecting twisted pair phone cable between the 8-pin
RJ-45 modular jack and the hub. .

StarLAN Daughter Card Installation

Card

StarLAN
Daughter

DP839ER
Evaluation Board

SNI Socket

RJ=45
Phone Jack

TL/F/9346-3
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SUPPORTING DOCUMENTS

The following references can be used to obtain further infor-
mation.

— DP8390N-1 Data Sheet

— Advanced Peripherals IEEE 802.3 Local Area Network
Guide

— DP8390 Data Sheet Addendum, Sept. 1987

— |EEE 802.3 1Base5 (*'StarLAN")

— 82C550A Data Sheet (a product of Chips and Technolo-
gy Inc.)

— MK5035N Data Sheet (a product of Mostek Corporation)

— PT3589 pulse transformer Data Sheet (a product of
VALOR Electronics)

— BH500-1436 pulse transformer Data Sheet (a product of
BH Electronics)

— NP5413 pulse transformer Data Sheet (a product of
Nano Pulse Inc.)

CONSIDERATIONS FOR USING REV. C DP8390N-1

(1) In order for the 4-byte packet header to be properly writ-
ten by the DP8390, the DMA clock to Network clock may
not be greater than 4:1; thus, in StarLAN applications, the
DMA clock may not exceed 4 MHz.

Higher bus clock speeds (up to 8 MHz), however, can be
achieved by manipulating the packet header under software
control. If you are using a DMA clock which is greater than
4 MHz, the DP8390 occasionally copies the Lower Byte
Count into the header twice, and fails to write the Upper
Byte Count. The Upper byte count, however, may be calcu-
lated by subtracting the Next Page Pointer (second byte in
the header) with the Next Page Pointer of the previous
packet. See DP8390 Datasheet Addendum section 3.1.

(2) Due to the asynchronous nature between the local and
remote DMASs, a race condition exists which may cause the
local DMA to use the remote DMA's address counter or vice
versa. This problem is fixed using a DMA clock synchronous
to the transmit clock of the encoder, or a clock derived from
the transmit clock. ’

(3) Because of problem (1) above, the “send packet” com-
mand will not operate at bus clock frequencies above
4 MHz. Instead, use the Remote Read DMA and update
BNDRY under software control. Note that there is a special
consideration for updating BNDRY as specified in section
3.0 of the DP8390 Data Sheet Addendum. BNDRY must
always be kept at least one 256-byte buffer behind the
CURR pointer.

(4) Rev. C parts will be marked as DP8390N-1 and will oper-
ate at a maximum bus clock of 8 MHz.

DAUGHTER CARD PARTS LIST

Resistors
1200 (R3)
5600 (R4)
22K (R1,2)
10 M (R7 or R8)

_- N = -

Capacitors
30 pF (C3)
15 pF (C7,8 0r 15, 16)
0.1 pF (C1,2)
35 uF (C11)

“ NN =

Inductors
40 pH (L1) 1

DAUGHTER CARD PARTS LIST (Continued)
Crystal
8 MHz (for MK5035N) 1
NDK AT-51
16 MHz (for 82C550A)
NDK AT-51
ICs and Other
DS8923 (U2) 1
MM74HC74 (U1) 1
MM74HCO04 (U7) 1
Manchester ENDECs
82C550A (U6) 1
MK5035N
Pulse Transformers
PT3589 1
NP5413
BH500-1436

LIST OF OTHER MANUFACTURERS
MANCHESTER ENCODER/DECODERS

82C550A :

Chips and Technologies

Ken Buntaran, Technical Marketing Engineer
521 Cottonwood Drive

Milpitas, CA 95035

(408) 434-0600

MK5035N

Mostek Corporation
1310 Electronics Drive
Carroliton, TX 75006
(214) 466-6000

PULSE TRANSFORMERS

BH Electronics

John DeCramer, Engineering Manager
604 Michigan Road

Marshall, MN 56258

(507) 532-3211

Nano Pulse Industries, Inc.
440 Nibus Street

P.O. Box 9398

Brea, CA 92621

(714) 529-2600

Pulse Engineering, Inc.

Rey Bautista, Design Engineer
7250 Convoy Court

San Diego, CA 92111

(619) 268-2449

VALOR Electronics, Inc.

Ernest R. Jensen, Product Development
6750 Nancy Ridge Drive

San Diego, CA 92121

(619) 458-1471

PHONE JACK

Nova-Tronic, Inc.

Jeff Hines, Sales Manager
4701 Patrick Henry Drive #24
Santa Clara, CA 95054

(408) 727-9530

CRYSTALS

NDK-America

20300 Stevens Creek Bivd.
Cupertino, CA 95014

(408) 255-0831
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StarLAN Front End Using the MK5035N
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StarLAN Front End Using the 82C550A
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Reliability Data Summary for DP8392

Reliability Data Summary for DP8392

REF: TEST LAB FILES

RDT25406 RDT26627
RDT25500 RDT26638
RDT26562

ABSTRACT

DP8392 Coaxial Transceiver Interface 'partsb from 8 lots
were subjected to Operating Life Test, Temperature and

Humidity Bias Test, Temperature Cycle Test, and Electro-

static Discharge Test.

PURPOSEOFTEST
Evaluation of new device and qualification of UK. fab.

TEST SAMPLE DESCRIPTION/HISTORY

TESTS PERFORMED

Operating Life Test (OPL) (100°C; biased)

Operating Life Test (OPL) (125°C; biased)

Temperature and Humidity Bias Test (THBT) (85°C; 85%
R.H.; biased)

Temperature Cycle Test (TMCL) (—40°C, +125°C; unbi-
ased)

Electrostatic Discharge Test (ESD) (Human body model:
= 15000; C = 120 pF)
CONCLUSIONS

1. The DP8392AN exceeds the |IEEE 802.3 specification of
1 million hours Mean Time Between Failure (MTBF).

2. U.K. fab results are comparable to those of Santa Clara.

. — On ESD testing all pins passed at 1000V except for pin 7
Lot| Device | Package |D2te|, Fab |Assembly (TXF). ‘
Code|Locatlon| Location
1 DP8392 |N, 16 Leads| 8509 NSSC NSEB
2 DP8392 [N, 16 Leads|8513( NSSC NSEB
3 DP8392 |N, 16 Leads|8526| NSSC NSEB
4 DP8392 |N, 16 Leads|8552|  NSSC NSEB
5 |DPB392A(-4)|N, 16 Leads| 8620 NSUK
6 [DP8392A(-5)N, 16 Leads| 8637 | NSUK
7 {DP8392A(-5)|N, 16 Leads| 8637 NSUK
8 |DP8392A(-5)[N, 16 Leads| 8637 NSUK
RESULTS _
' Time Point—Number of Failures
Test Temperature Lot Fab Hours
168 336 500 1000 2000
OPL 100°C 1 NSSC 0/50 . 0/50 0/50
100°C 2 NSSC 0/50 . S 0/50 0/50
125°C 3 NSSC 0/74
125°C 4 NSSC | 0/100 0/100 0/100 0/100
100°C 5 NSUK 0/60
100°C 6 NSUK - 0/33 0/33 0/33 0/33
100°C 7 NSUK L 0/3 0/31 0/31 0/31
100°C 8 NSUK 0/33 0/31 0/31 0/31
THBT 85°C; 85% R.H. 1 NSSC 0/50 ‘ 0/50 0/50
2 NSSC 0/50 0/50 0/50
3 . NSSC ‘0/75 o 0/75 0/75
) Cycles
. 500 1000 2000 3000
TMCL —40°C, +125°C l 4 | NSSC 0/70 L 0/70 0/70 0/70

1-154




o s ]
ELECTROSTATIC DISCHARGE TEST (ESD) RESULTS Further characterization has been done to determine indi- g
26 pans from 4 wafer lots were tested by the Human Body vidual Pin ESD damage thresholds. In particular. .fOI' pln 7 %
Model test condition; R = 1500Q; C = 120 pF. First ground (TX+), 80 parts from 4 wafer lots were tested. Pin 7 ESD | =
was held common, then Vgg. 5 positive and 5 negative puls- damage thresholds varied from 200V-300V to |<&
s were applied for each pin/voltage combination. 2000V-3000V, with a mean of 1800V. 9
Volt Numb MTBF (MEAN TIME BEFORE FAILURE) =
oI Functl o "f:_“ umber CONSIDERATIONS o
" unction otTetures Results total: 212, 000 device hours at 125°C, 0 failures 5
500V 1000V 301,000 device hours at 100°C, O failures 5
1 CD+ 0/26 0/20 Assume:  Ep = 0.7 eV 5
2 cD- 0/26 0/20 Pg = 800 mW )
0ja = 45°C/W =
3 R
Xt 0/26 0/20 Chi-square statistics, 60% confidence %
4 Vee 0/26 0/20 Then: MTBFmin at 25°C ambient = 93,000,000 S
5 VEE 0/26 0/20 device hours. g
_ MTBFpin at 70°C ambient = 5,100,000
6 RX 0/26 0720 device hours.
7 TX+ 6/26 13/20
8 TX— 0/26 0/20
9 HBE 0/26 0/20
10 GND 0/26 0/20
11 RR+ 0/26 0/20
12 Vee 0/26 0/20
13 VEE 0/26 0/20
14 RXI 0/26 0/20
15 TXO 0/26 0/20
16 CDS 0/26 0/20

1-155






- Section 2
High Speed Serial/

IBM Data Communications




Section 2 Contents

DP8340/NS32440 IBM 3270 Protocol Transmitter/Encoder ..........coovvvveniiennvness 2-3
DP8341/NS32441 IBM 3270 Protocol Receiver/Decoder. . .......couovvueirvneenerninenans 2-12
DP8342/NS32442 High-Speed 8-Bit Serial Transmitter/Encoder ............ccociveinnenn. 2-23
DP8343/NS32443 High-Speed 8-Bit Serial Recsiver/Decoder ..............cccvivennen. 2-33
AN-496 the BIPLAN DP8342/DP8343 Biphase Local AreaNetwork ............oovvnvvnne. 2-44
DP8344 Biphase Communications Processor-BCP...........cviviiiiiiiiiiiiiiiinnen, 2-63
AB-33 Choosing Your RAM for the Biphase Communications Processor ................... 2-179
AB-34 Decoding Bit Fields with the “JRMK” Instruction..............cooiiiiiniiiiinnns, 2-181
AB-35 Receiver Interrupts/Flags for the DP8344 Biphase Communications Processor....... 2-183
AN-517 Receiving 5250 Protocol Messages with the Biphase Communications Processor ... 2-184
AN-499 “Interrupts’—A Powerful Tool of the Biphase Communications Processor .......... 2-187
AN-504 DP8344 BCP Stand-Alone Soft-Load System ........coeiiiiiiieiiiiriieenennns 2-192
AN-516 Interfacing the DPB344 t0 TWINAX .....vuvvriiniinrininineireiienerieneeneonens 2-203

2-2




National
Semiconductor

DP8340/NS32440 IBM 3270 Protocol

Transmitter/Encoder

General Description

The DP8340/NS32440 generates a complete encoding of
parallel data for high speed serial transmission which con-
forms to the protocol as defined by the IBM 3270 informa-
tion display system standard. The DP8340/NS32440 con-
verts parallel input data into a serial data stream. Although
the IBM standard covers biphase serial data transmission
over a coax line, the DP8340/NS32440 also adapts to gen-
eral high speed serial data transmission over other than
coax lines, at frequencies either higher or lower than the
|IBM standard.

The DP8340/NS32440 and its complementary chip, the
DP8341 (receiver/decoder) have been designed to provide
maximum flexibility in system designs. The separation of the
transmitter/receiver functions provides convenient addition
of more receivers at one end of a biphase line without the
need of unused transmitters. This is specifically advanta-
geous in control units where typical biphase data is multi-
plexed over many biphase lines and the number of receivers
generally exceeds the number of transmitters.

Features

| Ten bits per data byte transmission

m Single-byte or multi-byte transmission

m [nternal parity generation (even or odd)

m [nternal crystal controlled oscillator used for the genera-
tion of all required chip timing frequencies

m Clock output directly drives receiver (DP8341) clock in-
put '

B Input data holding register

W Automatic clear status response feature

® Line drivers at data outputs provide easy interface to
biphase coax line or general transmission lines

m < 2 ns driver output skew

= Bipolar technology provides TTL input/output compati-
bility

m Data outputs power up/down glitch free

B Internal power up clear and reset

m Single + 5V power supply:

Connection Diagrams

Plastic Chip Carrier

S 3
S 2
82:-38 [asg
8 & 8 ¥ o @«
I O T
( M N - © N W
N N N o
maJ 5 25 |~ AUTO RESPONSE
D76 24— TRANSMITTER ACTIVE
DIs =7 23| PARITY CRT
—s DP8340 2}-
DI5—{9 21 |- EVEN/ 00D
DI4—{10 20 |~ DATA OUT
VED BB 19| DATA OUT
S2Xoena
TIITIT]
s§3g&>*>* 3
g Q
=<
: 5

TL/F/5251-19

Dual-In-Line Package

Dl i 1 ~/ 24 p— Voo

Digg — 2 23 |— REG LOAD
Dig —4 3 22 |— REG FULL
pig —{ 4 21 | AUTO RESPONSE
Diy —{5 . 20— TRANSMITTER ACTIVE
Dig —{ 6 19 |— PARITY CRT
Di5 —7 18 f=— EVEN/0DD
Dlg —| 8 17 j— DATA OUT .
Di3 ~{9 . 16 [~ DATA OUT
iz —{ 10 15 |—— DATA DELAY

CLK 0UT —] 11 1uf—1x2
GND —] 12 1B—xi
TL/F/5251-1
Top View

FIGURE 1

Order Number DP8340/NS32440 J,Nor V
See NS Package Number J24A, N24A or V28A
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DP8340/NS32440

Block Diagram
PARITY
£L0CK CONTROL/  TRANSMITIER  EVEN/ODD nam
vee OUTPUT RESET ACTIV PARITY FESPONSE
Lo ! | } |
REXT |
Ew—l—v‘ x2 :
EXTERNAL
e e || ot CONTROL LOGIC
18,867 Mz == | "
QUTPUT SHIFT D DATA
TIL 70
REGISTER AND
BI-PHASE SERIAL
FORMAT LOGIC _D__ SERIAL <
} L >—
CONTROL
PARITY BUS oveut DELAY
GENERATION Qureut
| weut HoLowe
REGISTER
i iw BITS
REGISTERS D12 TO Dhy
FULL DATA INPUTS

TL/F/5251-2

FIGURE 2. DP8340/NS32440 Serial Bi-Phase Transmitter/Encoder Block Diagram

Functional Description

Figure 2 is a block diagram of the DP8340/NS32440 bi-
phase Transmitter/Encoder. The transmitter/encoder con-
tains a crsytal oscillator whose input is a crystal with a fre-
quency eight (8) times the data rate. A Clock Output is pro-
vided to drive the DP8341 receiver/decoder Clock Input and
other system components at the oscillator frequency. Addi-
tionally, the oscillator drives the control logic and output
shift register/format logic blocks.

Data is parallel loaded from the sytem data bus to the trans-
mitter/encoder’s input holding register. This data is in turn
loaded by the transmitter/encoder to its output shift register
if this register was empty at the time of the load. During this
load, message formatting and parity are generated. The for-
matted message is then shifted out at the bit rate frequency
to the TTL to biphase block which generates the proper
data bit formatting. The three data outputs, DATA, DATA,
and DATA DELAY provide for flexible interface to the coax
line with a minimum of external components.

The Control Logic block interfaces to all blocks to insure
proper chip operation and sequencing. it controls the type
of parity generation through the Even/Odd Parity input. An
additional feature provided by the transmitter/encoder is
generation of odd parity and placement in bit 10 position

while still maintaining even or odd parity in the bit 12 posi-
tion. This is the format of data word bytes and other com-
mands in the 3270 Standard. The Parity Control input is the
pin which controls when this operation is in effect.

Another feature of the transmitter/encoder is the internal
TT/AR (Transmission Turnaround/Auto Response) capabil-
ity. After each Write type message from the control unit in
the 3270 Standard, the receiving unit must respond with
clean status (bits 2 through 11). With the transmitter/encod-
er, this function is accomplished simply by forcing the Auto-
Response input to the Logic 0" state.

Operation of the transmitter/encoder is automatic. After the
first data byte is loaded, the Transmitter Active output is set
and the transmitter/encoder immediately formats the input
data and serially shifts it out its data outputs. If the message
is a multi-byte messags, the internal format logic will modify
the message data format for multibyte as long as the next
byte is loaded to the input holding register before the last
data bit of the previous data byte is transferred out of the
internal output shift register. After all data is shifted out of
the transmitter/encoder the Transmitter Actlve output will
return to the inactive state.
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Detailed Pin/Functional Description
Crystal Inputs X1 and X2

The oscillator is controlled by an external, paralle! resonant
crystal connected between the X1 and X2 pins. Normally, a
fundamental mode crystal is used to determine the operat-
ing frequency of the osicllator; however, overtone mode
crystals may be used.

Crystal Specifications (Parallel Resonant)

Type AT-cut crystal
Tolerance 0.005% at 25°C
Stability 0.01% from 0°C to +70°C
Resonance Fundamental (Parallel)
Maximum Series Resistance Dependent on Frequency
(For 18.867 MHz, 500)
Load Capacitance 15 pF
¢ FREQ R [
T0 PIN X2
PIN (14) = vec |10 MHz to| 5000 30 pF
20MHz |+£10%|°" P
=2 S5 1200
ToPNxt I >20MHz| \ 100 |15PF]
PIN (13)

TL/F/5251-3
FIGURE 3. Connection Diagram

If the DP8340/NS32440 transmitter is clocked by a system
(clock crystal oscillator not used), pin 13 (X1 input) should
be clocked directly using a Schottky series (74S) circuit. Pin
14 (X2 input) may be left open. The clocking frequency must
be set at eight times the data bit rate. Maximum input fre-
quency is 28 MHz. For the IBM 3270 Interface, this frequen-
cy is 18.867 MHz. At this frequency, the serial bit rate will be
2.358 Mbits/sec.

Clock Output

The Clock Output is a buffered output derived directly from
the crystal oscillator block and clocks at the oscillator fre-
quency. It is designed to directly drvie the DP8341 receiver/
decoder Clock Input as well as other system components.

Registers Full

This output is used as a flag by the external operating sys-
tem. A logic "“1” (active state) on this output indicates that
both the internal output shift register and the input holding
register contain active data. No additional data should be
loaded until this output returns to the logic *“0” state (inac-
tive state).

Transmitter Active

This output will be in the logic 1" state while the transmit-
ter/encoder is about to transmit or in the process of trans-
mitting data. Otherwise, it will assume the logic “0” state
indicating no data presently in either the input holding or
output shift registers.

Register Load

The Register Load input is used to load data from the Data
Inputs to the input holding register. The loading function

is edge sensitive, the data present during the logic ‘0" state
of this input is loaded, and the input data must be valid
before the logic “0" to logic “1" transition. It is after this
transition that the transmitter/encoder begins formatting of
data for serial transmission.

Auto Response (TT/AR)

This input provides for automatic clear data transmission (all
bits in logic “0") without the need of loading all zero's.
When a logic “0" is forced on this inpiut the transmitter/en-
coder immediately responds with transmission of “clean
status”. This function is necessary after the completion of
each write type command and in other functions in the 3270
specification. In the logic 1" state the transmitter/encoder
transmits data entered on the Data Inputs.

Even/Odd Parity

This input sets the internal logic of the DP8340/NS32440
transmitter/encoder to generate either even or odd parity
for the data byte in the bit 12 position. When this pin is in the
logic “0” state odd parity is generated. In the logic “1" state
even parity is generated. This feature is useful when the
control unit is performing a loop back check and at the
same time the controller wishes to verify proper data trans-
mission with its receiver/decoder.

Parity Control/Reset

Depending on the type of message transmitted, it is at times
necessary in the IBM 3270 specification to generate an ad-
ditional parity bit in the bit 10 position. The bit generated is
odd parity on the previous eight (8) bits of data. When the
Parity Control input is in the logic “1" state the data entered
at the Data Bit 10 position is placed in the transmitted word.
With the Parity Control input in the logic ‘0" state the Data
Bit 10 input is ignored and odd parity on the previous data
bits is placed in the normal bit 10 position while overall word
parity (bit 12) is even or odd (controlled by Even/Odd Parity
input). This eliminates the need for external logic to gener-
ate the parity on the data bits.

Truth Table

Transmitted Data Bit 10

Parity Control Input

Logic ““1” Data entered on Data Input 10

Odd Parity on 8-bit data byte

Logic “0”

When this input is driven to a voltage that exceeds the pow-
er supply level (9V to 13V) the transmitter/encoder is reset.

Serial Outputs—DATA, DATA, and DATA DELAY

These three output pins provide for convenient application
of data to the biphase Coax line (see Figure 15 for applica-
tion). The Data outputs are a direct bit representation of the
biphase data while the DATA DELAY output provides the
necessary increment to clearly define the four (4) DC levels
of the pulse. The DATA and DATA outputs add flexibility to
the DP8340/NS32440 transmitter/encoder for use in high
speed differential line driving applications.
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DP8340/NS32440

Functional Timing Waveforms—Message Format

Single Byte Transmission

TRANSMISSION ‘ TRANSMISSION
START SEQUENCE
e — PARITY— [ SEQUENCE
IDLE LINE CODE | syNe ENDING | _IOLE e
——| QUIESCE 10-BIT DATA BYTE —_—
S DUESCE | vioLaTion | “BIT ; SEQUENCE
TRANSMISSION i ' TRANSMISSION
START - TERMINATION
_ - : 2
ptoan . L
TA I 2 1
REG FULL ! ‘ 2 L_
DATA Qe rn-
DATA N M u |
DATA DELAY ]
1[4 [0 | 1|1 |cooEviouamon] 1 10 1| 110
YNe|BiT BT | Bir |aim | BIT
_ BT 2 9 '10 1112
|<——————STARTING SEQUENCE g NG >
. TL/F/5251-4
FIGURE 4. Overall Timing Waveforms for Single Byte
Multi-Byte Transmission
PARITY SYNCBIT  PARITY
BYIE1™ | | BYIE2 BYTEX
IDLE LINE CODE | SYNC|_ 1st 10-BIT 4 10-B1T 5y  BYTE ENDING | _IDLE
S—“ QUIESCE | vioLaTioN | “BIT [~ BYTE R - ~“BviE QX | SEQUENCE | —
J)
peaioan  LJ LI ¢
‘ v )
TA_I 14y I
DATA e'| M |'331 M
DATA mm
DATA DELAY
11| v| 1]t |cooeviouamon] 4 |0, 1] 1|0 1
SYNC| it ¢ B [SYNC[BIT BIT
BTi2 12 BT 2 2
STARTING SEQUENCE SENDING.

TL/F/5251-5
FIGURE 5. Overall Timing Waveforms for Multi-Byte
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Absolute Maximum Ratings (Note 1)
It Military/Aerospace specified devices are required,

Maximum Power Dissipation @25°C*

contact the National Semiconductor Sales Office/ Cavity Package 2237 mW

Distributors for avallabllity and specifications. Dual-In-Line Package 2500 mW

Supply Voltage, Voo v Plastic Chip Carrier 1720 mw
*Derate cavity package 14.9 mW/°C above 25°C; derate dual-in-line pack-

InpUt Voltage 5.5V age 20 mW/*C above 25°C; derate PCC package 13.8 mW/°C above 25°C.

Output Voltage 5.25V

Storage Temperature Range —65°C o +150°C Operating Conditions

Lead Temperature (Soldering, 10 sec.) 300°C Min Max Units
Supply Voltage, (Vce) 4.75 5.25 \
Ambient Temperature, Ta 0 +70 °C

Electrical Characteristics (Notes2and 3)

Symbol Parameter Conditlons Min Typ Max Units

ViH Logic 1" Input Voltage 20 v

(All Inputs Except X1 and X2) i
ViL Logic “‘0” Input Voltage 08 v

(All Inputs Except X1 and X2) i
VeLamp Input Clamp Voltage IIN= —12mA -08 —12 v

(All Inputs Except X1 and X2) ) )
liH Logic *“1” Input Current Veg = 5.25V

Register Load Input Vin = 5.25V 0.3 120 rA

All Others Except X1 and X2 0.1 40 MA
L Logic “0” Input Current Ve = 5.25V _ _

Register Load Input Vin = 0.5V 15 300 rA

All Inputs Except X1 and X2 -5 —100 pA
VoH1 Logic “1”" All Outputs Except CLK OUT, lon = —100 pA 3.2 3.9 \

DATA, DATA, and DATA DELAY loH = —1mA 25 34 v
VoH2 Logic “1” for CKL OUT, DATA, _ _

DATA and DATA DELAY Outputs lon = —10mA 26 80 v
VoLi Logic *“0” All Outputs Except CLK OUT, _

DATA, DATA and DATA DELAY Outputs | 'O = 5MA 0.35 05 v
VoLz Logic “‘0” for CLK OUT, DATA, - '

DATA and DATA DELAY Outputs loL = 20mA 0.4 06 v
los1 Short Circuit Current for All OQutputs v = oV

Except CLK OUT, DATA, DATA, and (,\?o‘g 4 -10 ~30 —-100 mA

DATA DELAY
los2 Short Circuit Current for DATA, Vout = OV _ _ _

DATA, and DATA DELAY Outputs (Note 4) 50 140 350 mA
los3 Short Circuit Current for CLK OUT (Note 4) -~30 —90 —200 mA
lcc Power Supply Current Voo = 5.25V 170 250 mA
Timing Characteristics oscilator Frequency = 18.867 MHz (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
tpd1 REG LOAD to Transmitter Active (Ta) Load Circuit 1
- ., 60 90 ns
Positive Edge Figure 7
tpde REG LOAD to REG Full; Positive Edge Lc.Jad Circuit 1 45 75 ns
Figure 7
tpda Register Full to Ta; Negative Edge Lt?ad Circuit 1 40 70 ns
Figure 7
tpd4 Positive Edge of REG LOAD to Load Gircuits 1 & 2 50 80 ns
Positive Edge of DATA Figure 9 )
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DP8340/NS32440

Timing Characteristics oscillator Frequency = 18.867 MHz (Notes 2 and 3) (Continued)

Symbol Parameter Conditions Min Typ Max Units
tods REG LOAD to DATA; Positive Edge . Load Circuits 1 & 2 280 475 “ns
Figure 8, (Note 6)
tods REG LOAD to DATA DELAY; Positive Edge | ' Load Circuits 1 & 2 160 250 ns
Figure 9, (Note 6) .
tpd7 Positive Edge of DATA to Negative Edge Load Gircuit 2 100 115 ns
of DATA DELAY Figure 9, (Note 6)
tods Positive Edge of DATA DELAY to Negative Load Circuit 2 110 125 ns
Edge of DATA Figure 9, (Note 6)
tpdg, Skew between DATA and DATA Load Circuit 2 2 6 ns
tpd10 Figure 9 -
tpd11 Negative Edge of Auto Response to Load Circuit 1 70 110 ns
Positive Edge of TA Figure 10
tpa12 Maximum Time Delay to Load Second Byte | Load Circuit 1 4XT _50‘ ns
after Positive Edge of REG FULL Figure 8, (Note 6)
tpd13 X1 to CLK OUT; Positive Edge Load Circuit 2 21 30 ns
. Figure 13
tpd14 X1 to CLK OUT; Negative Edge Load Circuit 2 23 a3 ns
Figure 13
tpd1s Negative Edge of AR to Positive Load Circuit 1 45 75 ns
Edge of REG FULL Figure 10 e
tpd16 Skew between TA and REG FULL during Load Circuit 1 50 80 ns
Auto Response Figure 10
tpd17 REG LOAD to REG FULL; Positive Edge Load Circuit 1 45 75 ns
for Second Byte Figure 14 ' "
tow1 REG LOAD Pulse Width Figure 12 - 40 ns
tow2 First REG FULL Pulse Width (Note 5) Load Circuit 1 8XT+60 | 8XT+ 100 ns
Figure 7, (Note 6) .
tows REG FULL Pulse Width prior to Ending Load Circuit 1, 5% B ns
S Sequence (Note 5) Figure 7, (Note 6)
towa Pulse Width for Auto Response Figure 10 40 ns
ts Data Setup Time prior to REG LOAD Figure 12 15 25 ns
Positive Edge, Hold Time (t4) = O ns .
tr1 Rise Time for DATA, DATA, and DATA Load Circuit 2 7 ‘43 ns
DELAY Output Waveform Figure 11 )
trq Fall Time for DATA, DATA, and DATA Load Circuit 2 5 11’ ns -
DELAY Output Waveform Figure 11
to Rise Time for TA and REG FULL Load Circuit 1 20 20 ns
Figure 15
tio Fall Time for TA and REG FULL Load Circuit 1 15 28 ns
Figure 15
fMAX Data Rate Frequency (Note 7) .
(Clock Input must be 8X this Frequency) oc 35 Mbits/s

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device operation.

Note 2: Unless otherwise specified, min./max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical
values are for Tp = 25°C and Vgg = 5.0V.

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless
otherwise specified. All values shown as max. or min. are so classified on absolute basis.

Note 4: Only one output should be shorted at a time. Qutput should not be shorted for more than one second at a time.

Note 5: T =

1/(Oscillator Frequency), unit for T should be ns. B = 8T

Note 6: Oscillator Frequency Dependent.

Note 7: For the IBM 3270 Interfacs, the data rate frequency is 2.358 Mbits/s. 28 MHz clock frequency corresponds to 3.75% Jitter when referenced to Figure 10 of
DP8341 Datasheet.
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Load Circuit 1 Load Circult 2
vee vee
AL =2k AL=2k
:[ 15pF ]: S0pF

TL/F/5251-6 TU/F/5251-7
FIGURE 6. Test Load Circuits

Timing Waveforms

.—b ~— 1pd1

T 50%
VoL
~—tpd2. 1pd3 -~

——
Vou
REG FULL 50%
- 'DVIZ > - tp'3-—->

FIGURE 7. Timing Waveforms for Single Byte Transfer

TL/F/5251-8

o I
G 2 ki

REG LOAD \_/ ' 50%

— tpd12
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REG FULL 50%
2 vou
WINDOW —
TO LOAD MULTI-BYTE DATA
17%2 xB

TL/F/5251-9
FIGURE 8. Maximum Window to Load Multi-Byte Data

3V
HEG TOAD \Jl 50%
—
DATA
voL
<—‘pd10
VoH
DATK
DATA DELAY

TL/F/5251-10
FIGURE 9. Timing Waveforms for Three Serial Outputs
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DP8340/NS32440

Timing Waveforms (Continued)
towd 2 k1
AR 50%
— 0V _
tpd11 N v

2@ oH
1A 50%
" w
—»I <— 1pats ‘ tpdts—»] «— von
REG FULL )l( 50%
VoL

FIGURE 10. Tlmlng Waveforms for Auto-Response

TL/F/5251-11

VoH

VoL

TU/F/5251-12
FIGURE 11. Output Waveform for DATA, DATA, DATA DELAY (Load Circuit 2)

¢———Is——| tH=0ns
ki
DATA OR PARITY
CONTROL | |

FIGURE 12. Register Load Waveform Requirement

TL/F/5251-13

Xt

tpd13—»> |e— — «—1tpd14

CLX out

TL/F/5251-14
FIGURE 13. Timing Waveforms for Clock Pulse

_ W
REG LOAD _\_7 50%
tpd1—|

VOH
TA 50%

— VoL

— tpd17
tpd2 tpd3 -—
Vou
REG FULL 50%
oy
——tpw2 w3 —

FIGURE 14. Timing Waveforms for Two Byte Transfer

TL/F/5251-15

Vou

TL/F/5251-16
FIGURE 15. Rise and Fall Time Measurement for TA and REG Full
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Typical Applications ]
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FIGURE 16. Typical Applications for IBM 3270 Interface
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FIGURE 17. Translation Logic
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DP8341/NS32441

National
Semiconductor

DP8341/NS32441 IBM 3270 Protocol Receiver/Decoder

General Description

The DP8341/NS32441 provides complete decoding of data
for high speed serial data communications. In specific, the
DP8341/NS32441 recognizes serial data that conforms to
the IBM 3270 Information Display System Standard and
converts it into ten (10) bits of parallel data. Although this
standard covers biphase serial data transmission over a
coax line, this device easily adapts to generalized high

- speed serial data transmission on other than coax lines at

frequencies either higher or lower than the IBM 3270 stan-
dard. .

The DP8341/NS32441 receiver and its complementary
chip, the DP8340 transmitter, are designed to provide maxi-
mum flexibility in system designs. The separation of trans-
mitter and receiver functions allows addition of more receiv-
ers at one end of the biphase line without the necessity of
adding unused transmitters. This is advantageous specifi-
cally in control units where typically biphase data is multi-
plexed over many biphase lines and the number of receivers
generally outnumber the number of transmitters. The sepa-
ration of transmitter and receiver function provides an addi-
tional advantage in flexibility of data bus organization. The
data bus outputs of the receiver are TRI-STATE®, thus en-
abling the bus configuration to be organized as either a
common transmit/receive (bi-directional) bus or as separate
transmit and receive busses for higher speed.

Features

m DP8341/NS32441 receivers ten (10) bit data bytes and
conforms to the IBM 3270 Interface Display System
Standard

® Separate receiver and transmitter provide maximum
system design flexibility

B Even parity detection

m High sensitivity input on receiver easily interfaces to
coax line

u Standard TTL data input on receiver provides general-
ized transmission line interface and also provides
hysteresis

m Data holding register

m Multi-byte or single byte transfers

m TRI-STATE receiver data outputs provide flexibility for
common or separated transmit/receive data bus
operation

m Data transmission error detection or receiver provides
for both error detection and error type definition

m Bi-polar technology provides TTL input/output compati-

. bility with excellent drive characteristics

m Single + 5V power supply operation

Connection Diagrams
Plastic Chip Carrier

55y
EE3
g5 S
sE 8
£$58 - e
3388 g8
Li1 11710
/v N-8R 8
DATA (TTL) ={5 25|-p09
DATA CONTROL =~ 6 24p=-D08
CLOCK— 7 23p=-D07
—18 2
RECEIVER ACTIVE =19 21 =006
ERROR=—{ 10 20p=—-D05
REGISTER READ —f 11 19p=0D04
Smroerw
| .!-;I; LU ‘!‘ |
"
g% 288
23 [+
£8 5
=B E
<5 3
o

TL/F/5238-1
Order Number DP8341V or NS32441V
See NS Package Number V28A

Dual-In-Line Package
W/

RECEIVER DISABLE —] 1 24 = Ve
+AMPLIFIER INPUT =i 2 23 }— D011
~AMPLIFIER INPUT —] 3 22 [— D010
DATA (TTL) — 4 21 |=—— D09

DATA CONTROL —{ § 20 — DOg
CLOCK —‘ 6 19 |— D07

RECEIVER ACTIVE —{ 7 18 |— D0g
ERROR — 8 17 p— D05

REGISTER READ ~— 9 16— D0
DATA AVAILABLE ——1 10 15 = D03
OUTPUT CONTROL ——f 11 14 1= D02

GND —] 12 13 [—— OUTPUT ENABLE

TL/F/5238-2
Top View

Order Number DP8341J or DP8341N
See NS Package Number J24A or N24A

FIGURE 1
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Block Diagram

RECEIVER
cLock STARTING/ENDING ; ‘ ACTIVE
SEQUENCE ‘
DATA DETECTOR
CONTROL ————} —l
DATA (TTL) ._»—.’ 3
MUX DATA SERIAL DATA
AND |  DEMOD SHIFT REGISTER
CONTROL LOGIC
AMPLIFIER ;
. e e
REGISTER
HOLOING REGISTER " READ
{ DN DATA
LOADING LoGIE [=> AVAILABLE
ERROR DETECTION
RECEIVER
ECEER AND IDENTIFICATION

ERROR OUTPUT

FIGURE 2. DP8341/NS32441 Serlal Bl-Phase Receiver/Decoder Block Diagram

Block Diagram Functional

Description

Figure 2 is a block diagram of the DP8341/NS32441. This
chip is essentially a serial in/parallel out shift register. How-
ever, the serial input data must conform to a very specific
format (see Figures 3-5). The message will not be recog-
nized unless the format of the starting sequence is correct.
Deviations from the format in the data, sync bit, parity or
ending sequence will cause an error to be detected, termi-
nating the message.

Data enters the receiver through the differential input ampli-
fier or the TTL Data input. The differential amplifier is a high
sensitivity input which may be used by connecting it directly
to a transformer coupled coax line, or other transmission
medium. The TTL Data input provides 400 mV of hysteresis
and recognizes TTL logic levels. The data then enters the
demodulation block.

The data demodulation block samples the data at eight (8)
times the data rate and provides signals for detecting the
starting sequence, ending sequence, and errors. Detection
of the starting sequence sets the Receiver Active output
high and enables the input shift register.

As the ten bits of data are shifted into the shift register, the
receiver will verify that even parity is maintained on the data
bits and the sync bit. After one complete data byte is re-
ceived, the contents of the input shift register is parallel
loaded to the holding register, assuming the holding register
is empty, and the Data Available output is set. If the holding
register is full, this load will be delayed until that register has
been read. If another data byte is received when the shift

=

{7} 3,‘

OUTPUT
[<* ] | = conTROL

TRISTATE® QUTRUT
QUTPUT BUFFERS ENABLE
10
'PARALLEL OUTPUT DATA

TL/F/5238-3

register and the holding register are full a Data Overflow
Error will be detected, terminating the message. Data is
read from the holding register through the TRI-STATE Out-
put Buffers. The Output Enable input is the TRI-STATE con-
trol for these outputs and the Register Read input signals
the receiver that the read has been completed.

When the receiver detects an ending sequence the Receiv-
er Active output will be reset to a logic “0" indicating the
message has been terminated. A message will also termi-
nate when an error is detected. The Receiver Active output
used in conjunction with the Error output allows quick re-
sponse to the transmitting unit when an error free message
has been received. )

The Error Detection and Identification block insures that val-
id data reaches the outputs of the receiver. Detection of an
error sets the Error output to a logic “1” and resets the
Receiver Active output to a logic “0” terminating the mes-
sage. The error type may be read from the data bus outputs
by setting the Output Control input to logic “0” and enabling
the TRI-STATE outputs. The data bit outputs have assigned
error definitions (see error code definition table). The Error
output will return to a logic “0” when the next starting se-
quence is received, or when the error is read (Output Con-
trol to logic “0” and a Register Read performed).

The Receiver Disable input is used to disable both the am-
plifier and TTL Data receiver inputs. It will typically be con-
nected directly to the Transmitter Active output of the
DP8340 transmitter circuit (see Figure 12).

2-13
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DP8341/NS32441

Detailed Functional Pin Description

RECEIVER DISABLE

This input is used to disable the receiver's data inputs. The
Receiver Disable input will typically be connected to the

Transmitter Active output of the DP8340. However, at the °

system controller it is necessary for both the transmitter and
receiver to be active at the same time in the loop-back

check condition. This variation can be accomplished with -

the addition of minimal external logic.
Truth Table

Receiver Disable Data Inputs
Logic “0” Active
Logic “1” Disabled
AMPLIFIER INPUTS

The receiver has a differential input amplifier whlch may be
directly connected to the transformer coupled coax line. The
amplifier may also be connected to a differential type TTL
line. The amplifier has 20 mV of hysteresis.

DATA INPUT

This input can be used either as an alternate data input or
as a power-up check input. If the system designer prefers to

use his own amplifier, instead of the one provided on the -

receiver, then this TTL input may be used. Using this pin as
an alternate data input allows self-test of the peripheral sys-
tem without disturbing the transmission line.

DATA CONTROL

This input is the control pin that selects which of the inputs
are used for data entry to the receiver.

Truth Table

Data Control Data input To
Logic “0" Data Input
Logic “1" Amplifier Inputs

Note: This input is also used for testing. When the input voltage is raised to
7.5V the chip resets.

CLOCK INPUT

The input is the internal clock of the receiver. It must be set
at eight (8) times the line data bit rate. For the IBM 3270
Standard, this frequency is 18.87 MHz or a data bit rate of
2.358 MHz. The crystal-controlled oscillator provided in the

DP8340 transmitter also operates at this frequency. The
Clock Output of the transmitter is designed to directly drive
the receiver's Clock Input. In addition, the receiver is de-
signed to operate correctly to a data bit rate of 3.5 MHz.

RECEIVER ACTIVE
The purpose of this output is to inform the extemal system

. when the DP8341/NS32441 is in the process of receiving a

message. This output will transition to a logic “*1” state after
the receipt of a valid starting sequence and transition to
logic “0" when a valid ending sequence is received or an
error is detected. This output combined with the Error output
will inform the operating system of the end of an error free
data transmission.

ERROR

The Error output transitions to a logic 1" when an error is
detected. Detection of an error causes the Receiver Active
and the Data Available outputs to transition to a logic “0".
The Error output returns to a logic “‘0” after the error regis-
ter has been read or when the next starting sequence is
detected.

REGISTER READ

The Register Read input when driven to the logic “0" state
signals the receiver that data in the holding register is being

- read by the external operating system. The data present in

the holding register will continue to remain valid until the
Register Read input returns to the logic “1"" condition. At
this time, if an additional byte is present in the input shift
register it will be transferred to the holding register, other-
wise the data will remain valid in the holding register. The
Data Available output will be in the logic ““0"” state for a
short interval while a new byte is transferred to the holding
register after a register read.

DATA AVAILABLE

This output indicates the existence of a data byte within the
output holding register. It may also indicate the presence of
a data byte in both the holding register and the input. shift
register. This output will transition to the logic. 1" state as
soon as data is available and return to the logic “0” state
after each data byte has been read. However, even after the
last data byte has been read and the Data Available output
has assumed the logic “0” state, the last data byte read
from the holding register will remain until new data has been
received. ‘
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Detailed Functional Pin Description (continued)

OUTPUT CONTROL

The Output Control input determines the type of information
appearing at the data outputs. In the logic *“1" state data will
appear, in the logic “0” state error codes are present.

Truth Table
Output Control Data Outputs
Logic 0" Error Codes
Logic ‘1" Data
OUTPUT ENABLE

The Output Enable input controls the state of the
TRI-STATE Data outputs.

Truth Table
TRI-STATE
Output Enable Data Outputs
Logic “0" Disabled
Logic 1" Active
DATA OUTPUTS

The DP8341 has a ten (10) bit TRI-STATE data bus. Seven
bits are multiplexed with error bits. The error bits are de-

Message Format

fined in the table below. The Output Control input is the
multiplexer control for the Data/Error bits.

Error Code Definition

Data BIt
DO2

Error Type

Data Overflow (Byte not
removed from holding register
when it and the input shift
register are both full and new
datais received)

Parity Error (Odd parity detected)

Transmit Check conditions
(existence of errors on any or all
of the following data bits: DO3,
DOS5, and DO6

Aninvalid ending sequence

DO3
DO4

DO5
DO6

Loss of mid-bit transition
detected at other than normal
ending sequence time

bo7 New starting sequence detected
before data byte in holding

register has been read

DO8 Receiver disabled during

receiver active mode

Single Byte Transmission

TRANSMISSION TRANSMISSION
START SEQUENCE PARITY TERMINATION
—3 SEQUENCE
IDLE LINE CODE | SYNC ENDING | IOLE 2
——| QUIESCE 10-BIT DATA BYTE —_—
g Saear | wovarion | eiv SEQUENCE
TRANSMISSION TRANSMISSION
START TERMINATION
Muiti-Byte Transmission
PARITY SYNCBIT  PARITY
BYTEV ™} | BYTE2 BYTEX ™}
IDLE LINE CODE | SYNC|_ 1st 10-BIT 2nd 10-B1T BYTE ENDING | _IDLE
S—" UESCE | vioLaTioN | BT - BrTE & ] ~“BrmE & x ™ SEQUENCE | —

TL/F/5238-4

FIGURE 3. 1BM 3270 Message Format

LPPZESN/IYERdA




DP8341/NS32441

Message Format (continued)

s JULUUL UL A A T

DODO DO DO DODO DO 0O DODD
CODE 7 ENDING
VIOLATION l 23 45678 9uUN l SEQUENCE

) 1
SYNC PARITY

RECEIVER I .
ACTIVE I
DATA ' I_I
AVAILABLE :

I

LINE QUIESCE

TL/F/5238-5
FIGURE 4a. Single Byte Message

o mwﬂ | i

| ENDING
SEQUENCE

LINE QUIESCE
g | |
i M [ LI L
e r S S e |

TL/F/5238-6

CODE |
VIOLATION [ 1st BYTE i 2nd BYTE ] oo [ LAST BYTE

FIGURE 4b. Multi-Byte Message

oor FUILALAL_M LA ULMUALAL T P

CODE L ennor oevecren
LINE QUIESCE | VIOLATION CORRECT DATA BYTE l

PR | 1

DATA r—_'l
AVAILABLE
ERROR I I

REGISTER Ll

READ

QUTPUT | l_—
CONTROL
TL/FI5238-7
FIGURE 5. Message with Error
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. . v
Absolute Maximum Ratings (ote 1) s
It Military/Aerospace speclifled devices are required, Maximum Power Dissipation* at 25°C by
contact the National Semiconductor Sales Oftfice/ Cavity Package 2040 mW - E
Distributors for avallabllity and specifications. Dual-In-Line Package 2237 mW 7
Supply Voltage, Vcc 7V Plastic Chip Carrier 1690 mW S
*Derate cavity package 13.6 mW/°C above 25°C; derate PCC package o+
Input Voltage +5.5V 13.5 mW/°C above 25°C; derate Dual-In-Line package 17.9 mW/*C above g
Output Voltage 5.25V 25°C.
Storage Temperature Range —65°Cto +150°C R
Lead Temperature (Soldering, 10 seconds) 300°C 0perating Conditions
Min Max Units
Supply Voltage, (Vco) 4.75 5.25 v
Ambient Temperature, (Ta) 0 +70 °C
Electrical Characteristics (otes 2,3, and 5)
Symbol Parameter Conditions Min Typ Max Units
ViH Input High Level 2.0 v
ViL Input Low Level . 0.8 'K
ViH-ViL Data Input Hysteresis (TTL, Pin 4) 2.0 0.4 \']
VGLAMP Input Clamp Voltage IN= —12mA -0.8 -1.2 \')
IiH Logic “1” Input Current Ve = 5.25V, V|y = 5.25V 2 40 pA
he Logic “0” Input Current Ve = 5.25V, V|y = 0.5V —-20 —250 BA
VoH Logic *“1” Output Voltage lon = —100 pA 3.2 3.9 \"
loH= —1mA 25 3.2 \"
Voo Logic “0" Output Voltage loL = 5mA 0.85 0.5 v
los Output Short Circuit Current Veec = 5V, Vout = OV _10 20 ~100 mA
(Note 4)
loz TRI-STATE Output Current Vee = 5.25V, Vp = 2.5V —40 1 +40 HA
Voo = 5.25V, Vo = 0.5V —40 -5 +40 RA
AHYS Amplifier Input Hysteresis ' 5 20 30 mV
lcc Power Supply Current Veec = 5.25V 160 250 mA
Timing Characteristics (Notes 2,6,7,and 8)
Symbol Parameter Conditions Min Typ Max Units
Tp1 Outpyt Data to Data Available 5 20 40 ns
Positive Edge
Tp2 Register Read Positive Edge to Data
Available Negative Edge 10 2 % ns
Tos Error l.’osmve Edge to Data Avaflable 10 30 50 ns
Negative Edge
Tpa Error l?osmve Edge to Receiver Active 5 20 40 ns
Negative Edge
Tos Reglst.er Read Positive Edge to Error 20 45 75 ns
Negative Edge
Tps Delay from Qutput Control to Error Bits 5 20 50 ns
from Data Bits
Tp7 Delay from (?utput Control to Data Bits 5 20 50 ns
from Error Bits
Tps First Sync Bit Positive Edge to Receiver 35XT ns
Active Positive Edge +70
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DP8341/NS32441

Timing Characteristics (Notes 2,6, 7, and 8) (Continued)

Symbol Parameter Conditions Min Typ Max Units

Tos Receiver Active Positive Edge to First Data
Available Positive Edge 92xT ns

Tbio Negative Edge of Ending Sequence to 115XT ns
Receiver Active Negative Edge + 50

to11 Data Control Set-Up Multiplexer Time Prior 40 30 ns
to Receiving Data through Selected Input

Tpwi1 Register Read (Data) Pulse Width 40 30 ns

Tpw2 Register Read (Error) Pulse Width 40 30 ns

Tpwa Data Available Logic “0” State between 25 45 ns
Data Bytes

Ts - Output Control Set-Up Time Prior to 0 _5 ns
Register Read Negative Edge

TH Output Control Hold Time After the 0 -5 s
Register Read Positive Edge

Tze Delay from Output Enable to Logic “1” or Load Circuit 2 25 35 ns
Logic “0” from High Impedance State

Tez Delay from Output Enable to High Imped- Load Circuit 2

" P 25 35 ns

ance State from Logic “1” or Logic “‘0

FMAX Data Bit Frequgncy (Clock Input must be (Note 9) DG 35 MBits/s
8 X the Data Bit Frequency)

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device pperation.

Note 2: Unless otherwise specified, min./max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical
values are for Ta = 25°C and Vgc = 5.0V.

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless
otherwise specified. All values shown as max. or min. are so classified on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Input characteristics do not apply to amplifier inputs (pins 2 and 3).

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is used.

Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: Zoyt = 502 and T, < 5 ns, Tf < 5 ns.

Note 8: T = 1/(clock input frequency), units for *“T" should be ns.
Note 9: 28 MHz clock frequency corresponds to 3.75% jitter when referenced to Figure 10.

vee

RL=2k

15pF

Load Circuit 1

FIGURE 6. Test Load Circuits

vce

R1=1k

R2=2k

Load Circuit 2

TL/F/5238-8
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.. O
Timing Waveforms 2
g
} | <
OUTRUT
ENABLE 7!"5" . 15 %
it S s &
-
o B LY 3
(QUTPUT CONTROL = HI) {205V . : {Von + 0.5V -
I- 01
DATA / k |\
AVAILABLE I
I—— |pﬂ——| L— To2
REGISTER . : \ V.
READ \ d
TL/F/5238-9
FIGURE 7. Data Sequence Timing
DATA ‘
AVAILABLE \
—
RECEIVER \I
ACTIVE
-— YDA—’I
|
ERROR . / _ \
|—Tosv|
REGISTER l
READ
Ts —’I |<— Tpw2 _'I‘_ TH ——|
OUTPUT . \ /
CONTROL
Lme-—' Lm ->|
D02-D0g DATA BITS X ERROR BITS X DATA BITS
TL/F/5238-10
FIGURE 8. Error Sequence Timing
CODE
I 1 | 1 | 1 | VIOLATION | 1 | DATA l" |ucv|ucv|
UL rour———r
—-—l |._ Toa L Tmn*l
RECEIVER I 2
ACTIVE L
L—- Tns—~|
DATA
AVAILABLE % ]
TL/F/5238-11
FIGURE 9. Message Timing




DP8341/NS32441

Tlmlng Waveforms (Continued)

| 8T £ (T—25ns) Ta 1
CLOCK INPUT FREQUENCY
| —

1.3V MAX,
4y MIN, VIN+

/ VIN-

AT £ (T~ 25n3) —>

. . ‘ . ~40mV MIN.
— -3V max, VIN+

FIGURE 10. Data Waveform Constraints: Amplifier Inputs

8T = (T — 25 n3)—>| 1

1

AT£(T—25n3) | CLOCK INPUT FREQUENCY
_N_L
—\—/l_\_

Note: [T, — Tl < 10ns

FIGURE 11. Data Waveform Constraints: Data Input (TTL)

‘TL/F/5238-12

TL/F/5238-13
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Typical Applications

18.867 MHz (NOTE 1)

Vee
I X1 X2
PARITY CONTROL
|AUTO nsspnuss oATA I
DP8340 > I
TRANSMITTER/ DATA | TRANSLATION
nm T0AD ENCODER DT, LoGIC l
| I >  Fic.18
REG FULL ‘
COAX
RGE2A/U
I | TRANSMITTER
g ACTIVE I
]
3 >
S DATA BUS D2-D11 8 I
< 2
S
2 RECEIVER I
=} & & DISABLE
: | DATA
« AVAILABLE
w
z
= ERROR N
=
£ ' 0UTPUT CONTROL DP8341 BLPHASE 1:1:1 PULSE
o I———> RECEIVER/ NPUT TRANSFORMER
| OUTPUT ENABLE DECODER -IN :
REG READ
Inzcslven ACTIVE
| ———————]

Note 3: Crystal manufacturers: Midland Ross Corp.
NEL Unit Part No. NE18A (C2560N) @ 18.867 MHz

The Viking Group Part No. VXB-46NS @ 18,867 MHz. Located in San Joss, CA.
FIGURE 12. Typical Application for IBM 3270 Interface

vee
< <
P4 < 1k
< < 1
1k
VN4 ——t
VIN-

TL/F/5238-15

FIGURE 13, Equivalent Clrcuit for DP8341/NS32441 Input Amplifier

TL/F/5238-14
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DP8341/NS32441

Typical Applications (continued)

IDEAL
WAVEFORM

AT TRANSMITTER
END OF CABLE

ACTUAL
WAVEFORM

AT TRANSMITTER
END OF CABLE

+5V
__3s _
TN L3
( DATA
oeLaY 2| B
! b
& A LI 1e TI(NOTEZ) .
E DATA >—|—D— oW
z |
H I l g 902 COAX
E | | W 30 (RG62A/0)
2 | s |15 .
8 | A~
a I l 6 2
= < Ré
g I | s - S
. I A { 150 5e
M 4N
| |2 4
TRANSMITIER 4 | D | SONNECT 0
[ AoTE L N RECEIVER
T“TXIv -IN=
GND

Note 1: Resistance values are in 2, 5%, VW

Note 2: T1 is a 1:1:1 pulse transformer, Lyyn = 500 uH for 18 MHz system clock
Pulse Engineering Part No. 5762/Surface Mount, 5762M/PE-85762
Valor Electronics Part No. CT1501
Technitrol Part No. 11LHA or equivalent transformers

FIGURE 14. Translation Logic

TL/F/5238-16

VIDEAL

il el i
_

Y

! i VREAL=(95%) VIDEAL

TL/F/5238-17

*To maintain loss at 95% of ideal sig- Note 1: Less inductance will cause greater ampli-

nal, select transformer inductance tude attenuation
such that: ) Note 2: Greater inductance may decrease signal

__ 10,000 _ rise time slightly and increase ringing, but these
Loy = fok foLk = systemClock. effects are generally negligible.

Frequency
(e.g., 18.87 MHz)

EXAMPLE:

10,000

= ——— =

L T5.67 x 106 L(MIN) = 530uH

FIGURE 15. Transformer Selection
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National
Semiconductor

DP8342/NS32442

High-Speed 8-Bit Serial Transmitter/Encoder

General Description

The DP8342/NS32442 generates a complete encoding of
parallel data for high speed serial transmission. It generates
a five bit starting sequencs, three bit code violation, fol-
lowed by a syn bit and eight bit per byte of data plus a parity
bit. A three-bit ending code signals the termination of the
transmission. The DP8342/NS32442 adapts to generalized
high speed serial data transmission as well as the coax lines
at a maximum data rate of 3.5 MHz.

The DP8342/NS32442 and its complementary chip, the
DP8343 (receiver/decoder) have been designed to provide
maximum flexibility in system designs. The separation of the
transmitter receiver functions provides convenient addition
of more receivers at one end of a biphase line without the
need of unused transmitters. This is specifically advanta-
geous in control units where typical biphase data is multi-
plexed over many biphase lines and the number of receivers
generally exceeds the number of transmitters.

Features

m Eight bits per data byte transmission

m Single-byte or multi-byte transmission

m Internal parity generation (even or odd)

m Internal crystal controlled oscillator used for the genera-
tion of all required chip timing frequencies

®m Clock output directly drives receiver (DP8343) clock in-
put

m Input data hold register

m Automatic clear status response feature

m Line drivers at data outputs provide easy interface to
bi-phase coax line or general transmission media

m <2 ns driver output skew

m Bipolar technology provides TTL input/output compati-
bility

m Data outputs power up/down glitch free

m Internal power up clear and reset

m Single +5V power supply

Connection Diagram

Dual-In-Line Package

U
OUTPUT ENABLE —{ 1 24 = Ve
BYTECLK =12 23 [ REGLOAD
8IT8 —{3 22 [— REG FULL
BIT7T —44 21 | AUTO RES|
BITE =~=q5 20 |~ TRANSMITTER ACTIVE
BIT5 —16 19 [== RESET
BIT4 ——q7 18 [~— EVEN/0DD
BIT3 —18 17 — DATAOUT
BIT2 =g 16 [=— DATAOUT
BIT1 —410 15 1= DATA DELAY
CLKOUT =] 11 14— X2
GND =112 13p—x1
' TL/F/5236-1
FIGURE 1

Order Number DP8342J, NS32442J
or DP8342J, NS32442N
See NS Package Number J24A or N24A

2-23

chveESN/ZYesda




DP8342/NS32442

Block Diagram

CLOCK _____ TRANSMITTER  EVEN/ODD REGISTER
vee OUTPUT RESET ACTIVE PARITY T0AD
Lee t | ! |
RexT |
‘xz .
EXTERNAL
cRYSTAL C_] ! oL CONTROL LOGIC
T———*—»x1 I
v L BvECLOK
—|>—— DATA
QUTPUT SHIFT :
REGISTER AND RO g -
FORMAT LOGIC _k_ AR
} ‘ DATA
. | controL l——-D—— DELAY
PARITY BU!
uTPUT N
GENERATION ueut
| inpur HoLome
REGISTER OUTPUT ENABLE
i ia BITS
REGISTERS  BIT 1 TOBIT 8
FULL DATA INPUTS
TL/F/5236-2
FIGURE 2

Functional Description

Figure 2 is a block diagram of the DP8342/NS32442 Bi-
phase Transmitter/Encoder. The transmitter/encoder con-
tains a crystal oscillator whose input is a crystal with a fre-
quency eight (8) times the data rate. A Clock Output is pro-
vided to drive the DP8342/NS32442 receiver/decoder
Clock Input and other system components at the oscillator
frequency. Additionally, the oscillator drives the control logic
and output shift register/format logic blocks.

Data is parallel loaded from the system data bus to the
transmitter/encoder’s input holding register. This data is in
turn loaded by the transmitter/encoder to'its output shift
register if this register was empty at the time of the load.
During this load, message formatting and parity are generat-
ed. The formatted message is then shifted out at the bit rate
frequency to the TTL to Biphase block which generates the
proper data bit formatting. The data outputs, DATA, DATA,
and DATA DELAY provide for flexible interface to the trans-
mission medium with little or no external components.

The control Logic block interfaces to all blocks to insure
proper chip operation and sequencing. It controls the type
of parity generation through the Even/Odd Parity input. An
additional feature provided by the transmitter/encoder is

the Reset and Output-TRI-STATE® capability. Another fea-
ture of the DP8342/NS32442 is the Byte Clock output which
keeps track of the number of bytes transferred.

The transmitter/encoder is also capable of internal TT/AR
(Transmission Turnaround/Auto Response). When the
Auto-Response (AR) input is forced to the logic “0” state,
the transmitter/encoder responds with clean status (all ze-
ros on data bits).

Operation of the transmitter/encoder is automatic. After the
first data byte is loaded, the Transmitter Active output is set
and the transmitter/encoder immediately formats the input
data and serially shifts it out its data outputs. If the message
is a mutli-byte message, the internal format logic will modify
the message data format for multibyte as long as the next
byte is loaded to the input holding format logic will modify
the message data format for multibyte as long as the next
byte is loaded to the input holding register before the last
data bit of the previous data byte is transferred out of the
internal output shift register. After all data is shifted out of
the transmitter/encoder the Transmitter Active output will
return to the inactive state.
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Detailed Pin/Functional Description

CRYSTAL INPUTS X1 AND X2

The oscillator is controlled by an external, parallel resonant
crystal connected between the X1 and X2 pins. Normally, a
fundamental mode crystal is used to determine the operat-
ing frequency of the oscillator; however, over-tone mode
crystals may be used.

CRYSTAL SPECIFICATIONS (PARALLEL RESONANT)

Type <20 MHz AT-cut
or > 20 MHz BT-cut
Tolerance 0.005% at 25°C
Stability 0.01% from 0°C to +70°C
Resonance Fundamental (Parallel)
Maximum Series Resistance Dependent on Frequency
(For 20 MHz, 50Q2)
Load Capacitance 15 pF
Connection Diagram
10 PIN 22 Y
PIN (14) > vec
CRYSTAL
T (Fia. 18)
T0 PIN X1
PIN (13)
TL/F/5236-3
Freq R C
10 MHz-20 MHz|5000 |30 pF|
>20 MHz 120015 pF|

If the DP8342/NS32442 transmitter is clocked by a system
clock (crystal oscillator not used), pin 13 (X1 input) should
be clock directly using a Schottky series (74S) circuit. Pin 14
(X2 input) may be left open. The clocking frequency must be
set at eight times the data bit rate. Maximum input frequen-
cy is 28 MHz.

CLOCK OUTPUT

The Clock Output is a buffered output derived directly from
the crystal oscillator block and clocks at the oscillator fre-
quency. It is designed to directly drive the DP8343 receiver/
decoder Clock Input as well as other system components.

REGISTERS FULL

This output is used as a flag by the external operating sys-
tem. A logic “1” (active state) on this output indicates that
both the internal output shift register and the input holding
register contain active data. No additional data should be
loaded until this output returns to the logic “‘0" state (inac-
tive state). '

TRANSMITTER ACTIVE

This output will be in the logic “1" state while the transmit-
ter/encoder is about to transmit or is in the process of trans-
mitting data. Otherwise, it will assume the logic “0" state
indicating no data presently in either the input holding or
output shift registers.

REGISTER LOAD

The Register Load input is used to load data from the Data
Inputs to the input holding register. The loading function is
level sensitive, the data present during the logic 0" state of
this input is loaded, and the input data must be valid before
the logic ‘0" to logic “1” transition. It is after this transition
that the transmitter/encoder begins formatting of data for
serial transmission.

AUTO RESPONSE (TT/AR)

This input provides for automatic clear data transmission (all
bits in logic “0") without the need of loading all zero’s.
When a logic “0” is forced on this input the transmitter/en-
coder immediately responds with transmission of *‘clean
status”. When this input is in the logic “1" state the trans-
mitter/encoder transmits data entered on the Data Inputs.

EVEN/ODD PARITY

This input sets the internal logic of the DP8342/NS32442
transmitter/encoder to generate either even or odd parity
for the data byte in the bit 10 position. When this pin is in the
logic “'0" state odd parity is generated. In the logic 1" state
even parity is generated. This feature is useful when the
control unit is. performing a loop back check and at the
same time the controller wishes to verify proper data trans-
mission with its receiver/decoder.

SERIAL OUTPUTS—DATA, DATA, AND DATA DELAY

These three output pins provide for convenient application
of data to the Bi-Phase transmission line. The Data outputs
are a direct bit representation of the Biphase data while the
Data Delay output provides the necessary increment to
clearly define the four (4) DC levels of the pulse. The DATA
and DATA outputs add flexibility to the DP8342/NS32442
transmitter/encoder for use in high speed differential line
driving applications. The typical DATA to DATA skew is
2 ns.

RESET

When a logic ‘0" is forced on this input, all outputs except
Clock Output are latched low.

OUTPUT ENABLE

* When a logic ““0" is forced on this input the three serial data

outputs are in the high impedence state.

BYTE CLOCK

This pin registers a pulse at the end of each byte transmis-
sion. The number of pulses registered corresponds to the
number of bytes transmitted.
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DP8342/NS32442

Message Format
Single Byte Trapsmlsslon

TRANSMISSION » TRANSMISSION

START SEQUENCE ‘ TERMINATION
: PARITY — SEQUENCE
IDLE LINE cooE_ [sync ENDING [ _IDLE
S—-———- QuIESCE | ,SO0E . | SINC g gy paa BYTE seoome. | ——
PATTERN
TRANSMISSION TRANSMISSION
START TERMINATION

Muiti-Byte Transmission .
SYNC BIT  PARITY

PARITY,
BYTE1™ | {  BYIE2 BYTEX™

LINE T
ool [t [t 2 | [oair e o] [ oo [ 2=/
TL/F/5236-4
FIGURE 3
Functional Timing Waveforms v
Lo R 2
e - 1
REB FULL N )
BYTECLOCK N ]

|
ity W Ny gy T Wy Bl oy Wy

DATA DELAY |
| 1 |1 |1 | 1 |1 Icnnswnmmu :#cl_n |1 ofl1]o |
BT BIT BIT
' |y ENDING
|«————— STARTING SEQUENCE ———- -
' B BIT + PARITY SEQUENCE
' TL/F/5236-5
FIGURE 4. Overall Timing Waveforms for Single Byte
Lo e ®
w___ | 2 L

L ___l'l_rLFU'm_l—"l_rl_r*ﬁ.J'llr*'l_n_l

Ll I I I
wf ot

a:nmnm BITRPARITY|

DATA

DATA DELAY ;
| 1 | 1 | 1 ||:nnz VIOLATION s:'uTcIn

-
-

ENDING

[+———— STARTING SEQUENCE SEQUENCE

8 BIT + PARITY 8 BIT + PARITY

FIGURE 5. Overall Timing Waveforms for Multi-Byte

TL/F/5236-6
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. . e
Absolute Maximum Ratings (Note 1) 2
If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C g
contact the National Semiconductor Sales Office/ Cavity Package 2237 mW E
Distributors for availability and specifications. . Dual-In-Line package 2500 mW )
Supply Voltags, Vcco Vv *Derate cavity package 1.4 .9 mW/°C above 25°C; derate dual in line pack- s
Input Voltage 5.5V age 20 mW/°C above 25°C. g
N
Output Voltage 525V Operatlng Conditions
Storage Temperature Range —65°Cto +150°C Min Max Units
Lead Temperature (Soldering, 10 sec.) 300°C Supply Voltage, (Vo) 4.75 5.25 v
Ambient Temperature, Ta 0 +70 °C
Electrical Characteristics (Notes 2and 3)
Symbol Parameter ‘ Conditions Min Typ Max Units
VIH . Logic “1” Input Voltage (All Inputs Except X1 and X2)| Vgg = 5V 2.0 o \
ViL Logic “0" Input Voltage (All Inputs Except X1 and X2)| Vgoc = 5V 0.8 \
VcLAMP Input Clamp Voltage (All Inputs Except X1 and X2) IN= —12mA -08 | -—-1.2 \
I Logic “1" Register Load Input Ve = 5.25V 0.3 120 nA
Input Current All Others Except X1 and X2 ViN = 5.25V 0.1 40 pA
I Logic ““0” Register Load Input Vce = 56.25V —15 —300 nA
. Input Current All Inputs Except X1 and X2 ViN = 0.5V -5 —100 BA
* VoH1 Logic ““1” All Outputs Except CLK OUT, loy = —100 pA a2 39 ’ v
DATA, DATA, and DATA DELAY Vec = 4.75V ) )
log = —1mA 2.5 34 \
VoHz Logic “1” for CLK OUT, DATA, Vee = 4.75V 26 30 v
DATA, and DATA DELAY Outputs loy = —10mA i : )
Voui Logic “0” All Outputs Except CLK OUT, Vec = 4.75V 0.35 05 v
DATA, DATA, and DATA DELAY loL = 5mA ) i
VoL2 Logic “0” for CLK OUT, DATA Vee = 4.75V 0.4 06 v
DATA, and DATA DELAY Outputs loL = 20 mA ) T
los1 Output Short Circuit Current for All Except (Note 5) :
CLK OUT, DATA, DATA, and DATA Vout = 0V -10 —30 —-100 mA
DELAY Outputs
losz Output Short Circuit Current DATA, (Note 5) _ _ arn
DATA, and DATA DELAY Outputs Vout = 0V 50 140 350 mA
losa Output Short Circuit Current for CLK OUT (Note 5) —30 —90 —200 mA
Vour = 0V
lcc Power Supply Current Vec = 5.25V 170 ' 250 mA

Timing Characteristics v = 5V £5%, Ta = 0°C to 70°C, Oscillator Frequency = 28 MHz (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
tpd1 REG LOAD to Transmitter Active (TA) Load Circuit 1 ‘
P » . 60 90 ns .
Positive Edge . Figure 6
tpd2 REG_ 'LOAD to Register Full; and Circuit 1 45 75 ns
Positive Edge Figure 6
t TA to Register Full; Load Circuit 1 '
pd3 g H . .
Negative Edge Figure 6 40 70 ns
tpd4 Positive Edge of REG LOAD to Load Circuit 2 50 80 ns
Positive Edge of DATA | Figure 9
tpds REG LOAD to DATA; Load Circuit 2
Positive Edge Figure 9 280 380 ns
tods REC? .LOAD to DATA DELAY; and Circuit2 150 240 ns
Positive Edge Figure 9
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DP8342/NS32442

Timing Characteristics (continued)
Vece = 5V £5%, Ta = 0°C to 70°C, Oscillator Frequency = 28 MHz (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
tpd7 Positive Edge of DATA to Negative Edge Load Circuit 2 70 85 ns
of DATA DELAY Figure 9
tpds Positive Edge of DATA DELAY to Negative Load Circuit 2 80 o5 ns
Edge of DATA Figure 9
tpdo Skew between DATA and DATA Load Circuit 2
: ' . 2 6 ns
tpd1o Figure 9
tod11 Negative Edge of Auto Response (AR) Load Circuit 1 70 100 ns
to Positive Edge of TA Figure 10
thd12 Maximum Time Delay to Load Second Byte Load Circuit 1 4XT—50 ns
after Positive Edge of REG FULL Figure 8, (Note 7)
thd13 X1 to CLK OUT; Positive Edge and Circuit 2 21 30 ns
Figure 11
tod14 X1 to CLK OUT; Negative Edge L9ad Circuit 2 ' 23 a3 ns
Figure 11
tpd1s Negative Edge of AR to Positive Edge of Load Circuit 1 : 45 75 ns
) REG FULL Figure 10
todie Skew between TA and REG FU LL during Load Circuit 1.
— , ; -50 80 ns
. Auto Response Figure 10
tod17 REG LOAD to REG FULL,; Positive Edge Load Circuit 1 45 75 ns
for Second Byte Figure 7
todis REG FULL to BYTE CLK; Negative Edge g Lc'>ad Circuit 1 60 20 ns
. Figure 7
tod19 REG FULL to BYTE CLK; Positive Edge ‘ Lgad Circuit 1 145 180 ns
. Figure 7
tzn Output Enable to DATA, DATA, or DATA CL = 50 pF 25 45 ns
DELAY outputs: HiZ to High Figures 16, 17
tzL Output Enable to DATA, DATA, or DATA CL = 50 pF 15 36 ns
DELAY Outputs; HiZ to High B Figures 16, 17 )
thz Output Enable to DATA, DATA, or DATA CL =15pF 65 100 ns
DELAY Outputs; High to HiZ Figures 16, 17
tz Output Enable to DATA, DATA, or DATA CL = 15pF 45 70 ns
DELAY Outputs; Low to HiZ . Figures 16, 17
tow1 REG LOAD Pulse Width Figure 12 40 ns
towz First REG FULL Pulse Width (Note 6) and Circuit 1 8XT+60 | 8xT+ 100 ns
- Figure 7, (Note 7) :
tows REG FULL Pulse Width Prior to Ending Load Circuit 1 5% B ns
. Sequence (Note 6) ) . Figure 7
towa Pulse Width for Auto Response Figure 10 40 . ns
tous Pulse Width for BYTE CLK Lgad Circuit 1 8T+ 30 8XT+ 80 ns
Figure 7, (Note 7)
ts Data Setup Time prior to REG LOAD Figure 12 15 23 ns
Positive Edge; Hold Time = O ns . )
tr - Rise Time for DATA, DATA, and DATA Load Circuit 2 7 13 ns
DELAY Output Waveform " Figure 13
1 Fall Time for DATA, DATA, and DATA Load Circuit 2 5 11 ns
DELAY Output Waveform Figure 13 .
tr2 ‘ Rise Time for TA and REG FULL Lc.aad Circuit 1 20 20 ns
. ) . Figure 14
ti2 Fall Time for TA and REG FULL Lgad Circuit 1 15 25 ns
: . Figure 14
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Timing Characteristics (continued)

Vee = 5V £5%, Tp = 0°C to 70°C, Oscillator Frequency = 28 MHz (Notes 2 and 3)

ehyZESN/2rESda

Symbol Parameter Conditions Min Typ Max Units

fMAX Data Rate Frequency .
(Clock Input must be 8 X this Frequency) b 35 Mbits/s

Cin Input Capacitance—Any Input (Note 4) 5 15 pF

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical
values are for Tp = 25°C and Vg = 5.0V.

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless
otherwise specified. All values shown as max or min are so classified on absolute basis.

Note 4: Input capacitance is guaranteed by periodic testing. frest = 10 kHz at 300 mV, T = 25°C.
Note 5: Only one output should be shorted at a time.

Note 6: T = 1/(Oscillator Frequency). Unit for T should be in ns. B = 8T.

Note 7: Oscillator Frequency Dependent.

Timing Waveforms (continued)

e ™\

K‘( ALY 3'
1.5v
ov

tpdt

3 3 Vou

T —— 50%
voL

B

tpd2 tpe3

Vo

REG FULL 50%

{3 tow3 voL

thw2 |«— tpd19

. — . VOH

BYTE CLOCK —_— 5%

ﬂ s

|«— tpw5
TL/F/5236-7
FIGURE 6. Single Byte Transfer
& 22 W
REG LOAD 1.5V
oy
— +— tpd1
2 2 VoH
TA : 50%

—l | tpa17 ' vor

— tpd2 tpd3 [——
— Vou

REG FULL 50%
2 tpwd voL

— «— tpw2 tpd1g —»| |[«— —-| tpd19

—_— | —— VoH

BYTE CLK h 50%
& 2 oL

— tpw5
TL/F/5236-8

FIGURE 7. Two-Byte Transfer
02 ¢ v
RES TOAD —\_/ N\ Lsow
\
/-i Vou

WINDOW
T0 LOAD MULTI-BYTE DATA —|
15% xB

REG FULL 50%

VoL

TL/F/5236-9
FIGURE 8. Maximum Window to Load Multi-Byte Data

2-29



DP8342/NS32442

Functional Timing Waveforms (continued)

\ . W
REG LOAD \_7[ 50% 1.5V
ov
i . —_
‘ ' ' Vou
- DATA 50%
: VoL -
tpd9—s| |e— —»| |«—1pd10
tpd5 VOH
DATR ) 50%
— VoL
: . tpd7—>| fe— :
«—— 1pd6 tpd8 > Vou
DATA DELAY 50%
TL/F/5236-10
FIGURE 9. Three Serial Outputs
towd —»
w‘
AR 1.5V -
. o X1 —_— sy
tpd11 %
H pa13—s| [+— —=| |=tpaus
n 50% — Vou
. VoL - CLxour — 50%
—" tpd15 <—1pd18 VoL
Vou TLIF/5236-12
REG FULL .
0% oL FIGURE 11. Clock Pulse

FIGURE 10. Auto-Response

T
l ts-—-l a0
 —a

DATA

TL/F/5236-13

*FIGURE 12. REG LOAD

i TL/F/5236-15
FIGURE 14. Rise and Fall Time Measurement
for TA and REG FULL

Load Circuit 1

1

TL/F/5236-11

TL/F/5236-14

FIGURE 13. Output Waveform for DATA, DATA,

DATA DELAY (Load Circuit 2)

.Nee, Ve

RL=2k

15pF

T

TL/F/5236-16
Load Circuit 2
FIGURE 15. Test Load Circuits
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Timing Waveforms (continued) 53
S
vee ~
=
(7]
41K Y]
' &
o
N
I oL 2.7K
= = TL/F/5236-17
FIGURE 16. Load Circuit for Output TRI-STATE Test
VoH
OUTPUT ENABLE 50%
VoL
t
VoK I‘_ W - “_ z VoH
OATA OUTRUTS }vuu-o.sv HIGH Z gcvuu-o-“
VoL VoL +0.5V K= VoL+0.5V VoL
— —uz — —tz4
TL/F/5236-18
FIGURE 17. TRI-STATE Test
Typical Applications
28 MHz MAX. (NOTE 3)
(Hpttowe
P ‘L |
>
S
X1 X2
RESET
AUTO RESPONSE DATA OPTIONAL
—— [OATR | :
DP8342 INTERFACE TRANSMISSION
REG LOAD ansmirtens  FREEAY oG MEDIUM
REG FULL ENCODER . | DATA
" BYTE CLOCK COAX LINE (FIG. 19)
- TWISTED PAIR LINES
w FIBER-OPTIC
= TRANSMITTER MAGNETIC
W ACTIVE INFRARED
z g AF
E DATA_BUS D1-08 2 ULTRASONIC
E RECEIVER Audio
5 DATA y J DISABLE CURRENT CARRYING
“{ ' AVAILABLE :
ERROR N
o Jrow
OUTPUT ENABLE / ,
ECEIVER " TERFA DC 70 3.5 MHz
REG READ
RECEIVER ACTIVE
TL/F/5236-18
FIGURE 18
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DP8342/NS32442

Typical Applications (continued)

+5V
115
T Themne R
( 1 A 0DS3487 A 150
DATA
DELRY 2 B
I l R2
= G BN AR 1 THNOTE2)
E DATA T 3 W
= \
H l I b . 802 COAX
= | 1 |1 B3 (REE2A/U)
| IR0 B | PR~
% 6 2
E . I : < R6
2 | | #s S 120
& 150 1
) l _._D“ ] AN Se
+IN
| \ |2 4
TRANSMITTER Sy CONNECT 10
ACTIVE | DPE3A3
L . : _I RECEIVER
‘ _T_ -IN
= 6

GND
TL/F/6236-20

Note 1: Resistance values are in 01, £5%, V4W.

Note 2: T1 is a 1:1:1 pulse transformer, L = 500 pH for 18 MHz to 28 MHz system clock. Pulse Engineering Part No. 5762; Technitrol Part No. 11LHA, Valor
Electronics Part No. CT1501, or equivalent transformer.

Note 3: Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE-18A at 28 MHz.

FIGURE 19. Interface Logic for a Coax Transmission Line

(NOTE)
DATA 1e M
T et A) |
ENCODER ®3 M
1 .2
E 900
L 50
+IN n
CONNECT TO .
DPa343
RECEIVER
-IN
6

TL/?/5236-21
Note: Data rates up to 3.5 Mbits/s at 5000" still apply.

FIGURE 20. Direct Interface for a Coax Transmission Line (Non-IBM Voltage Levels)
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DP8343/NS32443

High-Speed 8-Bit Serial Receiver/Decoder

General Description

The DP8343/NS32443 provides complete decoding of data
for high speed serial data communications. In specific, the
DP8343/NS32443 receiver recognizes biphase serial data
sent from its complementary chip, the DP8342 transmitter,
and converts it into 8 bits of parallel data. These devices are
easily adapted to generalized high speed serial data trans-
mission systems that operate at bit rates up to 3.5 MHz.

The DP8343/NS32443 receiver and the DP8342 transmitter
are designed to provide maximum flexibility in system de-
signs. The separation of transmitter and receiver functions
allows addition of more receivers at one end of the biphase
line without the necessity of adding unused transmitters.
This is advantageous in control units where the data is typi-
cally multiplexed over many lines and the number of receiv-
ers generally exceeds the number of transmitters. The sep-
aration of transmitter and receiver function provides an ad-
ditional advantage in flexibility of data bus organization. The
data bus outputs of the receiver are TRI-STATE®, thus en-
abling the bus configuration to be organized as either a
common transmit/receive (bi-directional) bus or as separate
transmit and receive busses for higher speed.

Features

m DP8343/NS32443 receives 8-bit data bytes

m Separate receiver and transmitter provide maximum
system design flexibility

m Even parity detection .

m High sensitivity input on receiver easily interfaces to
coax line

m Standard TTL data input on receiver provides general-
ized transmission line interface and also provides
hysteresis

m Data holding register

W Multi-byte or single byte transfers

m TRI-STATE receiver date outputs provide flexibility for
common or separated transmit/receive data bus
operation

m Data transmission error detection on receiver provides
for both error detection and error type definition

m Bipolar technology provides TTL input/output compati-
bility with excellent drive characteristics

m Single + 5V power supply operation

Connection Diagram

. Dual-In-Line Package

./
RECEIVER DISABLE—] 1 2 b—vce
+AMPLIFIER INPUT —] 2 23 }—oatacrock
—AMPLIFIER INPUT =1 3 22 |— SERIAL DATA
DATA (TTL)—] 4 2pb—oers
DATA CONTROL —] 5 20 f—BIT?
CLOCK—{ 6 19 —BITE
RECEIVER ACTIVE—] 7 18 [—BITS
ERROR —] 8 17 p—biTs
REGISTER READ ——{ 9 16 —BIT3
DATA AVAILABLE —{ 10 15 —pr2
OUTPUT CONTROL—| 11 " f—sm1
GND—] 12 13 |— OUTPUT ENABLE
TL/F/5237-1
. FIGURE 1
. Order Number DP8343/NS32443J
or DP8343/NS32443N

See NS Package Number J24A or N24A
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DP8343/NS32443

Block Diagram

RECEIVER
CLocK STARTING/ ENDING ACTIVE
SEQUENCE
DATA DETECTOR
cNTROL ™} : 5 _ ———-.
DATA (TTL _b__’ T
) MUX DATA SERIAL DATA [~ SERIAL DATA
AND |  DEMOD. SHIFT REGISTER
AMPLIFIER CONTROL LOGIC L—»- SERIAL DATA CLOCK
INPUT PARITY
3 CHECK REGISTER
nowmg ':zoemsrsn [~ READ
{ LOADING LOGIC DATA
] [~ AVAILABLE
ERROR DETECTION
RECEIVER AND IDENTIFICATION
DISABLE i A
0UTPUT
Mux CONTROL
;’
TRI-STATE® OUTPUT
OUTPUT BUFFERS [+ ENRBLE
]
ERROR OUTPUT PARALLEL OUTPUT DATA

TL/F/5237-2

FIGURE 2. DP8343/NS32443 Biphase Recelver

Functional Description

Figure 2 is a block diagram of the DP8343/NS32443 receiv-
er. This chip is essentially a serial in/parallel out shift regis-
ter. However, the serial input data must conform to a very
specific format (see Figures 3-6). The message will not be
recognized unless the format of the starting sequence is
correct. Deviations from the format in the data, sync bit,
parity or ending sequence will cause an error to be detect-
ed, terminating the message.

Data enters the receiver through the differential input ampli-
fier or the TTL Data input. The differential amplifier is a high
sensitivity input which may be used by connecting it directly
to a transformer coupled coax line, or other transmission
medium. The TTL Data input provides 400 mV of hysteresis
and recognizes TTL logic levels. The data then enters the
demodulation block.

The data demodulation block samples the data at eight (8)
times the data rate and provides signals for detecting the
starting sequence, ending sequence, and errors. Detection
of the starting sequence sets the Receiver Active output
high and enables the input shift register.

As the eight bits of data are shifted into the shift register, the
receiver will verify that even parity is maintained on the data
bits and the sync bit. Serial Data and Serial Data Clock, the
inputs to the shift register, are provided for use with external
error detecting schemes. After one complete data byte is
received, the contents of the input shift register is parallel
loaded to the holding register, assuming the holding register
is empty, and the Data Available output is set. If the holding
register is full, this load will be delayed until that register has

been read or the start of another data byte is received, in
which case a Data Overflow Error will be detected, terminat-
ing the message. Data is read from the holding register
through the TRI-STATE Output Buffers. The Output Enable
input is the TRI-STATE contro! for these outputs and the
Register Read input signals the receiver that the read has
been completed.

When the receiver detects an ending sequence the Receiv-
er Active output will be reset to a logic “0” indicating the
message has been terminated. A message will also termi-
nate when an error is detected. The Receiver Active output
used in conjunction with the Error output allows quick re-
sponse to the transmitting unit when an error free message
has been received.

The Error Detection and Identification block insures that val-
id data reaches the outputs of the receiver. Detection of an
error sets the Error output to a logic “1” and resets the
Receiver Active output to a logic “0" terminating the mes-
sage. The error type may be read from the data bus outputs
by setting the Output Control input to logic 0" and enabling
the TRI-STATE outputs. The data bit outputs have assigned
error definitions (see error code definition table). The Error
output will return to a logic “0” when the next starting se-
quence is received, or when the error is read (Output Con-
trol to logic “0” and a Register Read performed).

The Receiver Disable input is used to disable both the am-
plifier and TTL Data receiver inputs. It will typically be con-
nected directly to the Transmitter Active output of the
DP8342 transmitter circuit.
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Detailed Functional Pin Description

RECEIVER DISABLE

This input is used to disable the receiver's data inputs. The
Receiver Disable input will typically be connected to the
Transmitter Active output of the DP8342. However, at the
system controller it may be necessary for both the transmit-
ter and receiver to be active at the same time. This variation
can be accomplished with the addition of minimal external
logic.

Truth Table
Receiver Disable Data Inputs
Logic ‘0" Active
Logic “1” Disabled

AMPLIFIER INPUTS

The receiver has a differential input amplifier which may be
directly connected to the transformer coupled coax line. The
amplifier may also be connected to a differential type TTL
line. The amplifier has 20 mV of hysteresis.

DATA INPUT

This input can be used either as an alternate data input or
as a power-up check input. If the system designer prefers to
use his own amplifier, instead of the one provided on the

ERROR

The Error output transitions to a logic “1" when an error is
detected. Detection of an error causes the Receiver Active
and the Data Available outputs to-transition to a logic “0”.
The Error output returns to a logic “0” after the error regis-
ter has been read or when the next starting sequence is
detected.

REGISTER READ

The Register Read input when driven to the logic “0" state
signals the receiver that data in the holding register is being
read by the external operating system. The data present in
the holding register will continue to remain valid until the
Register Read input returns to the logic 1" condition. At
this time, if an additional byte is present in the input shift
register it will be transferred to the holding register, other-
wise the data will remain valid in the holding register. The
Data Available output will be in the logic."0” state for a

- short interval while a new byte is transferred to the holding

receiver, then this TTL input may be used. Using this pin as .

an alternate data input allows self-test of the peripheral sys-
tem without disturbing the transmission line.
DATA CONTROL

This input is the control pin that selects which of the inputs
are used for data entry to the receiver.

Truth Table
Data Control Data Input To
Logic ‘0" Data Input
Logic “1” Amplifier Inputs

Note: This input is also used for testing. When the input voltage is raised to
7.5V the chip resets.

CLOCK INPUT

This input is the internal clock of the receiver. It must be set
at eight (8) times the line data bit rate. The crystal-controlled
oscillator provided in the DP8342 transmitter also operates
at this frequency. The Clock Output of the transmitter is
designed to directly drive the receiver’s Clock Input. In addi-
tion, the receiver is designed to operate correctly to a data
bit rate of 3.5 MHz.

RECEIVER ACTIVE

The purpose of this output is to inform the external system
when the DP8343/NS32443 is in the process of receiving a
message. This output will transition to a logic “1” state after
a receipt of a valid starting sequence and transition to logic
“0"” when a valid ending sequence is received or an error is
detected. This output combined with the Error output will
inform the operating system of the end of an error free data
transmission. '

register after a register read.

DATA AVAILABLE

This output indicates the existence of a data byte within the
output holding register. It may also indicate the presence of
a data byte in both the holding register and the input shift
register. This output will transition to the logic “1” state as
soon as data is available and return to the logic “0” state
after each data byte has been read. However, even after the
last data byte has been read and the Data Available output
has assumed the logic “0" state, the last data byte read
from the holding register will remain until new data has been
received. )

OUTPUT CONTROL

The Output Control input determines the type of information
appearing at the data outputs. In the logic *1” state data will
appear, in the logic 0" state error codes are present.

Truth Table
Output Control Data Outputs
Logic 0" Error Codes
Logic “1" Data
OUTPUT ENABLE

The Output Enable input controls the state of the
TRI-STATE Data outputs.

Truth Table
TRI-STATE
Output Enable Data Outputs
Logic “0” Disabled
Logic “1” Active
DATA OUTPUTS

The DP8343/NS32443 has an 8-bit TRI-STATE data bus.
Seven bits are multiplexed with error bits. The error bits are
defined in the following table. The Output Control input is
the multiplexer control for the Data/Error bits.
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DP8343/NS32443

Message Format

Single Byte Transmission

TL/F/5237~-3

TRANSMISSION .. TRANSMISSION
START SEQUENCE PaATY— TERMINATION
IDLE LINE CODE | SYNC ENDING IDLE_ |
j‘“‘" QUIESCE | wioLaTion | miT | 8-BIT DATA BYTE SEQUENCE
TRANSMISSION ‘ TRANSMISSION
START : TERMINATION
* Multi-Byte Transmission }
PARITY SYNC BIT  PARITY
, BYTIE1™ | | BYIE2 BYTEX ™} ‘
IDLE LINE CODE. |SyNC|_ st8-8iT 2nd 8-BIT BYTE ENDING | IDLE -
')_» ggﬁgﬁ viouaTion | &iv [+ vie. & ] e & X SEQUENCE
FIGURE 3

BITBIT BIT BIT BITBIT BIT BIT
l1234567 nl ENDING

LINE QUIESCE SEQUENCE

CODE
VIOLATION

DATA
SYNC , PARITY

Rt 1 I
AVAlLRm i i l I

FIGURE 4a. Single Byte (8-Bit) Message

REGISTER
READ

TU/F/5237-4

LINE QUIESCE

CODE | ‘ : | . l : ‘ | ENDING
VIOLATION | " BYTE——| 2nd BYTE {*ee] LAST BYTE | sEauENcE

RECEIVER I b
ACTIVE .

I

AAILRBLE ' 1 : ‘ J‘". : ‘ |

L

—u T

FIGURE 4b. Multi-Byte Message

LI'—' .

TL/F/5237-5
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Error Code Definition

Data Bit Error Type

DP8343

Bit 1 Data Overflow (Byte not removed from holding register when it and the input shift register are both full and new
data is received)

Bit2 Parity Error (Odd parity detected)

Bit3 Transmit Check conditions (existence of errors on any or all of the following data bits: Bit 2, Bit 4, and Bit 5)

Bit 4 An invalid ending sequence

Bit5 Loss of mid-bit transition detected at other than normal ending sequence time

Bit 6 New starting sequence detected before data byte in holding register has been read

Bit7 Receiver disabled during receiver active mode ’

SERIAL DATA DATA CLOCK

The Serial Data output is the serial data coming into the The Data Clock output is the clock to the input shift register.

input shift register.

Message Format (continued)

CODE L ennon oerecren
VIOLATION CORRECT DATA BYTE ——— |

RECEIVER
ACTIVE | 1
DATA
AVAILABLE [ |
ERROR - ' [ ‘ |
REGISTER
READ ‘ U
OUTPUT - ] ' l -
CONTROL ;

TL/F/5237-6

LINE QUIESCE

FIGURE 5. Message with Error

nm””””” | ||||||||||||| |||| ||||||
LN ]

SERIAL

OATA L[ L L.

DATA .

CLOCK ”_“_IL“_IUUUL_IUUUL...

FIGURE 6. Data Clock and Serial Data

TL/F/5237-7
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DP8343/NS32443

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Storage Temperature Range

—65°Cto +150°C

Lead Temperature (Soldering, 10 sec.) 300°C
Distributors for availability and specifications. ‘
Supply Voltage, (Vcc) 7.0V Operating Conditions
Input Voltage 5.5V ) Min Max Units
Output Voltage 5.25V Supply Voltage, (Vco) 4.75 5.25 v
: Ambient Temperature, Ta o +70 °C
Electrical Characteristics (Notes 2,3 and5)
Symbol Parameter ' Conditions Min Typ Max Units
ViH Input High Level 2.0 \Y
ViL Input Low Level 0.8 \
Viu-ViL Data Input Hysteresis (TTL, Pin 4) 0.2 0.4 \%
VeLAMP Input Clamp Voltage In = —12mA -0.8 —1.2 \
iH Logic “1" Input Current Vee = 5.25V, Viy = 5.25V 2 40 pA
i, Logic *0” Input Current Voo = 5.25V, V|y = 0.5V —-20 —250 pA
VoH Logic “1"" Output Voltage lon = —100 pA 3.2 3.9 Vv
loy = —1mA 2.5 3.2 \
VoL ' Logic 0" Output Voltage loL = 5mA 0.35 0.5 \'
los Output Short Gircuit Current Vec = 5V, Vout = 0V ~10 —20 —100 mA
(Note 4)
loz TRI-STATE Output Current Voo = 5.25V, Vg = 2.5V —40 1 +40 ’ pA
Vee = 5.25V, Vo = 0.5V —40 -5 +40 pA
AHys Amplifier Input Hysteresis 5 20 30 mV
lcc Power Supply Current Vee = 5.25V 160 250 mA
Timing Characteristics (Notes2,6,7,and )
Symbol Parameter Conditions Min Typ Max Units
Tp1 Outpyt Data to Data Available 5 20 40 ns
Positive Edge
Tp2 Register Read Positive Edge to
. Data Available Negative Edge 10 25 45 ns
Tos Error Positive Edge to
Data Available Negative Edge 10 30 50 ns
Tps Error Positive Edge to
Receiver Active Negative Edge 5 20 40 ns
Tps Register Fle'ad Positive Edge to 20 45 75 ns
Error Negative Edge '
Tos Delay from Output Control to
Error Bits from Data Bits 5 20 %0 ns
Tp7 Delay from Output Control to
Data Bits from Error Bits 5 20 50 ns
Tps First Sync Bit Positive Edge to 35XT ns
Receiver Active Positive Edge +70
Tpo Receiver Active Positive Edge to’
First Data Available Positive Edge exT ns
Tp1o Negative Edge of Ending Sequence to 1156 XT ns
Receiver Active Negative Edge +50
Tp11 Data Control Set-up Multiplexer Time Prior 40 30 ns
to Receiving Data through Selected Input
Tp12 Serial Data Set-Up Prior to axT ns

Data Clock Positive Edge
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Timing Characteristics (Notes 2, 6,7, and 8) (Continued)

Symbol Parameter Conditions Min Typ Max Units

Tewi Register Read (Data) Pulse Width 30 40 ns

Tpw2 Register Read (Error) Pulse Width 40 30 ns

Tpwa Data Available Logic “‘0” State between 25 45 ns
Data Bytes

Ts Output Control Set-Up Time Prior to 0 -5 ns
Register Read Negative Edge

TH Output Control Hold Time after the 0 -5 ns
Register Read Positive Edge

Tze Delay from Output Enable to Logic “1” or Load Circuit 2 25 35 ns
Logic “0” from High Impedance State

Tez Delay from Output Enable to High Imped- Load Circuit 2

s g o g 25 35 ns

ance State from Logic “1" or Logic “0' .

FMmAX Data Bit Frequency (Clock Input must be oc a5 MBits/s

8 X the Data Bit Frequency)

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device

should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device operation.

Note 2: Unless otherwise specified, min./max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical

values are for Ty = 25°C and Vgc = 5.0V.

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless

otherwise specified. All values shown as max. or min, are so classified on absolute value basis.
Note 4: Only one output at a time should be shorted.
Note 5: input characteristics do not apply to amplifier inputs (pins 2 & 3).

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is used.

Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: Zoyr = 59, Ty < 6 ns, and Ty < 5ns.
Note 8: T = 1/(clock input frequency), units for “T" should be ns.

Test Load Circuits

vee vee

RL=2k R1=1k

15pF 15pF QR2=2k

TL/F/5237-8
Load Circuit 1 Load Circuit 2

FIGURE 7

TL/F/5237-9
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DP8343/NS32443

Timing Waveforms

ouTPUT
ENABLE

002-D011
. OUTPUTS
(OUTPUT CONTROL = HI)

DATA . . |
AVAILABLE I : 4
‘—- tow1 —>’ : L—' T2
REGISTER N

READ : \ /

FIGURE 8. Data Sequence Timing

oA ‘ :
AVAILABLE \
: Id—— Tua‘—»l
RECEIVER ‘ l
ACTIVE
~—Tng—
ERROR / \
|
«-T05
REGISTER \l /
READ
18 —» Id— prz —»ln— TH —>|
oUTPUT /
CONTROL \
Lrps.. LTM -—|

BIT1-BIT7 DATA BITS X ERROR BITS X DATA BITS

TL/F/5237-10

TL/F/5237-11
FIGURE 9. Error Sequence Timing

| 1 ! 1 I 1 | VIGLAYION l 1 ‘ . bam | 0 |M°V|M°Vl
M ir————
-—>| |-— Tos |<Tmu—|
s — I

DATA
AVAILABLE ” |

A

TL/F/5237-12
FIGURE 10. Message Timing
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Timing Waveforms (continued)

SERIAL DATA x X

|- Tp12

DATA CLOCK /_\__

FIGURE 11. Data Clock and Serlal Data Timing

TL/F/5237-13

knx(r-zsns)—— T
4T + (T — 25 ng) —>| ——

1
CLOCK INPUT FREQUENCY

1,3V MAX,
amv MiN, VIN+

/E——

~40mV MIN.
-1.3v MAX. VIN+

TL/F/5237-14
FIGURE 12. Data Waveform Constraints: Amplifier Inputs

[<———8T + (T — 25 ns)——>|
T=

[ R
AT=(T—25n3) I CLOCK INPUT FREQUENCY

—\ -

Note: [T, — '!',I <10ns TL/F/5237-15
FIGURE 13. Data Waveform Constraints: Data Input (TTL)

TL/F/5237-16
FIGURE 14. Equivalent Circuit for DP8343/NS32443 Input Amplifier
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DP8343/NS32443

Typical Applications

SYSTEM INTERFACE BUS

28 MHz MAX. (NOTE 1)

t—{I—OVcc

i

TRANSMISSION
MEDIUM

COAX LINE (FIG. 16)
TWISTED PAIR LINES
FIBER-OPTIC
MAGNETIC
INFRARED
RF
ULTRASONIC
AUDIO
CURRENT CARRYING

DC T0 3.5MHz

RESET
AUTO RESPONSE DATA :
E— A OPTIONAL
DPA342
REGLORD | rpansminrens |DELAL | INTERFAGE
REG FULL ENCODER DATA (FIG. 16)
BYTE CLOCK
TRANSMITTER
ACTIVE
x
[
DATA BUS D1-08 =]
o -
RECEIVER
DATA DISABLE
AVAILABLE
ERROR +IN
OUTPUT CONTROL DPa343 OPTIONAL
OUTPUT ENABLE RECEIVER/ INTERFACE
DECODER -IN_ | LOGIC
REG READ
RECEIVER ACTIVE ‘

Note 1: Crystal manufacturer Midland Ross Corp., NEL Unit Part No. NE-18A @ 28 MHz

FIGURE 15

TL/F/5237-17
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Typical Applications (continued)

A
DATA >1.|_>_. S
DELAY I

TRANSMITTER >4_,_.D_
ACTIVE

+5V
S
T T R
DS3487 150
R | 3
[
7 | B B | 1 e TI(NOTE2)
— AAA
DATA >—|—D— T Vv
| > B3 902 COAX
. | M 250 (RG62A/U)
1 AAA ° 3 L )
imhAAS
\ L 2
< s
| &5 >0
A | 150 5e
A +IN
[N |2 4
CONNECT T0
| DPB341
L N RECEIVER
ULV r
GND

TL/F/5237-18

Note 1: Resistance values are in 2, £5%, V4W.

Note 2: T1 is a 1:1:1 pulse transformer, Ly = 500 pH for 18 MHz system clock.
Pulse Engineering Part No. 5762,

Valor Electronics Part No. CT1501

Technitrol Part No. 11LHA or equivalent transformers.

FIGURE 16. Interface Logic for a Coax Transmission Line

M

-

«
w0
E
x
]
=
=<
=
=
g
2
a.
a
=
=
=
w
IDEAL
WAVEFORM
AT TRANSMITTER
END OF CABLE
ACTUAL
WAVEFORM
AT TRANSMITTER
END OF CABLE

- L L

1 VIDEAL

ik

TL/F/5237-19

*To maintain loss at 95% of ideal signal, select
transformer inductance such that:

10,000

Loviny = Tox

Example:

"~ 18.87 X 106

10,000

ok =

System Clock
Frequency’
(e.g., 18.87 MHz)

— L(MIN) = 530 pH
FIGURE 17. Transformer Selection

I VREAL =(95%) VIDEAL

Note 1: Less inductance will cause greater amplitude
attenuation.

TL/F/5237-20

Note 2: Greater inductance may decrease signal rise
time slightly and incease ringing, but these effects are
generally negligible.
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AN-496

The BIPLAN™
DP8342/DP8343 Biphase
Local Area Network

THE BIPLAN

The BIPLAN is a star local area network designed to dem-
onstrate the capabilities of National ,Semiconductor’s
DP8342/43 transmitter/encoder and receiver/decoder
chips. These chips are eight bit versions of the DP8340/41
ten bit parts designed to conform to the IBM 3270 protocol..
These eight bit devices are ideal for general purpose high
speed serial communication. They enable communication at
any data rate up to 3.5 megabits/sec over a variety of trans-
mission media with a minimum of external components and
easily interface to an eight bit data bus. These devices auto-
matically provide line conditioning, manchester encoding
and error checking minimizing transmission errors wh|le en-
hancing noise immunity and reliability.

8342/ 43

SLAVE
N OR
8=BIT
PARALLEL

DP8342/ 43
MASTER

National Semiconductor
Application Note 496
Kaushik (Chris) Popat
Al Brilliott

The LAN system described here is a star network (see Fig-
ure 1) supporting up to 256 nodes with either fiber-optic
links or coax links or both (simultaneously) at distances up

- to 2 miles and a data rate of 3.5 megabits/sec.

To demonstrate this LAN system, a PC board has been de-
veloped which can be configured as a master or a slave (the
slave hardware is a subset of the master hardware). As a
master, the board will support 8 fiber-optic slaves and four
coax slaves and can be expanded to support up to 128
fiber-optic slaves and 128 coax slaves simultaneously (see
Figure 2). The network interface will communicate with its
host either serially (RS-232) or through an eight bit parallel
port (multibus). Some features of the network system in-
clude:

— 3.5 Megabits/sec data rate
— Distance between slaves—2 miles for coax

— Simultaneous support for 128 fiber-optic slaves and 128
coax slaves

— Protocol insures data integrity—All transfers acknowl-
edged )

— 1-254 byte transfers, up to four 254 byte pages per data
packet

— 1 kbyte transmit and receive buffers.

TL/F/9339-1
FIGURE 1
HOST
RS232
MASTER SLAVE
coNTROL. ¢ comxcae |7 RGBT 1
1 MILE 3.5 MBIIS/S ” |COAX _T_—E
.’ T, PARALLEL
coax [¢ > —
wux| I_J—S __E
p -, T
A e HOST
TRANSMIT [Stave — C ]
¢ ">
RECEIVE FIBER .-
FIBER | OPTIC . D
R | ouPLEX FiseR oric caBLe o=, .
MUX ¢ . ,
) o sue [ 1T—
. 8
124 COAX SLAVES
EXPANSION ADD EXTERNAL DECODE, MUX AND DRIVERS
[ 120 Fieer opTiC SLavES

TL/F/9339-2

FIGURE 2. Master/Slave Network Configuration
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NETWORK PROTOCOL

The central node controls access to the network and is therefore termed “master” and satellite nodes are “slaves” since they
provide no network control. The master polls each slave sequentially to offer access to the network. Since the master polls one
slave at a time and no slave may transmit unless polled, there is no possibililty of contention. If a slave is not ready to transmit
data, it responds to a poll with an “auto-response” and the master polls the next slave (see Figure 3). Both the poll and the
auto-response (AR) are a single byte transmission with all zero data bits (message types will be discussed in detail later). A
disabled or disconnected slave will cause the master to time out and poll the next slave.

RS232 OR
8-BIT
PARALLEL

ASTER SKIPS AFTER TIME OUT

SLAVE (N+ 1) DOES NOT RESPOND
M
AND POLLS LATER

POLLING * MASTER OR SLAVE MAY HAVE A HOST WHICH
IS A TERMINAL, CPU, ETC.
TL/F/9339-3

FIGURE 3

If a slave is ready to transmit, it responds to a poll with a “request to transmit” indicating the number of pages to be transmitted
and a destination address. The master sends this “request to transmit” to the destination slave. If the destination slave is not
ready to receive data, it sends a “no-permission to transmit” and the master sends it to the source slave deferring data transfer
until the destination is ready to receive it (see Figure 4). This pre-interrogation prevents wasted data transfers thus improving
system throughput. It also allows each node to prepare its DMA circuitry to transfer a block of data.

(NO ERRORS)

SLAVE
(SOURCE)
WANTS T0
XMIT

POLL
WITH AUTO
RESPONSE

NO PERMISSION
TO XMIT

®

@

REQUEST TO
XMIT = STATUS
AND DESTINATION

NO PERMISSION
ADDRESS

TO XMIT

®
POLL NEXT SLAVE

canyou @
RECEIVE FROM
SOURCE

SLAVE
(DESTINATION)
CAN NOT
RECEIVE

REQUEST TO TRANSMIT
(SOURCE READY DESTINATION NOT)
TL/F/9339~4

FIGURE 4

96¥-NV
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AN-496

In the case where the destination slave is ready to receive data, it sends a “permission to transmit”’ and prepares to receive
data. The master, on receiving this “permission to transmit” sends it to the source slave and prepares for a transparent transfer
of data from source slave to destination slave. The source transmits data and if it reaches the destination without error, the
destination slave sends an acknowledge byte. The data/acknowledge cycle continues until the last page of data is transferred.
At this point the destination slave sends a special acknowledge called an EOT (“end of transmission”) terminating the communi-

cation sequence and releasing the master to poll the next slave (see Figure 5).
(NO ERRORS)

START AT 3
3) CAN YOU RECEIVE
(4&5) PERMISSION TO XMIT
(6&7) 1-254 BYTES SENT (1 PAGE)
T0 DEST SLAVE
MASTER TRANSPARENT
8) RECEIVED DATA
PACKET (ACK) ®
9) ACK DATA RECEIVED
= ANY MORE PAGES?

MASTER
ESTABLISHES
LINK
—= 8343 DOL

MORE
PAGES

POLL NEXT SLAVE

SLAVE
(DESTINATION)
CAN
RECEIVE

DATA TRANSMISSION
(SOURCE AND DESTINATION READY)

‘ , ‘ FIGURE 5
ERRORHANDLING ..

TL/F/9339-5

Recovery from transmission error is handled in the following way. If any node (either master or slave) detects an error while
receiving any message from the network (data or control), it sends an error message to the sending node. On receiving an error
message, a node retransmits its last message (examples are shown in Figure 6). This may continue to a limit of five retransmis-
sion attempts per communication sequence. An error message is simply the error flag register of the DP8343 receiver indicating

the type of error that occurred. The receiver provides the following types of internal error checking:
— Data overflow ’ ‘ i ‘

— Parity error

— Transmit check

— Invalid ending sequence

— Loss of mid-bit transition

— New starting sequence before read

— Receiver disabled while active - . .
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Error on Poll

AUTO RESPONSE

MASTER
POLLS

AUTO RESPONSE SLAVE

# SLAVE DETECTS ERROR
TL/F/9339-8

Error on Auto Response

AUTO RESPONSE

*MASTER DETECTS ERROR
TL/F/9339-7

Error on Data Transfer

START AT (8)
SOURCE SLAVE RECEIVES
PERMISSION TO TRANSMIT

SOURCE

MASTER TRANSPARENT
DURING DATA TRANSFER

DATA

ACKNOWLEDGE

ACKNOWLEDGE
DESTINATION

TL/F/9339-8

«DESTINATION SLAVE DETECTS ERROR

FIGURE 6

An exception to this rule is during a transparent data trans-
fer (from source slave through transparent master to desti-
nation slave), if the master detects an error, it will not send
an error message to the source slave. Instead, the master
forces a parity error on the next data byte causing the desti-
nation to detect a parity error in the data. The destination
slave sends an error message to the master and the master
then sends the error message to the source slave which re-
attempts the data transfer (see Figure 7). This method of
forcing a parity error at the master informs the destination
slave of the error condition immediately without having to
compare byte counts and enables quicker recovery.

The complete network protocol is summarized by the flow
chart in Figure 8.

START AT
SOURCE SLAVE RECEIVES
PERMISSION TO TRANSMIT

SOURCE

MASTER TRANSPARENT
DURING DATA TRANSFER

DATA

ACKNOWLEDGE

. ACKNOWLEDGE
+MASTER DETECTS ERROR :

++DATA WITH FORCED PARITY ERROR DESTINATION

TL/F/9339-9
FIGURE 7. Error on Data Transfer
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THE BIPLAN

PROTOCOL FLOW CHART

(MASTER POLLS ' MASTER POLLS | NExT [¢
SLAVE AGAIN) : | save wiH AR [€ SLAVE |¢
: h
I ] i
SLAVE b
SENDS SLAVE
ERRMSG WANTS SLAVE
‘ ACCESS SENDS'AR
TO MASTER) ?
SLAVE (SOURCE)
MASTER SENDS RTT AND
SENDS DEST ADDRESS
ERRMSG (TO MASTER)
(SLAVE SENDS ’;ﬁ’fﬁfﬁ?gf
AR AGAIN) ADDRS T0 DEST
TYPICAL SEQUENCES FOR
HANDLING ERRORS

MASTER SENDS
NO RTT
TO SOURCE

T

DEST SLAVE
SENDS NO RTT
TO MASTER

DESTINATION

SLAVE SENDS
PTT 70 MASTER
AR = AUTO RESPONSE
: RTT = REQUEST TO TRANSMIT
MASTER SENDS PTT = PERMISSION TO TRANSMIT
PT‘AIS% SOURCE ACKMSG = ACKNOWLEDGE MESSAGE

ERRMSG - ERROR ME
WASTER ESTABLISHES RMSG - ERROR MESSAGE

TRANSPARENT LINK

!

Sounce sEnDs Drh Tt NEW PAGE OF DATA) MASTER ESTABLISHES

PACKET TO DEST SLAVE |« TRANSPARENT LINK
(SAME PAGE OF DATA) K

(LMIT 3 ATTEMPTS)

MASTER FORCES MASTER SENDS
PARITY ERROR ERRMSG TO SOURCE
3

Y
DEST SLAVE

SENDS ERRMSG
TO MASTER

DEST SENDS MASTER SENDS

ACK MESSAGE —=p] ACK MESSAGE
TO MASTER T0 SOURCE

TL/F/9339-10
FIGURE 8. BIPLAN15B
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MESSAGE TYPES

There are two major types of messages on the network: control messages and data messages. Control messages are one or
two bytes in length and include the following types: poll, auto-responss, request to transmit, permission to transmit, acknowl-
edge and error messagse (see Figure 9). Data messages are 3 to 256 bytes in length and include 1 to 254 bytes of data. Once a
node is granted access to the network, it is allowed to transmit up to 4 such data messages (or pages) so that any number of
data bytes from 1 to 1016 bytes (4 pages) can be transferred per access. All messages, data as well as control, begin with a
status byte as defined in Figure 9. '

Data communication rates including overhead for the protocol are shown in Figure 10. Note that the effective data rate is
optimum for large data packets as the overhead becomes a less significant portion of the total time for the data transfer.

96¥-NV

Data Communication Rates Source Slave to Destination Slave

Neglecting Cable Propagation Delays
(RG 62/AU Coax = 1.2 ns/ft = 3.6 ns/meter)

First Page Next Two to Four Pages
No. of Bytes Time (us) No. of Bytes Time (u8)

1 260 1 115

10 286 10 143

100 ' 550 100 400

254 1000 254 840

Total Time for Transfer of: 1 Page (254 Bytes)—1000 us LATENCY
2 Pages (508 Bytes)—1840 us ’ No Network Traffic—(40)(N)ps
3 Pages (762 Bytes)—2680 s N) is th ber of sl th
4 Pages (1016 Bytes)—3520 us or (N is the number of slaves on the
2.3 Mbits/sec network
FIGURE 10
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THE BIPLAN
MESSAGE TYPES

(1) POLL | PRE=AMBLE S 00000000 P POST=AMBLE | (AUTO RESPONSE)

L | I |
LINE QUIESE DATA ENDING SEQUENCE
SYNC PARITY

(2) SLAVE RESPONSE TO POLL (NOT REQUESTING ACCESS)
SAME (AUTO RESPONSE) .

(3) REQUEST TO TRANSMIT

PRE = AMBLE S 0XXX0000 P | S XXXXXXXX P POST = AMBLE

| J L ]
STATUS BYTE DESTINATIION ADDRESS

(4) PERMISSION TO TRANSMIT

PRE=AMBLE S OXXX0001 P S XXXXXXXX P POST = AMBLE

| J | |
STATUS BYTE DESTINATIION ADDRESS

(5) DATA

S ¢

PRE = AMBLE S OXXX0010 P S XXXXXXXX P S XXXXXXXX P::S XXXXXXXX P POST= AMBLE

 —

STATUS BYTE SOURCE AD DATA BYTE 1 LAST DATA BYTE

(6) ACKNOWLEDGE PRE= AMBLE S OXXXO0X11 P POST = AMBLE
STATUS BYTE

STATUS BYTE
OXXXXl)(XXI 1|XXXXXXXl

l |
NO ERROR = T—]

0000000 = COMM SEQUENCE ERROR
ERROR= 1 | ERROR 0000001 = DATA OVERFLOW
PAGE NUMBER - :l——NOT MESSAGE L 5000010 - PARITY
REQ TO TRANSMIT = 000 USED 0000100 - TRANSMIT CHECK
PERM TO TRANSMIT= 001 | MESSAGE TYPE ERROR | 0001000 - INVALID ENDING SEQ
DATA=010 | TPE | 0010000~ LOSS OF MID= BIT XSTION
ACK (NO ERROR) = 011 (FROM DP8343
ERROR FLAG REG) 0100000 = NEW SEQ BEFORE READ
END OF XMISSION= 111 | 1000000 - RCVR DISABLE WHILE ACTIVE

TL/F/9339-11
FIGURE 9. BIPLAN17
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DESCRIPTION OF HARDWARE

A block diagram of the network interface showing the major functional elements and the bus structure is shown in Figure 11.
This represents both the master and the slave except the master contains additional circuitry for multiplexing and de-multiplex-
ing the biphase signal. The CPU (NSCB800) provides the intelligence necessary to communicate with the host (8-bit parallel or
RS-232 serial) and to implement the network protocol. The DP8342/43 transmitter and receiver both have 2 byte buffers so the
CPU can transmit and receive one or two bytes at any time without critical timing requirements. However, the CPU is too slow to
accommodate the 350 kbytes/sec data rate during multi-byte (more than 2) transfers. A DMA' state-machine controls the
transfer of these fast multi-byte messages. Thus, the CPU handles all the control transfers on the network (all 1 or 2 bytes) but
the high-speed data must be transferred (to or from the DP8342/43) using direct-memory-access.

2k 2
SYSTEM BUPFER - CONTROL
EPROM RAN PACE SEL uNIT
- 00-7 A0=10] | o-7 A0-10 A Dsgxz
SECTION * 5, BIPHASE
NSC MUX 7 SERIAL
soo, 810 87 1 8y 1 - N
(CPU RAM " i3
8
1/0) DATA 70 oe
< , | ADDRESS§ (DA PAGE) | o
%75 * ‘ k = DR NETWORK DATA BUS
g-oT | 7 'y g | |8t [oresaz
PARALLEL XMTR
PORT sy 3 8 BIPHASE
10 HOST SERIAL
8=BIT 8=BIT 2, 2, outr
D0O=7 A0=3 COUNTER] |COUNTERRf 7 7

8250 DA BYTE
RS= 232 SERIAL PORT ADDRESS ~ COUNTER

TL/F/9339-12

FIGURE 11. Network Interface Bus Structure (Slave)
The state-machine controlling the DMA sequences consists of EPROMS and latches. The CPU commands the state machine
using two 1/0 pins called “receive request” and “transmit request”. A 2 kbyte buffer stores transmit and receive data and is
segmented in to eight pages of 256 bytes each. Four pages are allocated for transmit data and four for receive data. When a
node has been granted permission to transmit, the CPU loads the appropriate page, loads the DMA counters and asserts
“transmit request”. Similarly, if a node has granted permission to transmit, it prepares to receive data by loading the appropriate
page, initializing the DMA counters and asserting “receive request”. The master may assert both “receive request” and
“transmit request” simultaneously to effect a “repeat request” (transparent mode where data from the receiver is loaded
directly to the transmitter). Figure 12 shows the control signals involved in the DMA sequences including those required to
handshake with the transmitter and receiver.

CPU CONTROLS 8342/ 43 DURING

10R2 BYTE CONTROL TRANSFERS TRANSMITTER
STATE MACHINE CONTROLS 8342/ 43 DPB342
DURING DATA TRANSFERS. N E
_____ —— | BipHAsE
COMMANDS| RECEIVE REQ 18 c2 $1 REG LOAD SERIAL OUT
FROM CPU| TRANSMIT REQ ——]I10 12— REG FULL
BUSREG +—{c7 DATA
BUSACK —{1t
DMA COMPLETE €—]ct nife ERROR
o— RCVR ACTIVE
2Kx8 RAM ONT e DATA AVAIL
! PATR AYA 1 BipHase
NNC21 16?/‘: . c3 »| REGREAD | SERIAL IN
pAGE - OUT EN
SEL DATA
<3 DP8343
i3 RECEIVER
ADRS BUS (EPROM STATE COUNTER) —
DATA BUS P-q
DIP
DMA ADRS L MAX CNT Pa SW
BACK=—] OE CE
8~ BIT COUNTER 8=BIT COUNTER  BUS XCVR COMPARATOR  STATION AD

TL/F/91.339-1 3
FIGURE 12. DMA Section
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An EPROM implementation was selected for the state machine in the interest of flexibility and to keep its operation as lucid as
possible. The state machine has three main functions: transmit data (DMA read), receive data (DMA write) and repeat data.
Figure 13 is the state diagram showing how it accomplishes these functions. Figures 14, 75and 76 show how the state machine
handshakes with the DP8342/43 in getting data on and off the bus.

:) (XR) (RR) + (RR) (RA)

o . RR =RECEVE REQUEST
XR + (RR) (RA) _XR = TRANSMIT REQUEST
(¥R) (RR) = REPEAT REQUEST

B T .
+
g (RR) (XR) + (RA) ()T%)((ERROR)

STATE VARIABLES
DCBA
—

INPUT MUX: ADRS.

(FULL) (ERROR)

(FULL) (ERROR)

(XR ) (RR) REG LOAD 44

MEM OE 4BREQ4
RCVR OE ¥ DMA COM ¢

\))ﬁuﬁﬁ

FIGURE 13. Control Unit State Diagram

TL/F/9339-14

TRANSMIT =
REQUEST
FULL SYS CLK
MEM OE ¢

s [Blc]ole]Flcfo]e]rlclclclole]r]k]x]k]

L TV TV
COUNT WAX ~ 45 '
COUNT

COUNT

TL/F/9339-15
TAANSMIT REQUEST (FROM CPU) INITIATES DATA TRANSMIT SEQUENCE. CONTROLLER WAITS (IN STATE C) UNTIL REG FULL
IS LOW BEFORE DOING EACH REG LOAD (IN STATE D). MAX COUNT TERMINATES THE SEQUENCE.
FIGURE 14. DMA Transmit Timing (Read from Memory)
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RECEIVE
REQUEST

(DA) (RA)
MEM WE+

(c)romoet swe To e e w] T le e ol wl Tl x [« x]x[x]x]
T

SYS CLK

DA+RA  RevR OF / \
VEM WE
MEN WE 4
DATA AVALL / =
o __ REGREAD
REG
reaott
RCVR ACT AN
____ ERROR

COUNT -
ENABLE . \./ \./
TL/F/9339-16

RECEIVER ACTIVE (RA) INITIATES DMA WRITE SEQUENCE ONLY IF REC REQ (RR) IS LOW. FOR EACH WRITE CYCLE, WRITE EN
IS KEPT LOW UNTIL DATA AVAIL (DA) GOES HIGH. THIS SIGNIFIES THAT VALID RECEIVE DATA IS ON THE BUS AND THE WRITE
CYCLE IS COMPLETED.

FIGURE 15. DMA Receive Timing (Write to Memory)

SYS CLK
400 ns

swe Ts oo n s elen o[ [ o [
1 L \ al

[ [
\

MEM WE

\/

DATA AVAILL L
/

L

REG READ
ERROR

REG LOAD

]

REG FULL

TL/F/9339-17

REPEAT SEQUENCE IS INITIATED ON RECEIVER ACTIVE IF BOTH REC REQ AND XMT REQ ARE LOW. FOR THE FIRST BYTE, THE
CONTROLLER WAITS (IN STATE G) FOR DATA AVAILABLE BEFORE DOING A LOAD. FOR SUBSEQUENT BYTES, THE CONTROL-
LER WAITS (IN STATE L) FOR REGISTER FULL TO GO LOW THEN WAITS FOR DATA AVAILABLE BEFORE DOING EACH LOAD.

FIGURE 16. Repeat Timing (Master Transparent Mode)
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MASTER MULTIPLEXING/DE-MULTIPLEXING

The network master must communicate with multiple slaves so that some method of multiplexing and de-multiplexing the high-
speed biphase signals is necessary. For receiving data we must accommodate analog signals from the coaxial links and TTL
signals from the fiber-optic receivers. This is easy since the DP8343 receiver has both TTL and analog inputs and an internal
mux to select the input. A TTL multiplexer was used to select one of eight fiber-optic channels (expandable off board to 128
channels). For the coax channels, instead of using line receivers and then muitiplexing the TTL signals, an analog mux was used
to select one of four coax channels (also expandable to 128 channels). This method allows us to take advantage of the
excellent input characteristics of the line receiver within the DP8343 receiver and minimizes the number of external components
(see Figure 17). For transmitting data, the master must select one of eight fiber-optic drivers or one of four coaxial line drivers.
Figure 18 shows how this is done. )

The hardware has been designed for maximum flexibility and to provide a friendly environment for developing communication
software. What has been implemented in the present system is the first two layers of the 1ISO/OSI model of local area networks
(the physical layer and the data link layer). That is, the system provides the transfer of data from one station to another
assembling frames and handling transmission errors. There is sufficient bandwidth remaining on the network interface CPU to
implement any host system interface.

BIPLAN23
INPUT FIBER OPTIC CAI;LES 0 1/ 0 COAX CABLESS
LK
FOR=3618 >~ —
°e 0 )
XMIT XNIT
0 e 7 1A 18 oo 3A 38
LS251 . LF13509D
m MUX ANALOG ANALOG MUX
ouT  SEL EN EN  SEL ouT
3
TIL DATA +N =N
CONTROL
(LATCH  CX/FO(R) DP8343 RCVR
Q0-0Q2) (LATCH Q7
| ) I( ) | 2
st DATA OUT

TL/F/9339-18
FIGURE 17. Receiving Mux (Master)
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BIPLAN24 =
Y
©
QUTPUT FIBER OPTIC CABLES 0 1/ 0 COAX CABLESS o
FIBER = OPTIC FOE - 3808
DRIVER
———————————————— LN 3
see yYyy
1
DATA T0 T0
A8 REC REC
HC259 DEC/ LATCH 75113 LINE DRIVERS
7‘ SEL
SEL g ¢ DATA N
3 I—— b !
|
|
DATA DATA TA
X/ Fo(T) (LATCH DP8342 XMTR
(LATCH Q7) Q0-Q2)
L | J A
us2 DATA IN

TL/F/9339-18
FIGURE 18. Transmitter Select (Master)

THE BIPLAN DP8342/DP8343 BIPHASE LOCAL AREA NETWORK
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THE BIPLAN DP8342/DP8343 BIPHASE LOCAL AREA NETWORK
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THE BIPLAN DP8342/DP8343 BIPHASE

LOCAL AREA NETWORK
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*—G1 IS A SEPARATE GROUND BUS FROM U41-U44 TO EDGE (P1)
**—V1 IS A SEPARATE Vg BUS FROM U41-U44 TO EDGE (P1)

A—G2 1S ANOTHER GROUND BUS FROM U31 AND U17 TO EDGE (P1)
M—FOR MASTER SYSTEM ONLY.

R—FOR RING SYSTEM ONLY.
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THE BIPLAN <
Biphase Local Area Network s
PARTS LIST »
Device Type Device Type
U1, U2 MM2716Q FOE 0-FOE 7 (M) FOE-380B
U3, U4, Us DM741.S374 FOR 0-FOR 7 (M) FOR-361B
uUe DM74LS151
U7 DM74LS138
us, U14 DM74LS32 R1, R3, R4, R17-R19 10K
Ug-u12 DM8556 R2 iM
u13 DM74LS02 R5-R8 91
U15, U39 DM74LS08 R9-R16 (M) 360 VLW
u16 DP8342 R20 120
u17 DP8343 RP1 (R) 10K x 8
u20 NMC2116N-25L
u21 MM2716/2732
u22 DM74LS373 C1,C3,C5 22 uF, 20V
u23 NSC810 C13,C15,C17,C19 0.1 uF
u24 NSC800 c7 10 uF, 10V
u26 DM74LS04 c8 - 22pF
u27 (s) INS8250A c9 56 pF
u28 (S) DS1488 C10,C11 330 pF
u2g (S) DS1489 C12 15 pF
U30 (M) MM74HC259 C14,C16, C18,C20 3.3 uf, 10V
U3t (M) LF13509 )
U32-U33 (M) DS75113
U36 DM74LS245 SwWi1 Push Button SW
U37 (R) MM74HCE88 Sw2 8 Wide Dip SW
u3ss DM74LS157
u40 (M) DM74LS251 XTAL1 CPU OSC (5 MHz)
U41-U44 M) DS75451 XTAL2 *Bi-Phase OSC (287 MHz)
uU45 (P) DM8303
uU46 DM74LS125 T1-T4 *Pulse Transformers
ua7 (P) DM8136
u4s (P) DM74LS00
uU49 (P) DM74LS10
Us1, Us2 (M) DM74LS173
Notes:
(M)—Master Only
(R)—Ring Configuration Only
(S)—Serial (RS-232) Link to Host
(P)—8-Bit Paralle! Link to Host
*(See DP8342 Data Sheet)
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DP8342/DP8343 HIGH SPEED INTERFACE FOR REMOTE DATA ACQUISITION
CONTINUOUS CONVERSION AND TRANSMIT 16-CHANNEL UNIDIRECTIONAL A/D SYSTEM APPLICATION

** T1 and T2 pulse transformers Pulse Eng. 5762
or Technitrol 11LHA -

Note 1: Vger = 5 Vpg for this application.
Note 2: Crystal manufacturer Midland Ross Net

Unit—See data sheet for spec.
+ Note 3: Optional VRgf circuit. +
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PRELIMINARY

DP8344A Biphase Communications Processor—BCP

General Description

The DP8344A BCP is a communications processor de-
signed to efficiently process IBM 3270, 3299 and 5250 com-
munications protocol, a general purpose 8-bit protocol is
also supported.

The BCP integrates a 20 MHz 8-bit Harvard architecture
RISC processor, and an intelligent, software-configurable
transceiver on the same low power microCMOS chip. The
transceiver is capable of operating without significant proc-
essor interaction, releasing processor power for other tasks.
Fast and flexible interrupt and subroutine capabilities with
on-chip stacks, make this power readily available.

The transceiver is mapped into the processor's register
space, communicating with the processor via an asynchro-
nous interface which enables both sections of the chip to
run from different clock sources. The transmitter and receiv-
er run at the same basic clock frequency although the re-
ceiver extracts a clock from the incoming data stream to
ensure timing accuracy.

The BCP is designed to stand alone and is capable of imple-
menting a complete communications interface, using the
processor's spare power to control the complete system.
Alternatively, the BCP can be interfaced to another proces-
sor with an on-chip interface controller arbitrating access to
data memory. Access to program memory is also possible,
providing the ability to download BCP code.

A simple line interface connects the BCP to the communica-
tions line. The receiver includes an on-chip analog compar-
ator, suitable for use in a transformer-coupled environment,
although a TTL-level serial input is also provided for applica-
tions where an external comparator is preferred.

A typical system is shown below. Both coax and twinax line
interfaces are shown, as well as an example of the (option-
al) remote processor interface.

Table of Contents
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Features

Transceiver

m Software configurable for 3270, 3299, 5250 and general
8-bit protocols

m Fully registered status and control

m On-chip analog line receiver

Processor

m 20 MHz clock (50 ns T-states)

m Max. instruction cycle: 200 ns

m 33 instruction types (50 total opcodes)

® ALU and barrel shifter

W 64k x 8 data memory address range

m 64k x 16 program memory address range
(note: typical system requires <2k program memory)

m Programmable wait states

m Soft-loadable program memory

m Interrupt and subroutine capability

m Stand alone or host operation

m Flexible bus interface with on-chip arbitration logic

General

m Low power microCMOS; typ. lcc = 25 mA at 20 MHz

W 84 pin plastic leaded chip carrier (PLCC) package

Typlcal BCP System

1.0 Block Diagram
(max)

lne. o ’Y\J g preeny
Intertfac
htartace - —

Twinax

Interface _W

[ AP,

L]
A N l l Date
H dets / . Wemory

:’:v'\ |,g;';:‘. I Batter o I | Buffer/Latch
4 I—/_ (PALY 4+ o 4
2 System
8 Interface 18

s — S

Note: A typlcal systam wil
requirs < 2k program memory

System 1/0 Bus

—

Optlonal remote
processor Interface

TL/F/9336~51
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2.0 Connection Diagram

Plastic Chip Carrier
Tfeccamznensdeacdnzeg
I N T N N T Y R I N O oy I o |
/ 1110 9 8 7 6 5 4 3 2 @ 84 83 82 81 80 79 78 77 76 75
AM3—{12 74 = 1A1
A12—{13 73— a2
Al1—114 72}~ A3
Al0—{15 714 1A4
A—{16 70— 1A5
A8 =117 69— 1A6
AD7 =418 68 |—1A7
AD6 —{ 19 67}~ oND
AD5 =] 20 66 b= Voo
AD4 —{ 21 65 =148
Vee— 22 64 |— A9
GND — 23 63 |—1a10
AD3 —124 62 = IA11
AD2 =25 61f—1A12
AD1—] 26 60 }=—1A13
ADO —f 27 59 [—1A14
ALE—{ 28 58 f—1A15
READ — 29 57 |—GND
WRITE —{ 30 56 |~ WR
LCL —{ 31 55 = RESET
X=TCLK —{ 32 54 }— WAIT
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
rrrrrrrrrrrrrerer il
SR5EZEISLiZESRRERLEEE
TLiEs s TR
o g g < < o =
TL/F/9336-2
Top View
Order Number DP8344V
See NS Package Number V84A
3.0 Pin Descriptions
Signal 70 | Pin gf:f; Description
TIMING/CONTROL SIGNALS
X1 | 33 X Input and output of the on-chip crystal oscillator amplifier. Connect a crystal
X2 (0] 34 X1 across these pins, or apply an external clock to X1, with X2 left open.
CLK-OUT (0] 35 X1 Buffered CLocK oscillator OUTput, at the crystal frequency.
X-TCLK | 32 X EXternal Transceiver CLocK input.
WAIT | 54 CPU WAIT. When active, waits processor and remote interface controller.
RESET 1 55 X Master RESET. Parallel reset to all sections of the chip.
INSTRUCTION MEMORY INTERFACE
Instruction Address Bus:
1A15 (MSB) o] 58 (0] 16-bit Instruction memory Address bus.
1A14 (o] 59 o
1A13 (o} 60 (o}
IA12 o 61 (e}
1A11 e} 62 (e}
1A10 (e} 63 0
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3.0 Pin Descriptions (continued)
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Reset
Signal 170 Pin State Description

INSTRUCTION MEMORY INTERFACE (Continued)
Instruction Address Bus: (Continued)

IA9 (o} 64 (e} 16-bit Instruction memory Address bus.
1A8 (0] 65 o
IA7 o 68 o
1A6 o 69 (o]
A5 (o] 70 [0}
1A4 o Al o
1A3 (0] 72 o
1A2 (o] 73 (o]
1A1 (o] 74 (o}
IAO (LSB) (0] 75 0
Instruction Bus:
115 (MSB) 1/0 76 | 16-bit Instruction memory data bus.
4 110 77 |
113 110 78 I
12 110 79 i
111 110 80 |
110 1/0 81 |
19 1/0 82 |
18 110 83 I
17 1/0 2 |
16 110 3 |
15 1/0 4 |
14 1/0 5 I
13 110 6 |
12 1/0 7 |
1 1/0 8 I
10 (LSB) 110 9 |
Timing Control: .
IWR (o} 56 | Instruction WRite. Instruction memory write strobe.
ICLK (0] 51 (o] Instruction CLocK. Delimits instruction fetch cycles. Rises during the first half of

T1, signifying the start of an instruction cycle, and falls when the next instruction -
address is valid.

DATA MEMORY INTERFACE

Address Bus:
A15 (MSB) (o} 10 (0] High byte of 16-bit memory Address.
A14 o 11 (o}
A13 (o} 12 o
A12 (e} 13 (o]
A1 (o} 14 o
A10 (o} 15 (0}
A9 (o} 16 o
A8 (o} 17 (e}
Multiplexed Address/Data Bus:
AD7 110 18 (o] Low byte of 16-bit data memory Address, multiplexed with 8-bit Data bus.
AD6 1/0 19 o
AD5 110 20 (o}
AD4 170 21 (o}
AD3 110 24 (e}
AD2 170 25 (o}
AD1 110 26 o
ADO (LSB) 1/0 27 o}
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3.0 Pin Descriptions (continued)

Reset
Signal 170 Pin State | Descrlptlon
DATA MEMORY INTERFACE (Continued)
Timing/Control:

ALE (¢] 28 (o} Address Latch Enable. Demultiplexes AD bus. Address should be latched on the
falling edge.

READ [o] 29 | Data memory READ strobe. Data is latched on the rising edge.

WRITE (o} 30 | Data memory WRITE strobe. Data is presented on the rising edge.

TRANSCEIVER INTERFACE

DATA-IN | 39 X Logic level serial DATA INput.

ALG-IN+ | 42 X Non-inverting AnaLoG INput for biphase serial data.

ALG-IN— | 41 X Inverting AnaLoG INput for biphase serial data.

DATA-OUT o 38 | Biphase serial DATA OUTput (inverted).

DATA-DLY (o] 37 (o] Biphase serial DATA output DeLaYed by one-quarter bit time.

TX-ACT (o] 36 (o] Transmitter ACTive. Normally low, goes high to indicate serial data is being
transmitted. Used to enable external line drive circuitry.

REMOTE INTERFACE

RAE | 46 X Remote Access Enable. A “chip-select” input to allow host access of BCP
functions and memory.

CMD | 45 X CoMmanD input. When high, remote accesses are directed to the Remote
Interface Configuration {RIC} register. When low, remote accesses are directed
to data-memory, instruction-memory or program counter as determined by
{RIC}. '

REM-RD | 47 X REMote ReaD. When active along with RAE, a remote read cycle is requested;
serviced by the BCP when the data bus becomes available.

REM-WR | 48 X REMote WRite. When active along with RAE, a remote write cycle is requested;
serviced by the BCP when the data bus becomes available.

XACK o 50 | Transfer ACKnowledge. Normally high, goes low on REM-RD (or REM-WR going
low if RAE low) and returns high when the transfer is complete. Normally used as
a “wait” signal to the remote processor.

WR-PEND e 49 ! ~ WRite PENDing. In a system configuration where remote write cycles are
latched, indicates when the latches contain valid data which is yet to be serviced
by the BCP.

LOCK 1 44 X The remote processor uses this input to LOCK out local (BCP) accesses to data-
memory. Once the remote processor has been granted the bus, LOCK gives it
sole access to the bus and BCP accesses are “waited”.

CL 0 31 0 LoCaL. Normally low goes high when the BCP relinquishes the data and address
bus to service a Remote Access.

EXTERNAL INTERRUPTS

BIRQ 110 53 | Bi-directional Interrupt ReQuest. As an input, can be used as an active low
interrupt input (maskable and level-sensitive). As an output, can be used to
generate remote system interrupts, reset via {RIC}.

NMI | 52 X Non-Maskable Interrupt. Negative edge sensitive interrupt input.

2-66




4.0 Electrical Specifications

ABSOLUTE MAXIMUM RATINGS (Notes 1 & 2) Power Dissipation (PD) 500 mW
If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec) 260°C
contact the National Semiconductor Sales Office/ ESD Tolerance: Czap = 100 pF, 1.8kV
Distributors for availability and specifications. Rzap = 15000
Supply Voltage (VCC) —0.5Vto + 7.0V OPERATING CONDITIONS
DC Input Voltage (Vin) or —0.5VtoVgg + 0.5V Min Max Units
DC Input Diode Current +20mA Supply Voltage (Vcg) 45 55 v
DC Output Voltage (Vour) or —0.5VtoVge + 0.5V DC Input or Output Voltage - 0.0 Vee v
DC Output Current, per Pin (Ioyt) +8.0 mA Vin, Vour)
DC Vg or GND Current, per Pin +50 mA Operating Temp. Range (Ta) 0.0 70 °C
Storage Temperature Range (TSTG) —65°Cto +150°C Input Rise or Fall Times (tr, tf) 500 ns
DC ELECTRICAL CHARACTERISTICS V¢ = 5V £10% (Unless otherwise specified)
Guaranteed
Symbol Parameter Conditions Limits 0-70°C Units
VIH Minimum High Level X1 (Note 3) 3.8 \
Input Voltage DATA-IN . 23 \
NMI _ 23 v
All Other Digital Inputs 20 'V
ViL Maximum Low Level X1 (Note 3) 1.5 \
Input Voltage DATA-IN 0.6 v
NMI 0.6 v
) All Other Digital Inputs 0.8 \
ViH-ViL Minimum TTL-IN Hysteresis 0.4 v
VSENS Analog Input IN+, Figure 6b
IN-Differential 25 mV
Sensitivity
VBIAS Common Mode Analog User Provided Bias Voltage Min 2.25 v
Input Bias Voltage Max 2,75 \
VoH Minimum High Level ViN = VigorViL
Output Voltage lloutl= 20 pA Vee — 0.1 '
1A, A, AD [loutl= 4.0 mA, Vg = 4.5V 3.5 \
All Other Outputs lloutl= 1.0 mA, Ve = 4.5V 35 \
VoL Maximum Low Level ViN=VgorV,
Output Voltage lloutl= 20 pA 0.1 v
IA, A, AD llouT|= 4.0 mA, Vg = 4.5V 0.4 v
All Other Outputs llout]= 1.0 MA, Voc = 4.5V 0.4 v
N Maximum Input Current VIN = Vgg or GND nA
ALG-IN—, ALG-IN+ +10 pA
X1 (Note 3) +20 pA
All Others +10 nA
loz Maximum TRI-STATE® Vout = Vcgor GND £10 A
Output Leakage Current m
lcc Maximum Operating ViN = Vgcor GND
Supply Current TCLK = 8 MHz, CPU-CLK = 16 MHz -
Total 4 V¢c Pins Xcvr and CPU Operating 31 mA
(Note 4) Xevr ldle, CPU Waited 26 mA
ViN = Vec or GND
TCLK = 20 MHz, CPU-CLK = 20 MHz
Xevr and CPU Operating 36 mA
Xcvr Idle, CPU Waited 31 mA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: X2 is an internal node with ESD protection. Do not use other than with crystal oscillator application,
Note 4: No DC loading, with X1 driven, no crystal. AC load per Test Circuit for Output Tests.
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4.0 Electrical Specifications (continued)
ELECTRICAL CHARACTERISTICS AND SWITCHING
WAVEFORMS .

The following specifications apply for Voc = 4.5V to 5.5V,
Ta = 0°C to 70°C.

Notes on Timing:

o All timing with CPU-CLK running full speed [CRS] = 0
* DMEM refers to data memory

* IMEM refers to instruction memory

RIC refers to Remote Interface Control register

PG refers to the BCP Program Counter

T = CPU-CLK period in ns

C refers to the transceiver clock period in ns

niw = number of instruction wait states

npw = number of data wait states

nRw = number of wait states due to a remote access

All parameters are individually tested and guaranteed. In-
terpreting this data by numerically adding two or more
parameters to create a new timing specification may lead
to invalid resuits.

Propagation Delay Waveforms
Except for Osclllator

INPUT

TRUE
OUTPUT

INVERTED
OUTPUT

TL/F/9336-A3

Input Pulse Width Waveforms

POSITIVE
INPUT
PULSE

NEGATIVE sov

o= = = =eoaeGND

{=6ns

t,=6ns
TL/F/9336-A5

Test Circuit for Output Tests

v
1"-‘5 Sy (Note 1)

1

L
DEVICE (Note 2)
INPUTO—  UNDER o
TEST

iq (Noto 3)
50 pF (Note
I |

TL/F/9336-A2
Note 1: S = Vcc for tpzy, and tp| z measurements
S1 = GND for tpzn, and tpyz measurements
S1 = Open for push pull outputs
Note 2: R = 1.1k for 4 mA outputs
RL = 4.4k for 1 mA outputs
Note 3: C_ includes scope and jig capacitance.

Propagation Delay Waveform
for Oscillator

CLK=0UT

TL/F/9336-A4

Setup and Hold Time Waveforms
CLOCK OR

LATCH ENABLE
(NOTE 1)

POSITIVE
DATA INPUT

NEGATIVE
DATA INPUT

TL/F/9336-A6
Note 1: Waveform for negative edge sensitive circuits will be inverted.
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4.0 Electrical Specifications (continued)

TRI-STATE Output Enable and Disable Waveforms

OUTPUT CONTROL
(LOW ENABLING)

OUTPUT

OUTPUT

vivesdd

TL/F/9336-A7

Data Memory Read Timing
Symbol ID# Parameter Formula Min Max | Units
tw.ALE 1 ALE High (npw+ 1T+ -7 ns
tPD-AD-ALE 2 | AD (DataAddress) Valid to ALE Falling T+ —-28 ns
tPD-ALE-AD 3 ALE Falling to AD (Data Address) Invalid 0.5T+ 3 ns
tsu-RD 4 Data Valid before READ Rising 27 ns
tH-RD 5 Data Valid after READ Rising -1 ns
tAZ-RD-AD 6 READ Falling to AD Disabled 26 ns
tPD-RD-DATA 7 READ Falling to AD (Data) Set-Up (MAX(npw,mw—1)+1)T+ -28 ns
tzA-RD-AD 8 READ Rising to AD Enabled 2 ns
tPD-AD-RD 9 AD (Data Address) Valid before READ Falling 15T+ -25 ns
tw-RD 10 | READ Low (MAX(npw,nw—1)+1)T+ -10 ns
tacc-D 1 Data Memory Read Time (MAX(npw,nw—1)+2.5)T+ -51 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing

specification may lead to invalid results.

Data Memory Read Timing

CLK=0UT _/_\_/E)_\x / \ /-—\_

ALE
- — ®
" 2 G T o A7
nOk
A A
@—. -‘—G\ " -—
_ \ ~ /
READ | N
D)

TL/F/9336-52
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4.0 Electrical Specifications (continued)

Data Memory Write Timing
Symbol ID# Parameter Formula Min Max Units
tw-ALE 1 ALE High (nRw+ T+ -7 ns
tpD-AD-ALE 2 AD (Data Address) Valid to ALE Falling T+ —28 ns
tPD-ALE-AD 3 ALE Falling to AD (Data Address) Invalid 0.5T+ -2 ns
tPD-DATA-WR 4 AD (Data) Valid to WRITE Rising (MAX(npw,mw—1)+1)T+ -12 ns
tPD-ADDR-WR 5 AD (Data Address) Valid to WRITE Falling 1.5T+ —22 ns
tPD-WR-DATA 6 WRITE Falling to AD (Data) Valid 11 ns
tPD-WR-DATAZ 7 WRITE Rising to AD (Data) Invalid 0.5T+ 4 ns
tw-WR 8 WRITE Low (MAX(npw,nw—1)+1)T+ -1 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing

specification may lead to invalid results.

ALE

AD

WRITE

Data Memory Write Timing

Ll Tx T2
wor /TN N S

®

®—

ADDR

X DATA

XZ

N
O— @

\

Instruction Memory Read Timing

TL/F/9336-53

Symbol ID# Parameter Formula Min Max Units
tSU-I-ICLK 1 I Valid before ICLK Rising 22 ns
tH-1-ICLK 2 | Invalid before ICLK Falling 23 ns
tPD-IA-ICLK 3 1A Valid before ICLK Falling 0.5T+ -7 ns
tacc.l 4 Instruction Memory Read Time (nw+1.5)T+ —24 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing

specification may lead to invalid results.

Instruction Memory Read

ICLK

@

sl

! K

77 4

TL/F/9336-54
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4.0 Electrical Specifications (continued)
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Clock Timing
Symbol ' ID# Parameter Formula Min Max Units
tr-x1 1 X1 Period (Note 2) 50 500 ns
tpD-XI-CO 2 X1 to CLK-OUT (Note 2) 32 ns
tPD-CO-ICLKr 3 * CLK-OUT Rising to ICLK Rising 29 ns
tPD-CO-ICLKS 4 CLK-OUT Rising to ICLK Falling (Note 3) 29 ns
trxT 5 X-TCLK Period (Note 4) 50 500 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: Measurement thresholds at 2.5V.

Note 3: The falling edge of ICLK occurs only after the next 1A becomes valid. The CLK-OUT cycle in which this occurs depends on the instruction being executed
and the number of programmed instruction wait states.

Note 4: There is no relationship between X1 and X-TCLK. X-TCLK is fully asynchronous.

Clock Timing

X1

CLK=0UT

ICLK

X=TCLK \ / \_/_

TL/F/9336-55
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4.0 Electrical Specifications (continued)

Transceiver Timing
Symbol ID# Parameter Formula | Min | Max | Units
1PD-X1-TA 1 X1 Rising to TX-ACT Rising/Falling ' 18 80" ns:
tPD-XTCLK-TA 2 X-TCLK Rising to TX-ACT Rising/Falling 13 63 ns
tpD.TA-DO 3 TX-ACT Rising/Falling to DATA-OUT Falling/Rising (Note 2) : -12 8 ns
tw.DO-HB 4 DATA-OUT Half Bit Cell Width 4C+ -10 10 ns
tw.DO-FB 5 DATA-OUT Full Bit Cell Width 8C+ -10 10 ns
tPD.DO-DD 6 [H)'/;LAQ /?:lajl‘:'l:::l;\;gg Rz:)smg to DATA-DLY 2C+ —~10 10 ns
tsk-DO-DD 7 m, DATA-DLY Skew after TX-ACT 7 ns
Falling (Note 3)

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: [ATA] = 0, [TIN] = 1.
Note 3: 5250 mode, {TIN] = 1, and line hold ((ATR [7-3]} = 00000). if any line hold is programmed ({ATR [7-3]} > 00001), then tgk-po-pp Will be the same as

tpp-po-OD- With no line hold DATA-DLY transitions at the same time as TX-ACT.
(a) Transmission Beginning Timing
X1 or X=TCLK
@
TX=ACT 7 @
®— ®
DATA=0UT \ 4 . /

DATA-DLY f A /

TL/F/9336-56

(b) Transmission Ending Timing

X1 or X-TCLK

TX=ACT 3

S

DATA=OUT / \
DATA-DLY \ / X

TL/F/9336-57
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4.0 Electrical Specifications (continued)
Analog and DATA-IN Timing

Symbol ID# Parameter Formula Min Max Units
tw-T1-hb 1 DATA-IN Data, Half Bit Width 3C+6 5C—6 ns

|
tw-T1-fb 2 DATA-IN Data, Full Bit Width 7C+6 9C—-6 ns
tw-AN-hb 3 Analog Data, Half Bit Width _

: (—ALG-IN or +ALG-IN) 3C+33 5C-33 ns
tW-AN-ib 4 Analog Data, Full Bit Width _

(—ALG-IN or +ALG-IN) 7C+33 9C-33 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may fead to invalid results.

(a) DATA-IN Jitter Timing (3270)

Manchester ¢ | Manchester ¢ | Manchester 1 |

TTL=IN *
® ®

TL/F/9336-58

(b) Analog Jitter Timing (3270)

Manchester ¢ Manchester ¢ | Manchester 1 |
ALG=IN+ 7 80 mv
ALG=IN= N\ 80 mv

TL/F/9336-59
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4.0 Electrical Specifications (continueq)

) Interrupt Timing
Symbol " ID# Parameter Formula Min Max Units
wenm 1 NMI Low Tx 2 ns
tpp-ICLK-BQ 2 ICLK Rising to BIRQ (Output) Rising/Falling 31 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing

specification may lead to invalid results. -
(a) Interrupt Timing

T2 T
(of NOP inst)

ok T\ / \

BiRG
(input)
Interrupt Vector
1A Next Instruction Address dgress
(b) BIRQ Output Timing
T2 T T

CLK=0UT \ / \ / \

BIRQ
(output)

TL/F/9336-60

TL/F/9336-61
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4.0 Electrical Specifications (continued)

Control Pin Timing
Symbol ID# Parameter Formula Min Max Units
tw-RST 1 RESET Low Tx 10 ns
tPD-RST-ICLK 2 RESET Rising to ICLK Rising Tx 4 ns
tSU-ALE-WT 3 WAIT Low after ALE High to Extend Cycle T+ —28 ns
tR-WT-RDWR 4 WAIT Rising before READ or WRITE Rising 1.5T—27 | 2.5T-1 ns
tw-STRT 5 RESET, REM-RD, REM-WR Low for BCP to Start (Note 2) Tx 10 ns
tSU-LK-ICLK 6 LOCK Low before ICLK High (Note 3) 7 ns
tR-LK-ALE 7 | COCK High to ALE Low 1.5T—13 [ 25T+5 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: Edges need not be synchronized or asserted/deasserted in any particular order.
Note 3: If tgy. k-ICLK is not met, the maximum time from LOCK low tili no more local accesses is T(MAX{npw, niw=1)+3).

S
4

WAIT Pulse Width

WAIT
@ j@

ALE r
READ or ‘
WRITE \

BCP Start Timing

Control Pin Timing

0|
m|
[u]
|

TL/F/9336-62

TL/F/9336-63

3)
&)
___  E—
RESET N /2
=\  S——
REM=RD N /
T\ /S—
REM=WR \ Y,
TL/F/9336-64
LOCK Timing

LOCK *
®
IcLK ;F \

ALE yé 4‘

TL/F/9336-A8
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4.0 Electrical Specifications (continueq)

Buffered Read of PC, RIC
Symbol ID# Parameter Formula Min Max Units
tSU-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH-RR-X 2 RAE, REM-RD Rising after XACK Rising 0 ns
tsu.cMD-co 3 CMD Valid before CLK-OUT Falling 0 ns
tH.cMD-CO 4 . CMD Invalid after CLK-OUT Falling 35 ns
tPD-RR-X 5 RAE, REM-RD Falling to XACK Falling 31 ns
tZA-LCL-A 6 A Disabled before LCL Rising 1 ns
tAZ-LCL-A 7 A Enabled before LCL Falling 13 ns
trD-PC-X 8 AD (PC, RIC) Valid before XACK Rising T+ -30 ns
tPD-PC-RR 9 REM-RD, RAE Rising to AD (PC) Invalid 8 ns
tw-PC-b 10 AD (PC, RIC) Valid Time T+ -2 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

CLK=0UT

CMD

REM=RD

XACK

LcL

READ

AD

3 O

Buffered Read of PC, RIC

/" — /" \

-1 ®

| @J(:J?G)
— |<_@

— @ —
J 4
~—(G)—
JK ;l
— ~® - -0
| W
-©
RIC X RIC, PC RIC

|

TL/F/9336-65
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4.0 Electrical Specifications (continued)
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Buftered Read of DMEM
Symbol ID# Parameter Formula Min Max Units
tsu-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH-RR-X 2 RAE, REM-RD Rising after XACK Rising 0 ns
tsu-cMD-CO 3 CMD Valid before CLK-OUT Falling 0 ns
tH.cMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD.RR-X 5 RAE, REM-RD Falling to XACK Falling ‘ 31 ns
tpD.RD-X 6 READ Falling to XACK Rising (npw+ )T+ -25 ns
tPD.RR-RD 7 REM-RD, RAE Rising to READ Rising 5 ns
tZA-LCL-AAD 8 A, AD Disabled before LCL Rising 2 ns
tAZ.LCL-AAD 9 A, AD Enabled before LCL Falling 17 ns
tw-RD-b 10 READ Low (npw+ 1)T+ -2 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Buffered Read of DMEM

CLk=0UT / \ / \._/—\_/_—
- @

RAE

At
f
©

§
i
f
®

CMD

L

}
T
©

¢
®

71

REM=RD - 7

XACK

f
®
,J-l

et

| —~ l-— O,
AD,A . © : l’_n

TL/F/9336-68
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4.0 Electrical Specifications (continued)

Buffered Read of IMEM

Symbol ID# Parameter Formula Min Max Units
tSU-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH-RR-X 2 RAE, REM-RD Rising after XACK Rising ns
tsu-cMD-co 3 CMD Valid before CLK-OUT Falling ns
tH.cMD-CcO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RR-X 5 RAE, REM-RD Falling to XACK Falling 31 ns
tzA-LCL-A 6 : A Disabled before LCL Rising 1 ns
tAZ-LCL-A 7 A Enabled before LCL Falling 13 ns
tPD-IMEM-X 8 AD (IMEM) Valid before XACK Rising (nw+1)T+ —-32 ns
tPD-RR-IMEM 9 AD (IMEM) Invalid after RAE, REM-RD Rising 10 ns
tW-IMEM-b 10 IMEM Valid (nw+1)T+ 1 ns
tPD-LCL-IA-b 1 LCL Falling to Next IA Valid (Note 2) T+ —-32 0 ns
Note 1: All par: are individually tested and gt d. Interpreting this data by numerically adding two or more parameters to create a new timing

specification may lead to invalid results. )
Note 2: Two remote reads from instruction memory are necessary to read a 16-bit instruction word from IMEM—low byte followed by high byte. The timing for the

two reads are the same except that A is incremented after the high instruction memory byte is read.
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4.0 Electrical Specifications (continued)

viyesdd

Latched Read of PC, RIC

Symbol ID# Parameter Formula Min Max Units
tSU-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH.RR-X - 2 RAE, REM-RD Rising after XACK Rising ' 0 ns
tsu-cMp-co 3 CMD Valid before CLK-OUT Falling 0 ns
tH-cMD-cO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RR-X 5 RAE, REM-RD Falling to XACK Falling 31 ns -
tZA-LCL-A 6 A Disabled before LCL Rising 1 ns
tAZ-LCL-A 7 A Enabled before LCL Falling 13 ns
tPD-PC-X 8 AD (PC) Valid before XACK Rising T+ -30 ns
tpD-x-PC 9 XACK Rising to AD (PC) Invalid 05T+ - 4 ns
tw.rc 10 AD (PC, RIC) Valid 15T+ -12 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results,
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4.0 Electrical Specifications (continued)

Latched Read of DMEM
Symbol ID# Parameter Formula Min Max |. Units
tSU-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH-RR-X 2 RAE, REM-RD Rising after XACK Rising ns
tsu-cMD-co 3 CMD Valid before CLK-OUT Falling ns
tH.cMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RR-X 5 RAE, REM-RD Falling to XACK Falling 31 ns
tZA-LCL-AAD 6 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 7 A, AD Enabled before LCL Falling 17 ns
tPD.RDX 8 READ Falling before XACK Rising (now + )T+ -25 ns
tpD-X-RD 9 XACK Rising to READ Rising 0.5T+ -4 ns
tw-RD 10 READ Low (npw+1.5T+ | —14 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.
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4.0 Electrical Specifications (continued)

Latched Read of IMEM

Symbol 1D# Parameter Formula Min Max Units
tSU-RR-CO 1 RAE, REM-RD Falling before CLK-OUT Rising 14 ns
tH-RR-X 2 RAE, REM-RD Rising after XACK Rising 0 ns
tsu-cMD-cO 3 CMD Valid before CLK-OUT Falling - 0 ns
tH-cMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RR-X 5 RAE, REM-RD Falling to XACK Falling 31 ns
tZA-LCL-A 6 A Disabled before LCL Rising 1 ns
tAZ-LCL-A 7 A Enabled before LCL Falling 13 ns
tPD-IMEM-L 8 AD (IMEM) Valid to XACK Rising (nw+ 1T+ -32 ns
tPD-X-IMEM 9 XACK Rising to AD (IMEM) Invalid 0.5T+ -5 ns
tPD-LCL-1A 10 LCL Falling to Next 1A Valid (Note 2) T+ —30 0 ns
tW-IMEM 11 IMEM Valid (mw+1.5)T+ -30 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: Two remote reads from instruction memory are necessary to read a 16-bit instruction word from IMEM—Ilow byte followed by high byte. The timing for the

two reads are the same except that A is incremented after the high instruction memory byte is read.
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4.0 Electrical Specifications (continued)

Slow Buffered Write of PC, RIC

Symbol ID# Parameter Formula Min - Max Units
tsu-RW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-X 2 RAE, REM-WR Rising after XACK Rising 0 ns
tSU.GMD-CO 3 CMD Valid before CLK-OUT Falling 0 ns
tH.CMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-AW-X 5 RAE, REM-WR Falling to XACK Falling 40 ns
tzA-LCL-AAD 6 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 7 A, AD Enabled before LCL Falling 17 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.
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4.0 Electrical Specifications (continued)
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Slow Buffered Write of DMEM

Symbol ID# Parameter Formula Min Max Units
tsU-RW-CO 1 RAE, REM-WR Falling before CLK-QUT Rising 14 ns
tH-RW-X 2 RAE, REM-WR Rising after XACK Rising 0 ns
tsu-cMp-co 3 CMD Valid before CLK-OUT Falling 0 ns
tH-cMD-cO 4 CMBD Invalid after CLK-OUT Falling 35 - ns
tpD-RW-X 5 RAE, REM-WR Falling to XACK Falling ‘ 40 ns
tPD-WR-X 6 WRITE Falling to XACK Rising (npw+1)T+ -32 ns
tPD-RR-WR 7 REM-WR, RAE Rising to WRITE Rising 8 ns
tzA-LCL-AAD 8 A, AD Disabled before LCL Rising ) 2 ns
tAZ-LCL-AAD 9 A, AD Enabled before LCL Falling 17 ns

" tw-WR-b 10 WRITE Low . (npw+ )T+ 0 ' ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerlcally adding two or more parameters to create a new tlmlng
specification may lead to invalid results.
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4.0 Electrical Specifications (continued)
Slow Buffered Write of IMEM (Notes 1, 2)

Symbol ID# Parameter Formula Min Max Units
tsU-RW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-X 2 RAE, REM-WR Rising before CLK-OUT Rising ns
tsu-cMp-co 3 CMD Valid before CLK-OUT Falling ns
tH-CcMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 5 . RAE, REM-WR Falling to XACK Falling 40 ns
tZA-LCL-AAD 6 A, AD Disabled before LCL Risihg 2 ns
tAZ-LCL-AAD 7 A, AD Enabled before LCL Falling 17 ns
tPD-LCL-IA-b 8 LCL Falling to Next IA Valid T+ -32 0 ns
tPD-IWR-X 9 IWR Falling before XACK Rising (nw+NT+ —-28 ns
tPD-RR-IWR-b 10 REM-WR, RAE Rising to IWR Rising ) 8 ns
tZA-IWR-I-b 11 TWR Falling to | Enabled 0 ns
tAZ.IWR-I-b 12 TWR Rising to | Disabled 28 51 ns
tPD-1IWR-b 13 1 Valid before IWR Rising (nw+1)T+ -8 ns
tw-IWR-b 14 TWR Low (nw+1)T+ -1 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.
Note 2: Two remote writes to instruction memory are necessary to store a 16-bit instruction word to IMEM—low byte followed by high byte. The timing for the 2nd
write is shown in this diagram. The timing of the first write is the same as a write of the PC or RIC.
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4.0 Electrical Specifications (continued)

Fast Buffered Write of RIC, PC

Symbol ID# Parameter Formula Min Max Units
tSU-AW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-X 2 RAE, REM-WR Rising after XACK Rising ns
tsu-cMD-co 3 CMD Valid before CLK-OUT Falling ns
tH-CcMD-CcO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 5 RAE, REM-WR Falling to XACK Falling 40 ns
tzA-LCL-AAD 6 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 7 A, AD Enabled before LCL Falling 17 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.
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4.0 Electrical Specifications (continued)

Fast Buffered Write of DMEM

Symbol ID# Parameter Formula Min Max Units
tsu-.RW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-X 2 RAE, REM-WR Rising after XACK Rising ns
tsu-cMD-CO 3 CMD Valid before CLK-OUT Falling ns
tH-cMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 5 RAE, REM-WR Falling to XACK Falling 40 ns
tPD-X-WR 6 XACK Rising to WRITE Rising 1 ns
tPD-WR-X 7 WRITE Falling to XACK Rising (npw+ )T+ -31 ns
tzA-LCL-AAD 8 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 9 A, AD Enabled before LCL Falling 17 ns
tw-wR 10 WRITE Low (npw+ )T+ —-12 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.
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4.0 Electrical Specifications (continued) ‘
Fast Buffered Write of IME|

vivesdad

Symbol ID# Parameter Formula Min Max Units
tSU-AW-CO 1 FAE, REM-WR Falling before CLK-OUT Rising 14 : ns
tH.RW-X 2 RAE, REM-WR Rising after XACK Rising 0 ns
tsu.cMD-co 3 CMD Valid before CLK-OUT Falling 0 : ns

- t4.cMD-CO 4 CMD Invalid after CLK-OUT Falling 35 ) ns
tPD.RW-X 5 RAE, REM-WR Falling to XACK Falling 40 ns
tZA-LCL-AAD 6 A, AD Disabled before LCL Rising 2 ns
tAZ.LCL-AAD 7 A, AD Enabled before LCL Falling ' 17 ‘ns
tPD-LCL-1A 8 LCL Falling to Next IA Valid- T+ —-30 0 ns
tPD-IWR-X 9 TWR Falling before XACK Rising (nw+1)T+ —28 " ns
tPD-X-IWR 10 XACK Rising to IWR Rising 0 a ns
tZA-WR-I 11 TWR Falling to | Enabled 0 ns
tAZ-IWRH 12 TWR Rising to | Disabled 28 52 ns
tPD-I-IWR 13 1 Valid before IWR Rising (nw+1)T+ —26 ns
tw-IWR 14 TWR Low Time (nw+ 1T+ -12 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: Two remote writes to instruction memory are necessary to store a 16-bit instruction word to IMEM—low byte followed by high byte. The timing of the 2nd
write is shown in this diagram. The timing of the first write is the same as a write of the PC or RIC.
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4.0 Electrical Specifications (continueq)

Latched Write of PC, RIC

Symbol ID# Parameter Formula Min Max Units
tsu-RW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-CO 2 RAE, REM-WR Rising after CLK-OUT Rising 20 ns
tH-RW-X 3 RAE, REM-WR Rising after XACK Rising 0 ns
tsu-CcMD-CO 4 CMD Valid before CLK-OUT Falling 0 ns
tH-cMD-cO 5 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 6 RAE, REM-WR Falling to XACK Falling 40 ns
tzA-LCL-AAD 7 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 8 A, AD Enabled before LCL Falling 17 ns
tPD-CO-WPND 9 CLK-OUT Rising to WR-PEND Falling/Rising 10 57 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results. . .
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4.0 Electrical Specifications (continued)
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Latched Write of DMEM

Symbol ID# Parameter Formula Min Max Units
tsU.RW-CO 1 RAE, REM-WR Falling before CLK-OUT Rising 14 ns
tH-RW-CO 2 RAE, REM-WR Rising before CLK-OUT Rising 20 ns
tH-AW-X 3 RAE, REM-WR Rising after XACK Rising ‘ 0 ns
tsu-cMb-co 4 CMD Valid before CLK-OUT Falling 0 ns
tH.cMD-cO 5 CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 6 RAE, REM-WR Falling to XACK Falling 40 ‘ns
tZA-LCL-AAD 7 A, AD Disabled before LCL Rising 2 . ns’
tAZ-LCL-AAD 8 A, AD Enabled before LCL Falling 17 ns
tw-WR 9 WRITE Low Time (npw+ 1T+ | -6 ns
tPD-CO-WPND 10 CLK-OUT Rising to WR-PEND Falling/Rising 10 - 57 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results. - -
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4.0 Electrical Specifications (continueq)

Latched Write of IMEM

Symbol ID# Parameter ) Formula ‘Min Max Units
tsu-RW-co 1 RAE, REM-WR Falling before CLK-OUT Rising 14 . . ns
tH.RW-CO 2 RAE, REM-WR Rising after CLK-OUT Rising 20 ns
tH.RW-X 3 RAE, REM-WR Rising after XACK Rising - ns
tsu-cMD-cO 4 CMD Valid before CLK-OUT Falling ns
tH.CcMD-CO 5 . CMD Invalid after CLK-OUT Falling 35 ns
tPD-RW-X 6 RAE, REM-WR Falling to XACK Falling 40 ‘ns
tPD-LCL-IA 7 LCL Falling to Next 1A Valid T+ —30 0 ns
tzA-LCL-AAD 8 A, AD Disabled before LCL Rising 2 ns
tAZ-LCL-AAD 9 A, AD Enabled before LCL Falling 17 ns
tPD-CO-WPND 10 CLK-OUT Rising to WR-PEND Falling/Rising . - 10 57 ns
tZA-IWR-I 11 IWR Falling to | Enabled 0 ns
tAZIWR-I 12 TWR Rising to | Disabled 28 52 ns
tPD-1-IWR 13 | Valid before IWR Rising (nw+ 1T+ -26 ns
tw-IWR 14 TWR Low Time (mw+ 1T+ -7 ns

Note 1: All parameters are individually tested and guaranteed. Interpreting this data by numerically adding two or more parameters to create a new timing
specification may lead to invalid results.

Note 2: Two remote writes to instruction memory are necessary to store a 16-bit instruction word to IMEM—low byte followed by high byte. The timing of the 2nd
write is shown in this diagram. The first write is the same as a write of the PC or RIC. o
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5.0 Instruction Set Overview

INTRODUCTION

Utilizing a total of only 30 basic instructions and capable of
5 basic addressing modes, the BCP's instruction set is very
easy to learn, executes extremely fast, and greatly reduces
the programming effort required in communications pro-
cessing. This is possible because the BCP is a Reduced
Instruction Set Computer; (i.e., employs a RISC processor.)

The following paragraphs introduce the BCP’s architecture
by discussing addressing modes and briefly discussing the
Instruction Set. For detailed explanations and examples of
each instruction, refer to the Instruction Set Reference Sec-
tion.

INSTRUCTION AND DATA MEMORY

The BCP utilizes a true Harvard Architecture, where the in-
struction and data memory are organized into two indepen-
dent memory banks, each with their own address and data
buses. Both the Instruction Address Bus and the Instruction
Bus are 16 bits wide with the Instruction Address Bus ad-
dressing memory by words. (A word of memory is 16 bits
long; i.e., 1 word = 2 bytes.) Most of the instructions are
one word long. The exceptions are two words long, contain-
ing a word of instruction followed by a word of immediate
data. The combination of word sized instructions and a word
based instruction address bus eliminates the typical instruc-
tion alignment problems faced by many CPU's.

The Data Address Bus is 16 bits wide, (with the low order 8
bits multiplexed on the Data Bus), and the Data Bus is 8 bits
wide, (i.e., one byte wide). The Data Address Bus addresses
memory by bytes. Most of the BCP's instructions operate on
byte-sized operands.

Note that although both instruction addresses and data ad-
dresses are 16 bits long, these addresses are for two differ-
ent buses and, therefore, have two different numerical
meanings, (i.e., byte address or word address.) Each in-
struction determines whether the meaning of a 16-bit ad-
dress is that of an instruction word address or a data byte

address. Little confusion exists though because only the.

program flow instructions interpret 16-bit addresses as in-
struction addresses.

OPERAND ADDRESSING MODES

An addressing mode is the mechanism by which an instruc-
tion accesses its operand(s). The BCP's architecture sup-
ports five basic addressing modes: register, immediate, in-
dexed, immediate-relative, and register-relative. The first
two allow instructions to execute the fastest because they
require no memory access beyond instruction fetch. The
remaining three addressing modes point to data or instruc-
tion memory. Typical of a RISC processor, most of the in-
structions only support the first three addressing modes,
with one of the operands always limited to the register ad-
dressing mode.

Register Addressing Modes

There are two terminologies for the register addressing
modes: Register and Limited Register. Instructions that al-
low Register operands can access all the registers in the
CPU. Note that only 32 of the 44 CPU registers are available
at any given point in time because the lower 12 register
locations (RO-R11) access one of two switchable register
banks each. (See the “CPU Register Set" section for more
information on the CPU register banks.) Instructions that al-
low the Limited Register operands can access just the first
28 registers of the CPU. Again, note that only 16 of these 28
registers are available at any given point in time. Table |
shows the notations used for the Register and Limited Reg-
ister operands. Some instructions also imply the use of cer-
tain registers, for example the accumulators. This is noted in
the discussions of those instructions.

Immediate Addressing Modes

The two types of the immediate addressing modes available
are: Immediate numbers and Absolute numbers. Immediate
numbers are 8 bits of data, (one data byte), that code direct-
ly into the instruction word. Immediate numbers may repre-
sent data, data address displacements, or relative instruc-
tion addresses. Absolute numbers are 16-bit numbers. They
code into the second word of two word instructions and they
represent absolute instruction addresses. Table Il shows
the notations used for both of these addressing modes.

TABLE I. Register Addressing Mode Notations

Notation Type of Register Operand Registers Allowed
Rs Source Register RO~-R31
Rd Destination Register RO-R31
Rsd Register is both a Source & Destination RO-R31
rs Limited Source Register RO-R15
rd Limited Destination Register RO-R15
rsd Limited Register is both a Source & Destination RO-R15

TABLE Il. Immediate Addressing Mode Notations

Notation

Type of Inmediate Operand Size

n Immediate Number 8 Bits
nn Absolute Number

16 Bits
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5.0 Instruction Set Overview (continued)

Indexed Addressing Modes

Indexed operands involve one of four possible CPU register
pairs referred to as the index registers. Figure 1 illustrates
how the index registers map into the CPU Register Set.
Note that the index registers are 16 bits wide.

Index registers allow for indirect memory addressing and
usually contain data memory addresses, although, the
LJMP instruction can use index registers to hold instruction
memory addresses. Most of the instructions that allow
memory indirect addressing, (i.e. the use of index registers),
also allow pre-incrementing, post-incrementing, or post-dec-
rementing of the index register contents during instruction
execution, if desired. Table Il lists the notations used for the
index register modes.

Index  CPU Register Pair Forming Index Register

Register (MSB) (LSB)
T T 17T T T T T F T 171
w | R13 | R12 I
87 0
| T T T T T T1T°7
X r "Ris I R14 |
87 0
LI T T 17T T 71
' r “Ri7 | R16 l
87 0

T T T T T 11 T T T T T T 1
1Z r R19 | R18 I
15. 87 N 0
FIGURE 1. Index Register Map

Immediate-Relative and Register-Relative
Address Modes

The Immediate-Relative mode adds an unsigned 8-bit im-
mediate number to the index register IZ forming a data byte
address. The Register-Relative mode adds the unsigned
8-bit value in the current accumulator, A, to any one of the
index registers forming a data byte address. Both of these
indirect memory addressing modes are available only on the
MOVE instruction. Table IV shows the notation used for
these two addressing modes.

INSTRUCTION SET OVERVIEW

The BCP’s RISC instruction set contains seven categories
of instructions: Data Movement, Integer Arithmetic, Logic,
Shift-Rotate, Comparison, Program Flow, and Miscellane-
ous. Utilizing these instructions, any communications task
and almost any general computing task can be easily per-
formed. :

Data Movement Instructions

The MOVE instruction is responsible for all the data transfer
operations that the BCP can perform. Moving one byte at a
time, five different types of transfer are allowed: register to
register, data memory to register, register to data memory,
instruction memory to register, and instruction memory to
data memory. Table V lists all the variations of the MOVE
instruction.

TABLE lll. Index Register Addressing Mode Notations

Notation Meaning

[ir] Index Register, Contents Not Changed

lIr—1 Index Register, Contents Post-Decremented

[ir+] ‘ Index Register, Contents Post-Incremented

[+1r] Index Register, Contents Pre-Incremented

[mir] General Notation Indicating that Any of the Above Modes Is Allowed

Note: [] denotes indirect memory addressing and is part of the instruction syntax.

TABLE IV. Relative Index Register Mode Notations

Notation Type of Action Performed to Calculate a Data Memory Address
[1Z + n] 1Z + Immediate Number (unsigned) — Data Memory Address
[Ir + A] Index Register + Current Accumulator (unsigned) —> Data Memory Address

Note: [] denotes indirect memory addressing and is part of the instruction syntax.

TABLE V. Data Movement Instructions

Syntax

Instruction Operation

Addressing Modes

MOVE Rs, Rd register — register

Register, Register

MOVE Rs, [mir]
MOVE [mir], Rd
MOVERs, [Ir + A}
MOVE [ir + A], Rd
MOVE s, [IZ + n]
MOVE {IZ + n], rd
MOVEn, rd

MOVE n, [Ir]

register —> data memory

data memory ~—> register

register —> data memory

data memory —> register

register — data memory

data memory —> register
instruction memory —> register
instruction memory —> data memory

Register, Indexed

Indexed, Register

Register, Register-Relative
Register-Relative, Register

Limited Register, Inmediate-Relative
Immediate-Relative, Limited Register
Immediate, Limited Register
Immediate, Indexed
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5.0 Instruction Set Overview (Continued)

Integer Arithmetic Instructions

The integer arithmetic instructions operate on 8-bit signed
(two's complement) binary numbers. Two arithmetic func-
tions are supported: Add and Subtract. Three versions of
the Add and Subtract instructions exist: operand + accumu-
lator, operand + accumulator 1 carry, and immediate oper-
and * operand. The first two versions support both the reg-
ister and indexed addressing modes for the destination op-
erand. These two versions also allow the specification of a
separate register or data address for the destination oper-
and so that the sources may retain their integrity; (i.e., true
three-operand instructions). Note that the currently active
“B" register bank selects which accumulator is used in
these instructions. The third version, immediate operand +
operand, only supports the register addressing mode for the

destination operand with the register as both a source and
the destination. Table VI lists the integer arithmetic instruc-
tions along with their variations.

Logic Instructions

The logic instructions operate on 8-bit binary data. A full set
of logic functions is supported by the BCP: AND, OR, eXclu-
sive OR, and Complement. All the logic functions except
complement allow either an immediate operand or the cur-
rently active accumulator as an implied operand. Comple-
ment only allows one register operand which is both the
source and destination. The other logic instructions include
the following addressing modes: register, indexed, and im-
mediate. As with the integer arithmetic instructions, the in-
tegrity of the sources may be maintained by specifying a
destination register which is different from the source. Table
Vil lists all the logic instructions.

TABLE VL. Integer Arithmetic Instructions

Syntax Instruction Operation Addressing Modes
ADD n, rsd register + n —> register Immediate, Limited Register
ADDA  Rs,Rd Rs + accumulator — Rd Register, Register
ADDA  Rs, [mir] Rs + accumulator —> data memory Register, Indexed
ADCA Rs,Rd Rs + accumulator + carry — Rd Register, Register
ADCA  Rs, [mir] Rs + accumulator + carry —> data memory Register, Indexed
SuB n, rsd register — n —> register Immediate, Limited Register
SUBA Rs,Rd Rs — accumulator — Rd Register, Register
SUBA  Rs, [mir] Rs — accumulator — data memory Register, Indexed
SBCA Rs,Rd Rs — accumulator — carry — Rd Register, Register
SBCA  Rs, [mir] Rs — accumulator — carry —> data memory Register, Indexed
TABLE VII. Logic Instructions
Syntax Instruction Operation Addressing Modes
AND n, rsd register & n —> register Immediate, Limited Register
ANDA Rs, Rd Rs & accumulator —> Rd Register, Register
ANDA  Rs, [mir] Rs & accumulator —> data memory Register, Indexed
OR n, rsd register | n — register Immediate, Limited Register
ORA Rs, Rd Rs | accumulator — Rd Register, Register
ORA Rs, [mir] Rs | accumulator —> data memory Register, Indexed
XOR n, rsd register ® n —> register Immediate, Limited Register’
XORA Rs,Rd Rs © accumulator — Rd Register, Register
XORA  Rs, [mir] Rs ® accumulator —> data memory Register, Indexed
CPL Rsd tegister —> register Register

vibesdd

Note: & = logical AND operation
| = logical OR operation
@ = logical exclusive OR operation
r = one’s complement
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Shift and Rotate Instructions

The shift and rotate instructions operate on any of the 8-bit
CPU registers. The BCP supports shift left, shift right, and
rotate operations. Table VIl lists the shift and rotate instruc-
tions.

Comparison Instructions

The BCP utilizes two comparison instructions. The CMP in-
struction performs a two’s complement subtraction between
a register and immediate data. The BIT instruction tests se-
lected bits in a register by ANDing it with immediate data.
Neither instruction stores its results, only the ALU flags are
affected. Table IX lists both of the comparison instructions.

Program Flow lnstrdctlons

The BCP has a wide array of program flow instructions: un-
conditional jumps, calls and returns; conditional jumps,
calls, and returns; relative or absolute instruction addressing
on jumps and calls; a specialized register field decoding

jump; and software interrupt capabilities. These instructions

redirect program flow by changing the Program Counter.

The unconditional jump instructions support both relative in-
struction addressing, the (JuMP instruction), and absolute
instruction addressing, (the Long JuMP instruction), using
the following addressing modes: Immediate, Register, Abso-
lute, and Indexed. Table X lists the unconditional jump in-
structions and their variations.

The conditional jump instructions support both relative in-
struction addressing and absolute instruction addressing us-
ing the Immediate and Absolute addressing modes. The
conditional relative jump instruction tests flags in the Condi-
tion Code Register, {CCR}, and the Transceiver Status
Register, {TSR}. Two possible syntaxes are supported for
the conditional relative jump instruction; ses Table XI.

Table Xll lists the various flags “f"" that the conditional JMP
instruction can test and Table XIlI lists the various condi-
tions “‘cc” that the Jece instruction can test for. Keep in

TABLE VIII. Shift and Rotate Instructions

Syntax Instruction Operation Addressing Mode
SHL Rsd,b Register
UL LI
DAL N gy
Rsd
SHR Rsd,b 1T 71 1 T 1 Register
ST
Rsd
UL
ROT Rsd,b ’ 'E Register
' Rsd * ’
Note: "“b” = the number of bit shifts/rotates to perform.
TABLE IX. Comparison Instructions
Syntax | Instruction Operation | Addressing Mode
CMP rs,n register — n Limited Register
BIT rs,n register & n Limited Register
Note: & = logical AND operation
TABLE X. Unconditional Jump Instructions
Syntax Instruction Operation Operand Range Addressing Mode
JMP n PC + n (sign extended) — PC —128, +127 Immediate
JMP Rs PC + Rs (sign extended) — PC —128, +127 Register
LJMP  nn nn— PC 0, 64k Absolute
LIMP  [ir] Ir—PC 0, 64k Indexed

Note: PC = Program Counter; contents initially points to instruction following jump.
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vivesda

mind that the Jec instruction is just an optional syntax for On the other hand, the conditional absolute jump instruc-
the conditional JMP instruction. tion, LUMP, can test any bit in any currently active CPU reg-
The example in Figure 2 demonstrates two possible ways to ister. Table XIV shows the conditional long jump instruction
code the conditional relative jump instruction when testing syntax.

for a false [Z] flag in {CCR}. In the example, assume that JMP Z,NS,SKIP.IT ;If [Z]=0 goto SKIP.IT
the symbol “Z" equals ‘000" binary, that the symbol “NS" —or-

equals “0" binary, and that the symbol “SKIP.IT” points to

the desired instruction with which to begin execution if [2] is JNZ - SKIP.IT iIf [21=0 goto SKIP.IT

FIGURE 2. Coding Examples of Equivalent

false. Conditional Jump Instructions
TABLE XI. Conditional Relative Jump Instruction
Syntax Instruction Operation Operand Range Addressing Mode
JMP f,s,n If the flag " is in the state “‘s” —128, +127 Immediate
then PC + n (sign extended) — PC
Jeen If the condition “c¢” is met —128, +127 Immediate
then PC + n (sign extended) — PC

Note: PC = Program Counter; contents initially points to instruction following jump.

TABLE XII. “f”’ Flags

“f”(Binary) | Flag Flag Name Con?:iﬂllitgell’:lag
000 Z |Zero {CCR}
001 C |Carry : {CCR}
010 V | Overflow {CCR}
011 N [Negative {CCR}
100 RA |Receiver Active {TSR]}
101 RE | Receiver Error (TSR}
110 DAV | Data Available . (TSR]
111 TFF | Transmitter FIFO Full (TSR}

TABLE Xill. “cc” Conditions Tested

“cc” Field Condition Tested for Flag “f"”’s Condition
Y4 Zero [Z] =1
NZ Not Zero [2] =0
EQ Equal [z] =1
NEQ Not Equal (2] =0
C Carry [C] =1
NC No Carry [C] =0
% Overflow vl =1
NV No Overflow vl =0
N Negative [N] =1
P Positive [N] =0
RA Receiver Active [RA] =1
NRA Not Receiver Active [RA] =0
RE Receiver Error [RE] =1
NRE No Receiver Error [RE] =0
DA Data Available [DAV] =1
NDA No Data Available [DAV] =0
TFF Transmitter FIFO FULL [TFF] =1
NTFF Transmitter FIFO Not Full [TFF] =0

TABLE XIV. Conditional Absolute Jump Instruction

Syntax Instruction Operation Operand Range Addressing Mode

LJMP Rs,p,s,nn If the bit of register “Rs" in ] 0, 64k Register, Absolute
position “p” is in the state “s” '
thennn — PC

Note: PC = Program Counter
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The BCP also has a specialized relative jump instruction
called relative Jump with Rotate and Mask on source regis-
ter, JRMK. This instruction facilitates the decoding of regis-
ter fields often involved in communications processing.
JRMK does this by rotating and masking a copy of its regis-
ter operand to form a signed program counter displacement
which usually points into a jump table. Table XV shows the
syntax and operation of the JRMK instruction.

JRMK'’s masking, (setting to zero), the least significant bit of
the displacement allows the construction of a jump table
using either one or two word instructions; for instance, a
table of JMP and/or LJMP instructions, respectively. The
example in Figure 3 demonstrates the JRMK instruction de-
coding the address frame of the 3299 Terminal Multiplexer

protocol which is located in the Receive/Transmit Register,
{RTR[4-2]}.

The BCP has two unconditional call instructions; CALL,
which supports relative instruction addressing and LCALL,

(Long CALL), which supports absolute instruction address-

ing. These instructions push the following information onto
the CPU's internal Address Stack: the address of the next
instruction; the status of the Global Interrupt Enable flag,
[GIE]; the status of the ALU flags [Z], [C], [N], and [V]; and
the status of which register banks are currently active. Table
XVI lists the two unconditional call instructions. Note that
the Address Stack is only twelve positions deep; therefore,
the BCP allows twelve levels of nested subroutine invoca-
tions, (this includes both interrupts and calls).

TABLE XV. JRMK Instruction

Syntax

" Instruction Operation

Displacement

Range Addressing Mode

JRMK Rs,b,m

(a) Rotate a copy of register “Rs” *'b" bits to the right.

(b) Mask the most significant “m” bits and the least
significant bit of the above resuilt.

(c) PC + resulting displacement (sign extended) — PC.

—128, +126 Register

Note: PC = Program Counter, contents initially points to instruction following jump.

Example Code
JRMK RIR, 1, 4
LJMP ADDR.O
LIJMP ADDR.1

« e e

LIMP

sdecode terminal address
sjump to device handler #0
sjump to device handler #1

ADDR.7 sjump to device handler #7'
Instruction Execution
(a) Copy {RTR]} into JRMK'’s displacement register:
(b) Rotate displacement register 1 bit to the right:
(c) AND result with “‘00001110” binary mask:
(d) Sign extended resulting displacement and add

it to the program counter, (PC).

If the bits A2 A1 AO equal ““0 0 1" binary then

+ 2is added to the Program Counter;

(i.e,PC + 2 — PQ). X
(e) Execute the instruction pointed to by the PC,
which in this example is:

JRMK Displacement Register Contents

X X A2 At A0 y y
X X X A2 Al A0 y
0 0 0 A2 Al A0 0
0 0 0 0 0 1 0

LJMP ADDR.1
FIGURE 3. JRMK Instruction Example
TABLE XVLI. Unconditional Call Instructions
‘Operand .
Syntax Ipstructlon Operation Range Addressing Mode

CALL n PC & [GIE] & ALU flags & reg. bank selection — Address Stack | —128, +127 Immediate

PC + n (sign extended) — PC )
LCALL nn PC & [GIE] & ALU flags & reg. bank selection —> Address Stack 0, 64k Absolute

nn —> PC

Note: PC = Program Counter; contents initially points to instruction following call.

[GIE] = Global interrupt Enable bit.

& = concatenation operator, combines operands together forming one long operand.
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The BCP has one conditional call instruction capable of
testing any bit in any currently active CPU register. This call
only supports absolute instruction addressing. Table XVII
shows the conditional call instruction syntax and operation.

The return instruction complemetns the above call instruc-
tions. Two versions of the return instruction exist, the un-
condtional return and the conditional return. When the un-
conditional return instruction is executed, it pops the last
address on the CPU’s Address Stack into the program
counter and it can optionally affect the [GIE] bit, the ALU

flags, and the register bank selection. Table XVIil shows the
syntax and operation of the unconditional return instruction.

The conditional return instruction functions the same as the
unconditional return instruction if a desired condition is met.
As with the conditional jump instruction, the conditional re-
turn instruction has two possible syntaxes. Table XIX lists
the syntax for the conditional return. The “f* flags and the
*ec” conditions for the return instruction are the same as
for the conditional jump instruction, therefore refer to Table
XIl and Table XIll for the listing of “f"* and “‘cc”, respective-
ly. '

TABLE XVII. Conditional Call Instruction

Syntax Instruction Operation

Operand Range Addressing Mode

LCALL Rs, p, s, nn
“p" isin the state “'s" then

PC & [GIE] & ALU flags &

nn — RC
End if

If the bit of register “Rs” in position

reg. bank selection —> Address Stack

0, 64k Register, Absolute

Note: PC = Program Counter; contents initially points to instruction following call.
[GIE] = Global Interrupt Enable bit

& = concatenation operator, combines operands together forming one long operand.

TABLE XVIIIL Unconditional Return Instruction

Syntax

Instruction Operation

RET  f{g(,rf}} Case “g” of

2: set [GIE]
3: clear [GIE]
End case
If“rf” = 1then

Else (the default)

End if
Address Stack — PC

0: leave [GIE] unaffected, (default)
1 restore [GIE] from Address Stack

restore ALU flags from Address Stack
restore register bank selection from Address Stack

leave the ALU flags and register bank selections unchanged

Note: PC = Program Counter
[GIE] = Global Enable bit

{} = surrounds optional operands; not part of the instruction syntax.

Optional operands may either be specified or omitted.

TABLE XIX. Conditional Return Instruction

Syntax Instruction Operand
RETF  f,s{, (g}, {,rf}} I the flag “f” is in the state *'s” then perform a RET (g {, rf}}
Rce {g (,rf}} If the condition *c¢” is met then perform a RET {g {,rf}}

Note: See Table XVIli for an explanation of “RET {g {, rf}}"

(} = surrounds optiona! operands; not part of the instruction syntax.

Optional operands may either be specified or omitted.
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In addition to the above jump, call and return program flow
instructions, the BCP is capable of generating software in-
terrupts via the TRAP instruction. This instruction generates
a call to any one of 64 possible interrupt table addresses
based on its vector number operand. This allows both the
simulation of hardware interrupts and the construction of
special software interrupts, if desired. The actual interrupt
table entry address is determined by concatenating the In-
terrupt Base Register, (IBR}, to an 8-bit representation of
the vector number operand in the TRAP instruction. This
instruction may also clear the [GIE] bit, if desired. Table XX
shows the syntax and operation of the TRAP instruction.

Miscellaneous Instructions

As stated in the “CPU R'egister Set” section, the BCP has
44 registers with 24 of them arranged into four register
banks: Main Bank A, Alternate Bank A, Main Bank B, and
Alternate Bank B. The exchange instruction, EXX, selects
which register banks are currently available to the CPU, for
example either Main Bank A or Alternate Bank A. The dese-
lected register banks retain their current values. The EXX
instruction can also alter the state of [GIE], if desired. Table
XXI shows the EXX instruction syntax and operation.

TABLE XX. TRAP Instruction

Syntax

Instruction Operation

Operand Range

TRAP vi{,g'} | PC&I[GIE] &ALU flags &

If “g"" = 1 then clear [GIE]

reg. Bank selection — Address Stack

Form PC address as shown below:

0,63

LN I L
{18R) 00 v —> FC
15 7 5 0
Note: PC = Program Counter; contents initially points to instruction following call.
[GIE] = Global Interrupt Enable bit
IBR = Interrupt Base Register
& = concatenation operator, combines operands together forming one long operand.
{ } = surrounds optional operands; not part of the instruction syntax.
Optional operands may either be specified or omitted.
TABLE XXI. EXX Instruction
Syntax Instruction Operation
EXXba, bb {,g} | Case “ba" of

0: activate Main Bank A

1: activate Alternate Bank A
End case )
Case “bb” of

0: activate Main Bank B

1: activate Alternate Bank B
End case
Case “g"” of

0: leave [GIE] unaffected, (default)

1: (reserved)

2: set [GIE]

3: clear [GIE]
End case

Note: [GIE] = Global Interrupt Enable bit
f } = surrounds optional operands; not part of the instruction syntax.
Optional operands may either be specified or omitted.
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INTRODUCTION

The Instruction Set Reference section contains detailed in-
formation on the syntax and operation of each BCP instruc-
tion. The instructions are arranged in alphabetical order by
mnemonic for easy access. Although this section is primarily
intended as a reference for the assembly language pro-
grammer, previous assembly language experience is not a
prerequisite. The intent of this instruction set reference is to
include all the pertinent information regarding each instruc-
tion on the page(s) describing that instruction. The only ex-
ceptions to this rule concerns the instruction addressing
modes and the bus timing diagrams. The discussion of the
instruction addressing modes occurs at the beginning of the
BCP Instruction Set Overview section and, therefore, will
not be repeated here. The figures for the bus timing dia-
grams are located at the end of this introduction rather than
constantly repeating them under each instruction. On the
other hand, the information that is contained under each
instruction is divided into eight categories titled: Syntax, Af-
fected Flags, Description, Example, Instruction Format,
T-states, Bus Timing, and Operation. The following para-
graphs explain what information each category conveys and
any special nomenclature that a category may use.

Syntax

This category illustrates the assembler syntax for each in-
struction. Multiple lines are used when a given instruction
supports more than one type of addressing mode or if it has
an optional mnemonic. All capital letters, commas, (,) math
symbols (+, —), and brackets ([ ]) are entered into the as-
sembler exactly as shown. Braces ({ }) surround an instruc-
tion’s optional operands and their associated syntax. The
text between the braces may either be entered in with or
omitted from the instruction. The braces themselves should
not be entered into the assembler because they are not part
of the assembler syntax. Lower case characters and oper-
ands that begin with the capital R represent symbols. These
must be replaced with actual register names, numbers, or
equated registers and numbers. Table XXI| lists all the sym-
bols and their associated meanings.

Affected Flags

If an instruction sets or clears any of the ALU flags, (i.e.,
Negative [N], Zero [Z], Carry [C], and/or Overflow [V}, then
those flags affected are listed under this category.
Description

The Description category contains a verbal discussion
about the operation of an instruction, the operands it allows,
and any notes highlighting special considerations the pro-
rammer should keep in mind when using the instruction.

Example

Each instruction has one or more coding examples de-
signed to show its typical usage(s). For clarity, register
name abbreviations are often used instead of the register
numbers, (i.e., RTR is used in place of R4). Each example
assumes that the “.EQU" assembler directive has been pre-
viously executed to establish-these relationships. Informa-
tion relating register abbreviations to register names, num-
bers, and purpose is located in the CPU Registers section.

Instruction Format

This category illustrates the formation of an instruction’s
machine code for each operand variation. Assembly or dis-
assembly of any instruction can be accomplished using
these figures.

T-states

The T-state category lists the number of CPU clock cycles
required for each instruction, including operand variations
and conditional considerations. Using this information, actu-
al execution times may be calculated. For example, if the
conditional relative jump instruction’s condition is not met,
the CPU’s clock cycle is 18.867 MHz ([CCS} =0), and no
instruction wait states are requested ([IW1—0]=00), then
Jec's execution time is calculated as shown below:

texecution = 1/(CPU clock frequency) * T-states
= 1/(18.867*106 Hz) * 2

= (53*10—9g) * 2

= 106 ns

See the section BCP Timing for more information on calcu-
lating instruction execution times.

Bus Timing

This category refers the user to the Bus Timing Figures 7 to
12 on the following pages. These figures illustrate the rela-
tionship between software instruction execution and some
of the BCP’s hardware signals.

Operation

The operation category illustrates each instruction’s opera-
tion in a symbolic coding format. Most of the operand
names used in this format come directly from each instruc-
tion's syntax. The exceptions to this rule deal with implied
operands. Instructions that imply the use of the accumula-
tors use the name “accumulator” as an operand. Instruc-
tions that manipulate the Program Counter use the symbol
“PC”. Instructions that “push” onto or “pop” off of the inter-
nal Address Stack specify “Address Stack’ as an operand.
Instructions that save or restore the ALU flags and the reg-
ister bank selections use those terms as’operands. Two
specialized operator symbols are used in the symbolic cod-
ing format, the arrow ** — " and the concatenation operator
“&". The arrow .indicates the movement of data from one
operand to another. For instance, after the operation
“Rs — Rd"” is performed the content of Rd has been re-
placed with the content of Rs. The concatenation operator
“&" simply indicates that the operands surrounding an “&”
are attached together forming one new operand. For exam-
ple, “PC & [GIE] 7 ALU flags & register bank
selections — Address Stack” means that the Program
Counter, the Global Interrupt Enable bit, the ALU flags and

the register bank selections are combined into one operand”

and pushed onto the internal Address Stack. Three condi-
tional structures are utilized in the symbolic coding format:
the “Two Line If” structure, the ‘‘Blocked If” structure, and
the “Blocked Case” structure. Figure 4 shows the “Two
Line If" structure. If the condition is met then the operation
is performed, otherwise the operation is not performed.

If condition

then operation
FIGURE 4. Two Line If Structpre
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Figure & illustrates the “Blocked If” structure.
If condiition then

In the “Blocked Case" structure, the operation preceded by
the equivalent numeric value of the operand is executed.

- operation For example, if the operand’s value is equal to 1" then the
operation operation preceded by “1:” is executed.
etc... One final note, two reference tables have been added to the
End if back of the Instruction Set Reference section. The first ta-

ble, Table XXIlI, lists all the instructions with their associated
T-states, Affected Flags, and Bus Timing figure numbers in
a compact format. The second table, Table XXIV, lists all
the instructions in opcode order to facilitate disassembly.

FIGURE 5. Blocked If Structure
In the “Blocked If” structure, if the condition is met then all
the operations between the “If"" statement and the “End if”
statement are performed. Figure 6 illustrates the “Blocked
Case"” structure.
Case operand of
0: operation
1: operation
2:efc...
End case
FIGURE 6. Blocked Case Structure

TABLE XXII. Notational Conventions for Instruction Set

Symbol Represents Meaning Length
n 0to 255 . Unsigned Number 8 Bits
+ 127to — 128 Signed Number
nn 0 to 65535 Unsigned Number 16 Bits
Rs RO-R31 Source Register
Rd ~R0O-R31 Destination Register
Rsd RO-R31 Combination Source/Destination Register
s RO-R15 Limited Source Register
rd R0-R15 Limited Destination Register
rsd RO-R15 Limited Combination Source/Destination Register
Ir W, IXTY, 12 Index Register
mir Index Register in One of the Following Address Modes:
‘ Ir— : Post Decrement
Ir No Change
Ir+ ‘Post Increment
+Ir Pre-Increment
b 0-7 Shift Field 3 Bits
m 0-7 ' Mask Field 3 Bits
p 0-7 Position Field 3 Bits
s 0-1 ‘ State Field 1Bit
- f 0-7 Flag Reference Field 3 Bits
cc . Condition Code Instruction Extensions
v '~ 0-63 Vector Field 6 Bits
0-3 . Global Interrupt Enable Flag [GIE] Status Control 2 Bits
[} : 0-1 Global Interrupt Enable Flag [GIE] Limited Status Control 1 Bit
rf 0-1 Register Bank and ALU Flag Status Control 1 Bit
ba 0-1 Register Bank A Select 1 Bit
bb ' 0-1 Register Bank B Select 1 Bit
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INSTRUCTION ————
T T, T
ck-out _f\ \ / \
ok | /
10-115 RLLLLIK

1A0-IA15

X
| |‘——:*m(n—'J |

X X
I l I

FIGURE 7. Instruction-Memory Bus Timing for 2 T-state Instructions
(No Instruction Wait States [IW1-0] = 00, CPU Running at Full Speed [CCS] = 0)

INSTRUCTION
T Tx T, Ty
ac-or £~ \ \ n_/ \
x|/ ’ ‘\__/
o-is X/ I777777777X X
| | r_:Qacc(l) |
-kt X TT77X_ X

FIGURE 8. Instruction-Memory Bus Timing for 3 T-state Instructions
(No Instruction Wait States [IW1-0] = 00, CPU Running at Full Speed [CCS] = 0)

TL/F/9336-22
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INSTRUCTION
T T, T T2 Ty
cLk-0uT T\
o _| /-
lo-15 XL /111K X
| "—:‘acc(n—’l | Hace) |
hO-1A1S X
|

FIGURE 9. Instruction-Memory Bus Timing for (2 + 2) T-state Instructions
(No Instruction Wait States [IW1-0] = 00, CPU Running at Full Speed [CCS] = 0)

INSTRUCTION

CLK=-0UT .,

s

e s

10-115 | )Q/l///f//f///////////X | X
: "_:tacc(l)
0-1A15 XL/ LK X

FIGURE 10. Instruction-Memory Bus Timing for 4 T-state Instructions
(No Instruction Wait States [IW1-0] = 00, CPU Running at Full Speed [CCS] = 0)

TL/F/9336-23

TL/F/9336-24
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INSTRUCTION —————————]
T Tx T Ty
CLK-0UT 4 ,—L
ok | l /
o-115 XTI 7T TT T X
| l “acc(l) . 1 |
IAO-1A15 )l( I l
ALE | ‘ ‘ 1

| |
wo-a07 S/ /) /YaressK/ /// / /X DATA )@
I | I {lacc I 1 |
so-nts WZZX -

/y
e l
" | | . |

FIGURE 11. Instruction/Data Memory Bus Timing for Data Meinory Read
(No Instruction or Data Memory Wait States, CPU Running at Full Speed [CCS_] = 0)

TL/F/9336-25

INSTRUCTION —————>
T T T T
CLK=0UT _/ /-_\.__
ICLK ] /
l

o135 )I(////////////DlL X_
| i tace) ] |

IAO-IA15 )l( I I X:
ALE \ ‘ ‘
| |

wo-807 /////// )/ /XADDRESSXZZX DATA

| | |
senss 77777777 7K

1 >
=T Ix—‘—/_

FIGURE 12. Instruction/Data Memory Bus Timing for Data Memory Write
(No Instruction or Data Memory Wait States, CPU Running at Full Speed [CCS] = 0)

S

TL/F/9336-26
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ADCA Add with Carry and Accumulator

Syntax
ADCA Rs, Rd
ADCA Rs, [mir]
Affected Flags
N,Z,C VvV
Description
Adds the source register Rs, the active accumulator, and
the carry flag together, placing the result into the destination
specified. The destination may be either a register, Rd, or
data memory via an index register mode, [mir]. Note that
register bank selection determines which accumulator is ac-
tive.
Example .
Add the constant 109 to the index register IW, (which is 16
bits wide).
SUBA A A
ADD 109, R12
ADCA R13, R13
Instruction Format
ADCA Rs, FldI

1laTaTololA] T T TT b
Opcode Rd Rs

15 9 4 0
ADCA Rs, [mir]

L
tTol1lololol1] 1
Opcode m

—register, register
—register, indexed

;Clear the accumulator
;Add 109 to low byte of IW
;Add carry to high byte of IW -

r Rs
15 8 6 - 4 0
J |
00 = post=decrement 00 ~ W
01 = no change 01 =X
10 = post Increment 10=1Y
11 = pre=increment 1M1=12

TL/F/9336-5

T-states ‘

ADCA Rs, Rd —2

ADCA Rs, [mlr] —2

Bus Timing

ADCA Rs, Rd —Figure 7
ADCA Rs, [mir] —Figure 12.
Operation

ADCA Rs, Rd

Rs + accumulator + carry bit — Rd

ADCA Rs, [mir]
Rs + accumulator + carry bit —> data memory

ADD Add Immediate

Syntax

ADD n, rsd
Affected Flags
N,Z,C V
Description

Adds the immediate value n to the register rsd and places
the result back into the register rsd. Note that only the ac-
tive registers RO~-R15 may be specified for rsd. The value of
n is limited to 8 bits; (unsigned range: 0 to 255, signed
range: +127 to —128).

Example
Add the constant —3 to register 10.
ADD " —3,R10 ;R10 + (—=8)— R10
Instruction Format
olololof T T T T 1 11 tld
Opcode ' n rsd
15 1 3 0
T-States o
2
Bus Timing
Figure 7
Operation
rsd + n—>rsd

—immediate, limited register
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ADDA Add with Accumulator

Syntax

ADDA Rs, Rd
ADDA Rs, [mir]

Atfected Flags
N, Z,C V

Description

Adds the source register Rs to the active accumulator and
places the result into the destination specified. The destina-
tion may be either a register, Rd, or data memory via an
index register mode, [mir]. Note that register bank selection
determines which accumulator is active.
Example
In the first example, the value 4 is placed into the currently
active accumulator, that accumulator is added to the con-
tents of register 20, and then the result is placed into regis-
ter 21.

MOVE 4,A ;Place constant into accum

ADDA R20,R21 ;R20 + accum — R21
In the second example, the alternate accumulator of regis-
ter bank B is selected and then added to register 20. The
result is placed into the data memory pointed to by the index
register 1Z and then the value of I1Z is incremented by one.

EXX 0,1 ;Select alt accumulator

ADDA R20, [IZ+] ;R20 + accum —> data mem

;and increment data pointer

—register, register
—register, indexed

Instruction Format
ADDA Rs, Rq

1T1T1Tololo| T T T1 T T T
Opcode Rd Rs

15 9 4 0
ADDA Rs, [mir]
1 [l 1
tlol1lolololof | | | | Tl
Ir Rs

Opcode m
15 8 | 6 | 4 0
00 = post=decrement 00 - W
01 = no change 01 =X
10 = post Increment 10=- 1Y
11 = pre=increment 11=1Z

TL/F/9336-6

T-states

ADDA Rs, Rd -2

ADDA Rs, [mlr] —3

Bus Timing

ADDA Rs, Rd —Figure 7
ADDA Rs, [mir] —Figure 12
Operation

ADDA Rs, Rd

Rs + accumulator —> Rd

ADDA Res, [mir]
Rs + accumulator —> data memory

AND And Immediate

Syntax
AND n, rsd
Affected Flags
N, Z
Description
Logically ANDs the immediate value n to the register rsd
and places the result back into the register rsd. Note that
only the active registers RO-R15 may be specified for rsd.
The value of n is 8 bits wide.
Example
Unmask both the Transmitter and Receiver interrupts via
the Interrupt Control Register {ICR}, R2. Leave the other
interrupts unaffected. ‘
EXX 0,0
AND 11111100B,R2

—immediate, limited register

;select main register banks
;unmask transmitter and
; receiver interrupts

Instruction Format

ol1Tolo] TTTTTTITTTTI

Opcode . n . rsd

15 1 : 3 0
T-states
2
Bus Timing
Figure 7
Operation
rsd AND n—rsd
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6.0 Instruction Set Reference (continued)
ANDA And with Accumulator

Syntax

ANDA Rs, Rd
ANDA Rs, [mIr]

Affected Flags
N, Z

Description

Logically ANDs the source register Rs to the active accumu-
lator and places the result into the destination specified.
The destination may be either a register, Rd, or data memo-
ry via an index register mode, [mir]. Note that register bank
selection determines which accumulator is active.

Example

This example demonstrates a way to quickly unload all 11
bits of the Receiver FIFO when the FIFQ is full. The exam-
ple assumes that the index register 1Z points to the location
in data memory where the information should be stored.

EXX 1,1 ;select alternate banks
MOVE 00000111B, A ;place the {TSR} mask
, ; into the accumulator
;  Pop the first word from the receiver FIFO
ANDA TSR, [1IZ+] ;read bits 8, 9, & 10
MOVE RTR, [1Z+] ;pop bits 0-7
;  Pop the second word from the receiver FIFO
ANDA TSR, [IZ+]
MOVE RTR, [IZ+]
;  Pop the third word from the receiver FIFO
ANDA TSR, [I1Z+]
MOVE RTR, [1Z+]

Instruction Format

—register, register
—register, indexed

ANDA Rs, Ficll
1 ]
ililalalolo] T T T LT
Opcode Rd Rs
15 9 4 0
ANDA Rs,[mlr]
il L 14
tloltloltlolo] 1 | UL
Opcode m Ir Rs
15 8 6 | 4 0
'
00 = post=decrement 00 -
01 = no change 01=1X
10 = post increment 10=-1Y
11 = pre=increment =1z

TL/F/9336-7

T-states

ANDA Rs, Rd —2

ANDA Rs, [mir] —3

Bus Timing

ANDA Rs, Rd —Figure 7
ANDA Rs, [mir] —Figure 12
Operation

ANDA Rs, Rd

Rs AND accumulator — Rd

ANDA Rs, [mir]
Rs AND accumulator — data memory

BIT BitTest

Syntax
BIT rs,n
Affected Flags
N, Z
Description
Performs a bit level test by logically ANDing the source reg-
ister rs to the immediate value n. The affected flags are
updated, but the result is not saved. Note that only the ac-
tive registers RO-R15 may be specmed for rs. The value n
is 8 bits wide. . .
Example i
Poll the Transmitter FIFO Empty flag [TFE] in the Network
Command Flag register (NCF}, R1, waiting for the Trans-
mitter to send the current FIFO data.

EXX 0,1 ;select main A, alt B
Poll: BIT 10000000B,NCF ;All data sent yet?

JZ  Poll ; No, poll TFE
; Yes, send next byte(s)

—limited register, immediate

Instruction Format .

ol111T4 [T T 1T T 11 T
Opcode n rs

15 11 3 0

T-states
2

Bus Timing
Figure 7
Operation
rs AND n
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6.0 Instruction Set Reference (continued)
CALL Unconditional Relative Call

Syntax
CALL n
Affected Flags
None
Description
Pushes the Program Counter, the ALU flags, the Global In-
terrupt Enable bit [GIE], and the current register bank selec-
tions onto the internal Address Stack; then unconditionally
transfers control to the instruction at the memory address
calculated by adding the contents of the Program Counter
to the immediate value n, (sign extended to 16 bits). Since
the immediate value n is an 8-bit two’s complement dis-
placement, the unconditional relative call's range is from
+127 to —128 relative to the Program Counter. Note that
the Program Counter initially contains the memory address
of the next instruction following the call.
Example
Transfer control to the subroutine “Send.it”. Note that
“Send.it” must be within + 127/ —128 words relative to the
PC.

CALL  Send.it
Instruction Folrmat
1Talololalalole] TV T 1T T 1

Opcode n

15 7 0
T-states ) :
3
Bus Timing
Figure 8
Operation
PC & [GIE] & ALU flags & register bank selections

—> Address Stack
PC + n(sign extended) — PC

—immediate

CMP Compare

Syntax
CMP rs,n
Affected Flags
N,Z2,C,V
Description
Compares the immediate value n with the source register rs
by subtracting n from rs. The affected flags are updated, but
the result is not saved. Note that only the active registers
RO-R15 may be specified for rs. The value of n is limited to
8 bits; (unsigned range: 0 to 255, signed range: +127 to
—128). )
Example
Compare the data byte in register 11 to the ASCII character
wan

CMP  R11,“A” HiH

JN Less_than_A ;  data<"A”

JEQ Equal__to__A H data="A"
;Else data>“A"

—limited register, immediate

Instruction Format

olol+T4] T T T T TTT T T T

Opcode n rs

15 11 3 0
T-states
2

Bus Timing
Figure 7
Operation
rs—n
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6.0 Instruction Set Reference (continued)
CPL Complement

Syntax

CPL Rsd
Affected Flags
N, Z .
Description Coan
Logically complements the contents of the reg|ster Rsd,
placing the result back into that reglster

Example :

Load the fill-bit count passed from the host into the Trans-
mitter’s Fill-Bit Register {FBRI, R3, and then perform the
required one’s complement of the fill-bit count. In th|s exam-
ple, register 20 contains the fill-bit count.

—register

EXX 11 ;select alternate banks
MOVE  R20, FBR ;load (FBR}
CPL FBR complement fill-bit count

Instruction Fo|rm'at | ;

1lol1Tol1T1T1ToloTolo] T T T 1
Opcode Rsd

15 4 - 0

T-states ’ . 7

2

Bus Timing

Figure 7

Operation

Rsd — Rsd

EXX Exchange Register Banks

Syntax

EXX ba, bb {,g}

Affected Flags

None

Description

Selects which CPU register banks are active by exchanging
between the main and alternate register sets for each bank.
Bank A controls R0O-R3 and Bank B controls R4-R11. The
table below shows the four possible register bank configura-
tions. Note that deactivated registers retain their current val-
ues. The Global Interrupt Enable bit [GIE] can be set or
cleared, if desired.

Register Bank Configurations

ba bb Active Register Banks
0 0 Main A, Main B

0 1 Main A, Alternate B

1 0 Alternate A, Main B

1 1 Alternate A, Alternate B

Example

Activate the main register set of Bank A, the alternate regls-
ter set of Bank B, and leave the Global Interrupt Enable bit

[GIE] unchanged.

"EXX 0,1 ;select main A, alt B reg banks
Instruction Format .
1lol1Tol4T1T1Tol4] 1 ololo
Opcode g |ba|bb
15 6 l 4 3 2 0
00—GIE not affected
01—reserved
10—Set GIE
11—Clear GIE
T-states
2
Bus Timing
Figure 7
Operation
Case ba of

0: activate main Bank A
1: activate alternate Bank A
End case
Case bb of
0: activate main Bank B
1: activate alternate Bank B
End case
Case g of
0: leave [GIE] unaffected, (default)
1: (reserved)
2: set [GIE]
3: clear [GIE]
End case
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JMP Conditional Relative Jump
Jce

Syntax

JMP f,s,n —immediate

Jec n —immediate (optional syntax)
Affected Flags

None

Description

Conditionally transfers control to the instruction at the mem-
ory address calculated by adding the contents of the Pro-
gram Counter to the immediate value n, (sign extended to
16 bits), if the state of the flag referenced by f is equal to the
state of the bit s; or, optionally, if the condition cc is met.
See the tables below for the flags that f can reference and
the conditions that cc may specify. Since the immediate val-
ue n is an 8-bit two's complement displacement, the condi-
tional relative jump’s range is from +127 to —128 relative
to the Program Counter. Note that the Program Counter ini-
tially contains the memory address of the next instruction
following the jump.

Example

This example demonstrates both syntaxes of the condition-
al relative jump instruction testing for a non-zero result from
a previous instruction; (i.e., [Z]=0). If the condition is
met then control transfers to the instruction labeled
“Loop.back’; else the next instruction following the jump is
executed.

JMP  000B,0,Loop.back ; Jump on not zero

JNZ Loop.back ; Jump on not zero

Condition Specification Table for “cc”

cc Meaning Condition Tested for

z Zero [2] =1
Nz Not Zero [Z) =0
EQ Equal {z] =1
NEQ | Not Equal [2) =0
c Carry [cr =

NC No Carry [C] =

v Overflow vl =

NV No Overflow (\Y| =

N Negative [N] =1
P Positive [N] =0
RA Receiver Active [RA] =1
NRA | Not Receiver Active [RA] =0
RE Receiver Error [RE] =1
NRE | No Receiver Error [RE] =0
DA Data Available [DAV] =1
NDA | No Data Available [DAV] =0
TFF | Transmitter FIFO Full [TFF] =1
NTFF | Transmitter FIFO Not Full | [TFF} =0

Instruction Format

I\
111lolo0 I T T
Opcode s f n
15 11 10 7
T-states

2 if condition is not met
3 if condition is met
Bus Timing
Figure 7 if condition is not met
Figure 8 if condition is met
Operation
JMP f,s,n
If flag fis in state s
then PC + n(sign extended) — PC

Jee n
If cc condition is true
then PC + n(sign extended) — PC

Flag Reference Table for “f”

f (binary) Flag Reference
0 (000) [Z] in{CCR]}
1 (001) [C]1 in{CCR]}
2 (010) [Vl in{CCR}
3 (011) [N] in{CCR}
4 (100) [RA] in{TSR}
5 (101) [RE] in{TSR]}
6* (110) [DAV] in {TSR}
7 (111) [TFF] in {TSR}

Note: The value of f for [DAV] differs from the numeric
value for the position of [DAV] in {TSR}.
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6.0 Instruction Set Reference (continued)
JMP Unconditional Relative Jump

Syntax
JMP n —immediate
JMP Rs —register
Affected Flags
None
Description
Unconditionally transfers control to the instruction at the
memory address calculated by adding the contents of the
Program Counter to either the immediate value n or the con-
tents of the source register Rs, (both sign extended to 16
bits). Since the immediate value n and the contents of Rs
are 8-bit two's complement displacements, the uncondition-
al relative jump’s range is from +127 to —128 relative to
the Program Counter. Note that the Program Counter initial-
ly contains the memory address of the next instruction fol-
lowing the jump. : L
Example .
Transfer control to the instruction labeled “Init_Xmit”,
which is within +127/—128 words relative to the PC.

JMP  Init__Xmit ; go initialize Transmitter
Instruction Format

JMP n . ,
1TalololaTolaTa] T'T T T 171
Opcode n
15 : . 7 0

JMP Rs , . .

1T1ToTol1T1ToT4THTolo|] T T T 1
‘Opcode ) Rs

15 4 : 0

T-states

JMP n —3

JMP Rs —4

Bus Timing

JMP n —Figure 8

JMP Rs —Figure 10

Operation

JMP n

PC + n(sign extended) — PC

JMP Rs

PC + Rs(sign extended) — PC
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JRMK Relative Jump with Rotate and Mask on
Register

Syntax
JRMK Rs, b, m

Affected Flags
None

Description

Transfers control to the instruction at the memory address
calculated by adding the contents of the Program Counter
to a specially formed displacement. The displacement is
formed by rotating a copy of the source register Rs the val-
ue of b bits to the right, masking (setting to zero) the most
significant m bits, masking the least significant bit, and then
sign extending the result to 16 bits. Typically, the JRMK
instruction transfers contro! into a jump table. The LSB of
the displacement is always set to zero so that the jump table
may contain two word instructions, (e.g., LIMP). The range
of JRMK is from +126 to —128 relative to the Program
Counter. Note that the Program Counter initially contains
the memory address of the next instruction following JRMK.
The source register Rs may specify any active CPU register.
The rotate value b may be from 0 to 7, where 0 causes no
bit rotation to occur. The mask value m may be from 0 to 7;
where m=0 causes only the LSB of the displacement to be
masked, m=1 causes the MSB and the LSB to be masked,
m=2 causes bits 7-6 and the LSB to be masked, etc ...
Example

This example demonstrates the decoding of the address
frame of the 3299 Terminal Multiplexer protocol. In the ad-
dress frame, only the bits 4-2 contain the address of the
Logical Unit.

—Register

EXX 0,1 ;select main A, alt B
JRMK RTR,1,4 decode device address
LJMP ADDR.O  ;jump to device handler #0
LJMP ADDR.1 ;jump to device handler #1
LJMP ADDR.2  ;jump to device handler #2
LJMP ADDR.7  ;jump to device handler #7
Instruction F?rmat .
1lolololo] T T [T T T
Opcode m b Rs
15 10 7 4 0
T-states
4
Bus Timing
Figure 10
Operation

Copy Rs to a temporary register:
Rs — register

Rotate the register b bits to the right:

=

register

Mask the most significant m bits and the LSB:
f'mﬁ
register ANDO...01...10—> register.

Modify the Program Counter:
PC + register(sign extended) — PC

TL/F/9336-8
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6.0 Instruction Set Reference (continued)
LCALL Conditional Long Call

Syntax )
LCALL Rs, p, s, nn

Affected Flags

None

Description

If the bit in position p of register Rs is equal to the bit s, then
push the Program Counter, the ALU flags, the Global Inter-
rupt Enable bit [GIE], and the current register bank selec-
tions onto the internal Address Stack. Following the push,
transfer control to the instruction at the absolute memory
address nn. The operand Rs may specify any active CPU
register. The value of p may be from 0 to 7, where 0 corre-
sponds to the LSB of Rs and 7 corresponds to the MSB of
Rs. The absolute value nn is 16 bits long, (range: 0 to 64k),
therefore, all of instruction memory can be addressed.
Example

Call the “Load.Xmit” subroutine when the Transmitter FIFO
Empty flag, [TFE], of the Network Command Flag register
{NCF} is “1”,

EXX 0,0
LCALL NCF,7,1, Load.Xmit
Instruction Folrmat
1lololol1T11H (L T
Opcode s p Rs
15 8 7 4 0

15 0

T-states
2+ 2
Bus Timing
Figure 9
Operation
If Rs[p] = s then

PC & [GIE] & ALU flags & register bank selections

—> Address Stack

nn— PC

End if

—register, absolute

;select main A, alt B
;If [TFE]=1 call

LCALL Unconditional Long Call

Syntax
LCALL nn
Affected Flags
None
Description
Pushes the Program Counter, the ALU flags, the Global In-
terrupt Enable bit [GIE], and the current register bank selec-
tions onto the internal Address Stack; then unconditionally
transfers control to the instruction at the absolute memory
address nn. The value of nn is 16 bits long, (range: 0 to
64k), therefore, all of instruction memory can be addressed.
Example '
Transfer control to the subroutine “Send.it.all”, which could
be located anywhere in instruction memory.

LCALL  Send.itall
Instruction Format

1 1 (]
1T1Tolol1T1T1Tol1ToToTololololo
Opcode

—absolute

15 ) 0
T-states
2+2
Bus Timing
Figure 9
Operation

PC & [GIE] & ALU flags & register bank selections
—> Address Stack :
nn—> PC ‘
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6.0 Instruction Set Reference (continued)
LJMP Conditional Long Jump

Syntax
LUIMP Rs, p, s, nn

Affected Flags
None

Description

Conditionally transfers control to the instruction at the abso-

lute memory address nn if the bit in position p of register Rs

is equal to the state of the bit s. The operand Rs may speci-

fy any active CPU register. The value of p may be from 0 to

7, where 0 corresponds to the LSB of Rs and 7 corresponds

to the MSB of Rs. The absolute value nn is 16 bits long,

(range: 0 to 64k), therefors, all of instruction memory can be

addressed.

Example

Long Jump to one of the receiver error handling routines

based on the contents of the Error Code Register {ECR}.
EXX 0,1,3, ;select main A, alt B

; and clear [GIE]

;set [SEC] in (TSR}

;read {ECR}

—register, absolute

OR 01000000B,TSR
MOVE ECR, R11

; Determine error condition
LJMP  R11, 0, 1, Software__error
LJMP R11, 1, 1, Loss__of__Midbit
LJMP  R11, 2, 1, Invalid_Ending__Seq
LJMP  R11, 3, 1, Parity__error
LJMP  R11, 4, 1, Software__error

Instruction Folrmat

1lololol1l1l0 [ [T T
Opcode s p Rs

15 0
T-states
@+2
Bus Timing
Figure 9
Operation

IfRslp]l = s
then nn — PC

LJMP Unconditional Long Jump

Syntax

LIMP nn —absolute
LIMP [ir] —indexed
Affected Flags

None

Description

Unconditionally transfers control to the instruction at the

memory address specified by the operand. The operand

may either specify an absolute instruction address nn, (16

bits long), or an index register Ir, which contains an instruc-

tion address. LUMP’s addressing range is from 0 to 64k;

(i.e., all of instruction memory can be addressed).

Example '

Transfer control to the instruction labeled “Reset.System”,

which may be located anywhere in instruction memory.
LIJMP  Reset.System ; go reset the system

Instruction Format

LJMP nn

1 | L
111Tolol1T1T1Tololololololololo
Opcode

15 : 0
LIMP [1]

1 1 L
1l1lolol1l1lol1lo} | [ololofolo

Opcode Ir

15 6 1 4 0
00—IW
01—IX
10—1Y
11—1Z
T-states
LIMP nn —(2 + 2)
LIMP [ir] —2
Bus Timing
LJMP nn
LJMP  [Ir]
Operation
LIMP nn
nn—> PC

LIMP  [Ir]
Ir— PC

—Figure 9
—Figure 9
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6.0 Instruction Set Reference (continued)
MOVE Move Data Memory

Syntax

MOVE [miIr], Rd  —indexed, register

MOVE [Ir+Al], Rd —register-relative, register

MOVE [IZ+n],rd —immediate-relative, limited register
Affected Flags

None

Description

Moves a data memory byte into the destination register
specified. The data memory source operand may specify
any one of the index register modes; [mir], [ir+ A}, [IZ+n].
The index register-relative mode, [Ir+Al, forms its data
memory address by adding the contents of the index regis-
ter Ir to the unsigned 8-bit value contained in the currently
active accumulator. The immediate-relative mode, [12+n],
forms its data memory address by adding the contents of
the index register 1Z to the unsigned 8-bit immediate value
n. The destination register operand Rd may specify any ac-
tive CPU register; where as, the destination register operand
rd is limited to the active registers R0O-R15.

Example

The first example loads the current accumulator by “pop-
ing” an external data stack, which is pointed to by the index
register IX.

MOVE  [+IX], A ;pop accum from ext. stack
The second example demonstrates the random access of a
data byte within a logical record contained in memory. The
index register 1Y contains the base address of the logical
record.

ADDA R9, A ;calculate offset into record

‘MOVE  [IY+A], R20 ;get data byte from record
In the final example, the 4th element of an Error Count table
is transmitted to a host. The index register I1Z points to the
1st entry of the table.

EXX 0,1 ;select main A, alt B

MOVE  [IZ+8], RTR ;transmit 4th element
Instruction Format

MOVE [mir], Rd

1 1
ti1lololololo] 1
Opcode m Ir Rd

15 8 6 4 1]
L
00 ~ post=decrement 00 = W
01 = no change 01 = IX
10 = post Increment 10=1
11 = pre=increment "=-u

TL/F/9336-9

MOVE [|r+A'], Rd

Opcode

1
111Tololol1ToTolo

15

MOVE [1Z+n], rd

6 l 4
00—IW
01—IX
10—1Y
11—z

1lolol1 I
Opcode

15 1
T-states
3
Bus Timing
Figure 11
Operation
MOVE ' [mlr], Rd
data memory — Rd
MOVE [Ir+Al, Rd
data memory — Rd

MOVE [IZ+n], rd
data memory — rd
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MOVE Move Immediate

Syntax '
MOVE n, rd —immediate, limited register '

MOVE n, [Ir] —immediate, indexed

Affected Flags

None

Description -

Moves the immediate value n into the destination specified.
The destination may be either a register, rd, (limited to the
active registers R0O~R15), or data memory via an index reg-
ister, Ir. The value n is 8 bits wide.

viyesda

Example
Load the current accumulator with the value of 4.
MOVE 4, A ;Load accumulator
Instruction Format
MOVE n, rd |
1lol111 IR 11
Opcode n rd
15 1 3 0
MOVE n, [Ir]I . .
1lololol1lo] T 1 | 1T
Opcode n[7-5) Ir n[4-0]
15 9 6 l 4 0
00—IW
01—IX
10—1Y
11—12
T-states

MOVE n,rd —2

MOVE n,[I] —3

Bus Timing

MOVE n, rd —Figure 7
MOVE n, (Il —Figure 12
Operation

MOVE n, rd

n—>rd

MOVE n, [Ir]

n — data memory
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6.0 Instruction Set Reference (continved)
MOVE Move Register

Syntax

MOVE Rs, Rd
MOVE Rs, [mlr]
MOVE Rs, [ir+A]
MOVE s, [IZ+n]

Affected Flags
None

Description

Moves the contents of the source register into the destina-
tion specified. The source register operand Rs may specify
any active CPU register; where as the source register oper-
and rs is limited to the active registers R0O-R15. The desti-
nation operand may specify either any active CPU register,
Rd, or data memory via one of the index register modes;
[mir], [ir+A], [IZ+n]. The index register-relative mode,
[Ir+Al, forms its data memory address by adding the con-
tents of the index register Ir to the unsigned 8-bit value con-
tained in the currently active accumulator. The immediate-
relative mode, [IZ+n], forms its data memory address by
adding the contents of the index register IZ to the unsigned
8-bit immediate value n.

Example

The first example loads the Transmitter FIFO with a data
byte in register 20.

EXX 0,1 ;select main A, alt B

MOVE R20, RTR ;Load the Transmitter FIFO
The second example “pushes” the current accumulator’s
contents onto an external data stack, which is pointed to by
the index register IX.

MOVE A, [IX-] ;push accum to ext. stack
The third example demonstrates the random access of a
data byte within a logical record contained in memory. The
index register 1Y contains the base address of the logical
record.

ADDA RS, A ;calculate offset into record

MOVE R20, [IY+A] ;update data byte in record
In the final example, the 4th element of an Error Count table
is updated with a new value contained in the current accu-
mulator. The index register I1Z points to the 1st entry of the
table.

MOVE A, [1Z+3]

—register, register

—register, indexed

—register, register-relative

—limited register, immediate-relative

;update 4th element of table

Instruction Format

MOVE Rs, Rc|i .
1TaTaTa AT T T T 1 T
Opcode Rd Rs
15 9 4 0
MOVE Rs, [mir]
L 1 ]
thitololololt] | | L
Opcode m Ir Rs
15 8 6 | 4 0
00 - post=decrement 00 - 1w
01 = no change 01 =X
10 = post Increment 10=1Y
11 = pre=increment 11=1Z

MOVE Rs, [lr|+ Al

TL/F/9336-10

!
tl1lololol1Tolol1] | [

Opcode Ir Rs
15 6 l 4 0
00—IW
01—IX
10—IlY
11—-1Z
MOVE s, [Z+n] )
olololt b1 T [T 1
Opcode n rs
15 11 3 0
T-states
MOVE Rs, Rd —2
MOVE Rs, [mir] —3
MOVE Rs, [Ir+A] —3
MOVE s, [IZ+n} -3
Bus Timing
MOVE Rs, Rd —Figure 7
MOVE Rs, [mir] —Figure 12
MOVE Rs, [Ir+A] —Figure 12
MOVE s, [IZ+n] —Figure 12
Operation
MOVE Rs, Rd —Rs —Rd
MOVE Rs, [mir] —Rs — data memory
MOVE Rs, [Ir+A] —Rs —> data memory
MOVE s, [IZ+n] —rs — data memory
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OR OrImmediate

Syntax
OR n, rsd
Affected Flags
N, Z
Description .
Logically ORs the immediate value n to the register rsd and
places the result back into the register rsd. Note that only
the active registers R0O-R15 may be specified for rsd. The
value of n is 8 bits wide.
Example
Mask both the Transmitter and Receiver interrupts via the
Interrupt Control Register {ICR}, R2. Leave the other inter-
rupts unaffected.

EXX 0,0 ;select main reg banks

OR 00000011B, ICR ;mask transmitter and

; receiver interrupts

—immediate, limited register

Instruction Format
ol+lola| T T T T T T T [ T 11
Opcode n : , rsd
15 1 ) 3 0
T-states T

2

Bus Timing

Figure 7

Operation

rsd OR n—>rsd

ORA Or with Accumulator

Syntax

ORA Rs, Rd
ORA Rs, [mir]
Affected Flags
N, Z
Description
Logically ORs the source register Rs to the active accumu-
lator and places the result into the destination specified.
The destination may be either a register, Rd, or data memo-
ry via an index register mode, [mir]. Note that register bank
selection determines which accumulator is active.
Example )

Write an 11-bit word to the Transmitter’s FIFO. This exam-
ple assumes that the index register IX points to the location
of the data in memory.-

TCR.settings: -EQU 001010008

—register, register
—register, indexed

EXX 1,1 ;select main A, alt B

MOVE TCR.settings,A ;load accumulator w/mask
MOVE [1Z+],R20 ;load bits 8, 9, & 10

ORA  R20,TCR ;write bits 8, 9, 10 to {TCR}
MOVE [IZ+],RTR  ;push 11-bit word to FIFO

Instruction Format

ORA Rs, Rd. . L |
1TalaTalela [ T T T 1 T T
Opcode Rd Rs
15 9 ‘ 4 ) 0
ORA Rs, [mir]
1 1 L
tlol1loltTol] | | |
Opcode m Ir Rs
15 8 | 6 | 4 0
00 = post=decrement ©00-1W
01 = no change 01 = 1IX
10 = post increment 10= 1Y
11 = pre=increment 11=12
TL/F/9336-11

T-states .

ORA Rs, Rd —2

ORA Rs, [mlr] —3

Bus Timing

ORA Rs, Rd —Figure 7

ORA Rs, [mir] —Figure 12

Operation

ORA Rs, Rd

Rs OR accumulator —> Rd

ORA Rs, [mir]
Rs OR accumulator — data memory
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6.0 Instruction Set Reference (continued)
RETF Conditional Return
Rce

Syntax

RETF f, s{,{g] {,rf}}
Rec {glrf}}
Affected Flags
Ifrf = 1thenN, Z,C,and V

Description )
Conditionally returns control to the last instruction address
pushed onto the internal Address Stack by popping that ad-
dress into the Program Counter, if the state of the flag refer-
enced by f is equal to the state of the bit s; or, optionally, if
the condition cc is met. See the tables on the following page
for the flags that f can reference and the conditions that cc
may specify. The conditional return instruction also has two
optional operands, g and rf. The value of g determines if the
Global Interrupt Enable bit [GIE] is left unchanged (g=0),
restored from the Address Stack (g=1), set (g=2), or
cleared (g=3). If the g operand is omitted then g=0 is as-
sumed. The second optional operand, rf, determines if the
ALU flags and register bank selections are left unchanged
(rf=0), or restored from the Address Stack (rf=1). If the rf
operand is omitted then rf=0 is assumed. '
Example , .
This example demonstrates both syntaxes of the condition-
al return instruction testing for a carry result from a previous
instruction; (i.e., [C]=1). If the condition is met then the
return occurs, else the next instruction following the return
is executed. The current environment is left unchanged.

RETF 001B,1 ; If [C]1=1 then return

—(optional syntax)

RC
Instruction qumat .
1lof1Tol1TaT1TaTol 1 I
Opcode g |rf]|s f
15 ' 6 4 3 2 0

00—GIE not affected
01—Restore GIE
10—Set GIE
11—Clear GIE

; If [C1=1 then return

T-states

2 if condition is not met
3 if condition is met
Bus Timing

Figure 7 if condition is not met
Figure 8 if condition is met

Operation

If flag f is in state s then
Case g of
0: leave [GIE] unaffected, (default)
1: restore [GIE] from Address Stack
2: set [GIE]
3: clear [GIE]
End case
If rf=1 then
restore ALU flags from Address Stack
restore register bank selection from Address Stack
End if
Address Stack — PC
End if

Condition Specification Table for “cc”

cc Meaning Condition Tested for
z Zero [Z] =1
NZ Not Zero [2] =0
EQ | Equal 2] =1
NEQ | Not Equal [2] =0
(o} Carry [c1 =1
NC | NoCarry [C] =0
V | Overflow vl =1
NV | No Overflow ivi =0
N Negative Nl =1
P Positive [N] =0
RA | Receiver Active [RA] =1
NRA | Not Receiver Active [RA] =0
RE Receiver Error [RE] =1
NRE | No Recsiver Error [RE] =0
DA Data Available [DAV] =1
NDA | No Data Available [DAV] =0
TFF | Transmitter FIFO Full [TFF] =1
NTFF | Transmitter FIFO Not Full | [TFF] =0
Flag Reference Table for “f”
f (binary) Flag Referenced
0 (000) V4] in (CCR}
1 (001) [C]  in(CCR}
2 (010) vl in (CCR}
3 (011) [N] in {CCR}
4 (100) [RA] in {TSR}
5 (101) [RE] in {TSR}
6* (110) [DAV] in (TSR}
7 (111) [TFF] in {TSR}

Note: The value of f for [DAV] differs from the numeric

value for the position of [DAV] in {TSR}.
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RET Unconditional Return

Syntax

RET {g (,rf}}

Affected Flags
Ifrf=1thenN, Z,C, and V
Description

Unconditionally returns control to the last instruction ad-
dress pushed onto the internal Address Stack by popping
that address into the Program Counter. The unconditional
return instruction also has two optional operands, g and rf.
The value of g determines if the Global Interrupt Enable bit
[GIE] is left unchanged (g=0), restored from the Address
Stack (g=1), set (9=2), or cleared (g=3). If the g operand
is omitted then g=0 is assumed. The second optional oper-
and, rf, determines if the ALU flags and register bank selec-

ROT Rotate

Syntax

ROT Rsd, b
Affected Flags
N, Z,C
Description
Rotates the contents of the register Rsd b bits to the right
and places the result back into that register. The bits that
are shifted out of the LSB are shifted back into the MSB,
(and copied into the Carry flag). The value b may specify
from O to 7 bit rotates.

Example

Add 3 to the Address Stack Pointer contained in the Internal
Stack Pointer register {ISP}, R30.

—register

tions are left unchanged (rf=0), or restored from the Ad- I\RA81YE :fep ! 4RB fg:itﬁ{ I[iFs’L] to low order nibble
dress Stack (rf=1). If the rf operand is omitted then rf=0 is ADD 3 f’iB :add 3 to [ASP]
assumed. ROT R8,4 . shift [ASP] to high order nibble
Example MOVE RS, ISP ;store new (ISP}
Return from an interrupt. Instruction Format
. . ! ]
RET 11 ;Restore environment & return TTiTolol1ToT1T0 1 T T 1
Instruction F?rmat . ‘ Opcode b Rsd
1lol4Tol 1 TaTaTaT1] T ofofolo 15 7 4 o
Opcode g | T-states
15 6 l 4 3 0 2
00—GIE not affected Bus Timing
01—gestore GIE Figure 7
10—Set GIE
11—Clear GIE Operatlion
T-states
2 LI B B I I I
Bus Timing Red
Figure 7. TL/F9336-12
Operation
Case g of

0: leave [GIE] unaffected, (default)
1: restore [GIE] from Address Stack
2: set [GIE]
3: clear [GIE]
End case
If rf=1 then
restore ALU flags from Address Stack
restore register bank selection from Address Stack
End if
Address Stack — PC
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6.0 Instruction Set Reference (continued)
SBCA Subtract with Carry and Accumulator

Syntax

SBCA Rs, Rd —register, register

SBCA Rs, [mir] —register, indexed

Affected Flags CoE
N,Z,C V

Description

Subtracts the active accumulator and the carry flag from the
source register Rs, placing the result into the destination
specified. The destination may be either a register, Rd, or
data memory via an index register mode, [mir].- Negative
results are represented using the two’s complement format.
Note that register bank selection determlnes which accumu-
lator is active.

Example

Subtract the constant 109 from the index register IW, (which
is 16 bits wide).
SUBA A A
SUB 109, R12 -
SBCA R13, R13

Instruction Format

. ;Clear the accumulator
;low byte of IW—109 -
;high byte of IW—borrow

.SBCA Rs, RclI . C
1lalalolale] 11T T 1 1T
Opcode Rd Rs
15 9 4 0
SBCA Rs, [mir]
1 1 1
tloltlololy 1] | | | I L
Opcode m Ir Rs
15 8, 6 4 0
00 = post=-decrement 00 - IW
01 = no change 01 =X
10 = post Increment 10=1
11 = pre=increment =1z
TL/F9336-13
T-states
SBCA Rs, Rd —2
SBCA Rs, [mir] —3
Bus Timing
SBCA Rs, Rd —Figure 7
SBCA Rs, [mir] —Figure 12
Operation
SBCA Rs, Rd

Rs — accumulator — carry bit — Rd
SBCA Rs, [mir]
Rs — accumulator — carry bit — data memory

SHL Shift Left

Syntax

SHL Rsd, b
Affected Flags
N, Z C
Description
Shifts the contents of the register Rsd b bits to the left and
places the result back into that register. Zeros are shifted in
from the right, (i.e., from the LSB). The value b may specify
from O to 7 bit shifts. The Carry flag contains the last bit
shifted out.

Example

Place a new internal Address Stack Pointer into the Internal
Stack Pointer register {ISP}, R30. Assume that the new
[ASP] is located in register 20.

—register

MOVE ISP,R8 ;read {ISP} for [DSP]
AND  00001111B,R8 ;save [DSP] only

SHL  R204 ;left justify [ASP]

ORA  R20,ISP ;combine [ASP] + [DSP],

; then place into (ISP}
Instruction Format

] ] ‘
1T1Tolol1TolTol1] [ 1 trr

Opcode ©(8b) - Rsd
15 i 7 4 ‘ -0
T-states
2
Bus Timing
Figure 7
Operation
UL
oS EpanRR
Rsd

TL/F/9336-14
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6.0 Instruction Set Reference (continued)
SHR Shift Right

Syntax

SHR Rsd, b
Atfected Flags
N, Z C
Description
Shifts the contents of the register Rsd b bits to the right and
places the result back into that register. Zeros are shifted in
from the left, (i.e., from the MSB). The value b may specify

from O to 7 bit shifts. The Carry flag contains the last bit
shifted out.

Example
Right justify the Address Stack Pointer from the Internal

—register

SUB Subtract Immediate

Syntax

SUBn,rsd  —immediate, limited register

Affected Flags

N, Z,CV

Description

Subtracts the immediate value n from the register rsd and
places the result back into the register rsd. Note that only
the active registers R0O-R15 may be specified for rsd. The
value of n is limited to 8 bits; (signed range: +127 to
—128). Negative numbers are represented using the two's
complement format.

Example
Subtract the constant 3 from register 10.

Stack Pointer register (ISP}, R30. SUB 3,R10 ; R10 — 3— R10

MOVE ISP, R20 ;Load [ASP] from {ISP} Instruction Format '

SHR R20,4 ;right justify [ASP] oTol110 T T T 1711 T 1
Instruction Folrmat , Opcode n rsd

1l1Tolol1loloTo] | 1 T 15 1 3 0

Opcode b Rsd T-states

15 7 4 0 2
T-states Bus Timing
2 Figure 7
Bus Timing Operation
Figure 7 rsd — n—>rsd
Operation

UL
T

TL/F/9336-15
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6.0 Instruction Set Reference (continued)
SUBA Subtract with Accumulator ‘

Syntax
SUBA Rs, Rd
SUBA Rs, [mir]

Affected Flags

N, Z,CV

Description

Subtracts the active accumulator from the source
register Rs and places the result into the destination speci-
fied. The destination may be either a register, Rd, or data
memory via an index register mode, [mir]. Negative num-
bers are represented using the two's complement format.
Note that register bank selection determines which accumu-
lator is active. . ‘

Example
In the first example, the value 4 is placed into the currently
active accumulator, that accumulator is subtracted from the
contents of register 20, and then the result is placed into
register 21. ’

MOVE 4,A ;Place constant into accum
SUBA R20,R21 ;R20 — accum — R21

In the second example, the alternate accumulator of regis-
ter bank B is selected and then subtracted from register 20.
The result is placed into the data memory pointed to by the
index register 1Z and then the value of 1Z is incremented by
one.

EXX 0,1 ;Select alt accumulator

SUBA R20, [IZ+] ;R20 — accum —> data mem

;and increment data pointer

—register, register
—register, indexed

Instruction Format

SUBA Rs, Rd . | |
1TaTaToTaTo] T T T T T 1T
Opcode Rd Rs
15 9 4 0
SUBA Rs, [milr]
1 1 1
tlol1lololilo | | L
Opcode m Ir Rs
15 8 | 6 | 4 0
00 - post=decrement 00 - IW
01 = no change 01 =1IX
10 = post Increment 10= 1Y
11 = pre=increment M=1z

TL/F/9336-16

T-states

SUBA Rs, Rd —2
SUBARSs, [mIrf] —3

Bus Timing

SUBA Rs, Rd —Figure 7
SUBA Rs, [mIr]  —Figure 12
Operation

SUBA Rs, Rd

Rs — accumulator — Rd

SUBA Rs, [mIr]
Rs — accumulator — data memory

TRAP Software Interrupt

Syntax
TRAP v {,g'}

Affected Flags
None

Description )
Pushes the Program Counter, the Global Interrupt Enable bit
[GIE], the ALU flags, and the current register bank selec-
tions onto the internal Address Stack; then unconditionally
transfers control to the instruction at the memory address
created by concatenating the contents of the Interrupt Base
Register {IBR} to the value of v extended with zeros to 8
bits. If the value of g’ is equal to 1" then the Global Inter-
rupt Enable bit [GIE] will be cleared. If the g’ operand is
omitted, then g’ = 0 is assumed. The vector number v
points to one of 64 Interrupt Table entries; (range: 0 to 63).
Since some of the Interrupt Table entries are used by the
hardware interrupts, the TRAP instruction can simulate
hardware interrupts. The following table lists the hardware
interrupts and their associated vector numbers:

Hardware Interrupt Vector Table

Interrupt v (Binary)
NMI 28 (011100)
RFF/DA/RA 4 (000100)
TFE 8 (001000)
LTA 12 (001100)
BIRQ 16 '(010000)
TO -~ 20 (010100)

Example
Simulate the Transmitter FIFO Empty interrupt.

TRAP 8,1 ;TFE interrupt simulation

Instruction Fc?rmat .
I ICIEAERELERE I T T 1T

Opcode g’ v
15 6 5 0
T-states
2
Bus Timing
Figure 7
Operation

PC & [GIE] & ALU flags & register bank selections
— Address Stack
ifg' =1
then clear [GIE]
Create PC address by concatonating the {IBR] register to
the vector humber v as shown below:

LI ] L

{1eR} 00 v pe

15 75 0
TL/F/9336-17
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6.0 Instruction Set Reference (continued)
XOR Exclusive OR Immediate

Syntax )

XOR n, rsd —immediate, limited register

Affected Flags
N, Z

Description

Logically exclusive ORs the immediate value n to the regis-

ter rsd and places the result back into the register rsd. Note
that only the active registers RO-R15 may be specified for
rsd. The value of n is 8 bits wide.

Example
Encode/decode a data byte in register 20. -

XOR code__pattern, R20 ;encode/decode
Instruction Format '
ol1T4To| T T T TTT [

Opcode n rsd
15 11 3 0
T-states
2
Bus Timing
Figure 7
Operation
rsd XOR n —> rsd

XORA Exclusive OR with Accumulator

Syntax .

XORARs,Rd  —register, register
XORA Rs, [mir] —register, indexed
Affected Flags '
N,Z

Description

. Logically exclusive ORs the source register Rs to the active
~ accumulator and places the result into the destination speci-

fied. The destination may be either a register, Rd, or data
memory via an index register mode, [mlr]. Note that register
bank selection determines which accumulator. is active.

Example

Decode the data byte just received. and place it into data
memory. This example assumes that the accumulator con-
tains the “key” and that the index register 1Y points to the
location where the information should be stored.

EXX 1,1 ;select alternate banks
XORA . RTR, liY+] ;decode received byte and

;saveit . :
Instruction Format
XORA Rs, Rd . . ) .
1lalalalaTol T 1 101 IR
Opcode Rd Rs
15 9 ’ 4 0
XORA Rs, [Mir] )
'l [l L
tlolthol1T1lo] 1 ! |
Opcode m Ir Rs
15 8 6 4 0
| L -
" 00 = post=decrement 00 = W
01 = no change 01=1IX
10 = post increment 10 =1y

11 = pre=increment . 1=
) . TL/F/9336-18
T-states
XORARs,Rd  —2
XORA Rs, [mif] —3

Bus Timing

XORARs,Rd  —Figure 7
XORA Rs, [mlf] —Figure 12
Operation

XORA Rs, Rd

Rs XOR accumulator = Rd

XORA Rs, [mir]
Rs XOR accumulator —> data memory
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6.0 Instruction Set Reference (continued)

TABLE XXIIL. Instruction Verse T-states, Affected Flags, and Bus Timing -

Instruction ‘T-states AfFfI«: cgt:d . .;II:::: Instruction T-states Af;:; (;t:d gr:l:?g
ADCA  Rs,Rd 2 N,Z,CV 7 | MOVE Rs,Rd 2 7
ADCA  Rs, [mir] 3 N,Z,CV 12 MOVE  Rs, [mir] 3 12
ADD n, rsd 2 N,Z,CV MOVE  Rs,[Ir + Al 3 12
ADDA  Rs,Rd 2 N,Z,CV MOVE 1, [IZ + n] 3 12
ADDA  Rs, [mif] . 3 N,Z,C,V. 12 MOVE  [mlf], Rd 3 1
AND n, rsd 2 N,Z MOVE  [ir + Al,Rd 3 1
ANDA  Rs,Rd 2 N,Z 7 . | MOVE [Z+n),rd 3 "
ANDA  Rs, [mli] 3 N2 12 OR n, rsd 2 N,Z 7
BIT s, 2 ‘Nz 7 ORA Rs, Rd 2 N,Z 7
CALL n 3 8 ORA Rs, [mir] 3 N,Z 12
CMP  rs,n 2 N,Z,CV 7 Rec {gl,r}} 2 false 7
CPL  Rsd 2 N,Z 7. 3 true N.ZCV* 8
EXX ba,bb (g} | 2 2. | RET {al,ri}} 2 N,Z,C,V* 7
Jee n 2false 7 RETF f,s {,{g} {,rf}} 2 false 7
' 3 true 8 3 true N,Z,C,Vv* 8
JMP f,s,n 2 false 7 ROT Rsd, b 2 N,Z,C 7

Strue o '8 SBCA  Rs,Rd 2 N.ZCV 7
JMP n 3 8 SBCA  Rs, [mlf] 3 N,ZCV 12
JMP Rs 4 10 SHL Rsd, b 2 N,2,C 7
JAMK  Rs,b,m 4 10 SHR Rsd, b 2 N,Z,C
LCALL - nn (2+2) 9 SuB n, rsd 2 N,Z,CV
LCALL ' Rs,p,s,nn 2+2) 9 SUBA Rs, Rd 2 N,Z2,CV
LIMP  nn (2+2) 9 SUBA  Rs, [mir] 3 N,Z,CV 12
LMP il 2 7 TRAP  v{g'} 2
LIMP  Rs,p,s,nn | (2+2) 9 XOR n, rsd 2 N, Z
MOVE n,rd 2 7 XORA  Rs,Rd 2 N, Z
MOVE n,[i] 3 12 XORA  Rs, [mir] 3 N, Z 12

*If f = 1 then N, Z, C, and V are affected.
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6.0 Instruction Set Reference (continued) 2
o
TABLE XXIV. Instruction Opcodes ;
KEY
Hex Opcode : Instruction m
L
- olololo] T 1 T ¥V T 111 FTT |t 00 Ir—
0000-0FFF Opcode n rsd ADD p,rsd o1 I
15 1 3 0 10 Ir+
' 1M +Ir
olololn trr 11 .
1000-1FFF Opcode n s MOVE s, [1Z + n] Ir
15 1 3 0 0 W
' o1 IX
- olol1lo| T 1T T [ T 11 T 1 ' ooy
2000-2FFF Opcode n rsd suB n, rsd 1 1z
15 1 3 0
g
L
ololil1| T T T T T T T [TT11 00 NCHG
3000-3FFF Opcode " rs CMP  rs,n o1 R
15 1 3 0 10 El
11 DI
L . N
ol1Tolo T T T T 1771 T S
4000-4FFF Opcode n rsd AND  n,rsd g
15 11 3 0 0 NCHG
1 D
1
ol1Tol1 [ [
5000-5FFF Opcode n rsd OR n, rsd ba/bb
15 1 3 0 0 MAN
1 ALT
1
ol1T1l0 T T T I ‘ "
6000-6FFF Opcode n ' rsd XOR n, rsd =
) o 000 [Z
15 11 3 0
001 [C)
, ) 010 [V]
7000-7FFF °|o‘c'°]16|1 P L i ! r|s ! BT  rs,n 011 [N]
P . 100 [RA]
15 1 3 0 101 [RE]
. . ; 110 [DAV]
1lolololo [ [ 7171 111 [TFF]
8000-87FF Opcode - o b . fis | JRMK  Rs, b,‘lm
15 10 7 4 0
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6.0 Instruction Set Reference (continued)

TABLE XXIV. Instruction Opcodes (Continued)

Hex ' " Opcode Instruction
1 1
_ 1lololol1lo] | 1| IR .
8800-8BFF Opcode . ‘n[7_5] Ir n[4-0] MOVE n, [ir] ’.
15 9 4 0
| FTeTeTe AT T T T 17 |
1101010111110
BCOO—BDFF‘ Opcode 1s Rs LJMP ‘Rs,p,s, nn
15 8 7 4 0
' 1 1 !
0000-FFFF T T T T T T T T T T T T T 11
. . nn '
15 0
o |ToToTo T4 I O I o '
110101011111 p

8E09-8FFF ' Opcode s Rs L'CA!.L Rs, p, §, nn

15 8.7 4 0
. . . . \ N
o000-FFFF | T T T T T T T T T .1 T T
. 'nn .-

15 0

ToTol I Y I T 11

1101011 . ; .
9000-9FFF Opcode A n rd MOVI? [|Z-?-n],rd

15 1" 3 0

TToTToToToToT T T T T+ T T -

1101110101010 :

A000-A1FF Opcode m Ir Rs ADDP‘\H H?, [mlr]
5 8 4 0
|RToTotoToa T T T T 7 T T 171 ‘

1101110101011 )
A200-A3FF Opcode - m Ir Rs ADCA Fls, [mir]
15 8 4 0
T ToloTaTol T T T T T T 77 ‘
; 110t110101110 . .
A400-ASFF Opcode m: Ir - As SQBA R?,‘[mlr]
15 8. 4 0

o1 I
10 Irt+
11 +Ir

01 IX
10 Y
1 1Z

g

00 NCHG
01 RI
10 El
11 DI

gl

0 NCHG
1 DI

ba/bb

0 MAIN
1 ALT

000 [Z]
001 [C]
010 [V]
011 [N]
100 [RA]
101 [RE]
110 [DAV]
111 [TFF]
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6.0 Instruction Set Reference (continued)

TABLE XXIV. Instruction Opcodes (Continued)

Hex Opcode Instruction
! l 1l
_ 1lol1lololesl1] | 7 T T 1

AB00-A7FF Oponds o o Rs SCBA Rs, [mir]
15 8 4 0
ToTilolTolo T T T 1 T T1
1lol1Tol1ToTlo :

AB00~ASFF Opooda L Rs ANDA Rs, Rs, [mlir]
15 8 4 0
ToTaTofaTola] T T T T T T 171

i 1Tol1Tol1ToTh ,

AA00-ABFF Opcode m Ir As ORA Rs, [mir]
15 8 4 0
oTiTofaTalo] T T T T T T 11
1lol1lol1l1]10 ‘ '

ACOQ—ADFF Opcods m Ir Rs XORA Rs, [mlr]

‘ 15 8 4 0
ToTaTol 1T T 1ToloToTo T T T 1
1Tol1Tol1T1T1TololToTo[ ‘

AE00-AE1F ' Opoods Rs CPL  Rsd
15 4 0
ToTiTolaT T Tol o]

. 1Tol1Tol1T1T1Tol ololo
AEB0-AEF8 Opaods ba | bo EXX  babb {,g}
15 6 4 3 2 0
1 1
AF00-AF7F [ T11ol1lol1l11111T0} | [ RETF fst,(g}l,rf}}
Opcode g |rf]|s f Rec  f{gl,rf}}
15 4 3 2 0
ol To AT T Tata] 1 ToTol
IR IEEEAERERE olololo

AF80-AFFO Opcode g |t RET  {gl,f}}

15 4 3 0
1
1lol1la] T 1 1 T T T 1 b

B00O-BFFF Oncode n b MOVE n, rd

15 1 3 0

00 Ir—
01 I

10  Ir+
11 +Ir

00 W
01 X
10 Iy
11 IZ

9

00 NCHG
01 RI
10 El
11 DI

’

g

0 NCHG
1 DI

ba/bb

0 MAIN
1 ALT

f

000 {Z]

001
010
011
100
101
110
111

[cl
vl
[N}
[RA]
[RE]
[DAV]
[TFF]
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6.0 Instruction Set Reference (Continued)

TABLE XXIV. Instruction Opcodes (Continued)

Hex Opcode Instruction
1 [
111TolololoTo | I
C000-C1FF Opcode ir Rd MOVE lmlr],Rd
15 8 6 4
TiToToloTol T 1T 11 ‘
_ 1111010101011
C200-C3FF Opcode r Rs MOVE Rs,.[mlr]
15 8 6 4
ToToloTiToToto] T [ T T 1
_ [1T1ToToloT1ToTolo ‘
C400-C47F Opcode Ir Rd MOVE [Ir+A],Rd
15 6 4
ToToloTaToTola] T [ T T 1
_ 1T1ToTolol1Tolol '
C480-C4FF ‘Opcode Ir Rs MOVE Rs, [Ir+Al]
15 6 4
TiToToliToTolol T T 1 T 11
1l1l1o0lolt1lololof .
CBOO-CSFF Opcode b Rsd SHR Rsd, b
15 4
iTololiToTolal T T T 11
111101011101 011 '
C900-COFF Opcode (8-b) Rsd SHL Rsd, b
15 : 4
MToTol ToTaTol T 1T 1 T 11
111101011101 110
CAO00-CAFF Opcode b " Rsd ROT Bsd, b
15 4
1 1 .
ceoo-care | [1T1TololiTelaTa| T ] T JMP ' n
- Opcode n ‘ g
15
TToTolaTaToTo] T T T T T
1i1t10l1011(110!0
CC00-CCFF Opcode n CALL n
15

KEY

00 Ir—
ot I

10 Ir+
11 +Ir

00 W
0l IX
10 1Y
11z

00 NCHG
01 RI
10 El
11 DI

. g

0 NCHG
1 DI

ba/bb

0 MAIN
1 ALT

000 [Z]
001 [C]
010 [V]
011 [N]
100 [RA]
101 [RE]
110 [DAV]
111 [TFF]
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6.0 Instruction Set Reference (continued)

TABLE XXIV. Instruction Opcodes (Continued)

Hex Opcode Instruction
l ! i
1l1Tolol1T1Tol1To] T |ololololo
CD00-CD60 Opcode r wMP (i1
15 6 4 0
AToTofaTaToltiTolo] T T T 1
111Tolol1T1ToT1T1ToTo
CD80-CD9IF Opcode Rs JMP  Rs
15 4 0
1 1 I
CE0O 1l1lolol1T1T1lololololololololo
0000-FFFF Opcode LIMP nn
15 0
1 1
I TT T T T T T T T T 1T 177177
nn
15 )
1 1 1 -
CE8O 1T1Tolol1TaT1lol1ToToloToToTolo| | calL an
0000-FFFF Opcode
15 0
! 1 1
71T T 17T T1TTTTTTTT1
nn
15 0
TAToTolaTaTiTT] T 11
I I IERERELERE ,
CF80-CFFF Opcode ¢ v TRAP  vi,g'}
15 6 5 0
1Tl N I
111To0T0
D000-DFFF Opcode | s ¢ n sz :;s,n
15 11 10 7 0

o1 Ir
10 Irt+
11 +Ir

00 W
01 X
10 Y
1 Iz

9

00 NCHG
01 RI
10 E
11 DI

g

0 NCHG
1 DI

ba/bb

0 MAIN
1 ALT

f

000 [2Z]

001 [C]
010 [V]
011 [N]
100 [RA]

{101 [RE]

110 [DAV]
111 [TFF]
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6.0 Instruction Set Reference (continued)

TABLE XXIV. Instruction Opcodes (Continued)

Hex Opcode Instruction
1 L 1

1111 lololo]| | | 1 11

E000-E3FF Opcode Rd Rs ADDA Rs, Rd
15 4 0
TaTolola] T 1 T T
11111101011

E400-E7FF Opcode Rd Rs ADCA Rs, Rd
15 4 0
MTaTolaTol T1 T T
11111101110

E800-EBFF Opcode Rd As SUBA Rs, Rd
15 4 0
ATl a1 T 1 T I.
11111101111

EC00-EFFF Opcode Rd As SBCA Rs, Rd
15 4 0
MTaTitoTol T 1 FT T
11111111010 :

FOO0-F3FF Opcode Rd Rs ANDA Rs, Rd
15 4 0
ATaTaloTa] T 1 T T
1111011011 ’ ’ o

F400-F7FF Opcode Rd Rs ORA Rs, Rd
15 4 0
ATiTa  To] T 1 T T
11111011110

F800-FBFF Opcode Rd Rs XORA Rs, Rd
15 4 V]
ATt T 1 T T
1i111t1i111

FCOO-FFFF Opcode Rd ‘ Rs 'MOVE Rs, Rd
15 4 0

KEY

00 Ir—
o1 I

10 Ir+
11 +ir

00 W
01 IX
10 Iy
1 12

9

00 NCHG
01 RI
10 El
11 DI

g

0 NCHG
1 DI

ba/bb

MAIN

000 [Z]
001 [C]
010 [V]
011 [N]
100 [RA]
101 [RE]
110 [DAV]
111 ([TFF]
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7.0 CPU Registers

INTRODUCTION

The CPU can address a total of 44 8-bit registers, providing
access to:

20 general purpose registers

8 configuration and control registers

4 transceiver access registers

2 8-bit accumulators

4 16-bit pointers

16-bit timer

16-byte data stack }

address and data stack pointers

The registers are organized as shown in Figure 13. The first
12 locations, RO-R11, are arranged in two groups of
banked registers: Group A (R0O-R3) and Group B (R4-R11).
Each group contains a Main and an Alternate bank, only
one of which is active and thus can be accessed in program
execution. Switching between the banks is performed by the
exchange instruction EXX, which uses a two-bit field to se-
lect which registers occupy RO-R3 and R4-R11.

Registers in the RO-R11 address space are allocated in a
manner that minimizes the need to switch between banks:

Main A : CPU control and transceiver
status

Alternate A : CPU and transceiver
configuration

Main B ¢ 8 general purpose

Alternate B : 4 transceiver access,

4 general purpose

The BCP powers-up in Alternate bank A, Alternate bank B.
This allows the initialization registers to be accessed without
bank switching. When running a non-transceiver task, Main
bank A and Main bank B are typically switched in, allowing
access to the CPU control and transceiver status registers
and eight general purpose registers. When the transceiver
needs attention, Alternate bank B can be switched active
which allows access to the transceiver registers.

For those instructions that require two operands, R8, (each

bank) is designated as the accumulator and provides the

second operand. However, the result of such an operation
is stored back in the accumulator only if it is specified as the
destination.

Of the 38 instructions which have direct register access, 28 -

can address all 32 locations, the remaining 10 instructions
(those with an immediate data field) being limited to
RO-R15. These instructions, however, still have access to
all registers required for transceiver operation, together with
the CPU control and status registers, 12 general purpose
registers and two of the index registers.

In this chapter, two descriptions of the special function reg-
isters are provided. The Register Overview section de-
scribes the function of each bit field arranged by the regis-
ters in which they occur; this section is useful for decoding

register contents and becoming familiar with the register
set. The Bit Definition Table lists the function and power-up’

state of each bit field arranged by the function that it is
associated with; this section is-useful in programming the
BCP. These sections are prefaced by a Bit Index which
cross references each bit field into both the Heglster Over-
- view and Bit Definition Table.

_Alternate Main
DCR
N CCR
 Tam NCF
FBR ot
ACR
RTR ]
TSR cro
TR GP1
8 TMR i
o 2 R —
T Rl tor)
o6’ GPS
o7 GP6
GP7
W (low byte)
W (high byte)
X (low byte)
Index Registers —X (high byte)
(polnters) Y (low byte)
Y (high byte)
Z (low byte)
Z (high byte)
GP8
GP9
GP10
GP11
GP12
GP13
GP14
GP15
Timer TR
TRH
ISP
Stacks
DS
FIGURE 13. Register Map

RO

Rt

R2
R3

R4
RS
R6
R7
R8
R9
R10
R11

R12
R13

R14
R1S

R16
R17

R18
R19

R20
R21
R22
R23
R24
R25
R26
R27

R28
R29

R30
R31

TL/F/9336-32
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7.0 CPU Registers (Continued)

BIT INDEX

An alphabetical listing of all stétus/control bits in the CPU-addressable special function registers, with a brief summary of
function. Detailed definitions are provided in the Bit Definition Table.

Bit ] Name Location Function
ACK poll/ACKnowledge NCF [1] Receiver Status
ASP3-0 Address Stack Pointer ISP [7-4] Stacks
AT7-0 Auxilliary Transceiver control ATR [7-0] Receiver Control
ATA " Advance Transmitter Active TCR [4] Transmitter Control
BIC Bi-directional Interrupt Control ACR [4] Interrupt Control
BIRQ Bi-directional Interrupt ReQuest CCR [4] Interrupt Control
c Carry ' CCR [1] Arithmetic Flag
ccs "CPU Clock Select DCR [7] Timing Control
CoD - Clock Out Disable ACR [2] Timing Control
DAV Data AVailable TSR [3) Receiver Status
DEME Data Error or Message End NCF [3] Receiver Status
DS7-0 "’ Data Stack DS [7-0] Stacks
DSP3-0 - Data Stack Pointer ISP {3-0] Stacks
bwa-0 -Data ineirjory Wait-state select DCR [2-0] ' Timing Control
FB7-0 " Fill Bits FBR '[7-0] Transmitter Control
GIE Global Interrupt Enable ACR [0] " Interrupt Control
IES Invalid Ending Sequence ECR [2] Receiver Error Code
IM4-0 Interrupt Mask select - ICR [4-0] Interrupt Control
IV15-8 Interrupt Vector IBR [7-0] Interrupt Control
IW1,0 Instruction memory Wait-state select DCR [4,3] Timing Control
LA Line Active NCF [5] Receiver Status
LMBT " Loss of Mid Bit Transition ECR [1] Receiver Error Code
LOR " Lock Out Remote ACR [1] Remote Interface
LOOP internal LOOP-back TMR [6] Transceiver Control
LTA . Line Turn Around NCF ' [4] " ‘Receiver Status
N . Negative ’ CCR [3]- Arithmetic Flag
OVF " receiver OVerFlow ECR [4] Regceiver Error Code
owp - Odd Word Parity TCR [3] " Transmitter Control
PAR " PARity error ECR [3] Receiver Error Code
POLL POLL NCF [0] Receiver Status
PS2-0 Protocol Select TMR [2-0] Transceiver Control
RA Receiver Active TSR [4] Receiver Status
RAR Received Auto-Response NCF [2] Receiver Status
RDIS " Receiver DISabled while active ECR [0] Receiver Error Code
RE Receiver Error TSR (5] Receiver Status
RF10-8 Receiver FIFO TSR [2-0] Receiver Control
RFF Receive FIFO Full NCF [6] - Receiver Status
RIN Receiver INvert TMR [4] Receiver Control
RIS1,0 Receiver Interrupt Select ICR '[7,6] Interrupt Control
RLQ Receive Line Quiesce TCR [7] Receiver Control
RPEN RePeat ENable TMR [5] Receiver Control
RR Remote Read CCR 6] 'Remote Interface
RTF7-0 Receive/Transmit FIFO RTR [7-0] Transceiver Control
RW Remote Write CCR [5] Remote Interface -
SEC Select Error Codes TCR [6] Receiver Control
SLR Select Line Receiver TCR [5] Receiver Control
TA Transmitter Active TSR [6] - Transmitter Status
TCS1,0 Transceiver Clock Select DCR [6,5] Transceiver Control
TF10-8 Transmit FIFO TCR [2-0] Transmitter Control
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7.0 CPU Registers (continued)
BIT INDEX

An alphabetical listing of all status/control bits in the CPU-addressable special function registers, with a brief summary of
function. Detailed definitions are provided in the Bit Definition Table. (Continued)

vibesda

Bit Name Location Function
TFE Transmit FIFO Empty NCF [7] _Transmitter Status
TFF Transmit FIFO Full TSR [7] Transmitter Status
TIN, Transmitter INvert TMR [3] Transmitter Control
TLD Timer LoaD ACR [6) Timer
TM7-0 TiMer TRL [7-0] Timer
TM15-8 TiMer TRH [7-0] Timer
T™C TiMer Clock select ACR [5] Timer
TO Time Out flag CCR (7] Timer
TRES Transceiver RESet TMR [7] Transceiver Control
TST Timer StarT ACR [7] Timer
" oVerflow CCR [2] Arithmetic Flag
z Zero CCR [0] . Arithmetic Flag -

REGISTER OVERVIEW GIE — Global Interrupt Enable ... When low, disables

A list of all CPU-addressable special funcﬁon registers, in
alphabetical order. -

The Remote Interface Configuration register {RIC}, whichis
addressable only by the remote system, is not included. See
Section 8.0 for details of the function of this register.

Each register is listed together with its address, the type of
access available, and a functional description of each bit.
Further details on each bit can be found in the “Bit Defini-
tion Table”.

ACR AUXILLIARY CONTROL REGISTER

[Main R3; read/write]

TST — Timer StarT ... When high, the timer is enabled
and will count down from it’s current value.

When low, timer is disabled. Timer is stopped by
writing a O to [TST].

— Timer LoaD . .. When high, generates timer load
pulse. Cleared when load complete.

— Timer Clock Select . .. Selects timer clock fre-
quency. Should not be written when [TST] is
high. Can be written at same time as [TST] and
[TLD].

TLD

TMC

TCS I Timer Clock

0 [ (CPU-CLK)/16
1 | (CPU-CLK)/2

7 6 5 4 3 2 1 0
[1s7 | 7o [™c | Bic | rsv | cop | Lor | aiE |
BIC

— Bi-directional Interrupt Control . .. Controls di-

rection of BIRQ.
BIC | BIRQ
0 Input
1 Output
— Clock Out Disable . .. When high, CLK-OUT out-
put is at TRI-STATE.
— Lock Out Remote . .. When high, a remote sys-
tem is prevented from accessing the BCP.

Ccob

LOR

rsv ... state is undefined at all times.

all maskable interrupts. When high, works with
[IM4-0] to enable maskable interrupts.

ATR AUXILLIARY TRANSCEIVER REGISTER
[Alternate R2; read/write]

AT7-0— Auxillary Transcelver ... In 5250 protocol
modes, bits 2-0 define the receive station ad-
dress, and bits 7-3 control the amount of time
TX-ACT stays asserted after the last fill bit.

In 8-bit protocol modes, bits 7- 0 define the re-
ceive station address.

For further mformauon. see Transceiver Section.
ATR7-3

"TX-ACT Hold Time (1)
00000 0
00001 0.5
00010 1.0
00011 15
{ -
11111 155

7 6 5 4 3 2 1 0
[at7 [ at6 | AT5 | AT4 | ATa | AT2 | AT1 | ATO |

CCR CONDITION CODE REGISTER
[Main RO; bits 0~3, 5-7 read/write, bit 4 read only]

TO —Time Out Flag . .. Set high when timer counts to
zero. Cleared by writing a 1 or stopping the timer
(by writing a 0 to [TST]).

RR —Remote Read ... Set on the trailing edge of a
REM-RD pulse, if RAE is asserted and {RIC} is
pointing to Data Memory. Cleared by writing a 1
to this location.

RW —Remote Write ... Set on the trailing edge of a

REM-WR pulse, lf RAE is asserted and {RIC} is
pointing to Data Memory. Cleared by writing a 1
to this location.
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7.0 CPU Registers (continued)

BIRQ — Bi-directional Interrupt ReQuest ... [Read
only]. Reflects the logic level of the Bi-directional
interrupt pin (BIRQ). Updated at the beginning of

_ each instruction cycle. L
7 6 5 4 3 2 1 0

[To|[rr [rw]BRa] N[ v ]c] z]

N — Negative ... A highllevel indiéates a negative
result generated by an arithmetic, logical or shift
instruction.

v — OVerflow ... A high level indicates an overflow

condition generated by an arithmetic instruction.
C — Carry . .. A high level indicates a carry or borrow
generated by an arithmetic instruction. During a
shift/rotate operation the state of the last bit shift-
ed out appears in this location.
4 — Zero ... A high level indicates a zero result gen-
erated by an arithmetic, logical or shift instruction.

DCR DEVICE CONTROL REGISTER.
[Alternate RO; read/write] : L
CCS —CPU Clock Select ... Selects CPU clock fre-
quency. OCLK represents. the, frequency of the
on-chip oscillator, or the externally applned clock

on input X1.
CcCs | CPU Clock
- .0, “OCLK
1 OCLK/2

TCS1 ,d—— Tféhséelvef Clock Select . . . Séleété transceiv-

er clock, TCLK, frequency.

" OCLK represents the frequency of the on-chip
oscillator, or the externally applied clock on input
X1. X-TCLK is the external transceiver clock in-
put. _ ‘
7 6 5 4 3 2 1 0

[ ccs | Test[Toso| w1 | wo | owz | owi | pwo |

00 OCLK
‘ . 01 | OCLK/2
' D10 OCLK/4

11 X-TCLK

IW1,0 —lnstructlon memory Wait-state select .

" Selects from 0 to 3 wait states for accessmg
instruction memory. '

DW2-0 — Data memory Wait-state select ... Selects
from 0 to 7 wait states for accessing data mem-
ory. . ‘

DS DATASTACK

[Main R31; read/write]

DS7-0 — Data Stack ... Data stack input/output port.
Stack is 16 bytes .deep. Further information:
Chapter CPU.

7 6 5 4 3 2 | 1 0
[ ps7 | ps6 | pss | ps4 | psa | ps2 | ps1 | pso |

ECR ERROR CODE REGISTER

[Alternate R4 with SEC high; read only]

OVF — Receiver OVerFlow . .. Set when the receiver
has processed 3 words and another complete -
frame is received before the FIFO is read by
the CPU. Cleared by reading {ECR]} or by as-
serting [TRES].

~— PARIty error ... Set when bad (odd) overall
word parity is detected in any receive frame.
Cleared by reading {ECR} or by asserting
[TRES].

— Invalld Ending Sequence ... Set when the
“mini-code violation” is not detected at the ap-
propriate time during a 3270, 3299, or 8-bit
ending sequence. Cleared by reading {ECR}
or by asserting [TRES].

7 6 5 4 "3 2 1 0
[ rsv [ rsv [rsv] ove | Par | iES [LmeT | RDIs

LMBT

PAR

IES

— Loss of Mid-Bit Transition ... Set when the
expected Manchester Code mid-bit transition
does not occur within the allowed window.

. Cleared by reading {ECR} or by asserting
[TRES]. B
- — Recelver DISabled while active . .. Set when
transmitter is activated while receiver is active,
~ without RPEN being asserted. Cleared by read-
- ing {ECR} or by asserting [TRES].

RDIS

FBR FILL-BIT REGISTER
[Alternate R3; read/write)

FB7-0 —Fill Bits ... 5250 fill-bit control. Further lnfor-
mation: Transcelver Section.

7 6 5 4 3 2 1 0
[Fe7 [ Foe | FBs [ Fe4 | FB3 | FB2 | FB1 | FB0 |

IBR INTERRUPT BASE REGISTER
[Alternate R1; read/write]

IV15-8 — Interrupt Vector . .. High byte of interrupt and
trap vectors. Further information: Chapter CPU.

7 6 5 4 3 2 1 0
[vis | vaa | vas [ iviz [ vat [ vio | e | ve |

T1T 1t r1rrp 1t rnr T 1T
IBR 00 vector address

15 8 5 0
Interrupt Vector

The |nterrupt vector is obtained by concatenatlng {IBR}
with the vector address:

Interrupt Vector Address | Priority
NMI 011100 —_
Receiver 000100 1 high
Transmitter - 001000 2 1
Line Turn Around 001100 - 3 .
Bi-directional 010000 4 1
Timer 010100 5 low

sv ... state is undefined at all times.
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7.0 CPU Registers (continued)

ICR INTERRUPT CONTROL REGISTER

[Main R2; read/write]

RIS1,0 — Recelver Interrupt - Select ...
source of the Receiver Interrupt.

RIS1,0| Interrupt Source

Defines the

00 [RFF + RE
01 |DAV + RE
10 |(unused)
11 IRA

“+" indicates logical “:or".
7 6 5 4 3 2 1 0
[rist [ Riso| rsv [ Ma [ v | m2 | w1 | imo |

IM4-0 — Interrupt Mask ... Each bit, when set high,
masks an interrupt. IM3 functions as an interrupt
mask only if BIRQ is defined as an input. When
BIRQ is defined as an output, IM3 controls the
state of BIRQ.

1IM4-0

00000

XXXX1

XXX1X

XX1XX

“X1XXX

1XXXX

ISP INTERNAL STACK POINTER
[Main R30; read/write] :

ASP3-0— Address Stack Pointer . . . Input/output port of
the address stack pointer. Further information:
Chapter CPU.

7 6 5 4 3 2 1 0
[aspa| Asp2| asp1 | Aspo | psPa | psp2| bse1 | pspol

Interrupt

No Mask
Receiver
Transmitter

Line Turn-Around
Bi-Directional
Timer -

DSP3-0— Data Stack Pointer . . . Input/output port of the
data stack pointer. Further information: Chapter
CPU.

NCF NETWORK COMMAND FLAG REGISTER

[Main R1; read only]

TFE . — Transmit FIFO Empty ... Set high when the
FIFO is empty. Cleared by writing to {RTR}.

— Receive FIFO Full ... Set high when the Re-
ceive FIFO contains 3 received words. Cleared
by reading to {RTR]}.

— Line Active ... Indicates activity on the receiv-
er input. Set high on any transition; cleared after
detecting no input transitions for 16 TCLK peri-
ods.

— Line Turn Around ... Set high when end of
message is received. Cleared by writing to
{RTR} writing a “1" to this location, or by as-
serting [TRES].

rsv ... state is undefined at all times

RFF

LTA

6 5 4 3 2 1 0
RFF | LA [ LA | pemE | rar | ack | PoLL |

— Data Error or Message End . .. In 3270 & 3299
modes, asserted when a byte parity error is de-
tected. In 5250 modes, asserted whon the [111]
station address is decoded and [DAV] is assert-
ed. Cleared by reading {RTR}. Undefined in
8-bit modes and in the first framo of 3299
modes.

— Received Auto-Response ... Sot high when a
3270 Auto-Response message is docoded and
[RAR] is asserted. Cleared by roading {RTR}.
Undefined in 5250 and 8-bit modos and in the
first frame of 3299 modes.

— Poll/ACKnowledge ... Set high when a 3270
poll/ack command is decoded and (RAR] is as-
serted. Cleared by reading {RTR}. Undefined in
5250 and 8-bit modes and in the first frame of
3299 modes.

— POLL... Set high when a 3270 poll command is
decoded and [RAR] is asserted. Cleared by
reading {RTR}. Undefined in 5250 and 8-bit
modes and in the first frame of 3299 modes.

RTR RECEIVE/TRANSMIT REGISTER

[Alternate R4; read/write]

RTF7-0— Receive Transmit FIFO’s . .. Input/output port
to the least significant eight bits of receive and

transmit FIFO's. [OWP], [TF10-8] and

[RTF7-0] are pushed onto the transmit FIFO on
moves into {RTR}. [RF10-8] and [RTF7-0}
are popped from receiver FIFO on moves out of
{RTR]}. Further information: Transceivers.

7 6 5 4 3 2 1 0
[re7 [ Rire | RTFs | RTF4 | RTF3 | RTF2] RTF1 | RTFO)

7
Lree |

DEME

RAR

ACK

POLL

TCR TRANSCEIVER COMMAND REGISTER
[Alternate R6; read/write]

RLQ —Recelve Line Quiesce ... Selocts number of
line quiesce bits the receiver looks for.

Number of
Quiesces

SEC — Select Error Codes ... When high (ECR]} is
switched into {RTR] location.
— Select Line Receiver ... Selocts tho rocoiver

input source.
SLR

SLR

Source

On-chip analog
line receiver
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7.0 CPU Registers (continued)
7 6 5 4 3 2 1 0

[rua | sec [ str [ ata ] owp | Tri0 | 1r9 [ Trs |
ATA

— Advance Transmitter Active ... When high,
TX-ACT is advanced one half bit time so that the
transmitter can generate 5.5 line quiesce pulses.

— Odd Word Parity . .. Controls transmitter word
parity.

OowP

OWP | Word Parity

Even
1 Odd
TF10-8 — Transmit FIFO ... [OWP], [TF10-8] and

[RTF7-0] are pushed onto transmit FIFO on
moves into {RTR}.

TMR TRANSCEIVER MODE REGISTER
[Alternate R7; read/write]

TRES — Transcelver RESet ... Resets .transceiver
when high. Transceiver can also be reset by
RESET, without affecting [TRES].

LOOP — Internal LOOP-back ... When high, TX-ACT is

disabled (held at 0) and transmitter serial data is
internally directed to the receiver serial data in-
put.

RPEN — RePeat ENable ... When high, the receiver can
be active at the same time as the transmitter.

— Recelver INvert . . . When high, the receiver se-
rial data is inverted.

7 6 5 4 3 2 1 0
[ Res [ Loor [ RPN [ RIN [ TIN [ Ps2 [ pst [ Pso |

TIN

RIN

— Transmitter INvert . . . When high the transmit-
ter serial data outputs are inverted.

PS2-0 — Protocol Select ... Selects protocol for both
transmitter and receiver.
PS2-0 | Protocol

000 | 3270

001 (3299 multiplexer
010 (3299 controller
011 | 3299 repeater
100 (5250

101 | 5250 promiscuous
110 |8-bit

111 |8-bit promiscuous

TRH TIMER REGISTER — HIGH
[Main R29; read/write]

TM15-8— TiMer . . . Input/output port of high byte of timer.
Further information: Chapter CPU.

7 6 5 4 3 2 1 0
[Tm15 | Tm14 | TM1a [ Tma2 | TM11 | Tm10] TMe | Tve]|

TRL TIMER REGISTER—LOW
‘[Main R28; read/write]

TM7-0 — TiMer ... Input/output port of low byte of timer.
Further information: Chapter CPU.

7 6 5 4 3 2 1 0
{Tm7 | e [ Tms | T™a | T [ vz | T | Tmo |

TSR TRANSCEIVER STATUS REGISTER

[Alternate R5; read only]

TFF  — Transmit FIFO Full .. . Set high when the FIFO
is full. {(RTR} must not be written when [TFF] is
high.

— Transmitter Active . . . Reflects the state of TX-
ACT, indicating that data is being transmitted.
Unlike TX-ACT, however, [TA] is not disabled by
[LooPl.

— Recelver ERRor . .. Set high when a receiver
error is detected. Cleared by reading {ECR} or
by asserting [TRES].

7 6 5 4 3 2 1 0

[ 1/ | 7a | RE | RA | DAV | AF10 | RF9 | RFs |

RA

TA

RE

— Recelver Active . .. Set high when a valid start-
ing sequence is received. Cleared when either
an end of message or an error is detected. In
5250 modes, [RA] is cleared at the same time
as [LA]. )

' — Data Avallable . .. Set high when valid data is
available in {RTR} and {TSR}. Cleared by read-
ing {RTR]}, or when an error is detected.

RF10-8— Receive FIFO ... [RF10-8] and [RTF7-0] re-

flect the state of the top word of the receive

FIFO.

DAV
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7.0 CPU Registers (continued)
BIT DEFINITION TABLE

The following tables describe the location and function of all control and status bits in the various BCP addressable special
function registers. The Remote Interface Configuration register {RIC}, which is addressable only by a remote system, is not

included.
CPU (for further information see Chapter on the CPU).
Bit Name Location | Reset State Function
Timing | CCS CPU Clock Select | DCR [7] 1 Selects CPU clock frequency.
Control
CCS | CPUCLK
OCLK
1 | OCLK/2
Where OCLK is the frequency of the on-chip oscillator, or
the externally applied clock on input X1.
DW2-0 | Data Memory DCR [2-0] 111 Selects from 0 to 7 wait states for accessing data memory.
Wait-State Select
IW1,0 | Instruction Memory | DCR [4,3] 1 Selects from 0 to 3 wait states for accessing instruction
Wait-State Select memory.
COoD Clock Out Disable | ACR [2] 0 When high, CLK-OUT is at TRI-STATE.
Remote | LOR* | Lock OutRemote | ACR [1] When high, a remote processor is prevented from accessing
Interface the BCP or its memory.
RR* Remote Read CCR [6] 0 Set whenever REM-RD is asserted. Cleared by writinga 1 to
[RRI.
RW* Remote Write CCR [5] 0 Set whenever REM-WR is asserted. Cleared by writinga 1 to
[RW].
Interrupt | BIC Bi-Directional ACR [4] 0 Controls the direction of BIRQ.
Control Interrupt Control
0 Input
1 Output
BIRQ Bi-Directional CCR [4] [Read Only]. Reflects the logic level of the (BIRQ) input.
Interrupt ReQuest Updated at the beginning of each instruction cycle.
GIE Global Interrupt ACR [0] 0 When low, disables all maskable interrupts. When high,
Enable works with [IM4-0] to enable maskable interrupts.
IM4-0 | Interrupt Mask ICR [4-0] 11111 Each bit, when set high, masks an interrupt.
Select IM4-0 Interrupt Priority
00000 | NoMask —_
XXX X1 | Receiver 1 High
X X X 1 X | Transmitter 2 T
X X1 XX|{ Line Turn-Around | 3
X1XXX|Bi-Directional |4
1 XXX X Timer 5 Low
IM3 functions as an interrupt mask only when BIRQ is
defined as an input. When defined as an output, IM3 controls
the state of BIRQ.

*These bits represent the only visibility and control that the processor has into the operation of the remote interface controller. The Remote Intertace Configuration
register, {RIC}, accessible only by a remote processor, provides further control functions. See Remote Interface Chapter for more information.
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7.0 CPU Registers (Continued)

BIT DEFINITION TABLE (Continued)

The following tables describe the location and function of all control and status bits in the various BCP addressable special
function registers. The Remote Interface Configuration register {RIC}, which is addressable only by a remote system, is not

included. '
CPU (for further information See Chapter on the CPU). (Continued)
Bit Name Location | Reset State Function
Interrupt | IV15-8 | Interrupt Vector IBR [7-0] | 00000000 | High byte of interrupt and trap vectors.
Control The interrupt vector is obtained by concatenating {IBR} with
the vector address:
Interrupt Vector Address
NMI 011100
Receiver 000100
Transmitter 001000
Line Turn Around 001100
Bi-Directional 010000
Timer 010100
T T T T T 1 T T T T 1
IBR | 0 0 | vector address
15 - .8 5 0
Interrupt Vector
RIS1,0 | Receiver Interrupt | ICR [7,6] M Defines the source of the Receiver Interrupt.
Select RIS1,0 | Interrupt Source
00 |RFF + RE
01 |DAV + RE
10 [(unused)
11 IRA
Address | ASP3-0 | Address Stack ISP [7-4] 0000 Address stack pointer. Writing to this location changes the
and Pointer value of the pointer.
Data
Stacks
DSP3-0 | Data Stack ISP [3-0] 0000 Data stack pointer. Writing to this location changes the value
Pointer of the pointer.
DS7-0 | Data Stack DS [7-0] | XXXXXXXX | Data Stack Input/Output port. Stack is 16 bytes deep.
Arithmetic | C Carry CCR [1] 0 A high level indicates a carry or borrow generated by an
Flags arithmetic instruction. During a shift/rotate operation the
state of the last bit shifted out appears in this location.
N Negative CCR [3] 0 A high level indicates a negative result generated by an
arithmetic, logical, or shift instruction.
\ oVerflow CCR [2] 0 A high level indicates an overflow condition generated by an
arithmetic instruction.
z Zero CCR [0] 0 A high level indicates a zero result generated by an
: arithmetic, logical or shift instruction.
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BIT DEFINITION TABLE (Continued)

The following tables describe the location and function of all control and status bits in the various BCP addressable special
function registers. The Remote Interface Configuration register {RIC}, which is addressable only by a remote system, is not
included.

CPU (for further information See Chapter on the CPU) (Continued)

Bit Name Location | Reset State Function
Timer | TLD Timer LoaD ACR [6] 0 Set high, to load timer. Cleared automatically when load
complete.
TM15-8 | Timer TRH [7-0] | XXXXXXXX | Input/output port of high byte of timer.
TM7-0 | Timer TRL[7-0] | XXXXXXXX | Input/output port of low byte of timer.
TMC Timer Clock ACR [5] 0 Selects timer clock frequency. Must not be written when
Select [TST] high. Can be written at same time as [TST] and
[TLD]. TMC | Timer Clock
0 [CPU-CLK/16
1 ICPU-CLK/2
TO Time Out Flag | CCR [7] 0 Set high when timer counts to zero. Cleared by writing a 1 to
[TO] or by stopping the timer (by writing a 0 to [TST]).
TST Timer StarT ACR [7] 0 When high, timer is enabled and will count down from its
current value. Timer is stopped by writing a 0 to this location.
TRANSCEIVER

Table includes control and status bits only. It does not include definitions of bit fislds provided for the formatting (de-formatting)
data frames. For further information see the Transceiver Section.

Bit Name Location | Reset State Function
Transceiver | LOOP | Internal TMR [6] 0 When high, TX-ACT is disabled (held at 0) and transmitter
Control LOOP-back serial data is internally directed to the receiver serial data
input.
PS2-0 | Protocol Select | TMR [2-0] 000 Selects protocol for both transmitter and receiver.
PS2-0 Protocol
000 | 3270
001 3299 Multiplexer
010 | 3299 Controller
011 |3299 Repeater
100 [5250
101 [ 5250 Promiscuous
110 |8-bit
111 |8-bit Promiscuous
RTF7-0 | Receive/Transmit | RTR [7-0] | XXXX XXXX | Input/output port of the least significant 8 bits of receive and
FIFOs transmit FIFOs. (OWP], [TF10-8] and [RTF1-0] are pushed
onto the transmit FIFO on moves to {RTR}. [RF10-8] and
[RTF7-0] are popped from receive FIFO on moves out of
{RTRJ.
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7.0 CPU Registers (continued)
BIT DEFINITION TABLE (Continued)

TRANSCEIVER (Continued)

Table includes control and status bits only. It does not include definitions of bit fields provided for the formatting (de-formatting)
data frames. For further information see the Transceiver Section. (Continued)

Bit Name Location [Reset State Function
Transceiver |TCS1,0 |Transceiver Clock [DCR [6,5] 10 Selects transceiver clock, TCLK, source.
Control Select :
(Continued) 00 OCLK
01 OCLK/2
10 OCLK/4
11 X-TCLK
OCLK is the frequency of the on-chip oscillator, or the
externally applied clock on input X1. X-TCLK is the external
transceiver clock input.
TRES |Transceiver RESet |TMR [7] 0 Resets transceiver when high. Transceiver can also be reset
: by RESET, without affecting [TRES].
Transmitter [ATA Advance Transmitter| TCR [4] 0 When high, TX-ACT is advanced one half bit time so that the
Control Active . ' transmitter can generate 5.5 line quiesce pulses.
AT7-3 Auxilliary ATR [7-3]] XXXXX |In 5250 modes. Controls the time TX-ACT is held after the last
i Transceiver Control fill bit. : .
AT7-3 | TX-ACT Hold Time (us)
00000 0
00001 0.5
. 00010 1
- d
11111 15.5
FB7-0 (Fill Bits FBR [7-0] | XXXX XXXX | The value in this register contains the 1’s complement of the
number of additional 5250 fill bits selected.
OWP  [Odd Word Parity TCR [3] 0 Controls transmitter word parity.
OWP | Word Parity
0 Even
1 Odd
TF10-8 | Transmit FIFO TCR [2-0] 000 [OWP], [TF10-8] and [RTF7-0] are pushed onto the
transmit FIFO on moves to {RTR}.
TIN Transmitter INvert | TMR [3] 0 When high, the transmitter serial data outputs are inverted.
Receiver AT7-0 |Auxilliary ATR [7-0] [ XXXX XXXX |In 5250 modes, [AT2-0] contains the station address. In 8-bit
Control Transceiver Control modes, [AT7-0] contains the station address.
RF10-8|Receiver FIFO TSR [2-0] XXX Reflects the state of the most significant 3 bits in the top
' . location of the receive FIFO.
RIN Receiver INvert TMR [4] 0 When high, the receiver serial data is inverted.
RLQ Receive Line TCR [7] 1 Selects number of line quiesce bits the receiver requires
Quiesce before it will indicate receipt of a valid start sequence.
RLQ|Number of Line Quiesce Pulses
0 | 2
1 3
RPEN |RePeat ENable TMR [5] 0 When high, the receiver can be active at the same time as the
transmitter.
SEC Select Error Codes  |TCR [6] 0 When high {ECR]} is switched into {RTR]} location.
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7.0 CPU Registers (Continued)
BIT DEFINITION TABLE (Continued)

TRANSCEIVER (Continued)

Table includes control and status bits only. It does not include definitions of bit fields provided for the formatting (de-formatting)
data frames. For further information see the Transceiver Section. (Continued)

Bit Name Location | Reset State Function
Receiver SLR Select Line TCR (5] 0 Selects the receiver input source.
Control Receiver Source
(Continued)
On-Chip Analog
Line Receiver
Transmitter | TA Transmitter Active | TSR [6] 0 Reflects the state of TX-ACT, indicating that data is being
Status ) transmitted. Is not disabled by [LOOP].
TFE Transmit FIFO NCF [7] 1 Set high when the FIFO is empty. Cleared by writing to
Empty {RTR}.
TFF Transmit FIFO TSR [7] 0 Set high when the FIFO is full. {RTR} must not be written
Full when [TFF] is high.
Receiver ACK Poll/ NCF [11 0 Set high when a 3270 poll/ack command is decoded and
Status ACKnowledge [DAV] is asserted. Cleared by reading {RTR}. Undefined in
5250 and 8-bit modes and in the first frame of 3299 modes.

DAV Data Available TSR [3] 0 Set high when valid data is available in {RTR} and (TSR}.
Cleared by reading {RTR}, or when an error is detected.

DEME | Data Error or NCF [3] 0 In 3270 or 3299 modes asserted when a byte parity error is

- | Message End detected. In 5250 asserted when the [111] station address is
decoded and [DAV] is asserted. Undefined in 8-bit modes
and first frame of 3299 modes.

LA Line Active NCF [5] 0 Indicates activity on the receiver input. Set high on any
transition; cleared after no input transitions for 16 TCLK
periods.

LTA Line Turn Around | NCF [4] 0 Set high when end of message is detected. Cleared by writing
to {RTR}, writinga 1" to [LTA] or by asserting [TRES].

POLL |POLL NCF [0] 0 Set high when a 3270 poll command is decoded and [DAV] is
asserted. Cleared by reading {RTR}. Undefined in 5250 and
8-bit modes and in the first frame of 3299 modes.

RA Receiver Active | TSR [4] 0 Set high when a valid start sequence is received. Cleared
when either an end of message or an error is detected.

‘| RAR Received NCF [2] 0 Set high when a 3270 Auto-Response message is decoded
Auto-Response and [DAV] is asserted. Cleared by reading (RTR}. Undefined
in 5250 and 8-bit modes and in the first frame of 3299 modes.

RE Receiver TSR [5] 0 Set high when an error is detected. Cleared by reading {ECR}

. or by asserting [TRES].
RFF Receive FIFO NCF [6] 0 Set high when the receive FIFO contains 3 received words.
Full ) Cleared by reading {RTR}.
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7.0 CPU Registers (continued)
BIT DEFINITION TABLE (Continued)
TRANSCEIVER (Continued)

Table includes control and status bits only. It does not include definitions of bit fields provided for the formatting (de-formatting)
data frames. For further information see the Transceiver Section. (Continued). -

Function

Set when the “mini code-violation” is not detected at the
appropriate time during a 3270, 3299 or 8-bitending .
sequence. Cleared by reading {ECR]} or by asserting [TRES]. .

Set when the expected Manchester Code mid-bit transition
does not occur within the allowed window. Cleared by reading
{ECR] or by asserting [TRES].

Set when the receiver has processed 3 words and another
complete frame is received before the FIFO is read by the -
CPU. Cleared by reading {ECR] or by asserting [TRES].

Set when bad (odd) overall word parity is detected in any
receive frame. Cleared by reading (ECR} or by asserting
[TRES].

Bit - Name Location | Reset State
Receiver | IES Invalid Ending ECR [2] o
Error Codes Sequence
LMBT | Loss of Mid-Bit ECR [1] 0
Transition
OVF Receiver OVerFlow | ECR [4] 0
PAR | PARity Error ECR [3] 0
RDIS Receiver DiSabled |ECR [0] | 0
’ while Active

Set when transmitter is activated by writing to {RTR} while
receiver is still active, without {RPEN] first being asserted.

Cleared by reading {ECR} or asserting [TRES].

8.0 Remote Interface and Arbitration Sy
" INTRODUCTION '

Communication with the BCP is based on the BCP's ability
to share its data memory. A microprocessor (or any intelli-
gent device) can read and write to any BCP data location
while the BCP CPU is executing instructions. This capability
is part of the BCP’s Remote Interface and Arbitration Sys-
tem (RIAS). Sharing data memory is possible because
RIAS's arbitration logic allocates use of the BGP’s data and
address buses. RIAS has been designed so that accesses
of BCP data memory by another device minimally impact its
performance as well as the BCP’s. In addition to data mem-
ory ‘accesses, RIAS allows another device to control how .
BCP programs are loaded, started and debugged. -

REMOTE PROCESSOR INTERFACE

Interfacing to the BCP is accomplished with the control sig-
nals listed in Table XXV. Figure 14 shows the BCP inter-
faced to Instruction Memory, Data Memory, and an intelli-
gent device, termed the Remote Processor (RP). Instruction
and Data are separate memory systems with separate ad-
dress buses and data paths. This arrangement allows con-
tinuous instruction fetches without interleaved data access-
es. Instruction Memory (IMEM) is interfaced to the BCP
through the Instruction (I) and Instruction Address (IA) bus-
ses. IMEM is 16 bits wide and can address up to 64k memo-
ry. Data Memory (DMEM) is eight bits wide and can also
address up to 64k memory. The DMEM address is formed
by the 8-bit upper byte (A bus) and the 8-bit lower byte (AD
bus). The AD bus must be externally latched because it also
serves as the path for data between the BCP and DMEM.

stem

The Remote Processor’s address and data buses are con-
nected to the BCP’s address and data buses through the
bus control circuitry. The RP’s upper address lines decode a
chip select for the BCP called Remote Access Enable
(RAE). Basically, the BCP’s Data Memory has been memory
mapped into the RP’s memory. A Remote Access of the
BCP occurs when REM-RD or REM-WR is taken low and
RAE is also asserted low. REM-RD and REM-WR can be
connected to the Remote Processor's read and write lines
so an access of the BCP appears to the RP as any other
memory system access. This configuration allows the RP to
read and write Data Memory, read and write the BCP’s Pro-
gram Counter, and read and write BCP Instruction Memory.
These functions are selected by control bits in the Remote
Interface Configuration register {RIC}. This register can be
accessed only by the' RP-and not by the BCP CPU. If the
Remote Processor executes a remote access with the Com-
mand input- (CMD) high, (RIC} is accessed through the
BCP's AD bus.

In Figure 14, the Remote Processor's address lines are de-
coded to form the CMD input. When a remote access takes
place with CMD low, the memory system designated in
{RIC} is accessed. Figure 15 shows the contents of {RIC}.
The two least significant bits are the Memory Select bits
[MS1-0] which designate the type of remote access: to
Data Memory, the Program Counter, or Instruction Memory.
This register also contains the BCP start bit [STRT], three
interface select bits [FBW, LR, LW], the Single-Step bit
[SS], and the Bi-directional interrupt Status bit [BIS]. Refer
to the RIAS Reference Section for a more detailed descrip-
tion of the contents of this register and the function of each
bit.
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FIGURE 14. BCP/Remote Processor Interface

TABLE XXV. RIAS Inputs and Outputs

Reset
Signal In/Out Pin State Function

CMD In 45 X CoMmanD input. When high, remote accesses are directed to the
Remote Interface Configuration register, {RIC}. When low, remote
accesses are directed to Data Memory, Instruction Memory or the
Program Counter as determined by {RIC}.

LCL Out 31 0 LoCaL. Normally low, goes high when the BCP relmqwshes the data
and address bus to service a remote access.

LOCK In 44 X Setting this input high will LOCK out local (BCP) accesses to Data
Memory. Once the remote processor has been granted the bus,
LOCK gives it sole access to the bus and BCP accesses are
“waited”.

RAE } In 46 X Remote Access Enable. Setting this input low allows host access of
. BCP functions and memory.

REM-RD In 47 X REMote ReaD. When low along with RAE, a remote read cycle is
requested; serviced by the BCP when the data bus becomes
available.

REM-WR In - 48 X REMote WRite. When low along with RAE, a remote write cycle is
: requested; serviced by the BCP when the data bus becomes
available.

WR-PEND Out 49 1 WRite PENDing. In a system configuration where remote write
cycles are latched, WR-PEND will go low, indicating that the latches
contain valid data which have yet to be serviced by the BCP.

XACK Out 50 1 Transfer ACKnowledge. Normally high, goes low on REM-RD or
REM-WR going low (if RAE low) returning high when the transfer is
complete. Normally used as a “wait” signal to a remote processor.
(In the Latched Write mode, XACK will only transition if a second
remote access begins before the first one completes.)
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7 6 5 4 3 2 10

|sis| ss|raw|Lr|w|sTRT| Ms1 | mso] Ric
BIS —Bidirectional Interrupt Status
SS  —Single-Step '
FBW —Fast Buffered Write mode
LR —Latched Read mode
LW  —Latched Write mode
STRT —BCP CPU start/stop
MS1-0—Memory Selection

FIGURE 15. Remote Interface Control Register

TIMING

The BCP CPU and RIAS share the internal CPU-CLK. This
clock is derived from the X1 crystal input. It can be divided
by two by setting [CCS] = 1 in {DCR} or run undivided by
setting [CCS] = 0. The frequency at which the Remote
Processor is run need not bear any relationship to the CPU-
CLK. A remote access is treated as an asynchronous event
and data is handshaked between the Remote Processor
and the BCP.

The two key handshake signals involved in the BCP/RP
interface are Transfer Acknowledge (XACK) and Local
(CCD). Internally, two more signals control the access tim-
ing: INT-READ and INT-WRITE. The timing for a generic
Remote Access is shown in Figure 16. A remote access is

XACK & /

= /T
INT = READ or
INT= WRITE \ (.-J'

Arbitration Access Termination
TL/F/9336-20
FIGURE 16. Generic Remote Access (RAE = 0)

initiated by the RP asserting REM-RD or REM-WR with RAE

low. There is no set-up/hold time relationship between RAE

and REM-RD or REM-WR. These signals are internally gat-

ed together such that if RAE (REM-RD + REM-WR) s true, -,

a remote access will begin. A short delay later, XACK will
fall. This signal can be fed back to the RP’s wait line to
extend its read or write cycle, if necessary. When the BCP's
arbitration logic determines that the BCP is not using data
memory, LCL rises, relinquishing control of the address and
data buses to the RP. The remote access can be delayed at
most one BCP instruction (providing [LORY] is not set high).
If the CPU is executing a string of data memory accesses,
RIAS has an opportunity to break in at the completion of
every instruction. The time period between REM-RD or
REM-WR being asserted (with RAE low) and LCL rising is
called the Arbitration Phase. It is a minimum of one T-state,
but can be increased if the BCP CPU is accessing Data
Memory (local access) or if the BCP has set the Lock Out
Remote bit [LOR]. :

8.0 Remote Interface and Arbitration System (continued)

The CMD pin is internally latched on the first failing edge of
the CPU-CLK after a remote access has begun. Typically
CMD is an address decode and is therefore valid shortly
after the address is valid and much before it is internally
latched. The sampled value will remain in effect for the du-

. ration of the remote access.

After the Arbitration Phase has ended, the Access Phase
begins. Either Data Memory, Instruction Memory, the Pro-
gram Counter, or {RIC] is read or written in this phase.
Either INT-READ or INT-WRITE will fall one T-state after
LCL rises. These two signals provide the timing for the dif-
ferent types of accesses. INT-READ times the transitions on
the AD bus for Remote Reads and forms the external READ
line. INT-WRITE clocks data into the PC and {RIC} and
forms the IWR and WRITE lines. INT-READ and INT-WRITE
rise with XACK, or shortly after.

The duration of the Access Phase depends on the type of
memory being accessed. Data Memory and Instruction
Memory are subject to any programmed wait states and any
delays because WAIT is asserted. The minimum time in the
Access Phase is 2 T-states.

The rising edge of XACK indicates the Access Phase has
ended and the Termination Phase has begun. If the RP was
doing a read operation, this edge indicates that valid data is
available to the RP. During the Termination Phase the BCP
is regaining control of the buses. LCL falls one T-state after
XACK and since the RP is no longer being waited, it can
deassert REM-RD or REM-WR. The duration of this phase
is a minimum of one T-state, but can be extended depend-
ing on the interface mode chosen in {RIC}.

ACCESS TYPES

There are four types of accesses a RP can make of the
BCP: :

—Remote Interface Control Register {RIC}

—Data Memory (DMEM)

—Program Counter (PC)

—lnstruction Memory (IMEM)
An access of (RIC} is accomplished by asserting RAE and
REM-RD or REM-WR with the CMD pin asserted high. The
Remote Interface Configuration register is accessed
through the AD bus as shown in Figure 17(c). A read or write
of {RIC} can take place while the BCP CPU is executing

- instructions. Timing for this access is shown in Figures 17(a)

and (b). Note that in the Remote Read (a), AD does not
transition. This is because the contents of {RIC} are active
on the bus by default. The AD bus is in TRI-STATE during a
Remote Write (b) while LCL is high. The byte being written
to {RIC} is latched on the rising edge of XACK and can be
seen on AD after LCL falls. The Access Phase, in this case,
is always two T-states (unless WAIT is low) because (RIC}
is not subject to any wait states.

Remote Accesses other than to {RIC} are accomplished
with the CMD pin low in conjunction with REM-WR or
REM-RD being taken low. The type of access performed is .
defined by the Memory Select bits in {RIC}.
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Arbltration Access Termination 7 6 5 4 3 2 1 Y
T\ Vo leis|ss|rew|r|w/|sT|wmst|mso
: | ——

oo 77770 ‘ 7/ Memory Select Bits

00 - Data Memory

XACK \ / 01 - Instruction Memory
‘ 10 - PC low byte

11 - PC high byte

Reads or writes of Data Memory (DMEM) are preceded by

0 R setting the Memory Select bits in {RIC} for a DMEM ac-
cess: [MS1,0] = 00. After that, the RP simply reads or

__ TL/F/9336-80 writes to BCP Data Memory as many times as it needs to. A

(a) Remote Read Timing (RAE = 0) DMEM access, as well as a (RIC} access, can be made

while the BCP CPU is executing instructions. All other ac-

Artitration Access Termination cesses must be executed with the BCP CPU stopped.
ReM=wR \ / The timing for a Data Memory read and write are shown in
Figure 18. The access is initiated by asserting RAE and
oo 7777 — XU REM-RD or REM-WR while CMD is low. The BCP responds

by bringing its address and data lines into TRI-STATE and
ACK ———\_—/—— allowing the RP to control DMEM. READ is asserted in the
Access Phase of a Remote Read (a). It will stay low for a
minimum of one T-state, but can be extended by adding

« / \ programmable data wait states or by taking WAIT low.

WRITE is asserted in the Access Phase with a remote write.

o re ) { hew ke It too is a minimum of one T-state and can be increased by
adding programmable wait states or by taking WAIT low.
TL/F/9336-81 "
(b) Remote Write Timing (RAE = 0) Figure 19(c) shows the data path from the Program Counter

to the AD bus. Both high and low PC bytes can be written or
read through AD. The RP has independent control of the

gpuininiege)- high and low bytes of the Program Counter—the byte being
high | A15~8 accessed is specified in the Memory Select bits. The high
byte of the PC is accessed by setting [MS1-0] = 11. Set-

ting [MS1-0] = 10 allows access to the low byte of the PC.

w7=0 After the Memory Select bits are set by a Remote Write to
{RIC}, the byte selected can be read or written by the RP

by executing a Remote Access with CMD low. This type

access as well as the instruction memory access must be

executed with the BCP CPU idle. Four accesses by the RP

| 107 -0 are necessary to read or write both the high and low bytes
of the PC. Timing for a PC access is shown in Figure 19(a)
and (b). The PC becomes valid on a Remote Read (a) one
T-state after LCL rises and one T-state before XACK rises.
AD is in TRI-STATE while LCL is high for a Remote Write

1S-8 (b). Time in the Access Phase is two T-states if WAIT is not
asserted.

COUNTER

INSTR.
 REGISTER _

comany

ol

TL/F/9336-82
(c) RIC to AD Connectivity

FIGURE 17. Generic RIC Access
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8.0 Remote Interface and Arbitration System (continueq)

Arbitration " Access Termination

e\ Vo
oo TN Yo/
S N 2
=/ —___
o Re_ )  re

TL/F/9336-83
(a) Remote Read Timing (RAE = 0)

Arbitration Access Termination

meR O\ /S

—— [
AD RIC ) 4 4 RIC

. TL/F/9336-84
(b) Remote Write Timing (RAE = 0)

FIGURE 18. Generic DMEM Access

Instruction memory (IMEM) is accessed through another in-
ternal path: from AD to the | bus, shown in Figure 20(c). The
memory is accessed first low byte, then high byte. Low and
high bytes of the 16-bit | bus are alternately accessed for
Remote Reads. An 8-bit holding register, ILAT, retains the
low byte until the high byte is written by the Remote Proces-
sor for the write to IMEM. The BCP increments the PC after
the high byte has been accessed. :

Timing for an IMEM access is shown in Figure 20(a) and (b).
As before, the Memory Select bits are first set to instruction
memory: [MS1-0] = O01. It is only necessary to set
[MS1-0] once for repeated IMEM accesses. (Instruction
Memory is the power-up Memory Selection state.) A simple
state machine keeps track of which instruction byte is ex-
pected next—low or high byte. The state machine powers
up looking for the low instruction byte and every IMEM ac-
cess causes this state machine to switch to the alternate
byte. Accesses other than to IMEM will not cause the state
machine to switch to the alternate byte and only a BCP
reset will force the state machine to the “low byte state”.

Figure 20(a) shows a Remote Read of Instruction memory.
Both the low byte, then the high byte can be seen on back
to back remote reads. An instruction byte becomes active
on the AD bus one T-state after LCL and is valid when
XACK rises. This time period will be a minimum of one
T-state, but can be extended up to three more T-states by
instruction wait states.

Arbltration Access Termination

e \___ /[

20 RIC X PC X RIC
TL/F/9336-85
(a) Remote Read Timing (RAE = 0)

Arbitration ' Access Termination

mem O\ /T

TL/F/9336-86
(b) Remote Write Timing (RAE = 0)

Piuis-s

h 4 P|r07-0

INSTR.
REGISTER ILAT

---------

-

TL/F/9336-87
(c) 1A to AD Connectivity

FIGURE 19. Generic PC Access
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Arbitration

REM=RD \

Termination Arbitration

o 70N

Access Termination

o
AL

/ ‘
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Xreet

XACK \ / \
8 / \ /
1A PC PC41
A RIC -~ IMEMto X RIC X mevn X
TL/F/9336-88
(a) Remote Read Timing (RAE = 0)
Arbitration Termination Arbltration Access Termination

. REM-WR \

/ \ /-
= S \ / .
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(b) Remote Write Timing (RAE = 0)

INSTR.
pw RESTER _ | AT

(c) | to AD Connectivity
FIGURE 20. Generic IMEM Access

TL/F/9336-89
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8.0 Remote Interface and Arbitration System (Continued)

In addition, WAIT can delay the rising edge of XACK indefi-
nitely. One T-state after XACK rises, {RIC} will once again
be active on AD. Timing is similar for a Remote Write. AD is
in TRI-STATE while LCL is high. LCL is asserted for a mini-
mum of three T-states, but can be extended by instruction
wait states and the WAIT pin. IWR clocks the instruction
into memory during the write of the high byte. The Instruc-
tion Address (PC) is incremented about one T-state after
LCL falls on a high byte access for both Remote Reads and
Writes.

Soft-loading Instruction Memory is accomplished by first
setting the BCP Program Counter to the starting address of
the program to be loaded. The Memory Select bits are then
set to IMEM. BCP instructions can then be moved from the
Remote Processor to the BCP—Ilow byte, high byte—until
the entire program is loaded.

INTERFACE MODES

The BCP will support TRI-STATE buffers or latches be-
tween the Remote Processor and the BCP. The choice be-
tween buffers and latches depends on the type of system
that is being interfaced to. Latches will help the faster sys-
tem from slowing to the speed of the slower system. Buffers
can be used if the Remote Processor (RP) requires that
data be handshaked between the systems.

Figure 21 shows the timing of Remote Reads via a buffer (a)
and a latch (b) (called a Buffered Read and Latched Read).
The main difference in these modes is in the Termination
Phase. The Buffered Read handshakes the data back to the
RP. When the BCP deasserts XACK, data is valid and the
RP can deassert REM-RD. Only after REM-RD goes high is
LCL removed. In the Latched Read (b) XACK rises at the
same time, but the Termination Phase completes without
waiting for the rising edge of REM-RD. One half T-state af-
ter XACK rises, INT-READ rises and one half T-state later
LCL falls. The BCP can use the buses one T-state after LCL

R X

XACK
ice / W\
iNT=READ
Arbitration Access Termination
. TL/F/9336-91
(a) Buffered Read

FIGURE 21. Read from Remote Processor

falls. The minimum time (no wait states, no arbntratlon delay)
the BCP CPU could be prevented from using the bus is four
T-states in the Latched Read Mode.

A Buffered Read prevents the BCP CPU from using the bus
during the time RP is allocated the buses. This time period
begins when LCL rises and ends when REM-RD is re-
moved. If the REM-RD is asserted longer than the minimum
Buffered Read execution time (four T-states), then the BCP
may be unnecessarily prevented from using the buses.
Therefore, if there are no overriding reasons to use the Buff-
ered Read Mode, the Latched Read Mode is preferable.

There are three Remote Write Modes—two require buffers
and one requires latches. The timing for the writes utilizing
buffers are shown in Figure 22. The Slow Buffered Write (a)
is handshaked in the same manner as the Buffered Read
and thus has the same timing. The Fast Buffered Write has
similar timing to the Latched Read. This timing similarity ex-
ists because the BCP terminates the remote access without
waiting for the RP to deassert REM-WR.

In both cases, XACK falls a short delay after REM-WR falls
and LCL rises when the RP is given the buses. One T-state
after LCL rises, INT-WRITE falls. The termination in the
Slow Buffered Write mode keys off REM-WR rising, as
shown in Figure 22(a). INT-WRITE rises a prop-delay later
and LCL falls on the next rising edge of the CPU-CLK. The
Fast Buffered Write, shown in Figure 22(b), begins the Ter-
mination Phase with the rising edge of XACK. INT-WRITE
rises at the same time as XACK, and LCL falls one T-state
later. The BCP can begin a local access one T-state after
LCL transitions.

A Fast Buffered Write is preferable to the Slow Buffered
Write if RP’s write cycles are slow compared to the mini-
mum Fast Buffered Write execution time. The Fast Buffered
Write assumes, though, that data is available to the BCP by
the time INT-WRITE rises.

N /-

A Vi
—

Arbitration _ Access Termination

TL/F/9336-92
(b) Latched Read
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8.0 Remote Interface and Arbitration System (continued)

iNT=WRITE

Arbitration Access’ Termination

(a) Slow Buffered Write

—

TL/F/9336-93

Ve
N

Nl

|

Arbitration Access Termination
) TL/F/9336-94
(b) Fast Buffered Write
} FIGURE 22. Butfered Write from Remote Processor
In both Buffered Write Modes, XACK is asserted to wait the switch. The BCP only begins remote access execution after
RP. The Latched Write Mode makes it possible for the RP to the trailing edge of REM-WR. Since the RP is not requesting
write to the BCP without getting waited. The timing for the data back from the BCP, it can continue execution without
Latched Write Mode is shown in Figure 23. When the Re- waiting for the BCP to complete the remote access. After
mote Processor writes to the BCP, its address and data REM-WR is deasserted, WR-PEND is taken low to prevent
buses are externally latched on the rising edge of REM-WR. overwrite of the latches. A minimum of two T-states later
Even though REM-WR has been asserted XACK does not LCL switches. AD, A, and the external address latch go into

TRI-STATE, allowing the latches which contain the remote

RE=WR : address and data to become active. If the RP attempts to
W initiate another access before the current write is complete,

XACK is taken low to wait the RP and the address and the

XACK . U data are safe because WR-PEND prevents the latches from

opening. The Access Phase ends when INT-WRITE rises
and the data is written. One T-state later, LCL falls and one
T-state after that WR-PEND rises. If another access is
pending, it can begin in the next T-state. This is indicated by
XACK rising.

A minimum BCP/RP interface utilizes four TRI-STATE buff-

INT~WRITE \ / . ers or latches. A block diagram of this interface is shown in

WR = PEND

Arbitration Access Phase  Termination Figure 24. The blocks A, B, C, and D indicate the location of
TuFresss-9s - buffers or latches. Blocks A and B isolate 16 bits of the RP’s
‘ FIGURE 23. Latched Write from Remote Processor address bus from the BCP's Data Address bus. Two more

blocks, C and D, bidirectionally isolate 8 bits of the RP’s
data bus from the BCP AD bus.

2-149

vivesda




DP8344A

8.0 Remote Interface and Arbitration System (continued)
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FIGURE 24. Minimum BCP/Remote Processor Interface

The BCP Remote Arbitrator State Machine (RASM) must
know what hardware interfaces to the RP in order to time
the remote accesses correctly. To accomplish this, three
Interface Mode bits in {RIC} are used to define the hard-
ware interface. These bits are the Latched Write bit [LW],
the Latched Read bit [LR] and the Fast Buffered Write bit
[FBWI. ‘

7 6 5 4 3 2 1 0
|eis|ss|rew|r]|w]|sT|mst]|mso]

Interface Mode Bits
0—Buffered Read
~1—Latched Read '
0 0—Slow Buffered Write
1 0—Fast Buffered Write
X 0—L.atched Write
All combinations of Remote Reads or Writes with buffers or

" latches can be configured via the Interface Mode bits. A

Buffered Read is accomplished by using a buffer for block D
and setting [LR] = 0. Conversely, using a latch for block D
and setting [LR] = 1 configures the RASM for Latched
Reads. Using buffers for blocks A, B, and C and setting
[LW] = 0 allows either a Slow or Fast Buffered Write. Set-
ting [FBW] = 0 configures RASM for a Slow Buffered Write
and [FBW] = 1 designates a Fast Buffered Write. A
Latched Write is accomplished by using latches for blocks
A, B, and C and setting [LW] = 1.

EXECUTION CONTROL

The BCP can be started and stopped in two ways. If the
BCP is not interfaced to another processor, it can be started
by pulsing RESET low while both REM-RD and REM-WR
are low. Execution then begins at location zero. If there is a
Remote Processor interfaced to the BCP, a write to {RIC}
which sets the start bit [STRT] high will begin execution at
the current PC location, Writing a zero to [STRT] stops exe-
cution after the current instruction is completed. A Single-
Step is accomplished by writing a one to the Single-Step bit
[SS] in {RIC]. This will execute the instruction at the current
PC, increment the PC, and then return to idle. [SS] returns
low after the single-stepped instruction has completed.

Two pins (WAIT and LOCK) and one register bit [LOR] can
also affect the BCP CPU or RIAS execution. If WAIT is tak-
en low the required set-up time before the last read or write
T-state (before Tp), the read or write cycle will be extended
untit WAIT is removed. LOCK prevents local accesses of
Data Memory. If LOCK is asserted a half T-state before T+,
further local accesses will be prevented by waiting the Tim-
ing Control Unit. [LORY] prevents remote accesses when as-
serted. The Timing Control Unit (TCU) is the BCP CPU sub
system responsible for timing each instruction. Once [LOR],
located in {ACRY}, is set high, further remote accesses are
suspended.

Though the BCP runs independently of RIAS there is some
interaction between the two systems. [LOR] is one such
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8.0 Remote Interface and Arbitration System (continued)

interaction. In addition, two bits allow the BCP CPU to keep
track of remote accesses. These bits are the Remote Write
bit [RW] and the Remote Read bit [RR], and are located in
{CCRI[6-5]}. Each bit goes high when its respective remote
access to DMEM reaches its Termination Phase. Once one
of these bits has been set, it will remain high until a “1"is
written to that bit to reset it low.

DETAILED TIMING

In this section, the operation of the Remote Arbitration State
Machine (RASM), is described in detail. Discussed, among
other things, are the sequence of events in a remote ac-
cess, arbitration of the data buses, timing of external sig-
nals, when inputs are sampled, and when wait states are
added. Each of the five Interface Modes'is described in
functional state machine form. Although each interface
mode is broken out in a separate flow chart, they are all part
of a single state machine (RASM). Thus the first state in
each flow chart is actually the same state.

The functional state machine form is similar to a flow chart,
except that transitions to a new state (states are denoted as
rectangular boxes) can only occur on the rising edge of the
internal CPU clock (CPU-CLK). CPU-CLK is high during the
first half of its cycle. A state box can specify several actions,
and each action is separated by a horizontal line. A signal
name listed in a state box indicates that that pin will be
asserted high when RASM has entered that state. Signals
not listed are assumed low.

Note: This sometimes necessitates using the inversion of the external pin
name). This same rule applies to the A and AD buses. By default,
these buses are active. The A bus will have the upper byte of the last
used data address.

The AD bus will display {RIC}. When one of these buses

appears in a state box, the condition specified will be in

effect only during that state. Decision blocks are shown as
diamonds and their meaning is the same as in a flow chart.

The hexagon box is used to denote a conditional state—not

synchronous with the clock. When the path following a deci-

sion block encounters a conditional state, the action speci-
fied inside the hexagon box is executed immediately.

Also provided is a memory arbitration example in the form of
a timing diagram for each of the five modes. These exam-
ples show back to back local accesses punctuated by a
remote access. Both the state of RASM and the Timing
Control Unit are listed for every clock at the top of each

timing diagram. The RASM states listed correspond to the
flow charts. The Timing Control Unit states are described in
the CPU Timing portion of the data sheet.

Buffered Read

The unique feature of this mode is the extension of the read
until REM-RD is deasserted. The complete flow chart for the
Buffered Read mode is shown in Figure 25. Until a Remote
Read is initiated (RAE*REM-RD true), the state machine
(RASM) loops in state RSx. If [LOR] is set high, RASM will
loop in RSy indefinitely. If the BCP CPU needs to access
Data Memory at this time (and LOCK is high), it can still do
so. A local access is requested by the Timing Control Unit
asserting the Local Bus Request (LCL-BREQ) signal. A local
bus grant will be given by RASM if the buses are not being
used (as is the case in RSp).

XACK is taken low as soon as RAE*REM-RD is true, re-
gardless of an ongoing local access. RASM will move into
RSg on the next clock after RAE*REM-RD is true and there
is no local bus request. No further local bus requests will be
granted until the remote access is complete and RASM re-
turns to RSa.

On the next CPU-CLK, RASM enters RS¢ and LCL is taken
high along with XACK. The wait state counters, ijw and ipw,
are loaded in this state from [IW1-0] and [DW2-0], respec-
tively, in {DCR}. The A bus (and AD if the access is to Data
Memory) now goes into TRI-STATE and the Access Phase
begins.

The state machine can move into one of several states de-
pending on the state of CMD and [MS1-0] on the next
clock. XACK and LCL are still asserted in all the possible
next states. If CMD is high, the access is to {RIC} and the
next state will be RSpq. Since the default state of AD is
{RIC}, it will not transition in this state.

The five other next states all have CMD low and depend on
the Memory Select bits. If [MS1-0] is 10 or 11 the state
machine will enter either RSpz or RSp3 and the low or high
bytes of the Program Counter, respectively, will be read.

[MS1-0] = 00 designates a Data Memory access and
moves RASM into RSp4. READ will be asserted in this state
and A and AD continue to be at TRI-STATE. This allows the
Remote Processor to drive the Data Memory address for
the read. Since DMEM is subject to wait states, RSpy is
looped upon until all the wait states have been inserted.
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FIGURE 25. Flow Chart of Buffered Read Mode
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8.0 Remote Interface and Arbitration System (continued)

The last possible Memory Selection is Instruction Memory,
[MS1-0] = 01. The two possible next states for an IMEM
access depend on if RASM is expecting the low byte or high
byte. Instruction words are accessed low byte then high
byte and RASM powers up expecting the low Instruction
byte. The internal flag that keeps track of the next expected
Instruction byte is called the High Instruction Byte flag (HIB).
If HIB is low, the next state is RSps and the low instruction
byte is MUXed to the AD bus. If HIB is “1”, the high instruc-
tion byte is MUXed to AD and RSpg is entered if HIB = 1.
An IMEM access, like a DMEM access, is subject to wait
states and these states will be looped on until all pro-
grammed instruction memory wait states have been insert-
ed.

All the RSp states eventually move to their corresponding

RSg states on the clock after the wait state conditions, if

any, are met. The RSg states are looped upon until
RAE*REM-RD is deasserted and WAIT is high. LCL is still
high in this state and A remains in TRI-STATE. AD will also
stay in TRI-STATE if the access was to DMEM. XACK is
taken back high to indicate that data is now valid on the
read. If XACK is connected to a Remote Processor wait pin,
it is no longer waited and can now terminate its read cycle.
This state begins the Termination Phase. The action speci-
fied in the conditional box is only executed while RAE*REM-
RD Is asserted—a clock edge is not necessary.

On the CPU-CLK after RAE*REM-RD is deasserted, RASM
enters RS, where LCL is high and the TRI-STATE condi-
tion in RSg remains in effect. The next clock brings the state
machine back to RSa state where it will loop until another
Remote Access is initiated. If the access was to IMEM, then
the last action of the remote access before returning to RSp

Is to switch HIB and increment the PC if the high byte was
‘read.

The example in Figure 26 shows the BCP executing the first
of two consecutive Data Memory reads when REM-RD goes
low. In response, XACK goes low waiting the remote proc-
essor. At the end of the first instruction, although the BCP
begins its second read by taking ALE high, the RASM now

takes control of the bus and takes LCL high at the end of -

T4. A one T-state delay is built into this transfer to ensure
that READ has been deasserted before the data bus is
switched. The Timing Control Unit is now waited, inserting
remote access walit states, Ty, as RASM takes over.

The remote address is permitted one T-state to settle on the |

BCP address bus before READ goes low, XACK then re-
turns high one T-state plus the programmed Data Memory
wait state, Twq later, having satisfied the memory access
time. The Remote Processor will respond by removing
REM-RD to which the BCP in turn responds by removing
READ. Following the removal of READ, the BCP waits till
the end of the next T-state before taking LCL low, again
ensuring that the read cycle has concluded before the bus
is switched. Control is then returned to the Timing Control
Unit and the local memory read continues.

Latched Read

This mode differs from the Buffered Read mode in the way
the access is terminated. A latched Read cycle ends after
the data being read is valid and the termination doesn’t wait
for the trailing edge of REM-RD. Therefore the Arbitration
and Access Phases of the Latched Read mode are the
same as for the Buffered Read mode. The complete flow
chart for the Latched Read mode is shown in Figure 27.
Until a Remote Read is initiated (RAE*REM-RD true), the

state machine (RASM) loops in state RSa. If [LOR] is set
high, RASM will loop in RSp indefinitely. If the BCP CPU
needs to access Data Memory at this time (and LOCK is
high), it can still do so. A local access is requested by the
Timing Control Unit asserting the Local Bus Request
(LCL-BREQ) signal. A local bus grant will be given by RASM
if the buses are not being used (as is the case in RSp).

XACK is taken low as soon as RAE*REM-RD is true, re-
gardless of an ongoing local access. RASM will move into
RSg on the next clock after RAE*REM-RD is asserted and
there is no local bus request. No further local bus requests
will be granted until the BCP enters the Termination Phase.
If the BCP CPU initiates a Data Memory Access after RSp,
the Timing Control Unit will be waited and the BCP CPU will
remain in state Ty, until the Remote Access reaches the
Termination Phase.

On the next clock, RASM enters RS and LCL is asserted
along with XACK. The wait state counters, iy and ipw, are
loaded in this state from [IW1-0] and [DW2-0), respective-
ly, in {DCR}. The A bus (and AD if the access is to Data
Memory) now goes into TRI-STATE and the Access Phase
begins.

The state machine can move into one of several states de-
pending CMD and [MS1-0] on the next clock. XACK and
LCL are still asserted in all the possible next states. If CMD
is high, the access is to {RIC} and the next state will be
RSp1. Since the default state of AD is {RIC}, it will not
transition in this state. The five other next states all have
CMD Ilow and depend on the Memory Select bits.
If [MS1-0] is 10 or 11 the state machine will enter either
RSp2 or RSps and the low or high bytes of the Program
Counter, respectively, will be read.

[MS1-0] = 00 designates a Data. Memory access and
moves RASM into RSp4. READ will be asserted in this state
and A and AD continue to be at TRI-STATE. This allows the
Remote Processor to drive the Data Memory address for
the read. Since DMEM is subject to wait states, RSpg4 is
looped upon until all the wait states have been inserted.

The last possible Memory Selection is Instruction Memory,
[MS1-0] = 01. The two possible next states for the IMEM
access depend on if RASM is expecting the low byte or high
byte. Instruction words are accessed low byte then high
byte and RASM powers up expecting the low Instruction
byte. The internal flag that keeps track of the next expected
Instruction byte is called the High Instruction Byte flag (HIB).
If HIB is low, the next state is RSps and the low instruction
byte is MUXed to the AD bus. If HIB is 1", the high instruc-
tion byte is MUXed to AD and RSpg is entered if HIB = 1.
An IMEM access, like a DMEM access, is subject to wait
states and these states will be looped on until all pro-
grammed instruction memory wait states have been insert-
ed.

All the RSp states move to their corresponding RSE states
on the. CPU-CLK after wait state conditions are met and
WAIT is high. LCL is asserted in all RSg states and A re-
mains in TRI-STATE (and AD if the access is to Data Memo-
ry). XACK returns high in this state, indicating that data is
valid so that it can be externally latched. The action specific
to each RSp state remains in effect during the first half of
the RSg cycle (i.e. READ is asserted in the first half of
RSE4). This half T-state of hold time is provided to guaran-
tee data is latched when XACK goes high. This state begins
the Termination Phase.
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8.0 Remote Interface and Arbitration System (continued)

On the next clock the state machine will enter RSk and LCL
will be deasserted. Once the state machine enters RS, the
Remote Processor is no longer using the buses and the
BCP CPU will be granted the buses if LCL-BREQ is assert-
ed. If a local bus request is made, a local bus grant will be
given to the Timing Control Unit. If the preceding access
was a read of IMEM, then HIB is switched and if the access
was to the high byte of IMEM then the PC is incremented. If
RAE*REM-RD is deasserted at this point, the next clock will
bring RASM back to RSa where it will loop until another
Remote Access is initiated. RSg is entered if RAE*REM-RD
is still true. RASM will loop in RSg until RAE*REM-RD is no
longer active at which time the state machine will return to
RSa.

In Figure 15, the BCP is executing the first of two Data
Memory reads when REM-RD goes low. In response, XACK
goes low, waiting the Remote Processor. At the end of the
first instruction, although the BCP begins its second write by
taking ALE high, the RASM now takes control of the bus
and deasserts LCL at the end of T4. A one T-state delay is
built into this transfer to ensure that READ has been deas-
serted before the data bus is switched. The Timing Control
Unit is now waited, inserting remote access wait states,
Twr, as RASM takes over.

The remote address is permitted one T-state to settle on the
BCP address bus before READ goes low, XACK then re-
turns high one T-state plus the programmed Data Memory
wait state, Ty later, having satisfied the memory access
time. READ returns high a half T-state later, ensuring suffi-
cient hold time, followed by LCL being reasserted after an
additional half T-state, transferring bus control back to the
BCP. The Remote Processor responds to XACK by remov-
ing REM-RD, although by this time the BCP is well into its
own memory read.

Slow Buffered Write

The timing for this mode is the same as the Buffered Read
mode. The complete flow chart for the Slow Buffered Write
mode is shown in Figure 29. Until a Remote Write is initiated
(RAE*REM-WR true), the state machine (RASM) loops in
state RSa. If [LOR] is set high, RASM will loop in RSp indef-
initely. If the BCP CPU needs to access Data Memory at this
time (and LOCK is high), it can still do so. A local access is
requested by the Timing Control Unit asserting the Local
Bus Request (LCL-BREQ) signal. A local bus grant will be
given by RASM if the buses are not being used (as is the
case in RSp).

XACK is taken low as soon as RAE*REM-WR is true, re-
gardless of an ongoing local access. RASM will move into
RSg on the next clock after RAE*REM-WR is asserted and
there is no local bus request and [LOR] = 0. No further
local bus requests will be granted until the remote access is
complete and RASM returns to RSa. If the BCP CPU initi-
ates a Data Memory access after RSy, the Timing Control
Unit will be waited and the BCP CPU will remain in state Ty,
until completion of the remote access.

On the next CPU-CLK, RASM enters RS¢ and LCL is as-
serted along with XACK. The wait state counters, iiw and
ipw, are loaded in this state from [IW1-0] and [DW2-0},
respectively, in {DCR}. The A and AD buses now go into

TRI-STATE and the Access Phase begins. The state ma-
chine can move into one of several states, depending on
the state of CMD and [MS1-0], on the next clock. XACK
and LCL are still asserted in all the possible next states. If
CMD is high, the access is to {RIC} and the next state will
be RSp4. The path from AD to {RIC} opens in this state.

The five other next states all have CMD low and depend on
the Memory Select bits. If [MS1-0] is 10 or 11 the state
machine will enter either RSpz or RSp3 and the low or high
bytes of the Program Counter, respectively, will be written.

[MS1-0] equal to 00 designates a Data Memory access
and moves RASM into RSp4. WRITE will be asserted in this
state and A and AD continue to be at TRI-STATE. This al-
lows the Remote Processor to drive the Data Memory ad-
dress and data buses for the write. Since DMEM is subject
to wait states, RSpy is looped upon until all the programmed
data memory wait states have been inserted.

The last possible Memory Selection is Instruction Memory,
[MS1-0] = 01. The two possible next states for IMEM de-
pend on whether RASM is expecting the low byte or high
byte. Instruction words are accessed low byte, then high
byte and RASM powers up expecting the low Instruction
byte. The internal flag that keeps track of the next expected
Instruction byte is called the High Instruction Byte flag (HIB).
If HIB is low, the next state is RSps and the low instruction
byte is written into the holding register, ILAT. If HIB is *“1”,
the high instruction byte is moved to 115-8 and the value in
ILAT is moved to 17-0. At the same time, IWR rises, begin-
ning the write to instruction memory. An IMEM access, liko a
DMEM access, is subject to wait states and thoso statos will
be looped on until all programmed Instruction Momory walit
states have been inserted.

All the RSp states eventually move to their corrasponding
RSE states on the clock after the wait state conditions, if
any, are met. The RSg states are looped until RAE*REM-
WR is deasserted and WAIT is high. LCL is still asserted in
this state, but XACK is taken back high to indicate that the
remote access can be terminated. [f XACK is connected to
a Remote Processor wait pin, it can now terminate its write
cycle. This state begins the Termination Phase. The action
specified in the conditional box is only executed while
RAE*REM-WR is asserted—a clock edge is not necessary.

On the CPU-CLK after RAE*REM-WR is deasserted, RASM
enters RSF, where LCL is asserted and the BCP A and AD
buses are still in TRI-STATE. The next clock brings the state
machine back to RSp state where it will loop until another
Remote Access is initiated. If the access was to IMEM, then
the last action of the remote access before returning to RSp
is to switch HIB and increment the PC if the high byte was
read.

In Figure 30, the BCP is executing the first of two consecu-
tive Slow Buffered Writes to Data Memory when REM-WR
goes low. In response, XACK goes low, waiting the Remote
Processor. At the end of the first instruction, although the
BCP begins its second write by taking ALE high, RASM now
takes control of the bus and deasserts LCL at the end of T4.
A one T-state delay is built into this transfer to ensure that
WRITE has been deasserted before the data bus is
switched. The Timing Control Unit is now waited, inserting
remote access wait states, Ty, as RASM takes over.
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Register Configuration: Other BCP Control Signals:
—One Wait-State Programmed for Data-Memory RAE =0
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—{RIC} Contents: XX0X0100 REM-RD =1
—I[LOR] = 0 LOCK =1
FIGURE 30. Slow Buffered Write to Data Memory by Remote Processor
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8.0 Remote Interface and Arbitration System (continued)

The remote address is permitted one T-state to settle on the
BCP address bus before WRITE goes low, XACK then re-
turns high one T-state plus the programmed Data Memory
wait state, Tyy later, having satisfied the memory access
time. The Remote Processor will respond by removing
REM-WR to which the ECP in turn responds by removing
WRITE. Following the removal of WRITE, the BCP waits till
the end of the next T-state before asserting LCL, again en-
suring that the write cycle has concluded before the bus is
switched. Control is then returned to the Timing Control Unit
and the local memory write continues.

Fast Buffered Write

The timing for the Fast Buffered Write mode is very similar
to the timing of the Latched Read. The major difference is
the additional half clock that AD is active in the Latched
Read mode that is not present in the Fast Buffered Write
mode. The Fast Buffered Write cycle ends after the data is
written and the termination doesn’t wait for the trailing edge
of REM-WR. Therefore the Arbitration and Access Phases
of the Fast Buffered Write mode are the same as for the
Latched Read mode.

The complete flow chart for the Fast Buffered Write mode is
shown in Figure 31. Until a Remote Write is initiated
(RAE*REM-WR true), the state machine (RASM) loops in
state RSa. If [LOR] is set high, RASM will loop in RSp indef-
initely. If the BCP CPU needs to access Data Memory at this
time (and LOCK is high), it can still do so. A local access is
requested by the Timing Control Unit asserting the Local
Bus Request (LCL-BREQ) signal. A local bus grant will be
given by RASM if the buses are not being used (as is the
case in RSp).

XACK is taken low as soon as RAE*REM-WR is true, re-
gardless of an ongoing local access. RASM will move into
RSg on the next clock after RAE*REM-WR is asserted and
there is no local bus request. No further local bus requests
will be granted until the BCP enters the Termination Phase.
If the BCP CPU initiates a Data Memory Access after RS,
the Timing Control Unit will be waited and the BCP CPU will
remain in state Ty, until the Remote Access reaches the
Termination Phase.

On the next CPU-CLK, RASM enters RSg and LCL is as-
serted along with XACK. The wait state counters, ijw and
ipw, are loaded in this state from [IW1-0] and [DW2-0],
respectively, in {DCR}. The A and AD buses now go into
TRI-STATE and the Access Phase begins.

The state machine can move into one of several states de-
pending on the state of CMD and [MS1-0] on the next
clock. XACK and LCL are still asserted in all the possible
next states. If CMD is high, the access is to {RIC} and the
next state will be RSp1. The path from AD to {RIC} opens in
this state.

The five other next states all have CMD low and depend on
the Memory Select bits. If [MS1-0] is 10 or 11 the state
machine will enter either RSpa or RSpg and the low or high
bytes of the Program Counter, respectively, will be written.
[MS1-0] = 00 designates a Data Memory access and
moves RASM into RSps. WRITE will be asserted in this
state and A and AD continue to be at TRI-STATE. This al-

lows the Remote Processor to drive the Data Memory ad-
dress and data buses for the write. Since DMEM is subject
to wait states, RSp4 is looped upon until all the want states
have been inserted.

The last possible Memory Selection is Instruction Memory,
[MS1-0] = 01. The two possible next states for IMEM de-
pend on whether RASM is expecting the low byte or high
byte. Instruction words are accessed low byte then high
byte and RASM powers up expecting the low Instruction
byte. The internal flag that keeps track of the next expected
Instruction byte is called the High Instruction Byte flag (HIB).
If HIB is low, the next state is RSps and the low instruction
byte is written into the holding register, ILAT. If HIB is “1",
the high instruction byte is moved to 115-8 and ILAT is
moved to 17-0. At the same time IWR rises, beginning the
write to instruction memory. An IMEM access, like a DMEM
access, is subject to wait states and these states will be
looped on until all programmed instruction memory wait
states have been inserted.

Ali the RSp states converge to state RSg on the next CPU-
CLK after wait state conditions are met and WAIT is high.
LCL is asserted in all RSg states and A and AD remain in
TRI-STATE as well. XACK returns high in this state, indicat-
ing that the data is written and the cycle can be terminated
by the RP. This state begins the Termination Phase.

On the next clock the state machine will enter RSg and LCL
will be deasserted. Once the state machine enters RSF, the
Remote Processor is no longer using the buses and the
BCP CPU can make an access to Data Memory by asserting
LCL-BREQ. If a local bus request is made, a local bus grant
will be given to the Timing Control Unit. If the preceding
access was a write of IMEM, then HIB is switched and if the
access was to the high byte of IMEM then the PC is incre-
mented. If RAE*REM-WR is deasserted at this point, the
next clock will bring RASM back to RSp where it will loop
until another Remote Access is initiated. RSg is entered if
RAE*REM-WR is still true. RASM will loop in RSg until
RAE*REM-WR is no longer active at which time the state
machine will return to RSa.

In Figure 32, the BCP is executing the first of two Data
Memory writes when REM-WR goes low. In responss,
XACK goes low, waiting the Remote Processor. At the end
of the first instruction, although the BCP begins its second
write by taking ALE high, RASM now takes control of the
bus and deasserts LCL at the end of T. A one T-state delay
is built into this transfer to ensure that WRITE has been
deasserted before the data bus is switched. Timing Control
Unit is now waited, inserting remote access wait states, Ty,
as RASM takes over.

The remote address is permitted one T-state to settle on the
BCP address bus before WRITE goes low, XACK then re-
turns high one T-state plus the programmed Data Memory
wait state, Twqg later, having satisfied the memory access
time. WRITE returns high at the same time, and one T-state
later LCL is reasserted, transferring bus control back to the
BCP. The remote processor responds to XACK by removing

: REM-WR, although by this time the BCP is well into its own

memory wnte
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FIGURE 31. Flow Chart of Fast Buffered Write Mode

vivesda




(41874

DP8344A

(renuuoo) WBYISAS UONRANGIY PUE 29B419)U| S10WSY 0°8

RASM state RS, RS, RS, RS, RSp RS¢ RSp RSp RSg RSp RSg RSy RSy RS, RS,
TCU stat I Ty \ T l Twd \ T b l Twr Twe ‘ Twd ’ Twr i Twe i Tux Twd | T2 | bl T
CLK-0UT
| \ !
]
X BCP CONTROL 1/0 ! X
, 1
ROWR ! X~ -/ ] |
1
I | 1
1 | [
o ! ;
) T |
—— )
xack ! 2\ X T
1 I . \
! ! ]
]
— | [
WRIE | \ L/ \—I/—_I-
| : |
' X '
ALE _:_/——\ / \ ] .
| : !
| 1 !
: ' BCP BUS ' '
ADDR/DATA - )mx
©-7) ———————(tocALADDRY  LOCAL DATA REMOTE DATA X ocaL aobRess X LOCAL DATA )———-c—l
1
X | v X )
ADDRESS
(0-15) LOCAL ADDRESS )m REMOTE ADDRESS X LOCAL ADDRESS m
| : 1
] . 1
! REMOTE BUS : .
ADDRESS REMOTE ADDRESS
V//) & XLLLLLL.

1
I
oATA. =——— REMOTE DATA

N’

l—- LOCAL MEMORY WRITE ——J L—— DATA MEMORY WRITE 8Y HOST ——l ‘—— LOCAL MEMORY WRITIEv——-J |— BCP INT. OP. —-I

Register Configuration: Other BCP Control Signéls:

—One Wait-State Programmed for Data-Memory RAE =0
—Zero Wait-States Programmed for Instruction-Memory CMD =0
—{RIC} Contents: XX1X0100 REM-RD =1
—[LOR] =0 LOCK =1

FIGURE 32. Fast Buffered Write to Data Memory by Remote Processor

TL/F/9336-29




8.0 Remote Interface and Arbitration System (continued)

Latched Write

This mode executes a write without waiting the Remote
Processor—XACK isn’t normally taken low. The complete
flow chart for the Latched Write mode is shown in Figure 33.
Until a Remote Write is initiated (RAE*REM-WR true), the
state machine (RASM) loops in state RSa. If the BCP CPU
needs to access Data Memory at this time (and LOCK is
high), it can still do so. A local access is requested by the
Timing Control Unit asserting the Local Bus Request
(LCL-BREQ) signal. A local bus grant will be given by RASM
if the buses are not being used (as is the case in RSp).

RASM will move into RSg on the next clock after
RAE*REM-WR is asserted. XACK Is not taken low
and therefore the RP is not waited. The state machine will
loop in RSg until the RP terminates its write cycle—until
RAE*REM-WR is no longer true. The external address and
data latches are typically latched on the trailing edge of
REM-WR. A local bus request will still be serviced in this
state.

Next, RASM enters RS¢ and WR-PEND is asserted to pre-
vent overwrite of the external latches. Since the RP has
completed its write cycle, another write or read can happen
at any time. Any Remote Read cycle (RAE*REM-RD) or
Remote Write cycle (RAE*REM-WR) occurring after the
state machine enters RSg will take XACK low. A local ac-
cess initiated before or during this state must be completed
before RASM can move to RSp. Once RSp is entered,
though, no further local bus requests will be granted until
the BCP enters the Termination Phase. If the BCP CPU initi-
ates a Data Memory Access after RSg, the Timing Control
Unit will be waited and the BCP CPU will remain in state
Twr, until the RASM enters RSh.

On the first clock where there is no local bus request the
state machine enters RSg. WR-PEND and LCL continue to
be asserted in this state and the data and instruction wait
state counters, ipw and iy, are loaded from [DW2-0] and
[IW1-0], respectively, in {DCR}. Any remote accesses now
occurring will take XACK low and wait the Remote Proces-
sor.

The state machine will move into one of several states on
the next clock, depending on the state of CMD and
[MS1-0]. WR-PEND and LCL are still asserted in all the
possible next states. If CMD is high, the access is to {RIC}
and the next state will be RSg4. The path from AD to {(RIC}
opens in this state.

The five other next states all have CMD low and depend on
the Memory Select bits. If [MS1-0] is 10 or 11the state
machine will enter either RSgz or RSk3 and the low or high
bytes of the Program Counter, respectively, will be loaded.

[MS1-0] = 00 designates a Data Memory access and
moves RASM into RSg4. WRITE will be asserted in this
state and A and AD continue to be at TRI-STATE. This al-
lows the Remote Processor to drive the Data Memory ad-
dress and data for the write. Since DMEM is subject to wait
states, RSg4 is looped upon until all the wait states have
been inserted.

The last possible Memory Selection is Instruction Memory,
[MS1-0} = 01. The two possible next states for IMEM de-
pend on if RASM is expecting the low byte or high byte.
Instruction words are accessed low byte then high byte and

RASM powers up expecting the low Instruction byte, The
internal flag that keeps track of the next expected Instruc-
tion byte is called the High Instruction Byte flag (HIB). If HIB
is low, the next state is RSgs and the low instruction byte is
written into the holding register, ILAT. If HIBis ‘1", the high
instruction byte is moved to 115-8 and the value in ILAT is
moved to 17-0. At the same time IWR rises and the write to
Instruction Memory is begun. An IMEM access, like a
DMEM access, is subject to wait states and these states will
be looped on until all programmed instruction memory wait
states have been inserted.

All the RSg states converge to a single decision box that
tests WAIT. If WAIT is low then the state machine loops
back to RSE, otherwise RASM will move on to RSg. LCL
and WR-PEND are still asserted in this state but the actions
specific to the RSk states have ended (i.e. WRITE will no
longer be asserted).

The next CPU-CLK moves RASM into RSy, the last state in
the state machine. LCL is no longer asserted, but
WR-PEND is still low. XACK will be taken low if a Remote
Access is initiated. If the just completed access was to
IMEM, HIB will be switched. Also, the PC will be increment-
ed if the high byte was written. A local access will be grant-
ed if LCL-BREQ is asserted in this state.

If another Remote Write is pending, the state machine takes
the path to RSg where that write will be processed. A pend-
ing Remote Read will return to the RSp in either the Buff-
ered or Latched Read sections (not shown in Figure 33 ) of
the state machine. And if no Remote Access is ponding, tho
machine will loop in RSp until the next access is initiated.

In Figure 35, the BCP is executing the first of two Data
Memory writes when REM-WR goes low. The BCP takes no
action until REM-WR goes back high, latching the data and
making a remote access request. The BCP responds to this
by taking WR-PEND low. At the end of the first instruction,
although the BCP begins its second write by taking ALE

high, RASM now takes control of the bus and deasserts -

LCL at the end of T4. A one T-state delay is built into this
transfer to ensure that WRITE has been deasserted before
the data bus is switched. Timing Control Unitis now waited,
inserting remote access wait states, Ty, as RASM takes
over.

The remote address is permitted one T-state to settle on the
BCP address bus before WRITE goes low. WRITE then re-
turns high one T-state plus the programmed Data Memory
wait state, Tyyq later, having satisfied the memory access
time, and one T-state later LCL is reasserted, transferring
bus control back to the BCP.

In this example, REM-WR goes low again during the remote
write cycle which, since WR-PEND is still low, causes XACK
to go low to wait the Remote Processor. XACK and
WR-PEND go back high at the same time as LCL goes low,
allowing the second data byte to be latched on the next
trailing edge of REM-WR.

The BCP is now shown executing a local memory write, with
remote data still pending in the latch. At the end of this
instruction, the BCP begins executing a series of internal
operations which do not require the bus. RASM therefore
takes over and, without waiting the Timing Control Unit, exe-
cutes the Remote Write.
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Register Configuration: Other BCP Control Signals:
—One Wait-State Programmed for Data-Memory RAE =0
—Zero Wait-States Programmed for Instruction-Memory CMD =0
—(RIC} Contents: XXXX1100 REM-RD =1
—I[LOR] = 0 LOCK =1

FIGURE 34. Latched Write to Data Memory by Remote Processor
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9.0 Remote Interface Reference

REMOTE INTERFACE CONFIGURATION REGISTER

This register can be accessed only by the remote system.
To do this, CMD and RAE must be asserted and the [LOR]
bit in the ACR register must be low.

7 6 5 4 3 2 1 0
|mis|ss|Fw|Lr|w]stRT| Ms1]mso] ric -
BIS

Bidirectional Interrupt Status ... Mirrors the state
of IM3 (ICR bit 3), enabling the remote system to
poll and determine the status of the BIRQ 1/0.
When BIRQ is an output, the remote system can
change the state of this output by writing a one to
BIS. This can be used as an interrupt acknowl-
edge, whenever BIRQ is used as a remote inter-
rupt.

Single-Step . . . Writing a 1 with STRT low, the BCP
will single-step by executing the current instruction
and advancing the PC. .
Fast Write . . . When high, with LW low, selects fast
write mode for the buffered interface. When low
selects slow write mode.

Latched Read . .. When high selects latched read
mode, when low selects buffered read mode. .

Latched Write . . . When high selects latched write
mode, when low selects buffered write mode.

STaRT ... The remote system can start and stop
the BCP using this bit. On power-up/reset this bit is
low (BCP stopped). When set, the BCP begins exe-
cuting at the current Program Counter address.
When cieared, the BCP finishes executing the cur-
rent instruction, then halts to an idle mode.

In some applications, where there is no remote
system, or the remote system is not an intelligent
device, it may be desirable to have the BCP power-
up/reset running rather than stopped at address
0000H. This can be accomplished by asserting
REM-RD, REM-WR and RESET, with RAE de-as-
serted.

Memory Select 1, 0 ... These two bits determine
what the remote system is accessing in the BCP
system, according to the following table:

SS

FW

LR
Lw

STRT

MS1,0

MS1 MSO0 Selected Function

0 Data Memory
1 Instruction Memory
0 Program Counter (Low Byte)

- - 00

1 Program Counter (High Byte)

The BCP must be idle for the remote system to
read/write Instruction memory or the Program
Counter.

All remote accesses are treated the same (inde-
pendent of where the access is directed using MSO
and MS1), as defined by the configuration bits LW,
LR, FW.

If the remote system and the BCP request data
memory access simultaneously, the BCP will win
first access. If the locks ([LOR], LOCK) are not set,
the remote system and BCP will alternate access
cycles thereafter. :

On power-up/reset, MS1, 0 points to instruction
memory.

10.0 Transceiver

INTRODUCTION

The transceiver section operates as an on-chip, indepen-
dent peripheral, implementing all the necessary formatting
required to support the physical layer of the following serial
communications protocols:

* |BM 3270 (including 3299)

* IBM 5250

* NSC general purpose 8-bit

The CPU and transceiver are tightly coupled through the
CPU register space, the transceiver appearing to the CPU
as a group of special function registers and three dedicated
interrupts. The transceiver consists of separate transmitter
and receiver logic sections, each capable of independent
operation, communicating with the CPU via an asynchro-
nous interface. This interface is software configurable for
both polled and interrupt-driven interaction, allowing the
system designer to optimize the BCP for the specific appli-
cation. )

The transceiver connects to the line through an external line
interface circuit which provides the required DC and AC
drive characteristics appropriate to the application. A block
diagram of such an interface is shown in Figure 35. An on-
chip differential analog comparator, optimized for use in a
transformer coupled coax interface, is provided at the input
to the receiver. Alternatively, if an external comparator is
necessary, the input signal may be routed to the DATA-IN
pin.

The transceiver has several modes of operation. It can be

~ configured for single line, half-duplex operation in which the

receiver is disabled while the transmitter is active Alterna-

* tively, both receiver and transmitter can be active at the
. same time for multi-channel (such as repeater) or loopback

operation. The transceiver has both internal and external
loopback capabilities, facilitating testing of both the soft-
ware and external hardware. At all times, both transmitter
and receiver operate according to the same protocol defini-
tion.

THE PROTOCOLS

In all protocols, data is transmitted serially in discrete mes-
sages containing one or more frames, each representing a
single word of information. Biphase (Manchester |l) encod-
ing is used, in which the data stream is divided into discrete
time intervals (bit-times) denoted by a level transition in the
center of the bit-time. For the IBM 3270, 3299 and NSC
general purpose 8-bit protocols, a mid-bit transition from low
to high represents a biphase “1”, and a mid-bit transition
from high to low represents a biphase “0”. For the 5250
protocol, the definition of biphase logic levels is exactly re-
versed, i.e. a biphase 1" is represented by a high to low
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10.0 Transceiver (continued)
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FIGURE 35. System Block Diagram, Showing Details of the Line Interface

transition. Depending on the bit sequence, there may or
may not be a transition on the bit-time boundary. The bi-
phase encoding of a simple bit sequence is illustrated in
Figure 36(a).

Each transmission begins with a unique start sequence
comprising 5 biphase encoded 1’s, (referred to as “line
quiesce pulses™) followed by a 3 bit-time code violation and
the sync bit of the first frame; Figure 36(b). The first bit of
any frame is the sync bit, a biphase *“1”. The frame is then
formatted according to the requirements of the protocol. If a
multi-frame message is being transmitted, additional frames
are appended to the end of the first frame—except for the
5250 protocol, where there may be an optional number of
“fill bits” (biphase “0"") between each frame.

Depending on the protocol, when all data has been trans-
mitted, the end of a message will be indicated either by the
transmission of an ending sequence, or (for 5250) simply by
the cessation of transitions on the differential line. The end-
ing sequence consists of a single biphase “0" followed by a
low to high transition on the bit-time boundary and two bit-
times with no transitions (mini-code violation), Figure 36(c).
The various protocol framing formats are shown in Figures
37 through 39. The diagrams use a bit pattern drawing con-
vention which, for clarity, shows the bit-time boundaries but
not the biphase transitions in the center of the bit times. The
timing relationship between the biphase encoded bit stream
and the bit pattern diagrams is consistent with Figure 36.

IBM 3270

The framing format of the IBM 3270 coax protocol is shown
in Figures 37(a) and (b), for both single and multi-frame
messages. Each message begins with a starting sequence

and ends with an ending sequence, as shown in Figures
36(b) and (c). Each 12-bit frame begins with a sync bit (B1)
followed by an 8-bit data byte (MSB first), a 2-bit control
field, and the frame delimiter bit (B12), representing even
parity on the previous 11 bits. The bit rate on the coax line is
2.3587 MHz.

IBM 3299

Adding 3299 multiplexers to the 3270 environment requires
an address to be transmitted along with each message from
the controller to the multiplexer. The IBM 3299 Terminal
Multiplexer protocol provides this capability by defining an
additional 8-bit frame as the first frame of every message
sent from the controller, as shown in Figure 37(c). This
frame contains a 3-bit address (bits B2-B4) along with the
normal sync and word parity bits.

Following the address frame, the rest of the message fol-
lows standard 3270 convention. The bit rate is the same as
standard 3270; 2.3587 MHz.

IBM 5250

The framing format of the IBM 5250 twinax protocol is
shown in Figure 38, for both single and multi-frame mes-
sages. Each message begins with the starting sequence
shown in Figure 36(b), and ends with 3 fill bits (biphase “0").
A 16-bit frame is employed, consisting of a sync bit (B15);
an 8-bit data byte (B7-B14) (LSB first); a 3-bit station ad-
dress field (B4-B6); and the last bit (B3) representing even
word parity on the previous 12 bits. Following the parity bit,
3 biphase 0 fill bits (BO-B2) are transmitted. Following
these required fill bits, up to 240 additional fill bits can be
inserted between frames before the next sync bit and the
start of the next frame of a multi-byte message. The bit rate
on the twinax line is 1 MHz.
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10.0 Transceiver (continued)
NSC General Purpose 8-Bit

The framing format of the general purpose 8-bit protocol is
shown in Figure 39, for both single and multi-frame mes-
sages. It is identical to that used by the National Semicon-
ductor DP8342 transmitter and DP8343 receiver chips.
Each message begins with a starting sequence and ends

A 10-bit frame is employed, consisting of the sync bit (B1);

with an ending sequencs, as shown in Figures 36(b) and (c). this Chapte;.)
(a) Biphase Encoding

bit times 1123145 bt imes

biphase transmission -\_ f\f -\Jr\_ . biphass transmission

bit pattern ofJ1f1J0f0 bit pattern

TL/F/9336-34
(b) Starting Sequence
sync

fine quiesce pulses | code violation | bt
1121314

Bit times 5/6(7 8|9
biphass uanm—\j"md'\ﬁf\_‘j /"

btpattem=={ 1 I 1 § 1 § 1 ] 1 JCode violationf 1
[

FIGURE 36. Biphase Encoding

(¢) Ending Sequence

112

N\

TL/F/9336-36

0 Mini code
violations ’

an 8-bit data byte (B2-B9) (LSB first); and the last bit of the
frame (B10) representing even word parity on the previous
nine bits. For multiplexed applications, the first frame can be
designated as an address frame, with all 8 bits available for
the logical address. (See General Purpose 8-bit Modes in

TL/F/9336-35
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(a) 3270 Single-Byte Message

Data byte
SyncD7 D6 D5 D4 D3 D2 DI DO R C/D Par

) 0 0.0 0.0 0 0 0 00 0 e

Frame

TL/F/9336-37

(b) 3270 Multl-Byte Message

Data byte Additional Frames
— N —
SyncD7 D6 D5 D4 D3 D2 DI DO R C/D ParSync Par

SO 00E 060000 T 0T CrE

First Frame T

SyncD?7 D6 D5 D4 D3 D2 DI DO R C/D Par

§0.0.0.0.0.06.0.0 (0 D)

Additional Frames

TL/F/9336-38

(c) 3299 Controller/Multiplexer Message

Data byte : Additional Frames (If any)
Sync - ParSync'D7 D6 D5 D4 D3 D2 DI DO R C/D Par Sync Par

tat sequence) ot o2 | 5 4 s o6 {7 o8 { o1 o2 {3 4 o5 { {7 Y oo forofs iz 1] forzfen soquence

Address Frame Frame

TL/F/9336-39

FIGURE 37. 3270/3299 Protocol Framing Format

(a) 5250 Single-Byte Message

Station
Data byte address Fill bits

v N\ —— ———
SyncDO D1 D2 D3 D4 D5 D6 D7 A0 A1 A2 Par 0 O O

ar soqusncefrsforefatsferzfr fatol ss fos N fas s fa4 ) a3 sz o1 o)

Frame

TL/F/3336-40

(b) 5250 Multi-Byte Message

Station Required  Optional
Data byte uddros: ﬁll bits ﬂll bits Last frame
SyncDO DI D2 D3 D4 D5 D6 D7 AO Al A2 Par 0 0 0 S nc 07 1 t Par 0 0 O

part sequuncaforsfatafororzfot fo1of oo oo N 7 { s s o4 fes) o2 ot fzo o | mmmmmmmm

End of Mexsago Flll bits
Delimiter

Sync DO D1 D2 D3 D4 DS D& D7 A0 Al A2 Par 0 0 O

LoCCoc00000000000) LT

Additlonal Frames

TL/F/9336-41
FIGURE 38. 5250 Protocol Framing Format
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10.0 Transceiver (Continued)

(a) 8-Bit Single-Byte Message
Date byte

Sync DO D D2 D3 D4 D5 D6 D7 Par

T 0000000000 e

Frame

TL/F/9336-42

(b) 8-Bit Multi-Byte Message
Data byte

SyncDO DI D2 D3 D4 D5 D6 D7 ParSync Par

ZEm 0 00000E00T0 e o)

First Frame T

Sync DO D1 D2 D3 D4 D5 D6 D7 Par

DR0000000T

Additional Frames
TL/F/9336-43

FIGURE 39. General Purpose 8-Bit Protocol Framing Format

FUNCTIONAL DESCRIPTION

A block diagram of the transceiver, revealing external inputs
and outputs and details of the CPU interface as shown in
Figure 39. The transmitter and receiver are largely indepen-
dent of each other, sharing only the clock, reset and proto-
col select signals. The transceiver is mapped into the CPU
register space, thus the status of the transceiver can always
be polled. In addition, the CPU/Transceiver interface can be
configured for an interrupt-driven environment. (See Trans-
ceiver Interrupts in this Chapter.)

Both transmitter and receiver are reset by a common Trans-
ceiver Reset bit, [TRES], allowing the CPU to independently
reset the transceiver at any time. The Transceiver is also
reset whenever the CPU reset is asserted, including the re-
quired power-up reset. The transmitter and receiver are
clocked by a common Transceiver Clock, TCLK, at a fre-
quency equal to eight times the required serial data rate.
TCLK can either be obtained from the on-chip oscillator di-
vided by 1, 2 or 4, or from an external clock applied to the
X-TCLK pin. TCLK selection is controlled by two Transceiv-
er Clock Select bits, [TCS 0-1] located in the Device Con-
trol Register, {DCR]}.

Since the TCLK source can be asynchronous with respect
to the CPU clock, the CPU/Transceiver interface can be
asynchronous. All flags from the Transceiver are therefore
latched at the start of all instructions, and parallel data is
transferred through 3 word FIFOs in both the transmitter
and receiver.

Protocol selection is controlled by three Protocol Select
bits, [PS0-2] in the Transceiver Mode Register, {TMR]}
(see Table XXVI). Enough flexibility is provided for the BCP
to operate in all required positions in the network. It is not
possible for the transmitter and receiver to operate with dif-
ferent protocols at the same time. The protocol mode
should only be changed when both transmitter and receiver
are inactive.

If both transmitter and receiver are connected to the same
line, they should be configured to operate sequentially (half-
duplex). In this mode, an active transmitter will disable the
receiver, preventing simultaneous operation of transmitter
and receiver. If the transmitter is loaded while the receiver is
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10.0 Transceiver (Continued)

TABLE XXV, Protocol Mode Definition

vivesdad

PS2-0 Protocol Mode Comments
000 3270 Standard IBM 3270 protoco!.
001 3299 Multiplexer Receiver expects first frame to be address frame. Transmitter uses standard
3270, no address frame.
010 3299 Controller Transmitter generates address frame as first frame. Receiver expects standard
3270, no address frame.
011 3299 Repeater Both transmitter and receiver operate with first frame as address frame.
100 5250 Non-promiscuous mode. [DAV] asserted only when first frame address matches
{ATR}. .
101 5250 Promiscuous {DAV] asserted on all valid received data without regard to address field.
110 8-Bit General-purpose 8-bit protoco! with first frame address. Non-promiscuous mode.
[DAV] asserted only when first frame address matches {NAR}.
111 8-Bit Promiscuous [DAV] asserted on all valid received frames. .
CPU registers
Vi
y a~ Y /; A F Y F Y F 3 -~
A 4 A 4 A A A A
0 00 (E O G0 G0 GO G
F WY Y » “»
18 o CI (X 146 Ti1s [ 16 12
A 4 A 4 A 4 h A
A 4 xcvr status/control bus
A 3 5 1 A 4 4
- l —almx] B0,
CONTROL | FIFO _] j; _FIFO _| CONTROL
5
DATA=IN —Do—
ECR L
: 111 " L12 r——» X = ACT
+ALG~ IN—1+ —0[. prv— I ' l pv— % DATA=DLY
= ALG = [N =i - > E DATA - OUT
Recelver ) Transmitter
loopback
TL/F/9336-44
KEY TO REGISTERS
RTR Receive/Transmit Register ATR Auxiliary Transceiver Register

—
D

S Transceiver Status Register NCF Network Command Register

TCR Transceiver Command Register Fill-Bit Register

TMR Transceiver Mode Register Device Control Register

FIGURE 39. Block Diagram of Transceiver, Showing CPU Interface

2-171



DP8344A

10.0 Transceiver (continued)

actively processing an incoming signal, the receiver will be
disabled and flag the CPU that a “Receiver Disabled While
Active” error has occurred. (See Receiver Errors in this
Chapter.) On power-up/reset the transceiver defaults to thls
half-duplex mode.

By asserting the Repeat Enable flag [RPEN], the recsiver is
not disabled by the transmitter, allowing both transmitter

and receiver to be active at the same time. This feature

provides for the implementation of a repeater functlon or
loopback for test purposes.

The transmitter output can be connected to the receiver
input, implementing a local (on-chip) loopback, by asserting
[LOOP]. [RPENI must also be asserted to enable both the
transmitter and receiver at the same time. With [LOOP] as-
serted, the output TX-ACT is disabled, keeping the external
line driver in TRI-STATE. The internal flag [TA] |s still en-
abled, as are the serial data outputs.

Transmitter

The transmitter accepts parallel data from the CPU, formats
it according to the desired protocol and transmits it as a
serial biphase-encoded bit stream. A block diagram of the
transmitter logic is shown in Figure XR-6. Two biphase out-
puts, DATA-OUT, DATA-DLY, and the external line driver

it must be loaded before {RTR}. A multi-frame transmission
is accomplished by sequentially loading the FIFO with the
required data, the transmmer taking care of all necessary
frame formatting.

If the FIFO was previously empty, indicated by the Transmit
FIFO Empty flag [TFE] being asserted, the first word loaded
into the FIFO will asynchronously propagate to the last loca-
tion in approximately 40 ns, leaving the first two locations

- empty. Itis therefore possible to load up the FIFO with three

sequential instructions, at which time the Transmit FIFO Full
flag [TFF] will be asserted. If {RTR} is written while [TFF] is
high, thefirst location of the FIFO will be over-written and
data will be destroyed.

When the first word is loaded into the FIFO, the transmitter
starts up from idle, asserting TX-ACT and the Transmitter
Active flag [TA], and begins generating the start sequence.
After a delay of approximately 32 TCLK cycles (4 biphase -
bit times), the word in the last location of the FIFO is loaded
into the encoder and prepared for transmission. If the FIFO
was full, [TFF] will be de-asserted when the encoder is
loaded, allowing an additional word to be loaded into the

FIFO.

enable, TX-ACT, provide the data and control signals for the
external line interface circuitry. The two biphase outputs are

valid only when TX-ACT is asserted (high) and provide the

necessary phase relationship to generate the “pre-empha- |

sis” waveform common to all of the transceiver protocols.
See Figure 14 for the timing relationships of these outputs
as well as the output of the line interface. :

The capablllty is provided to invert DATA-OUT and DATA-
DLY via the Transmitter Invert bit, [TIN], located in the
Transceiver Mode Register. DATA-DLY is always initialized
to the inverse state of [TIN]. In addition, the timing relation-
ship between TX-ACT and the two biphase outputs can be
modified with the Advance Transmitter Active . control,
[ATA]. When [ATA] is cleared low (the power-up condition),
the transmitter generates exactly five line quiesce bits at the
start of each message, as shown in Figure 40. If [ATA] is
asserted high, the transmitter generates a sixth line quiesce
bit, adding one biphase bit time to the start sequence trans-

When the last word in the FIFO has been loaded into the
encoder, [TFE] goes high, indicating that the FIFO is empty.
To ensure the continuation of a multi-frame message, more
data must then be loaded into the FIFO before the encoder

_starts the transmission of the last bit of the current frame

(the frame parity bit for 3270, 3299, and 8-bit modes; the
last of the three mandatory fill bits for 5250). This maximum
load time from [TFE] can be calculated by subtracting two

"-from the number of bits in each frame of the respective

protocol, and multiplying that result by the bit rate. This

" number represents the best case time to load—the worst
' case value is dependent on CPU performance. Since the

mission. The line driver enable, TX-ACT, is asserted halfway .©

through this bit time, allowing an additional half-bit (with no
pre-emphasis) to preceed the first line quiesce of the trans-
mitted waveform. This modified start sequence is deplcted
in the dotted lines shown in Figure 40.

Data is loaded into the transmitter by writing to the Recenve/
Transmit Register {RTR}, causing the first location of the
FIFO to be loaded with a 12-bit word (8-bits from {RTR]}
and 4 bits from the Transceiver Command Register (TCR}.
The data byte to be transmitted is loaded into {RTR}, and

{TCR]} contains additional information required by the pro-

tocol. It is important to note that if {TCR} is to be changed,

CPU samples the transceiver flags and interrupts at instruc-
tion boundaries, the CPU clock rate, wait states (from pro-
grammed wait states, asserting the WAIT pin, or remote ac-
cess cycles), and the type of instruction currently being exe-
cuted can affect when the flag or interrupt is first presented
to the CPU.

If there is no further data to transmit (or if the load window is
missed), the ending sequence (if any) is generated and the
transmitter returns to idle, de-asserting TX-ACT and [TA].

Data should not be loaded into the FIFO after the transmit-
ter is commiitted to ending the message and before the [TA]
flag is deasserted. If this occurs, the load will be missed by
the transmitter control logic and the word(s) will remain in
the FIFO. This condition exists when [TA] and [TFE] are
both low at the same time, and can be cleared by resetting
the transceiver (asserting [TRES]) or by loading more data
into the FIFO, in which case the first frame(s) transmitted
will contain the word(s) left in the FIFO from the previous
message.

Typical waveforms for transmitter operation are shown in
Figure 40.
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10.0 Transceiver (continued)

dotted lines indicate waveforms
with [ATA] set high

——
'
TX = ACT :
e —
R
DATA = OUT :
.
|
DATA = OLY
remaman
TRANSMITTED
WAVEFORM
first
| line-quiesce
bit

..

TL/F/9336-45

FIGURE 40. Transmitter Output

Receiver

The receiver accepts a serial biphase-encoded bit stream,
strips off the framing information, checks for errors and re-
formats the data for parallel transfer to the CPU. The block
diagram in Figure 41 depicts the data flow from the serial
input(s) to the FIFO'’s parallel outputs. Note that the FIFO
outputs are multiplexed with the Error Code Register {(ECR}
outputs. ’

The receiver and transmitter share the same TCLK, though
in the receiver this clock is used only to establish the sam-
pling rate for the incoming biphase encoded data. All control
timing is derived from a clock signal extracted from this
data. Several status flags and interrupts are made available
to the CPU to handle the asynchronous nature of the incom-
ing data stream. See Figure 41 for the timing relationships
of these flags and interrupts relative to the incoming data.

The input source to the decoder can be either the on-chip
analog line receiver, the DATA-IN input or the output of the
transmitter (for on-chip loopback operation). Two bits, the
Select Line Receiver [SLR] and Loopback [LOOP], control
this selection. In addition, serial data can be inverted via the
Receiver Invert [RIN] control bit.

The receiver continually monitors the line, sampling at a fre-
quency equal to eight times the expected data rate. The
Line Active flag [LA] is asserted whenever an input tran-
sition is detected and will remain asserted as long as anoth-
er input transition is detected within 16 TCLK cycles. If an-
other transition is not detected in this time frame, [LA] will
be de-asserted. This function is independent of the mode of
operation of the transceiver; [LA] will continue to respond to
input signal transitions, even if the transmitter is activated
and the receiver disabled.

If the receiver is not disabled by the transmitter, the decoder
will adjust its internal timing to the incoming transitions, at-
tempting to synchronize to valid biphase-encoded data.
When synchronization occurs, the biphase clock will be ex-
tracted and the serial NRZ (Non-Return to Zero) data will be
analyzed for a valid start sequence (see Figure 36 b). The

minimum number of line quiesce bits required by the receiv-
er logic is selectable via the Receiver Line Quiesce [RLQ]
control bit. If this bit is set high (the power-up condition),
three line quiesce bits are required; if set low, only two are
needed. Once the start sequence has been recognized, the
receiver asserts the Receiver Active flag [RA] and enables
the error detection circuitry.

The NRZ serial bit stream is now clocked into a serial to
parallel shift register and analyzed according to the expect-
ed data pattern as defined by the protocol. If no errors are
detected by the word parity bit, the parallel data (up to a
total of 11 bits, depending on the protocol) is passed to the
first location of the FIFO. It then propagates asynchronously
to the last location in approximately 40 ns, at which time the
Data Available flag [DAV] is asserted, indicating to the CPU
that valid data is available in the FIFO.

Of the possible 11 bits in the last location of the FIFO, 8 bits
(data byte) are mapped into {RTR} and the remaining bits
(if any) are mapped into the Transceiver Status Register
{TSR [0-2]}. The CPU accesses the data byte by reading
{RTR]}, and the 5250 address field or 3270 control bits by
reading {TSR}. When reading the FIFO, it is important to
note that {TSR} must be read before {RTR]}, since reading
{RTR} advances the FIFO. Data in the FIFO will propagate
from one location to the next in approximately 10-15 ns,
therefore the CPU is easily able to unload the FIFO with a
set of consecutive instructions.

If the received bit stream is a multi-byte message, the re-
ceiver will continue to process the data and load the FIFO.
After the third load (if the CPU has not accessed the FIFO),
the Receive FIFO Full flag [RFF] will be asserted. If there
are more than 3 frames in the incoming message, the CPU
has approximately one frame time (sync bit to start of parity
bit) to start unloading the FIFO. Failure to do so will result in
an overflow error condition and a resulting loss of data (see
Receiver Errors).

If there are no errors detected, the receiver will continue to
process the incoming frames until the end of message is
detected. The receiver will then return to an inactive state,
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10.0 Transceiver (Continued)

RA Interrupt

DA Interrupt LTA Interrupt

Sync D7 D6 D5 D4 D3 D2 DI DO R C/D Par

00000 EED0 000000000 TT0 e

T LA =Line Active

LA RA = Receiver Active
DAV = Data Available
LTA = Line Turn Around

Lol

DA, )
Command LTA

Flags
TL/F/9336-46

FIGURE 41. Timing of Recelver Flags Relative to Incoming Data

clearing [RA] and asserting the Line Turn-Around flag,
[LTA] indicating that a message was received with no er-
rors. For the 3270 and 3299 protocols, [LTA] can be used
to initiate an immediate transmitter FIFO load; for the other
protocols, an appropriate response delay time may be need-
ed. [LTA] is cleared by loading the transmitter’s FIFO, writ-
ing a one to [LTA] in the Network Command flag register, or
by asserting [TRES].

Receiver Errors

If the Receiver Active flag, [RA], is asserted, the selected
receiver input source is continuously checked for errors,
which are reported to the CPU by asserting the receiver
Error flag, [RE], and setting the appropriate receiver error
flags in the Error Code Register {ECR]. If a line condition
occurs which results in multiple errors being created, only
first error to be detected will be latched into {ECR}. Once
an error has been detected and the appropriate error flag
has been set, the receiver is disabled, clearing [RA] and
preventing the Line Turn-Around flag and interrupt [LTA]
from being asserted. The Line Active flag [LA] remains as-
serted if signal transitions continue to be detected on the
input. '

5 error flags are provided in {ECR}:

7 6 5 4 3 2 1 0
[rsv | rsv | rsv | ovF | PaR | tEs [ BT [ RDIS |

[OVF] Overflow Flag—Asserted when the decoder
writes to the first location of the FIFO while [RFF]
is asserted. The word in the first location will be
over-written; there will be no effect on the last two

locations.

Parity Error Flag—Asserted when a received
frame fails an even (word) parity check.

Invalid Ending Sequence Flag—Asserted during
an expected end sequence when an error occurs
in the mini code-violation. Not valid in 5250 modes.

[PAR]

[IES]

[LMBT] Loss of Mid-Bit Transition—Asserted when the
expected biphase-encoded mid-bit transition does
not occur within the expected window. Indicates a
loss of receiver synchronization.

Receiver Disabled While Active—Asserted when
an active receiver is disabled by the transmitter be-
ing activated.

To determine which error has occurred, the CPU must read
{ECR]}. This is accomplished by asserting the Select Error
Codes control bit, [SEC] and reading {RTR}. The {ECR} is
only 5 bits wide, therefore the upper 3 bits are still the out-
put of the receive FIFO. See Figure 41. The act of reading
{ECR] resets the receiver to idle, in which case it again
monitors the incoming data stream for a new start se-
quence. [SEC] control bit must be de-asserted to read the
FIFO’s data from {RTR}.

If data is present in the FIFO when the error occurs, the
Data Available flag [DAV] is de-asserted when the error is
detected, being re-asserted when {ECRY] is read. Data pres-
ent in the FIFO before the error occurred is still available to
the CPU. The flexibility is provided, therefore, to read the
error type and still recover data loaded into the FIFO before
the error occurred. [TRES] the Transceiver Reset, can be
asserted at any time, clearing both Transceiver FIFOs and
the error flags. :

[RDIS]

Transceiver Interrupts

The transceiver has access to 3 CPU interrupt vectors, one
each for the transmitter and receiver, and a third, the Line
Turn-Around interrupt, providing a fast turn around capability
between receiver and transmitter. The receiver interrupt is
the highest priority interrupt (excluding NMi), followed by the
transmitter and Line Turn-Around interrupts, respectively.
The three interrupt vector addresses and a full description
of the interrupts are given in Table XXVII.

The receiver interrupt is user-selectable from 4 possible
sources (only 3 used at present) by specifying a 2-bit field,
the Receiver Interrupt Select bits [RIS1,0] in the Interrupt
Control Register {ICR}. A full description is given in Table
XXVIIL.
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10.0 Transceiver (Continued)

TABLE XXVII. Transceiver Interrupts

Interrupt Vector Address Description
Receiver 000100 User selectable from 4 possible sources, see Table XXVIII.
Transmitter 001000 Set when [TFE] asserted, indicating that the transmit FIFO is empty, cleared by
: writing to {RTR}. Note: [TRES] causes [TFE] to be asserted.
Line Turn-Around 001100 Set when a valid end sequence is detected, cleared by writing to {RTR} writing a

one to [LTA], or asserting [TRES]. In 5250 modes, interrupt is set when the last
fill bit has been recsived and no further input transitions are detected. Will not be
set in 5250 or 8-bit non-promiscuous modes unless an address match was

received.
The interrupt vector is obtained by concatenating 't TrTirT I T T T interrupt
{IBR} with the vector address as shown: IBR 0 0| vectoraddress | vector
) 15 8 5 0
TABLE XXVIIl. Recelver Iinterrupts

Interrupt RIS1,0 Description

RFF+RE 00 Set when [RFF] or [RE] asserted. If activated by [RFF], indicating that the
receive FIFO is full, interrupt is cleared by reading from {RTR}. If activated by
[RE], indicating that an error has been detected, interrupt is cleared by reading
from {ECRJ.

DAV+RE 01 Set when [DAV] or [RE] asserted. If activated by [DAV], indicating that valid
data is present in the receive FIFQ, interrupt is cleared by reading from {RTR]}. If
activated by [RE], indicating that an error has been detected, interrupt is cleared
by reading from {ECR}.

Not Used 10 Reserved for future product enhancement.

RA 11 Set when [RA] asserted, indicating the receipt of a valid start sequencs, cleared
by reading {ECR]} or {RTR}. :

All receiver interrupts can be cleared by asserting [TRES].

The RFF + RE interrupt occurs only when the receive FIFO
is full (or an error is detected). If the number of frames in a
received messags is not exactly divisible by 3, one or two
words could be left in the FIFO at the end of the message,
since the CPU would receive no indication of the presence
of that data. It is recommended that this interrupt be used
together with the line turn-around interrupt, whose service
routine can include a test for whether any data is present in
the receive FIFO before activating the transmitter.

Additional information is provided in Section 5.0.

3270/3299 Modes

As shown in Table XXVI, the transceiver can operate in 4
different 3270/3299 modes, to accommodate applications
of the BCP in different positions in the network. The 3270
mode is designed for use in a device or a controller which is

not in a multiplexed environment. For a multiplexed network,

the 3299 multiplexer and controller modes are designed for
each end of the controller to multiplexer connection, the
3299 repeater mode being used for an in-line repeater situ-
ated between controller and multiplexer.

For information on how parallel data loaded into the trans-
mit FIFO and unloaded from the receiver FIFO maps into
the serial bit positions, see Figure 42.

To transmit a frame {TCR [0-3]} must first be set up with
the correct control information, after which the data byte
can be written to {RTR}. The resulting composite 12-bit
word is loaded into the transmit FIFO where it propagates
through to the last location to be loaded into the encoder
and formatted for transmission.

When formatting a 3270 frame, {TCR [2]} controls whether
the transmitter is required to format a data frame or a com-
mand frame. If {TCR [2]} is low, the transmitter logic calcu-
lates odd parity on the data byte (B2-B9) and transmits this
valus for B10. If {TCR [2]} is high, B10 takes the state of
{TCR [0]}. Odd Word Parity [OWP] controls the type of
parity calculated on B1-B11 and transmitted as B12, the
frame delimiter. If [OWP] is high, odd parity is output; other-
wise even parity is transmitted. In this manner the system
designer is provided with the maximum flexibility in defining
the transmitted 3270 control bits (B10-B12).

When data is written to {RTR]}, the least significant 4 bits of
{TCR]} are loaded into the FIFO along with the data being
written to (RTR}. The same {TCR} contents can therefore
be used for more than one frame of a multi-frame transmis-

. sion, or changed for each frame.

When a 3270 frame is received and decoded, the decoder
loads the parallel data into the receive FIFO where it propa-
gates through to the last location and is mapped into {RTR}
and {TSR]}. Bits B2-B11 are exactly as received; Byte Pari-
ty [BP] is odd parity on B2-B89, calculated in the decoder.
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10.0 Transceiver (Continued) :
Reading {RTR} will advance the receive FIFO, therefore when the receiver de-formats a 3299 address frame, the

{TSR} should be read first if this information is to be uti- received address bits are loaded into {RTR [2-71}; {RTR
lized. [0-1]} and {TSR [0-2]} are undefined.

When formatting a 3299 address frame, the procedure is The POLL, POLL/ACK and TT/AR flags in the Network
the same as for a 3270 frame, with {RTR [2-7]} defining Command Flag Register are valid only in 3270 and 3299
the address to be transmitted. The only bit in {TCR} which (excluding the 3299 address frame) modes. These flags are
has any functional meaning in this mode is [OWP], which decodes of their respective coax commands as defined in
controls the type of parity required on B1-B8. Similarly, Table XXIX. The Data Error or Message End [DEME] flag

(a) 3270 Data and Command Frames
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Rm[Ez]es[ealesJee o7 eee9] [ 1 T T Towe[ o o] X] [Gawa)

7 6§ 5 4 3 2 1 0
CT 11 |0WP|1|BH|8|D|ICR )

\ J

transmit

¥

r " N\
Sync' 07 D6 D5 D4 D3 D2 01 DO R C/D Par

Coax transmission

additional o end

Starting Sequence frames sequence

receive

— i N
7 6 S5 4 3 2 1 0 7 6 5 4 3 _2I 1 0
RR[B2fB3fesafosfesferfesfee] | 1 [ § 1 Jerfsiifsio]wse

TL/F/9336-47

{b) 3299 Address Frame
7 6 5 4 3 2 1 0
RRje2]esfeafB5[B6[87] | |

\ J

- transmit and receive

¥

I \
Sync AO A1 A2 A3 A4 AS Par

Coax transmission

Starting Sequence

B2 ‘ E single/mutti=byte message

4= address frame —_— ge frame(s) —p

TL/F/9336-48
FIGURE 42. 3270/3299 Frame Assembly/Disassembly Procedure

TABLE XXIX. Decode of 3270 Coax Commands

Recelved Word Flag Description
B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 '
0 0 0 0 0 0 0 0 0 0 RAR TT/AR (Clean Status) Received
X X X 1 0 0 0 1 X 1 ACK POLL/ACK Command Received
X X X 0 0 0 0 1 X 1 POLL POLL Command Received

All flags cleared by reading {RTR}.

2-176



10.0 Transceiver (Continued)

(also in the {NCF} register) indicates different information
depending on the selected protocol. In 3270 and 3299;
[DEME] is set when B10 of the received frame does not
match the locally generated odd parity on bits B2-B9 of the
received frame. This flag is not part of the receiver error
logic, it functions only as a status flag to the CPU. These
flags are decoded from the last location in the FIFO and are
valid only when [DAV] is asserted; they are cleared by read-
ing {RTR} and should be checked before accessing that
register.

5250 Modes

The biphase data is inverted in the 5250 protocol relative to
3270/3299 (see the Protocol section—IBM 5250). Depend-
ing on the external line interface circuitry, the transceiver's
biphase inputs and outputs may need to be inverted by as-
serting the [RIN] (Receiver INvert) and [TIN] (Transmitter
INvert) control bits in {TMR]}.

For information on how data must be organized in {TCR}
and {RTR] for input to the transmitter, and how data ex-
tracted from a received frame is organized by the receiver
and mapped into {TSR) and (RTR}, See Figure 43.

To transmit a 5250 message, the least significant 4 bits of
{TCR] must first be set up with the correct address and
parity control information. The station address field (B4-B6)
is defined by {TCR[0-2]}, and [OWP] controls the type of
parity (even or odd) calculated on B4-B15 and transmitted
as B3. When the 8-bit data byte is written to {RTR]}, the
resulting composite 12-bit word is loaded into the transmit
FIFO, starting the transmitter. The same {TCR} contents
can be used for more than one frame of a multi-frame trans-
mission, or changed for each frame.

The 5250 protocol defines bits BO-B2 as fill bits which the
transmitter automatically appends to the parity bit (B3) to
form the 16-bit frame. Additional fill bits may be inserted
between frames of a multi-frame transmission by loading
the fill bit register, {FBR}, with the one’s compliment of the
number of fill bits to be transmitted. A value of FF (hex),
corresponding to the addition of no extra fill bits. At the

7 6 5 4 3 2 1 0
Rir |87 ]88 ] 89 [810]811]B12]Bt3]B14]

\.

conclusion of a message the transmitter will return to the -

idle state after transmitting the 3 fill bits of the last frame (no
additional fill bits will be transmitted).

As shown in Table XXVI, the transceiver can operate in 2
different 5250 modes, designated *‘promiscuous” and “non-
promiscuous”. The transmitter operates in the same man-
ner in both modes.

In the promiscuous mode, the receiver passes all received
data to the CPU via the FIFO, regardless of the station ad-
dress. The CPU may determine which station is being ad-
dressed by reading {TSR [0-2]} before reading {RTR}.
In the non-promiscuous mode, the station address field
(B4-B6) of the first frame must match the 3 least significant
bits of the Auxiliary Transceiver Register, {ATR[0-2]}, be-
fore the receiver will pass the data on to the CPU. If no
match is detected in the first frame of a message, and if no
errors were found on that frame, the receiver will reset to
idle, looking for a valid start sequence. If an address match
is detected in the first frame of a message, the received
data is passed on to the CPU. For the remainder of the
message all received frames are decoded in the same man-
ner as the promiscuous mode.

To maintain maximum flexibility, the receiver logic does not
interpret the station address or command fields in determin-
ing the end of a 5250 message. The message typically ends
with no further line transitions after the third fill bit of the last
frame. This end of message must be distinguished from a
loss of synchronization between frames of a multi-byte
transmission condition by looking for line activity some time
after the loss of synchronization occurs. When the loss of
synchronization occurs during fill bit reception, the receiver
monitors the Line Active flag, [LA], for up to 11 biphase bit
times (11 us at the 1 MHz data rate). If [LA] goes inactive at
any point during this period, the receiver returns to the idle
state, de-asserting [RA] and asserting [LTA]. If, however,
[LA] is still asserted at the end of this window, the receiver
interprets this as a real loss of synchronization and flags the
appropriate error condition to the CPU. (See the Receiver
Errors section in this Chapter.)

7 6 5 4 3 2 1 0
owP| B4 | 85 | 86 | TCR

J

Twinax transmission

Starting Sequence

)

r
Sync DO D1 D2 D3 D4 D5 D6 D7 A0 Al A2 Par

flll bits and any
additional frames

recelve

/
7 6 5 4 3 2 1

6 5 4 3 2 1 0

RTR I B7 | B8 ] B9 |810|81||812|813|8|4|

7
L1l 1T 1 | JBsfB5]86] TR

TL/F/9336-49

FIGURE 43. 5250 Frame Assembly/Disassembly Description
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10.0 Transceiver (continued)

In the 5250 modes, the Data-Error-or-Message-End [DEME] -
flag is a decode of the 111 station address and is valid only-

when [DAV] is asserted. This function allows the CPU to
quickly determine when the end of message has occurred.

The transmitter has the flexibility of holding TX-ACT active
at the end of a 5250 message, thus reducing line reflections
and ringing during this critical time period. The amount of
hold time is programmable from 0 ps to 15.5 us in 500 ns
increments, and is set by writing the selected value to the
upper)ﬁve bits of the Auxiliary Transceiver Register, {ATR
[3-71}.

General Purpose 8-Bit Modes

As shown in Table XXVIII, the transceiver can operate in 2
different 8-bit modes, designated “promiscuous and “non-
promiscuous”, In the non-promiscuous mode, the first frame
data byte (B2-B9) must match the contents of {ATR} be-
fore the receiver will load the FIFO and assert [DAV]. If no
match is made on the first frame, and if no errors were
found on that frame, the receiver will go back to idle, looking
for a valid start sequence. The address comparator logic is

7 6§

4

not enabled in the promiscuous mode, and therefore all re-
ceived frames are passed through the receive FIFO to the
CPU. The transmitter operates in the same manner in both
modes.

The serial bit positions relative to the parallel data loaded
into the transmit FIFO and presented to the CPU by the
receiver FIFO are shown in Figure 44. To transmit a frame,
the data byte is written to {RTR]}, loading the transmit FIFO
where it propagates through to the last location to be load-
ed into the encoder and formatted for transmission. Only
[OWP] in the {TCR] is loaded into the transmitter FIFO in
these protocol modes— (TSR [0-2]} are don't cares. B10
is defined by a parity calculation on B1-B9; [OWP] deter-
mines the type of parity transmitted as B10, which is odd if
[OWP] is high and even if low.

When a frame is received, the decoder loads the processed
data into the receive FIFO where it propagates through to
the last location and is mapped into {RTR}. All bits are
exactly as received. Reading the data is accomplished by
reading {RTR}, (TSR [0-2]} are undefined in the 8-bit
modes.

3 2 1 0

‘R [3 ] 68 ] 87 ] 66 ] 85 ] 64 ] 63 [ 82]

[N

J

transmit and receive

¥

Coax transmission -

Sync DO D1

Starting Sequence

FIGURE 44. General Purpose 8-Bit Frame Assembly/Disassembly Procedure

N
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additional end
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Choosing Your RAM for the
Biphase Communications
Processor

As with most other aspects of a design, choosing RAM is a
cost vs. performance tradeoff. Maximum performance is
achieved running no wait states with fast, expensive RAM.
Slower, less expensive RAM can be used, but wait-states
must be added, slowing down the BCP. Therefore one
needs to choose the slowest RAM possible while still meet-
ing design specifications.
The BCP has separate data and instruction static RAM,
each with their own requirements. Instruction read time, as
shown in Figure 1, is measured from when the instruction
address becomes valid to when the next instruction is
latched into the BCP. Preliminary data for read times of vari-
ous clock frequencies and wait states are given in Table I.
Clock frequency/wait state combinations other than those
given in the table can be calculated by the following equa-
tion:

ty=103(1.5+ n) / fcpy — 28
where 1) is the Instruction Read Time (ns), n; is the number
of instruction wait states and fcpy is the clock frequency
(MHz) the CPU is running. The RAM chosen needs to have
a faster access time than the read time for the desired clock
frequency/wait-states combination. -

T
CLK=0UT
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TABLE I. Instruction Read Times (ns)

CPU Clock Wait States

Freq. (MHz) 0 1 2
9.43 131 237 343
18.86 52 105 158
20.00 - 47 97 147

Data read time (Figure 2) is measured from when the data
address is valid to when data from the RAM is latched into
the BCP. Table Il gives preliminary data read times. The
equation for calculating data read time is similar to instruc-
tion memory:
tp = 103 (2 + np) / fopy — 58

where tp is the Data Read Time (ns), np is the number of
data wait states. Since the lower address byte (AD) is exter-
nally latched, the latch propagation delay needs to be sub-
tracted from the available read time when determining the
required RAM access time.

Instruction RAM has the greatest effect on execution speed.
Each added instruction wait state slows the BCP by about
40%. Each added data wait state slows a data access by
33%. RAM costs are coming down, but at publication, an 8K
by 8 45 ns RAM costs in the $10 range. The same RAM with
a 100 ns access time (1 wait state) will run about $5. So
there's the tradeoff.

T2

S —1//////////),

1A0=15

==

TL/F/9359-~1

FIGURE 1. Preliminary Instruction Read Time
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FIGURE 2. Preliminary Data Read Time:
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TABLE Ii. Data Read Time (ns)

CPU Clock Wait States
Freq. (MHz) 0 1 2
9.43 154 260 366
18.86 48 101 154
20.00 42 92 142

TL/F/9359-2
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Decoding Bit Fields with
the JRMK Instruction

The JRMK (Jump relative with Rotate and Mask on source
register) instruction is designed to decode specific bit fields
imbedded in any BCP register quickly and efficiently. Since
the transceiver is mapped into the CPU register space,
JRMK is a particularly powerful method of decoding the re-
ceived protocol command, data, and address fields. The de-
code is accomplished by implementing a jump table in in-
struction memory. JRMK is used to select a unique table
entry by adding an encoded bit field to the current program
counter value.

JRMK unconditionally transfers program control to a signed
offset from the current value of the PC (program counter)
+ 1. The offset is found by rotating a specific bit field in any
register through the CPU barrel shifter and zeroing (mask-
ing) any bits in the most significant positions that are not
part of this bit field. The least significant bit is always set to
0, allowing compact jump tables to be constructed where
each table entry is separated by at least one address. Each
table entry can therefore contain any program control in-
struction, including the 2 word long jumps. This also limits
the relative jump range to —128, +126. '

The JRMK instruction has 4 fields, as seen in Figure 1. Five
bits are dedicated to the source register operand, therefore
any of the 32 CPU register addresses can be specified. The
rotate field is 3 bits long, allowing the contents of the source
register to be rotated (right) from 0 to 7 bits. The 3 bit mask
field specifies the number of bits to be zeroed (not including
the least significant bit), starting from the msb location.
Since the least significant bit is always masked off, the bit
field is effectively limited to 7 bits, allowing a maximum table
size of 128 entries (—64, +64). The remaining 5 bits are

dedicated to the opcode.
15 10 7 4 0
r opcode I mask I rotate I source regl

FIGURE 1. JRMK Instruction

This instruction does not modify the contents of the source
register. Even if the Receive/Transmit Register {RTR} is
sourced, the same data will still be present at the output of
the receive FIFO following the JRMK.

JRMK is a 4 T-state instruction, where a T-state is defined
as the period of the CPU clock. A T-state is 50 ns at the
maximum rated frequency of operation, therefore the JERMK
can execute in as little as 200 ns. This execution time is
extended by a slower clock or use of additional instruction
wait states.

The following example demonstrates the power of the
JRMK instruction in processing the encoded address field of
the 3299 Terminal Multiplexer protocol. The receiver passes
the 3299 address frame to the CPU as the 6 most significant
bits in the {RTR}. Only the 3 least significant bits of this 6

National Semiconductor
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bit frame form the encoded address, therefore up to 8 devic-
es can be addressed by the cluster controller. Figure 2 re-
veals how the signed offset is formed from the received
3299 address field. The field is rotated 1 bit and the 4 most
significant bits of the result will be masked to 0. The table
will thus have 8 entries starting at the next address after the
JRMK instruction.

[ x] x| x [a2fat]ao] x| x|

Example 3299 data in receive FIFO
(sourced through RTR)

Lx [ x| x| x [a]at|n] x|

Location of address field
after barrel shifter

[o] o] o] ofa]a[m]o]
Resulting offset added to
program counter

FIGURE 2. Offset Formed by JRMK Rotate
and Mask Operations

As an example of a real application for this instruction, as-
sume the BCP is designed into a 3299 Terminal Multiplexer
emulator product for personal computers. All 8 of the device
addresses are supported by the BCP, therefore each of the
jump table entries will be a long jump to'a control routine for
that particular device. Figure 3 represents one way of cod-
ing the address frame handling subroutine, using the Hilevel
BCP assembler mnemonics. The routine assumes it was
called because the Data Available flag was asserted. The
error and device control handling routines are not shown,
nor is the code at the WRAP label. The addresses assigned
to these handlers are chosen arbitrarily.

The table entry size can be easily extended to more than 2
addresses by moving the data to a general purpose register
and then masking enough bits to allow the bit field to be
rotated to a more significant location by the JRMK instruc-
tion. Remember, however, that the offset is signed and if
the most significant bit is allowed to take on a value of 1 the
jump will be negative, requiring the JRMK instruction to be
located in the middle of the table.

The primary design goal of the BCP was to provide the high-
est performance solution for coax and twinax communica-
tion systems. In this application, one of the primary func-
tions of the CPU is to process information from the trans-
ceiver as fast as possible. The JRMK instruction exemplifies
the optimization of the instruction set and architecture for
this function.
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jm————— < 3299 device address decode > ———m—m——

sthis routine decodes the 3299 protocol device address field
slocated in RTR(2~4). It is assumed that the Data Availabdble flag
sor interrupt caused program control to transfer to this
;jroutine. The error and device handling routines are not shown.

OFFC AEO08 EXX MA,AB,NAI . . ;select main A, alt B banks

OFFD DD20 JMPF S,RERR,ERRHDLR " 3if error, go to error handler
OFFE 8DE4 JMPB RIR,S,B7,WRAP '  ;if msb set, wrap data back
OFFF 105D '
1000 8424 JRMK RTR,ROT1,MSK4 H
1001 CEOO. LIMP ADDR.O sjump to device O handler
1002 2000
1003 CE0OO LIMP ADDR.1 sjump to device 1 handler
1004 2050 .
1005 CEOO LIMP ADDR.2 . ;Jump to device 2 handler
1006 2100 cot ' '
1007 CEOO LIMP ADDR.3 sjump to device 3 handler
1008 2150 : )
1009 CEOO LIMP -~ ADDR.4 sjump to device 4 handler
100A 2200 .
100B CEOO LIMP ADDR.5 sjump to device 5 handler
100C 2250 .
100D CEOO LIMP ADDR. 6 sJump to device 6 handler
100E 2300 . ‘ ‘
100F CEOO LIMP ADDR.7 sjump to device 7 handler
1010 2350 : ’

L]

*

L]
1011 AFDO RET - EI,RF sreturn, restore flags, set GIE
jr———————— < end of routine >——w—e————n

FIGURE 3. JRMK Code
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Receiver Interrupts/Flags
for the DP8344 Biphase
Communications Processor

The DP8344 has a flag that corresponds to each of its inter-
rupts except NMI. This allows the BCP to operate efficiently
in either an interrupt driven or polled environment and gives
the user the flexibility to combine the two. However, one
must be aware that even though the names are the same,
their controls may be different. The event that controls
when the interrupt and its corresponding flag is asserted or
cleared may not be the same. However, this is only the case
for the three receiver interrupts; the other 8344 interrupts
are set and cleared in exactly the same manner as their
associated flag. To easily discuss these subtle differences,
it should be made clear that the transceiver reset does clear
all the receiver flags and interrupts and that this will not be
mentioned when discussing the individual receiver interrupts
below.

To begin with, the receiver active (RA) interrupt and flag are
both asserted by the same event; the receiver detecting two
or three line quiescents, depending on the state of Receive
Line Quiescent (RLQ), followed by a code violation and

National Semiconductor
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a sync bit, However, the RA interrupt is cleared by reading
the {RTR} or (ECRY] register while the RA flag is cleared by
an error or the end of the transmission. The receiver identi-
fies the end of the transmission by detecting a mini code
violation in all protocols except 5250, and in 5250 by waiting
for the Line Active (LA) flag to time out after fill bits are
received. The data available (DA) interrupt and flag are both
asserted when a byte is present on the output of the FIFO.
However, the DA interrupt also becomes active when an
arror is detected by the receiver. They are both cleared by
reading the {RTR]} register until the FIFO is empty, but the
DA flag will also be cleared when an error is detected. The
situation is similar with the receive FIFO full interrupt and
flag. They are both asserted when three words are present
in the FIFO, but the RFF interrupt also becomes active
when an error is detected. Both the RFF flag and interrupt
are cleared exactly the same way by reading the RTR regis-
ter.
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Receiving 5250 Protocol
Messages with the Biphase
Communications Processor

In 5250 protocol, station address recognition and the lack of
any easily detectable ending sequence as in 3270 protocol
make the hardware and software tasks challenging. This
article discusses how to use the DP8344 in a typical 5250
environment with both the current and forthcoming revisions
of silicon.

The receiver works in two modes of operation for 5250 pro-
tocol. In promiscuous mode, the receiver accepts data for
all addresses on the network giving the user the ability to
support multiple or single sessions in one’s software. The
program can simply reset the transceiver upon receiving a
station address of no interest. The received station address
is stored in the Transceiver Status Register (TSR} bits 2-0
and is valid when the data Available [DA] flag is high. The
received station address should be used prior to reading
{RTR}. When {RTRY] is read, the receiver FIFO advances
and the current word is replaced by the next available word.
If another word is in the FIFO, it will be reflected in {RTR}
and {TSR} in instructions there after. In nonpromiscuous
mode, the receiver only loads data in the FIFO in messages
where the first frame address matches {NAR} bits 2-0. The
receiver logic compares {NAR} bits 2-0 with the station
address received in the first frame to decide whether to load
data. However, error detection is enabled in all addresses
for all frames of a message and the software must deter-
mine how the error is to be handled.

The end of message determination should be handled in
software. The 5250 protoco! requires an end of message
delimiter (a station address of 111) to be sent in the last
frame of a multiframe message or at the end of a single
frame message to the system. For single frame messages
from the system to a device, bit 14 (the first bit after the
sync bit; [RTRO]) in the command frame will determine if the
message has ended. If bit 14 is off in a command frame, the
message is a single frame. Once the end of message deter-
mination is made in software, the receiver should be reset.
The receiver will flag a loss of midbit error and inhibit the
setting of the Line Turn Around [LTA] interrupt if the line is
not free of transitions for up to 3 us after the last valid fill bit
is received. The [LTA] interrupt should not be used since it
may or may not go high at the end of received messages.
By resetting the receiver at the end of the message, any
false loss of midbit errors will be avoided.

An efficient way to decode the received address and end of
message delimiter is to use the JRMK instruction with
{TSR]} as the source. By selecting to “rotate” right six posi-
tions and to ‘mask’ bits five through seven in (TSR}, a
unique branch offset into a jump table is formed for each of
the received addresses. Assuming that [TFF] is low in
{TSR}, the offset from the ADDECDR address will allow
four instruction slots for each address. By using the JMPB
and LJMP instructions, all four slots are used for each ad-
dress. Each branch from the table will contain the appropri-
ate action for that particular address. The code example in
Figure 1 is the Data Available interrupt service routine with
the receiver in 5250 promiscuous mode. The code present-
ed in this article is intended for example only and may not
be suitable in an actual working environment. GP6’ is used
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to turn sessions on or off and has been loaded with H#08
to turn on the 011 station address and turn off ail others.
Each bit in the register corresponds to a station address.
GP5’ has been initialized to H#00 in the foreground pro-
gram and is used to store a multiframe flag and end of mes-
sage flag. The multiframe flag is set when the software has
determined that a multiframe message is being received.
The end of message flag is set when the software deter-
mines that the last frame in the message was received.

This code first checks to see whether an error or the recep-
tion of a data frame caused the interrupt. If not, a check to
see if the message is multiframe or not is done. Bit 0 of
GP5' is set high for multiframe messages. The ADDECDR
address is where the received address is decoded using the
JRMK instruction. Notice in the code that station address 3
is supported and all others ignored. By changing the value in
GP6', different station addresses can be turned "on” or
“off". The key point to make for ensuring clean operation is
to reset the transceiver once the last frame is received to
avoid any false loss of midbits errors flagged when the mes-
sage ends.

With the upcoming silicon revision, the receiver hardware in
5250 and 8BIT nonpromiscuous modes will reset if no ad-
dress match is made (i.e. the received station address does
not match the address in the Network Address Register
{NAR}) and no errors are detected during the first frame of
the message. Error detection will be enabled during the first
frame of messages independent of the received station ad-
dress. If an error is detected during the first frame, all devic-
es will report the error. On subsequent frames, errors will
only be reported if the first frame contained a matching ad-
dress. In 5250 mode, {NAR] bits 2-0 are compared to the
received address. In 8BIT mods, all {NAR} bits are com-
pared. The receiver's end of message reset has been modi-
fied to avoid flagging false loss of midbit errors in 5250
modes of operation.

To reset cleanly at the end of the message, the receiver
hardware will look for abit time wihtout a transition (a “loss
of midbit"") during the fill bit portion of the received message
as an indication that the message has ended. Once this
occurs, the receiver will reset and [LTA] will go high to flag
the CPU that the receiver has received a complete mes-
sage. Since a loss of midbit during fill bits could be a real
error (i.e. not an end of message), the software will need to
check for an end of message indication in the last data byte
received. In situations where a sync bit is followed by inac-
tivity on the line, the receiver hardware will consider the
message to be continuing and shift data in accordingly. The
receiver monitors Line Active [LA], in the Network Com-
mand Flag Register {NCF} to determine if the line has died.
[LA] goes high on any detected transition on the line and
will return low after 16 transceiver clocks of no activity. If
[LA] times out, [LTA] will go high and the receiver will resst.
Note again that the software will still need to check for an
end of message, for this could be an error situation. If [LA]
does not time out, the receiver shifts in the data and checks
for errors in the usual manner.
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** Foreground TMR=H#1D ICR=01HHHHHO GP5'=H#00 GP6'=H#08 **

** Data available Interrupt Service Routine

Kk

DAISA: EHH MA,AB,NAI sset appropriate banks.
JMPF S,RERR, ERRHDLR sbranch to error handler
;3if error flag set.
JMPB GP5, S,B#000,ADDECDR 3if multiframe, go to address
;decoder.
JMPB RTR,NS,B#000,EOM scheck Bl4 in message, if
slow, single frame message
ORI H#01,GPS sset multiframe flag
ADDECDR: JRMK TSA,B#110,B#011 sdecode received address
JMPB GP6,NS,B#000,RST H
LJIMP A0 sjump table for all network
JMPB GP6,NS,B#001,RST saddresses.
LIMP Al ;in this configuration,
JMPB GP6,NS,B#010,RST saddress 3 is supported
LIMP A2 sand all others ignored
JMPB GP6,NS,B#011,RST safter first frame.
LJIMP A3 H
JMPB GP6,NS,B#100,RST H
LIMP A4 H
JMPB GP6,NS,B#101,RST H
LIMP A5 H
JMPB GP6,NS,B#110,RST H
LIMP A8 H
JMPB GP6,NS,B#111,RST H
LIMP AEOMD 380 to ‘end of message routine
EOM: ORI H#02,GP5 ;set end of message flag
JMP ADDECDR ;80 to address decoder
RST: ORI H#80, TMR ;reset transceiver on
ANDI H#7F ,TMR :don't care addresses.
ANDI H#FC,GP5 sclear flags and return.
RET RI,RF : :
A3: ..handle received data for address 3. If end of

message flag setb, reset transceiver, clear flags
and return. If end of message flag not set, return.
AEOMD: ..the last frame of the message was just received,

L1S-NVY

handle data then reset transceiver, prepare to
transmit by loading and starting the timer for
frame timing, enable timer interrupt, clear

flags, return.

FIGURE 1. Multi-Session Application

To minimize software overhead, a new flag [DEME] has
been added to {NCF] at bit 3 to indicate the reception of the
end of message delimiter in 5250 modes. [DEME] will go
high when the currently accessible word in the recsiver
FIFO contains the 111 address. In 3270/3299 modes,
[DEME] will go high when local odd byte parity [TSR2] does
not match odd byte parity received [TSRO].

Some of the software overhead will not be required for the
forthcoming silicon revision. It will no longer be necessary to
reset the receiver to avoid false loss of midbit errors at the
end of the message. The [LTA] interrupt can be used allow-
ing the software to be interrupted when the receiving task is
complete. In the [LTA] interrupt routine, the timer can be

loaded and started to timeout in the response window (45
+ 15 ns) before starting the transmitting task.

The code shown in Figure 2 is an example for a single ses-
sion application with the receiver in the nonpromiscuous
5250 mode. Address 1 will be supported. The Data Avail-
able interrupt and the LTA interrupt are enabled in the fore-
ground program. GP5' is used for software flags in the inter-
rupt routine of a multiframe indicator in bit0 and an end of
message indicator in bit1.

The [LTA] routine is not absolutely necessary. The actions
taken in the routine could have been handled in the Data
Available routine once the determination of the end of mes-
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sage was made. As seen above, the software requirement tasks. The 1 Mbs data rate used in the 5250 protocol leaves
for the transceiver task can be totally interrupt driven allow- more CPU bandwidth available for other tasks than either
ing the processing power of the BCP to be used for other the 3270 or 3299 protocols.

Fokokkkokkkdkokkx DA ISR Sk oo oo oo o o o o o R o ok K o Ko 3 o o o o ok koo o oK o ok ok o o oK

* Foreground program TMR=H#1C ICR=01HHHOHO GP5'=H#00 NAR=H#01 b
* Data available Interrupt Service Routine **
DAISR: EHH MA,AB,NAI ;set appropriate banks.
JMPF S,RERR, ERRHDLR

sbranch to error handler
sif error flag set.

JMPB GP5,S,B#000,EOMCHK 3if multiframe, skip check
) ;for single frame message.

JMPB  RTR,NS,B#000, SEOMF ;check Bl4 in message, if
. slow, single frame message.
ORI H#01,GP5 sset multiframe flag.
Jnp DATA _

SEOMF : ORI H#02,GP5 ;set end of message flag
JMP DATA

EOMCHK : JMPB NCF, S, B#011, SEOMF

DATA: «+« handle received data for address 1, return

sekoiololoksokoioloksk TTA TSR ok koo ook ol e ok ot o 3 ok ok sl e sl e ok o s ofe e ol il s ook o s ok s o ook ook

* Line Turn Around Interrupt Service Routine %
LTAISR: EHH MA,AB,NAI ;set appropriate banks.
JMPB GP5,NS,B#010,ERRCOND sif end of message flag

snot set, error condition.

.+ load and start timer to timeout at necessary time
required before transmitting, enable timer interrupt,

clear GP5' flags and LTA, return.

ERRCOND: ... an error condition occurred in the message

(i.e. the line died after a sync bit was detected or

a loss of synchronization occurred during fill bits),

take appropriate action and return.

FIGURE 2. Single-Sesslon Application
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“Interrupts”—A Powerful
Tool of the Biphase
Communications Processor

When you have only 5.5 us to respond you have to act fast.
This is the amount of time specified in the IBM 3270 Product
Attachment Information document as the maximum time al-
lowed to respond to a message in a 3270 environment. This
5.5 us is why the DP8344 interrupts are specifically tailored
for the task of managing a communications line and feature
very short latency times. This article contains information
that will help the user to take better advantage of the exten-
sive interrupt capability found in the DP8344.

The DP8344 has two external and four internal interrupt ’

sources. The external interrupt sources are the Non-Maska-
ble Interrupt pin, (NMI), and the Bi-directional Interrupt Re-
Quest pin (BIRQ). A NMI is detected by the CPU when NMi
receives a falling edge. The falling edge is captured internal-
ly and the interrupt is processed when it is detected by the
CPU as described later. BIRQ can function as both an inter-
rupt into the DP8344 and as an output which can be used to
interrupt other devices. When BIRQ is configured as an in-
put an interrupt will occur if the pin is held low. Note that
BIRQ is not edge sensitive and if the pin is taken back high
before the interrupt is processed by the CPU then no inter-
rupt will occur.

The internal interrupts consist of the Transmitter FIFO Emp-
ty (TFE) interrupt, the Line Turn Around (LTA) interrupt, the
Time Out (TO) interrupt, and a user selectable receiver in-
terrupt source.

The receiver interrupt source is selected from either the Re-
ceiver FIFO Full (RFF) interrupt, the Data Available (DA)
interrupt, or the Receiver Active (RA) interrupt. The RFF
interrupt occurs when the receive FIFO is full or if the re-
ceiver detects an error condition. This interrupt enables the
user to handle packets of data as opposed to handling ev-
ery data word individually. It also allows the program to
spend additional time performing other tasks. However,
since the RFF interrupt is only asserted when the receive
FIFO is full, the LTA interrupt should be used in conjunction
with RFF to allow the program to check the FIFO for addi-
tional words at the end of a message. The DA interrupt
indicates valid data is present in the receive FIFO and also
occurs if the receiver detects an error condition. It should be
used when it is desirable to handle each data word individu-
ally. The DA interrupt also allows the program to utilize the
time between receiving each data word for performing other
tasks. The RA interrupt is asserted when the receiver de-
tects a valid start sequence. It provides the user with an
early indication of data coming into the receiver. This allows
the program time to perform any necessary overhead activi-
ty before handling the receiver data. The RA interrupt is
asserted approximately 90 transceiver clock cycles prior to
data becoming available in the receive FIFO when using
3270 mode. Consequently, if the transceiver and CPU are
operating at the same clock frequency, approximately 90
clock cycles (T-states) are available for interrupt latency
and taking care of overhead prior to handling the received
data.

A TFE interrupt occurs when the last word in the transmit
FIFO is loaded into the encoder. This interrupt allows a pro-
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gram to continue working on another task while the trans-
mitter is sending data. It is especially useful when sending a
long message. When the transmit FIFO becomes empty the
program is alerted by the TFE interrupt and may continue
the message by loading additional words into the FIFO. This
approach frees up a significant amount of processing time.
For example, after the transmit FIFO is loaded it takes the
transmitter approximately 264 transceiver clock cycles to
send the starting sequence and two data words in 3270
mode. With the CPU operating at the transceiver clock fre-
quency, the program has approximately 264 T-states avail-
able before the TFE interrupt will occur.

Once the TFE interrupt occurs the CPU has approximately
80 transceiver clock cycles to load the transmit FIFO in or-
der to continue a multiframe message in 3270 mode. If the
CPU is operating at the transceiver clock frequency, the
program has approximately 80 T-states to accomplish the
load operation. Since the load to the Receive/Transmit
Register, {RTR}, only takes 2 T-states, 78 T-states are
available for interrupt latency and processing overhead after
the interrupt occurs.

The LTA interrupt provides an easy means for determining
the end of a message. This allows a program to quickly
begin transmitting after the end of a reception. The LTA
interrupt indicates that the receiver detected a valid end se-
quence in 3270 mode of operation. In 5250 operating mode,
the LTA interrupt occurs when the last fill bit has been re-

- ceived and no further input transitions are detected by the

receiver. However, a LTA interrupt does not occur in 5250
or 8-bit non-promiscuous modes of operation unless an ad-
dress match was decoded by the receiver.

The TO interrupt occurs when the CPU timer counts down
to zero. The timer provides a flexible means for timing
events. It is a sixteen bit counter which can be loaded by
accessing CPU registers (TMH} and {TML} and is con-
trolled by the [TCS], [TLD] and [TST] bits in the Auxiliary
Control Register, {ACR]}. ‘

After an interrupt occurs the event that generated it must be
handled in order to clear the interrupt. The exception to this
is NML. Since it is falling edge triggered, itis cleared internal-
ly when the CPU processes the interrupt. The actions nec-
essary to clear the interrupts are listed in Table I.

In the case where BIRQ is asserted, the response will be
dependent on the system design. Ordinarily, this response
would involve some hardware handshaking such as reading
or writing a specific data memory location. When internal
interrupts become asserted there are specific actions which
must be taken by a program to clear these interrupts. The
RFF interrupt is cleared when the receive FIFO is no longer
full and any errors detected by the receiver are cleared.
Data is read from the receive FIFO by reading (RTR].
Reading the Error Code Register, {ECR}, clears any errors
detected by the receiver. The DA interrupt is cleared when
the receive FIFO is empty and any errors detected by the
receiver are cleared. The RA interrupt is cleared by reading
{RTR} or {ECR}. All three receiver interrupts are cleared
when the transceiver is reset. In many cases, resetting the
transceiver is the preferable response to an error detected
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TABLE l. Clearing Interrupts

Interrupt

How to Clear Interrupt

NMI

Internally Cleared When Recognized by the CPU.

RFF

Read {RTR} When Receive FIFO is Full. -

Read {ECR} When an Error Occurs.

Read {ECR} and {RTR} When an Error Occurs
and Receive FIFO is Full.

Reset the Transceiver.

Resetthe DP8344.

DA

Read {RTR} When Receive FIFO is Not Empty.

Read (ECR} When an Error Occurs.

Read (ECR} and {RTR} When an Error Occurs
and Receive FIFO is Not Empty.

Reset the Transceiver. :

Reset the DP8344.

RA

Read {RTR] or (ECR]}.
Reset the Transceiver.
Reset the DP8344.

TFE

Write to (RTR]}.

LTA

Write to {RTR].
Reset the Transceiver.

Reset the DP8344. )
Write a One to {NCF} Bit 4.

BIRQ

System Dependent.

TO

Write a One to {CCR} Bit7.
Stop the Timer.
Reset the DP8344.

by the receiver. The TFE interrupt is cleared by writing to
{RTRJ. Unlike the receiver interrupts, the TFE interrupt is
asserted when the transceiver is reset. The LTA interrupt is
also cleared by writing to {RTR} or resetting the transceiv-
er. The last internal interrupt is TO. It is cleared by writing a
one to bit 7 in the Condition-Code Register, {CCR} or by
stopping the timer. Note that the timer reloads itself and
continues to count after the interrupt has been generated
regardless of whether a one is written to bit 7 in {CCR}.

With the exception of NMI, all of the interrupts are disabled

when the DP8344 is reset. In order to make use of the inter-
rupts they must be enabled in software. Software enabling

_and disabling of the interrupts is performed by changing the

state of the Global Interrupt Enable, [GIE], bitin {ACR} and
the state of the individual interrupt mask bits in the Interrupt
Control Register, {ICR}.

" [GIE] is a read/write register bit and so may be changed by

using any instruction that can write to {ACR}. In addition,
the RET, RETF, and EXX instructions have option fields
which can be used to alter the state of [GIE]. RET and
RETF are the return instructions in the DP8344 and EXX is
used to exchange register banks. The EXX instruction can
set or clear [GIE] as well as leaving it unchanged. The RET
and RETF instructions can restore [GIE] to the value that

"was saved on the address stack at the time the interrupt

was recognized. They also provide the options of clearing or

" setting [GIE] or leaving it unchanged. [GIE] is cleared when

an interrupt is recognized by the CPU in order to prevent
other interrupts from occurring during an interrupt service
routine. The [GIE] options described above facilitate en-
abling and disabling interrupts when returning from an inter-
rupt service routine. The restore option is especially useful
with the NMI. Since an NMI can occur whether [GIE] is set
or cleared, the restore [GIE] option can be used in the re-
turn instruction to put [GIE] back to its state prior to the
interrupt occurring. )

As the name implies, [GIE] affects all the maskable inter-
rupts. However, in order to use any of these interrupts they
must be unmasked by changing the state of their associated
mask bit in (ICR}. When set high, bits [IM0], {IM1], [IM2],
[IM83], and [IM4] in {ICR} mask the receiver interrupt, TFE
interrupt, LTA interrupt, BIRQ interrupt, and TO interrupt re-
spectively. To enable an interrupt, its mask bit must be set
low. The interrupts and associated mask bits are shown in
Table Il. These bits are set high when the DP8344 is reset.
Bits [RIS1] and [RISO] in (ICR} are used to select the
source of the receiver interrupt as shown in Table lIl. Note

that only one of these interrupts can be active as the source

* of the receiver interrupt.
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TABLE il. {ICR} Interrupt Mask Bits

interrupt service routine. The return instruction at the end of

and Interrupt Priorlty the interrupt service routine would then return to the ad-
dress at which the interrupt occurred. By changing (IBR} it
Interrupt Mask Bit Priority is possible to locate the interrupt jump table in memory
NMI —_ Highest wherever it is convenient or for one program to use more
RFF, DA, RA IMO than one interrupt jump table.
TFE IM1 TABLE IV. Interrupt Vector Generation
LTA IM2
BIRQ IM3 Interrupt Code
TO IM4 Lowest NMI 111
RFF, DA, RA 001
TABLE lil. {ICR} Recelver Interrupt Select Bits TFE 010
Recelver Interrupt LTA 011
RIS1 RISO
Source BIRQ 100
0 0 RFF T0 101
0 1 DA
1 0 Reserved Interrupt Vector
1 1 RA | (BR] Contents 0 0 0 |code|o o
15 8 4 2 0

As stated earlier, [GIE] is cleared when an interrupt is rec-
ognized by the CPU. This prevents other interrupts from oc-
curring in the interrupt service routine. In cases where it is
desirable to allow nesting of interrupts, [GIE] should be set
high within the interrupt routine. An example of nesting inter-
rupts is using the RA interrupt in the main program and

switching to the RFF or DA interrupt in the RA interrupt ‘

routine. Note that the internal address stack is twelve words
deep and there is no recovery from a stack overflow. There-
fore, care should be taken when nesting interrupts.

When more than one interrupt is unmasked and asserted,
the CPU processes the interrupt with the highest priority
first. NMI has the highest priority followed by the receiver
interrupt, TFE, LTA, BIRQ, and TO. Therefore, if DA and
BIRQ were both active, DA would be processed first fol-
lowed by BIRQ. However, if a higher priority interrupt oc-
curred while the DA interrupt was being handled then it
would be processed before BIRQ. Each time the interrupts
are sampled, the highest priority interrupt is processed first,
regardless of how long a lower priority interrupt has been
active. Interrupt priority is summarized in Table II.

A call to the interrupt address is generated when an inter-
rupt is detected by the CPU. The address for each interrupt
is constructed by concatenating the Interrupt Base Register,
{IBR}, contents with the individual interrupt code as shown
in Table IV. There is room between the interrupt addresses
for a maximum of four instruction words. Normally, at each
interrupt address there would be a jump instruction to an

As mentioned previously, the interrupts are sampled in the
CPU prior to the start of each instruction. To be precise,
they are sampled by each falling edge of the CPU clock with
the last falling edge prior to the start of the next instruction
determining whether an interrupt will be processed. The tim-
ing of a typical interrupt event is shown in Figure 1. The
interrupt occurs during the current instruction and is sam-
pled by the falling edge of the CPU clock. The next instruc-
tion is not operated on and its address is stored in the inter-
nal address stack. In addition, the current state of [GIE] and
the states of the ALU flags and bank positions are stored in
the internal address stack. A 2 T-state call is now executed
in place of the non-executed instruction. This call will cause
a branch to the interrupt address that is generated in the
first half of T-state T1. [GIE] is then cleared during the first
half of T-state T2. From this description it is evident that the
shortest interrupt latency is 2.5 T-states. This assumes that
an interrupt occurs during the first half of T2 and is sampled
by the next falling edge of the CPU clock. However, a num-
ber of factors can increase the interrupt latency. If the inter-
rupt misses the setup time to the falling edge of the last
CPU clock the response time will increase by a minimum of
2 T-states. This increase is caused by the execution of one
additional instruction. Of courss, if the additional instruction
takes more than 2 T-states to execute the interrupt latency
will be greater.
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|4——f minimum Interrupt latency

| n . | 2 | m ‘ 2 ) T l 2 }

" Interrupt
\ © sampled

Interrupt

Instruction Non-executed Interrupt Vector
Address Bus Instruction Address Address .

Instruction "
Bus Non=executed instruction First interrupt instruction
(GIE] ' \

FIGURE 1. Minimum Interrupt Timing
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Running the DP8344 with wait states will also increase inter-
rupt latency. Instruction memory wait states increase laten-
cy by increasing the length of each instruction, including the
call to the interrupt service routine. Data memory wait states

will increase interrupt latency if an interrupt must wait for an -

instruction which accesses data memory to execute before
it can be processed. A less obvious factor that can increase
interrupt latency is data memory accesses by the remote
system. If the DP8344 is attempting a data memory access
and the remote system already has control of the data
memory bus, the CPU will be waited. If an interrupt occurs at
this time it will not be processed until the DP8344 is able to
complete the instruction which is accessing data memory.
This implies that a system with a lot of data memory arbitra-
tion occurring between the DP8344 and the remote system
may have a longer average interrupt latency. The worst
case interrupt latency will occur when the external

LOCK or WAIT pins are asserted. Clearly, if the CPU is
stopped by the assertion of the WAIT pin any interrupts
ocurring will not be processed until the CPU is released
from the wait state. Asserting the LOCK pin would have the
same affect if the DP8344 attempts to make a data memory
access. Note that interrupts are not disabled or cleared
when the CPU is stopped by the remote system deasserting
[STRT] in the Remote Interface Configuration, {RIC}, regis-
ter. When the CPU is restarted any asserted interrupts will
be processed. From the above discussion it is evident that
calculating the interrupt latency is not trivial and will be de-
pendent on the program and the system.

The interrupts on the DP8344 are powerful tools for control-
ling events in a time critical environment. They are one of
the many reasons why the DP8344 Bi-phase. Communica-
tions Processor provides a superior solution to managing
communications interfaces.
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DP8344 BCP Stand-Alone
Soft-Load System

INTRODUCTION

The DP8344 Biphase Communications Processor (BCP) is a
20 MHz Harvard architecture microprocessor with an on-
chip transmitter and receiver. The BCP can be used to im-
plement several biphase communication protocols:
1BM 3270, IBM 3299, 1BM 5250, and National's general pur-
pose 8-bit protocol. This application note shows how

National Semiconductor
Application Note 504
Jim Margeson

DP8344 software can be loaded from EPROM into instruc-
tion RAM. It is particularly valuable in stand-alone systems
where the BCP is not interfaced to a host processor. Possi-
ble applications include: protoco! converters, multiplexers,
high-speed remote data acquisition systems and remote
process control systems.
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FIGURE 1. BCP System with Host Processor
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FIGURE 2. BCP Stand-Alone System with EPROM Soft Load Circuit

2-192




v0S-NV

R
INSTRUCTION ADDRESS

o)
NG S
CLK=0UT O_WL 1Y
e1p) 188696 WHZ 3,
— x2
39p S
aff T wul,
I
39pt
P xetoik
WAT
NNl
10K TIL-IN
R BRa gcP K0:15)  INSTRUCTION BUS
R READ=
DP34AY WRITE WRIES
Hi—Hy
DATA=DEL Al o7 74AL$373
u
LINE DATA=OUT ¥ |2% ;g
INTERFACE LX-:SS % %
- o i
1] w-winus o hrx
o sl
n 7R
8 sp
¢
oc
g 13 [
I~ ;
E 3R
g4 eglsl 5
CLK=0UT PAL16REB RIE
T ax |, T
Fu- % o
<+ 3. — o [T ]
A 33 XA 3 - Ty
T4ALs14 K —Hi gj el
1 2 3RS 3 0
03 [LBAE
u 03
1< 1 M Ko
- s 05 NG
3117 o6 PLAMEMR
]
EPAO
TL/F/9403-3
FIGURE 3. Schematic

2-193



AN-504

R
1A(0:15) INSTRUCTION ADDRESS INSTRUCTION MEMORY
—I» 1=
Vee y vee
W2 |2 u2 2 o il
rmen P B i mi )iz W
w0 2| Al OE 50 w0 1] Al OF
o 21| A0  TSifoe rener7y A 413
=) W g o) (S
rvms TV T w7 3142 g 19
ey % 18 11e s_4]5¢ B g; 18
A5 a5 45nS os | n3 WS_ S 45nS 17
a6 12 U6 16
(X fed E3aTiy A fod i3
o pd EERTTD — 5] 4 13
W94, [y] K L8], [ 2
w70} 40 I ) wo 70} 40 2 i
GND GND
‘94 MBB1C78A=45 é“ MBB1C78A~45
STRUCTION BUS PKG FT=28PM02 Ko:15) PKG FT-28PM02
L
A(8:15)
A{0:
DATA (MULTIPLEXED
DATA MEMORY
A2 2 PERIPHERALS
A28
A0 21
[ AS_241 (VARTS,
A8 23 DIGTAL 1/0,
AND/OR
ANALOG 1/0)
A -
A2
A 9]
NMC27CP128 ’_.__AO 10]
-EZ[ vee A
% $l4 MBB1CT8A=45

PKG FT-28PM02

(34 5
LR

T.

13

TL/F/9403-4
FIGURE 3. Schematic (Continued)

2-194



WHY EPROM SOFT-LOAD?

In a stand-alone application, the BCP instruction code must
be kept in non-volatile memory. Instruction memory with
45 ns access time is required to run the BCP at full speed.

EPROM at this speed can be quite expensive, much more
than 45 ns RAM or 350 ns EPROM. RAM with 45 ns access
time can be used for instruction memory if a scheme is em-
ployed to load the BCP code into the RAM from slow
(350 ns), inexpensive EPROM, upon power-up.

In non-stand-alone applications, a host processor would
communicate with the BCP through the BCP’s built-in re-
mote interface (Figure 7). In such a system, BCP code
would be loaded from the host into the BCP's instruction
RAM using the remote interface. In a stand-alone system,
however, the BCP is not interfaced to a host; the program is
loaded from EPROM through the remote interface. As
shown in Figure 2 a PAL® sequencer controls the loading of
the program, generating handshaking signals similar to
those of a typical host processor. When the load is com-
plete, the sequencer tells the BCP to begin execution of the
program. '

HOW THE SOFT-LOAD CIRCUIT WORKS

The BCP, as configured in this system, comes up halted
after reset (Figure 3). The program counter is set to zero,
and the remote interface is configured to receive 16-bit in-
structions in 8-bit pieces and write them into instruction
memory. The BCP has the feature that it can be configured

IDLE

»)
~7

-

to come up stopped or to begin program execution after a
reset has occurred. If the following conditions are true when
reset is de-asserted then the processor will begin running:
RAE~ (Remote Access Enable, active low) = High,
REMWR ~ (Remote Write, active low) = low, REMRD~
(Remote Read, active low) = low. Otherwiss, it will come up
halted.

The PAL sequencer begins the software load by writing the
low byte of the first instruction to the remote interface. A
simplified flowchart of the sequence operation is shown in
Figure 4.

This byte comes from address 0000H of the EPROM. The
corresponding locations of EPROM and RAM are shown in
Figure 5. The least significant address line of the EPROM is
controlled by the sequencer; the other address lines are
driven by the instruction address bus of the BCP. The in-
struction address bus reflects the contents of the BCP's
program counter (PC), which contains the destination of the
instruction currently being loaded. After the low byte of the
first instruction is written to the remote interface, the se-
quencer brings the least significant address’ line of the
EPROM high. Now location 0001H of the EPROM is ad-
dressed, and the high byte of the first instruction is written to
the remote interface. At this point the BCP writes both bytes
into address 0000H of instruction RAM, and increments its
program counter.

TRANSFER
LOW BYTE OF
INSTRUCTION

4

TRANSFER HIGH
BYTE OF
INSTRUCTION

START
THE
BCP

TL/F/9403-5

FIGURE 4. Sequencer Operation
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EPROM Instruction
Address Memory Address
0 0 (Low Byte)
1 0 (High Byte)
2 1 (Low Byte)
3 1 (High Byte)
4 2 (Low Byte)
5 2 (High Byte)
L] . L] .
[ ] L] L ]
L ] [ ] L[]
L] L ] o L]
16382 8190 " (Low Byte)
' 16383 8191 (High Byte).

FIGURE 5. EPROM to RAM Address Mapping

The first 16-bit instruction has been transferred; the second
is done in a similar manner. The sequencer brings the least
significant address line of the EPROM low again. The PC
now contains 0001H, which is output on the instruction

address bus. Location 0002H of the EPROM is addressed,
and. the low byte of the second instruction is written to the
remote interface. The sequencer then brings the least sig-
nificant address line of the EPROM high (to address loca-
tion 0003H) and the high byte of the second instruction is
transferred. The BCP writes the second 16-bit instruction to
location 0001H of instruction RAM. This process is repeated
until the last instruction is transferred.

The‘seiquencer senses that the load is comblete when in-
struction address line 13 comes high. This occurs when the

- program counter is incremented to a value of 4000H, indi-

cating that 8K instruction words have been transferred. At
this point the BCP must be started. To achieve this, the
sequencer resets the BCP again, while holding RAE~ high,
REMRD~ low, and REMWR~ low. A reset during these
conditions brings the processor up running, and also clears
the program counter. The BCP begins execution at instruc-
tion address 0000H and the sequencer and EPROM go into
an inactive state, transparent to the software being execut-
ed. A detailed version of the sequencer flowchart is shown
in Figure 6. A hardware compiler/minimizer was used to ob-
tain the equations shown in Figure 7. These equations were
used to program a National PAL16R6B. Typical timing
waveforms of the soft-load are shown in Figure 8.
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FIGURE 6. Sequencer Flowchart
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There are several advantages to using the remote interface
to load the BCP software. If a scheme like the one in Figure
9 was used to load the program directly from EPROM to
instruction RAM, much more hardware would be required
and the access time of the RAM would need to be shorter.
Two EPROMs would have to be used instead of one be-
cause the transfer would be 16 bits wide instead of 8 bits. In
this case the BCP’s program counter could not be used to

DMPAL16R6B;  SOFTLOAD
CK LCL XACK IAl3 RESET NC6 NC7 NC8 IWR GND

increment through the memory locations, thus an external
13-bit counter would be needed. TRI-STATE® buffers would
isolate the RAM and EPROM from the instruction data and
instruction address busses during soft-load. These buffers
would add propagation delays to memory accesses de-
manding that faster RAM be used. Soft-loading through the
remote interface requires fewer L.C.'s and does not degrade
the performance of the processor.

/OE /BRESET /REMWR /EPAO /CS /ST2 /STl /REMRD /LCLINV VCC

/REMRD := RESET* /REMRD* 0S* /EPAO* /REMWR
+ RESET* /REMRD* ST2* (CS* /REMWR
+ RESET* /REMRD* ST1* - os* /REMWR
+ RESET*IA13* REMRD*/ST1*/ST2%*/CS*/EPAO* REMWR
/STL  := RESET* REMRD*/ST1*  ST2*/CS
+ RESET* REMRD* ST1%*/ST2*/CS
+ RESET* JREMRD* ST1*/ST2* (S* JREMWR
+ RESET* JREMRD* /ST1* ST2* CS* /REMWR
+ RESET*/XACK*REMRD* /ST2* /CS* /REMWR
/ST2  := RESET* REMRD* ST2*/CS o
+ RESET* /XACK*REMRD* /ST1* /6s* /REMWR
+ RESET* /REMRD* ST2* cs* /REMWR
+ RESET* JREMRD* /ST1* CS* EPAO*/REMWR
+ RESET* REMRD* ST1*/ST2* CS* EPAO* REMWR
/Cs := RESET* REMRD* J0S* JREMWR
+ RESET* REMRD* ST1* /0S
+ RESET* REMRD* /CS* EPAO
+ RESET* REMRD* ST2%/CS
+ RESET* REMRD* ST1* ST2* EPAO* REMWR
+ RESET*/IA13*REMRD* /08
*JEPA0  := RESET* REMRD* ST2%*/CS*/EPAO
+ RESET*/XACK*REMRD* /CS* /EPAQO
+ RESET* REMRD* /CS*/EPAO* REMWR
+ RESET* REMRD* STL1* CS*/EPAO
+ RESET* /REMRD* ST1% CS*/EPAO* /REMWR
+ RESET* /REMRD* /ST2* CS*/EPAO* /REMWR
+ RESET*XACK* REMRD*/ST1%/ST2*/CS EPAO*/REMWR
+ RESET* REMRD* ST1*/ST2% CS*EPAO* REMWR
JREMWR := RESET* /REMRD* ST2%/0S* JREMWR
+ RESET* REMRD* ST1* /Cs* /REMWR
+ RESET* /REMRD* ©S* /EPAO* /REMWR
+ RESET* /REMRD* ST2* CS* /REMWR
+ RESET* REMRD* /ST1* /ST2* /CS* REMWR
+ RESET* JREMRD* ST1% os* /REMAR
+ RESET*/XACK*REMRD* - Jcs* /REMWR
/BRESET = /RESET + /REMRD*/ST1*CS*/EPAO*/REMWR
JLCLINV = LCL

FIGURE 7
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Timing at Beginning of Instruction Load
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FIGURE 8. Example of Timing Waveforms
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FIGURE 9. Another Method of Soft-Loading (A Non-ideal Solution)

MODIFYING THE SOFT-LOAD SYSTEM

FOR LARGER MEMORY

The soft-load system as documented loads 8K x 16 bits of
instruction memory. Large programs may require more
memory; smaller, lower cost systems may use less. The
soft-load system can easily be altered to load larger or
smaller instruction memory by changing one connection.
Connecting a different instruction address line to pin 4 of
the PAL changes how much instruction memory is loaded:
These connections are shown in Figure 10.

Instruction Memory Size: | Connect Pin 4 of PAL to:
32kx 16 IA15
16k x 16 1A14
8kx 16 1A13
4kx 16 1A12
2kx 16 1A11
FIGURE 10. Connections for Altering
Instruction Memory Size

USING THE CAPSTONE CT-104 DEVELOPMENT BOARD
TO EVALUATE THE SOFT-LOAD APPLICATION

A DP8344 biphase Communications Process development
board is available from Capstone Technology Inc., of Fre-
mont, California. The board is designed to reside in an IBM®

tional I.C.’s into the breadboard area. A diagram of the
CT-104 board with the additional components is shown in
Figure 11. Note that most of the prototyping area remains
available, enabling the addition of other circuitry specific to
the application being developed. A parts list is shown in
Figure 12. The PAL16R6 is programmed with the equations
shown in Figure 7. U22 and U23 must be removed from the
CT-104 board and be replaced with specially wired 20-pin
headers. The wiring on these headers, shown in Figure 13,
provides access to the RESET~ signal and disables the
unused interface circuitry on the board. Pin 11 of the header
that replaces U23 must be wired to pin 13 of the 74LS14. A
wiring list is shown in Figure 14. Power supply connections
must be added because the board can no longer reside in

. the PC. Development of a stand-alone soft-load application

PC. A breadboard area is provided on the board so that -

custom circuitry can be added. It can be converted into a
stand-alone soft-load system by wire-wrapping three addi-

can be done easily and quickly by using the CT-104 board
because minimal circuit construction is required.

SUMMARY

The soft-load circuit uses the BCP’s remote interface to
load BCP code from slow EPROM to fast RAM, with a mini-
mum.of extra hardware. This method is useful in systems
where there is no host processor directly interfaced to the
BCP and the full processing speed of the BCP is needed.
The circuit can easily be modified to load different sizes of
memory. The Capstone Technology, Inc. CT-104 develop-
ment board can easily be converted to a stand-alone soft-
load system for evaluation of the application.
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GENERAL PROTOTYPING AREA
NMC27CP128 EPROM
BYPASS CAPACITORS

- CRYSTAL COAX
UP 10 64K DP8344 LINE
INSTRUCTION INTERFACE
BCP PINS MEMORY ADDRESS BCP
AND ATcR
PC BUS

SR STOM L COAX BNC
FOR Cu:
741514 \D PROTO= UP T0 64K LINE - OR
PAL16R6 TYPING DATA PC BUS INTERFACE TWINAX

MEMORY INTERFACE PROTOTYPING CONNECTOR

1 I

TL/F/9403-10
FIGURE 11. CT-104 Development Board with Soft-Load Clrcuitry

NMC27CP128 350 ns access time or faster
PAL16R6B
DM74LS14N
28-pin wire-wrap socket
20-pin wire-wrap socket
14-pin wire-wrap socket
3 Bypass capacitors, 0.1 pF
2 50-pin wire-wrap strips, 2 pins wide
2 20-pin headers
FIGURE 12. Parts List for Conversion of CT-104 Board

20 1"
o o o o o o o>
Pin 13 of U102

0o 0 0 0 0 0 0 0 O O

1 Replaces U23 10
20 1"
T o 0 o T T ] T—T
o 0 0 0 0 0 o© o o

1 Replaces U23 10

. TL/F/9403-11
FIGURE 13. Header Wiring for Conversion of CT-104 Board
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Pin Unit to Pin Unit Pin Unit -to ... Pin Unit -
1 U100 — VCC 28 U100 — VCC
2 U100 12 w1 1 U101 17 w2
3 U100 7 w1 2 U101 11 w2
4 U100 6 wi 3 U101 - 7 w2
5 U100 5 w1 4 utot 14 w1
6 U100 4 w1 5 U101 - 10 U102
7 U100 3 wi 6 U101 — GND
8 U100 2 w1 7 U101 - GND
9 U100 1 w1 8 U101 — GND
10 U100 14 U101 9 u1o1 50 w1
1 U100 33 w1 10 U101 — GND
12 U100 34 w1 1 U101 49 w2
13 U100 35 w1 12 U101 8 w2
14 U100 — GND 13 U101 48 w2
15 U100 36 w1 15 utot. 46 w2
16 U100 37 wi 18 uto1 . 47 w2
17 U100 38 w1 20 U101 — vCcC
18 U100 39 w1 1 U102 - GND
19 U100 40 w1 3 ut02 — GND
20 U100 46 w2 5 u102: — GND
21 U100 10 w1 7 U102 — GND
22 U100 19 U101 9 U102 - GND
23 U100 1 w1 bl U102 12 U102
24 U100 9 W1 13 U102 11 U23 HEADER
25 U100 8 w1 14 U102 — vce
26 U100 13 w1 45 w2 — GND
27 U100 — vCC

FIGURE 14. Wiring List for Conversion of CT-104 Board
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Interfacing the DP8344
to Twinax

OVERVIEW

The DP8344, or Biphase Communications Processor
from National Semiconductor's Advanced Peripherals group
brings a new level of system integration and simplicity to the
IBM® connectivity world. Combining a 20 MHz RISC archi-
tecture CPU with a flexible multi-protocol transceiver and
remote interface, the BCP is well suited for IBM 3270, 3299
and 5250 protocol interfaces. This Application Note will
show how to interface the BCP to twinax, as well as provide
some basics about the IBM 5250 environment.

5250 ENVIRONMENT

The IBM 5250 environment encompasses a family of devic- .

es that attach to the IBM System/34, 36 and 38 mid-size
computer systems. System unit mode! numbers include the
5360, 5362, 5364, 5381, and 5382, and remote controller

models 5294 and 5251 model 12. The system units have

integral work station controllers and some may support up
to 256 native mode twinax devices locally. Native mode twi-
nax devices are ones that connect to one of these host
computers or their remote control units via a multi-drop, high
speed serial link utilizing the 5250 data stream. This serial
link is primarily implemented with twinaxial cable but may be
also found using telephone grade twisted pair. Native mode
5250 devices include mono-chrome, color and graphics ter-
minals, as well as a wide range of printers and personal
computer emulation devices.

TWINAX AS A TRANSMISSION MEDIA

The 5250 environment utilizes twinax in a multi-drop config-
uration, where eight devices can be “daisy-chained” over a
total distance of 5000 ft. and eleven splices, (each physical
device is considered a splice) see Figure 1. Twinax can be
routed in plenums or conduits, and can be hung from poles
between buildings (lightning arrestors are recommended for
this). Twinax connectors are bulky and expensive, but are
very sturdy. Different sorts may be purchased from IBM or a
variety of third party vendors, including Amphenol. Twinax
should not be spliced; to connect cables together both ca-
bles should be equipped with male connectors and a quick-
disconnect adapter should be used to join them (Amphenol
#82-5588).

cesccescercccccney

National Semiconductor
Application Note 516
Thomas J. Quigley

Twinaxial cable is a shielded twisted pair that is nearly 1/, of
an inch thick. This hefty cable can be either vinyl or teflon
jacketed and has two internal conductors encased in a stiff
polethylene core. The cable is available from BELDEN (type
#9307) and other vendors, and is significantly more expen-
sive than coax.
The cable shield must be continuous throughout the trans-
mission system, and be grounded at the system unit and
each station. Since twinax connectors have exposed metal
connected to their shield grounds, care must be taken not to
expose them to noise sources. The polarity of the two inner
conductors must also be maintained throughout the trans-
mission system.
The transmission system is implemented in a balanced cur-
rent mode; every receiver/transmitter pair is directly cou-
pled to the twinax at all times. Data is impressed on the
transmission line by unbalancing the line voltage with the
driver current. The system requires passive termination at
both ends of the transmission line. The termination resist-
ance value is given by:

Rt = Zoy2; where

R¢: Termination Resistance

2Z,: Characteristic Impedance
In practice, termination is accomplished by connecting both
conductors to the shield via 54.99, 1% resistors; hence the
characteristic impedance of the twinax cable of 107Q +5%
at 1.0 MHz. Intermediate stations must not terminate the
line; each is configured for “‘pass-through” instead of “ter-
minate” mode. Stations do not have to be powered on to
pass twinax signals on to other stations; all of the receiver/
transmitter pairs are DC coupled. Consequently, devices
must never output any signals on the twinax line during pow-
er-up or down that could be construed as data, or interfere
with valid data transmission between other devices.

WAVEFORMS

The bit rate utilized in the 5250 protocol is 1 MHz +2% for
most terminals, printers and controllers. The IBM 3196 dis-
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FIGURE 1. Multi-Drop Transmission Lines

The eight stations shown include the host device as a station. The first and last stations are terminated while intermediats stations are not.
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play station has a bit rate of 1.0368 MHz +0.01%. The data
are encoded in biphase, NRZI (non-return to zero inverted)
manner; a “1” bit is represented by a positive to negative
transition, a “0” is a negative to positive transition in the
center of ‘a bit cell. This is opposite from the somewhat
more familiar 3270 coax method. The biphase NRZI data is
encoded in a pseudo-differential manner; i.e. the signal on
the “A” conductor is subtracted from the signal on “B” to
form the waveform shown in Figure 2. Signals A and B are
not differentially driven; one phase lags the other in time by
180°. Figures 3 and 4 show actual signals taken at the driver
and receiver after 5000 ft. of twinax, respectively.

[}
lee (ns) =+

500 1000 2000 3000 4000

The signal on either the A or B phase is a negative going
pulse with an amplitude of —0.32V +20% and duration of
500 +20 ns. During the first 250 +20 ns, a predistortion or
pre-emphasis pulse is added to the waveform yielding an
amplitude of —1.6V +£20%. When a signal on the A phase
is considered together with its B phase counterpart, the re-
sultant waveform represents a bit cell or bit time, comprised

_ of two half-bit times. A bit cell is 1 us +20 ns in duration

and must have a mid bit transition. The mid bit transition is

“the synchronizing element of the waveform and is key to

maintaining transmission integrity throughout the system.

5000 6000 7000 - 8000 8000

AoV
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FIGURE 2. Twinax Waveforms

- TLIF/9635-2

The signal on phasé A is shown at the initiation of the line quiesce/line violation sequence.
. Phase B is shown for that sequence, delayed in time by 500 ns.

The NRZI data r

d from the trar

TL/F/9635-3

FIGURE 3. Signal at the Driver
The signal shown was taken with channel 1 of an oscilloscope connected to
phase B, channel 2 connected to A, and then channel 2 inverted and added
to channel 1.

TL/F/9635-4

FIGURE 4. Signal at the Recelver

The signal shown was viewed in the same manner as Figure 3. The severe
attenuation is due to the filtering effects of 5000 ft. of twinax cable.




As previously mentioned, the maximum length of a twinax
line is 5000 ft. and the maximum number of splices in the
line is eleven. Devices count as splices, so that with eight
devices on line, there can be four other splices. The signal
5000 ft. and eleven splices from the controller has a mini-
mum amplitude of 100 mV and a slower edge rate. The bit
cell transitions have a period of 1 ps +30 ns.:

5250 BIT STREAM

The 5250 Bit stream used between the host control units
and stations on the twinax line consists of three separate
parts; a bit synchronization pattern, a frame synchronization
pattern, and one or more command or data frames. The bit
sync pattern is typically five one bit cells. This pattern
serves to charge the distributed capacitance of the trans-
mission line in preparation for data transmission and to syn-
chronize receivers on the line to the bit stream. Following
the bit sync or line quiesce pattern is the frame sync or line
violation. This is a violation of the biphase, NRZ| data mid
bit transition rule. A positive going half bit, 1.5 times norma!
duration, followed by a negative going signal, again 1.5
times normal width, allows the receiving circuitry to estab-
lish frame sync.

Frames are 16 bits in length and begin with a sync or start
bit that is always a 1. The next 8 bits comprise the com-
mand or data frame, followed by the station address field of
three bits, a parity bit establishing even parity over the start,
data and address fields, and ending with a minimum of three
fill bits (fill bits are always zero). A message consists of a bit
sync, frame sync, and some number of frames up to 256 in
total. A variable amount of inter-frame fill bits may be used
to control the pacing of the data flow. The SET MODE com-
mand from the host controller sets the number of bytes of
zero fill sent by attached devices between data frames. The
zero fill count is usually set to zero. The number of zero fill
bits injected between frames by the BCP is set by the Fill Bit
select register (FBR}. This register contains the one’s com-
plement of the number of BITS sent, not bytes.

Message routing is accomplished through use of the three-
bit address field and some basic protocol rules. As men-
tioned above, there is a maximum of eight devices on a
given twinax line. One device is designated the controller or

host and the remaining seven are slave devices. All commu-
nication on the twinax line is host initiated and half duplex.
Each of the seven devices is assigned a unique station ad-
dress from zero to six. Address seven is used for an End Of
Message delimiter, or EOM. The first or only frame of a
message from controller to device must contain the address
of the device. Succeeding frames do not have to contain the
same address for the original device to remain selected,
although they usually do.

The last frame in a sequence must contain the EOM delimi-
ter. For responses from the device to the controller, the
responding device places its own address in the address
field in frames 1 to (n — 1),where n < 256, and places the
EOM delimiter in the address field of frame n. However, if
the response to the controller is only one frame, the EOM
delimiter is used. The controller assumes that the respond-
ing devices was the one addressed in the initiating com-
mand.

Responses to the host must begin in 60 +20 us, although
some specifications state a 45 £15 ps response time. In
practice, controllers do not change their time out values per
device type so that anywhere from 30 ps to 80 us response
times are appropriate.

DRIVER CIRCUITS FOR THE DP8344

The transmitter interface on the DP8344 is sufficiently gen-
eral to allow use in 3270, 5250, and 8-bit transmission sys-
tems. Because of this generality, some external hardware is
needed to adapt the outputs to form the signals necessary
to drive the twinax line. The chip provides three signals:
DATA-OUT, DATA-DLY, and TX-ACT. DATA-OUT is bi-
phase serial data (inverted). DATA-DLY is the biphase serial
data output (non-inverted) delayed one-quarter bit-time. TX-
ACT, or transmitter active, signals that serial data is being
transmitted when asserted. DATA-OUT and DATA-DLY can
be used to form the A and B phase signals with their three
levels by the circuit shown in Figure 5. TX-ACT is used as an
external transmitter enable. The BCP can invert the sense
of the DATA-OUT and DATA-DLY signals by asserting TIN
(TMR[3]}. This feature allows both 3270 and 5250 type
biphase data to be generated, and/or utilization of inverting
or non-inverting transmitter stages.
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MINUS=5V " 751104 mﬁ-ﬁ
vee- 13 0POT - SHIELD GND
— 1 v =0, PASS THRU
TX=DATA E 1A 1z 12 » \
TeACT Dy JAL508 i b !
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PWR-G00D [>— o _
S0 2™ TERMINATE
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'l
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" . W
vee-
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._E 1z o—{—< S
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10 27ma Wv
5
2
Tusss ruses THsf  zvf
sl 20—
™=DLY
TL/F/9635-5
FIGURE 5. Schematic
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The current mode drive method used by native twinax devic-
es has both distinct advantages and disadvantages. Current
mode drivers require less power to drive properly terminat-
ed, low-impedance lines than voltage mode drivers. Large
output current surges associated with voltage mode drivers
during pulse transition are also avoided. Unwanted current
surges can contribute to both crosstalk and radiated emis-
sion problems. When data rate is increased, the surge time
(representing the energy required to charge the distributed
capacitance of the transmission line) represents a larger
percentage of the driver's duty cycle and results in in-
creased total power dissipation and performance degrada-
tion.

A disadvantage of current mode drive is that DC coupling is
required. This implies that system grounds are tied together
from station to station. Ground potential differences result in
ground currents that can be significant. AC coupling re-
moves the DC component and allows stations to float with
respect to the host ground potential. AC coupling can also
be more expensive to implement.

Drivers for the 5250 environment may not place any signals
on the transmission system when not activated. The power-
on and off conditions of drivers must be prevented from
causing noise on the system since other devices may be in
operation. Figure 5 shows a “DC power good” signal en-
abling the driver circuit. This signal will lock out conduction
in the drivers if the supply voltage is out of tolerance.

Twinax signals can be viewed as consisting of two distinct
phases, phase A and phase B, each with three levels, off,
high and low. The off level corresponds with 0 mA current
being driven, the high level is nominally 62.5 mA,
+20%-30%, and the low level is nominally 12.5 mA,
+20%-30%. When these currents are applied to a proper-
ly terminated transmission line the resultant voltages im-
pressed at the driver are: off level is 0V, low level is 0.32V
+20%, high level is 1.6V +20%. The interface must pro-
vide for switching of the A and B phases and the three
levels. A bi-modal constant current source for each phase
can be built that has a TTL level interface for the BCP.

An integrated solution can be constructed with a few current
mode driver parts available from National and Texas Instru-
ments. The 75110A and 75112 can be combined to provide
both the A and B phases and the bi-modal current drive
required as in Figure 5. The external logic used adapts the
coax oriented BCP outputs to the twinax interface circuit,
and prevents spurious transmissions during power-up or
down. The serial NRZ data is inverted prior to being output
by the BCP by setting TIN, {TMR([3]}.

RECEIVER CIRCUITS

The pseudo-differential mode of the twinax signals make
receiver design requirements somewhat different than the
coax 3270 world. Hence, the analog receiver on the BCP is
not well suited to receiving twinax data. The BCP provides
both analog inputs to an on-board comparator circuit as well
as a TTL level serial data input, TTL-IN. The sense of this
serial data can be inverted by the BCP by asserting RIN,
{TMRI[4]}.

The external receiver circuit must be designed with care to
ensure reliable decoding of the bit-stream in the worst envi-
ronments. Signals as small as 100 mV must be detected. In
order to receive the worst case signals, the input level
switching threshold or hysteresis for the receiver should be

nominally 28 mV +20%. This value allows the steady state,
worst case signal level of 100 mV 66% of its amplitude
before transitioning.

To achieve this, a differential comparator with complemen-
tary outputs can be applied, such as the National LM361.
The complementary outputs are useful in setting the hyster-
esis or switching threshold to the appropriate levels. The
LM361 also provides excellent common mode noise rejec-
tion and a low input offset voltage. Low input leakage cur-
rent allows the design of an extremely sensitive receiver,
without loading the transmission line excessively.

In addition to good analog deéign techniques, a low pass
filter with a roll-off of approximately 1 MHz should be ap-
plied to both the A and B phases. This filter essentially con-
ducts high frequency noise to the opposite phase, effective-
ly making the noise common mode and easily rejectable.
Layout considerations for the LM361 include proper bypass-
ing of the 12V supplies at the chip itself, with as short as
possible traces from the pins to 0.1 pF ceramic capacitors.
Using surface mount chip capacitors reduces lead induc-
tance and is therefore preferable in this case. Keeping the
input traces as short and even in length is also important.
The intent is to minimize inductance effects as well as stan-
dardize those effects on both inputs. The LM361 should
have as much ground plane under and around it as possi-
ble. Trace widths for the input signals especially should be
as wide as possible; 0.1 inch is usually sufficient. Finally,
keep all associated discrete components nearby with short
routing and good ground/supply connections.
Design equations for the LM361 in a 5250 application are
shown here for example. The hysteresis voltage, Vp, can be
expressed the following way:

Vh = Viio + ((Rin/(Rin + Ry) X Vo))

= (Rin/(Rin + Ry) X Vo)

where

Vi — Hysteresis Voltages, Volts

Rin — Series Input Resistance, Ohms

Ry — Feedback Resistance, Ohms

Cin — Input Capacitance, Farads

Vrio— Receiver Input Offset Voltage, Volits

Voh— Output Voltage High, Volts

Vo1 — Output Voltage Low, Volts
The input filter values can be found through this relation-

" ship:

Vein = Vint = Vinz71 + WCin (Rint + Rin2)
where Rin1 = Rin2 = Rin:
‘Fro = w/2m
Fro = 1/(2m X Rjn X Cjp)
Cin = 1/(27 X Rjn X Fro)
where
Vint, Vina— Phase A and B signal voltages, Volts

Vein — Voltage across Ciy, or the output of the filter,
: Volts

Rin1, Ring— Input resistor values, Rjn1 = Rjn2, Ohms
Fro — Roll-Off Frequency, Hz
w — Frequency, Radians
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The roll-off frequency, Fro, should be set nominally to

1 MHz to allow for transitions at the transmission bit rate.

The transition rate when both phases are taken together is

2 MHz, but then Rjn¢ and Rjp2 must be considered, so:

Fro2 = 1/(27 X (Rin1 + Rin2) X Cin)

or,

Fro2 = 1/(2mw X 2 X Rip X Cip)

where Fro2 = 2 X Fro, yielding the same results.

The following table shows the range of values expected:

TABLE |
Value Maximum Minimum Nominal Units Tolerance
Rin 4.935E+03 4.465E+03 4.700E+03 Q 0.05
Rr 8.295E+ 05 7.505E+05 7.900E+05 ¢ 0.05
CiN 4,4556E—11 2.6875E—11 - 3.3863E—11 F .
VoH 5.250E+00 4.750E+00 5.000E+00 \
VoL 4.000E—~01 2.000E—01 3.000E—-01 \
VIN+ 1.920E+00 1.000E—01 \
ViN- 1.920E + 00 1.000E—01 \
VRIO 5.000E—03 0.000E+00 1.000E—-03 \
R 6.533E—03 5.354E—-03 5.914E-03 Q
Fro 1.200E+06 8.000E+05 1.000E + 06 Hz 0.2
VH 3.368E—02 2.691E—-02 2.880E—-02 v
Xc 7.4025E+03 . 2.9767E+03 4.7000E+03

The BCP has a number of advanced features that give de-
signers much flexibility to adapt products to a wide range of
IBM environments. Besides the basic multi-protocol capabil-
ity of the BCP, the designer may select the inbound and
outbound serial data polarity, the number of received and
transmitted line quiesces, and in 5250 modes, a program-
mable extension of the TX-ACT signal after transmission.

The polarity selection on the serial data stream is useful in
building single products that handle both 3270 and 5250
protocols. The 3270 biphase data is inverted with respect to
5250. '

Selecting the number of line quiesces on the inbound serial
data changes the number of line quiesce bits that the re-
ceiver requires before a line violation to form a valid start

sequence. This flexibility allows the BCP to operate in ex-
tremely noisy environments, allowing more time for the
transmission line to charge at the beginning of a transmis-
sion. The selection of the transmitted line quiesce pattern is
not generally used in the 5250 arena, but has applications in
3270. Changing the number of line quiesces at the start of a
line quiesce pattern may be used by some equipment to
implement additional repeater functions, or for certain inflex-
ible receivers to sync up.

The most important advanced feature of the BCP for 5250
applications is the programmable TX-ACT extension. This
feature allows the designer to vary the length of time that
the TX-ACT signal from the BCP is active after the end of a
transmission. This can be used to drive one phase of the
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twinax line in the low state for up to 15.5 ps. Holding the line
low is useful in certain environments where ringing and re-
flections are a problem, such as twisted pair applications.
Driving the line after transmitting assures that receivers see
no transitions on the twinax line for the specified duration.
The transmitter circuit shown in Figure 5 can be used to
hold either the A or B phase by using the serial inversion
capability of the BCP in addition to swapping the A and B
phases. Choosing which phase to hold active is up to the
designer; 5250 devices use both. Soms products hold the A
phase, which means that another transition is added after
the last half bit time including the high and low states, with
the low state helf for the duration, see Figure 6. Alternative-
ly, some products hold the B phase. Holding the B phase
doses not require an extra transition and hence is inherently
quieter.

FIGURE 6. Line Hold Options
Tha signal was viewed in the same manner as Figures 3 and 4. The lefthand
portion of the signal is a transmitting device utilizing line hold on phase A.
The right hand side shows the IBM style (phase B) line hold.

To set the TX-ACT hold feature, the upper five bits of the
Auxilliary Transceiver Register, (ATR [3-71}, are loaded
with one of thirty-two possible values. The values loaded
select a TX-ACT hold time between O us and 15.5 us in 500
ns increments.

SOFTWARE INTERFACE

The BCP was designed to simplify designing IBM communi-
cations interfaces by providing the specific hardware neces-
sary in a highly integrated fashion. The power and flexibility
of the BCP, though, is most evident in the software that is
written for it. Software design for the BCP deserves careful
attention.

When designing a software architecture for 5250 terminal
emulation, for example, one concern the designer faces is
how to assure timely responses to the controller's com-
mands. The BCP offers two general schemes for handling
the real time response requirements of the 5250 data
stream; interrupt driven transceiver interface mode, and
polled transceiver interface mode. Both modes have
strengths that make them desirable. The excellent interrupt

response and latency times of the BCP make interrupts very
useful in most 5250 applications.

Although factors such as data and instruction memory wait
states and remote processors waiting BCP data memory
accesses can degrade interrupt response times, the mini-
mum latency is 2.5 T-states. The BCP samples all interrupt
sources by the falling edge of the CPU clock; the last falling
edge prior to the start of the next instruction determines
whether an interrupt will be processed. When an interrupt is
recognized, the next instruction in the present stream is not
executed, but its address is pushed on the address stack. A
two T-state call to the vector generated by the interrupt type
and the contents of (IBR} is executed and [GIE] (Global
Interrupt Enable) is cleared. If the clock edge is missed by
the interrupt request or if the current instruction is longer
than 2 bytes, the interrupt latency is extended.

Running in an interrupt driven environment can be complex
when multiple sessions are maintained by the same piece of
code. The software has the added overhead of determining
the appropriate thread or session and handling the interrupt
accordingly. For a multi-session 5250 product, the trans-
ceiver interrupt service routines must determine which ses-
sion is currently selected through protocol inferences and
internal semaphores to keep the threads separate and in-
tact.

In a polled environment, the biggest difficulty in designing
software is maintaining appropriate polling intervals. Polling
too often wastes CPU bandwidth, not polling frequently
enough loses data and jeopardizes communication integrity.
Standard practice in servicing polled devices is to count
CPU clock cycles in the program flow to keep track of when
to poil. A program change can result in lengthy recalcula-
tions of polling intervals and requalifications of program
functionality. Using the programmable timer on board the
BCP to set the polling interval alleviates the need to count
instructions when code is changed or added. In both polled
or interrupt environments, the latency effects of remote
processors waiting memory accesses must be limited to a
known length of time and figured into both polling intervals
and worst case interrupt latency calculations. Using the pro-
grammable timer on the BCP makes both writing and main-
taining polled software easier.

SOFTWARE ARCHITECTURE FOR 5250 EMULATION

The 5250 data rate is much lower than that of the 3270 data
stream, hence it is possible for the BCP to emulate all seven
5250 sessions with a CPU frequency of 8 MHz. Choosing a
16 MHz crystal allows the transceiver to share the CPU
clock at OCLK/2, eliminating an extra oscillator circuit. The
8 MHz rate yields a 125 ns T-state, or 250 ns for most
instructions. Interrupt latency is typically one instruction (as-
suming no wait states or remote accesses) which is suitable
for 5250 operation. If more speed is desired, the CPU could
be switched to 16 MHz operation.

A MULTI-MODE TRANSCEIVER

The BCP provides two 5250 protocol modes, promiscuous
and non-promiscuous. These two'modes afford the design-
er a real option only when the end product will attach to one
5250 address at a time. The non-promiscuous mode is con-
figured with an address in the (ATR} register and only re-
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ceives messages whose first frame address matches that
address, or an error occurs in the first frame of the mes-
sage. Filtering out unwanted transmissions to other ad-
dresses leaves more CPU time for other non-protocol relat-
ed tasks, but limits the device to one address at a time. The
promiscuous mode allows messages to any and all address-
es to be received. Resetting the transceiver during a mes-
sage destined to another device forces the transceiver to
begin looking for a start sequence again, effectively discard-
ing the entire unwanted message. Because of its flexibility,
the promiscuous mode is used in this illustration.

REAL TIME CONSIDERATIONS

Choosing a scheme for servicing the transceiver is basic to
the design of any emulation device. The BCP provides both
polled and interrupt driven modes to handle the real time
demands of the chosen protocol. In this exampls, the inter-
rupt driven approach'is used. This implies the extra over-
head of setting up interrupt vectors and initializing the inter-
rupt masks appropriately. This approach eliminates the
need to figure polling intervals within the context of other
CPU tasks.

5250 CONFIGURATION

Configuring a complex device like the BCP can be difficult
until a level of familiarity with the device is reached. To help
the 5250 product designer through an initial configuration, a
register by register description follows, along with the rea-
sons for each configuration choice. Certainly, most applica-
tions will use different configurations than the one shown
here. The purpose is to illustrate one possible setup for a
5250 emulation device.

There are two major divisions in the BCP’s configuration
registers: CPU specific and transceiver specific ones.

CPU SPECIFIC CONFIGURATION REGISTERS:

{DCR}—Device Control Register—This register controls
the clocks and wait states for instruction and data memory.
Using a value of H#AO sets the CPU clock to the OCLK/2
rate, the transceiver to OCLK/2, and no wait states for ei-
ther memory bank. As described above, the choice of a
16 MHz crystal and configuring this way allows 8 MHz oper-
ation now, with a simple software change for straight 16
MHz operation in the future.

{ACR}—Auxiliary Control Register—Loading this register
with H#20 sets the timer clock source to CPU-CLK/2, sets
[BIC], the Bidirectional Interrupt Control to configure BIRQ
as an input, allows remote accesses with [LOR] cleared,
and disables all maskable interrupts through [GIE] low.
When interrupts are unmasked in {ICR}, [GIE] must be set
high to allow interrupts to operate. [GIE] can be set and
cleared by writing to it, or through a number of instructions
including RET and EXX.

{IBR}—Interrupt Base Register—This register must be
set to the appropriate base of the interrupt vector table lo-
cated in data RAM. The DP8344 development card and
monitor software expect [IBR] to be at H# 1F, making the
table begin at H# 1F00. The monitor software can be used
without the interrupt table at H# 1F00, but doing so is sim-
plest for this illustration.

{ICR}—Interrupt Control Register—This register con-
tains both CPU and transceiver specific controls. From the

CPU point of view, the interrupt masks are located here. In
this illustration, the system requires receiver, transmitter,
BIRQ, and timer interrupts, so that in operation those inter-
rupt bits should be unmasked. For initialization purposes,
though, interrupts should be masked until their vectors are
installed and the interrupt task is ready to be started. There-
fore, loading [ICR] with H# 7F is prudent. This also sets the
receiver interrupt source, but that will be discussed in the
next section.

TRANSCEIVER CONFIGURATION REGISTERS:

(TMR}—Transceiver Mode Reglster—This register con-
trols the protocol selection, transceiver reset, loopback, and
bit stream inversion. Loading this register with H#0D sets
up the receiver in 5250 promiscuous mods, inverts serial
data out, does not invert incoming serial data, does not al-
low the transmitter and receiver to be active at the same
time, disables loopback, and does not reset the transceiver.
Choosing to set [RIN] low assumes that serial data will be
presented to the chip in NRZI form. Not allowing the receiv-
er and transmitter to operate concurrently is not an issue in
5250 emulation, since there is no defined repeater function
in the protocol as in 3270 (3299). Bits {BS5, 6], [RPEN] and
[LOOP] are primarily useful in self testing, where [LOOP]
routes the transmitted data stream into the receiver and
simultaneous operation is desirable. Please note that for
loopback operation, [RIN] must equal [TIN]. [TRES] is used
regularly in operation, but should be left off when not specif-
ically needed.

{TCR}—Transceiver Command Register—This register
has both configuration and operation orientated bits, includ-
ing the transmitted address and parity bits. For this configu-
ration, the register should be set to H#00 and the specific
address needed summed into the three LSBs, as appropri-
ate. The [SEC] or Select Error Codes bit is used to enable
the (ECR]} register through the {RTR} transceiver FIFO
port, and should be asserted only when an error has been
detected and needs to be read. [SLR], or Select Line Re-
ceiver is set low to enable the TTL-IN pin as the serial data
in source. The BCP’s on chip comparator is best suited to
transformer coupled environments, and National’'s LM361
high speed differential comparator works very well for the
twinax line interface. [ATA], or Advance Transmitter Active
is normally used in the 3270 modes to change the form of
the first line quiesce bit for transmission. Some twinax prod-
ucts use a long first line quiesce bit, although itis not neces-
sary. The lower four bits in {TCR} are used to form the
frame transmitted when data is written into {RTR}, the
transceiver FIFO port. Writing into {RTR] starts the trans-
mitter and/or loads the transmit FIFO. The least significant
three bits in {TCR} form the address field in that transmitted
frame, and B3, [OWP] controls the type of parity that is
calculated and sent with that frame. [OWP] set to zero cal-
culates even parity over the eight data bits, address and
sync bit as defined in the IBM 5250 PAI.

{ATR}—Auxllllary Transceiver Register—Since this ap-
plication is configured for promiscuous mode, the {ATR]}
register serves only to set the line hold function time. In non-
promiscuous modse, the three least significant bits of this
register are the selected address. Setting this register to
H#50 allows a 5 us hold time and clears the address field
to 0, since promiscuous mode is used.
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{FBR}—Fill Bit Register—This register controls the num-
ber of biphase zeros inserted between concatenated
frames when transmitting. This register should be set upon
reception of the SET MODE instruction from the host.
{FBR} contains the one’s complement of the number of
inter-frame fill bits so that H#FF sends no extra fill bits.

{ICR}—Interrupt Control Register—As discussed in the
CPU configuration section, this register sets [RIS] or Re-
ceiver Interrupt Select as well as the interrupt mask. Setting
the register to H#7F selects [DA + ERR], Data Available
or transceiver ERRor, as the interrupt source. This interrupt
is asserted when either a valid frame has been clocked into
the receive FIFO or an error has occurred. Other interrupt
options are available including: [RA], Receiver Active; and
[RFF + ERRI, Receive FIFO Full or transceiver ERRor. For
5250 protocols the [DA + ERR] is most efficient. The [RFF
+ ERR] interrupt will not assert until the FIFO is full ...
regardless of whether the incoming message is single or
multi-frame. [RA] provides plenty of notice that a frame is
incoming, but due to the speed of the BCP, this advanced
warning is not generally needed. [DA + ERR] provides a
notification just after the parity bit has been decoded from
the incoming frame which is almost 3 us prior to the end of
the frame. With the CPU running at 8 MHz, that allows typi-
cally nine instructions ([(4 * 3) — 3)]) for interrupt latency,
trap and bank switch after interrupting. ‘

MULTI-SESSION POWER

Handling multiple sessions in software is not trivial, and
making the receiver service routines interrupt driven compli-
cates the task further. The BCP is so fast, that at 8 MHz
handling a multi-frame message by interrupting on the first
frame and polling for succeeding frames is very inefficient.
To maximize bandwidth for non-protocol related tasks, the
CPU should handle each frame separately on interrupt and
exit. To do this, a number of global state variables must be
maintained. Since the alternate B register bank is primarily
used for transceiver functions anyway, dedicating the other
registers in that bank permanently as state variables is ac-
ceptable in most cases; doing so speeds and simplifies ac-
cess to them. Defining the following registers as:

7 0

st | | [ -1 111 ,
| L address 0 select

address 1 select
address 2 select
address 3 select
address 4 select

address 5 select
address 6 select

7 0

o 1 1 11111

- activated flag
unused
multi=count BO
multi=count B1

device selected flag

| clobal Status Register
| L selected address B0
selected address B1

e S0l0Ctod @ddress B2
received_EOM flag

enables the software to keep track of the various states the
protocol must handle. .

The active address bits in GP5’ allow individual addresses
to be active, or any combination of addresses. When inter-
rupted by a message to a non-selected address, [TRES] is
toggled to reset the receiver until the beginning of the next
message is detected. [B7] is used to determine if any partic-
ular address is “selected” and in the process of receiving
data. The selected flag is set and cleared according to spe-
cific protocol rules set up in the IBM PAl.

Register GP6' contains the selected address storage
[B0-2], where the address of the device expecting at least
one other frame is stored when exiting the interrupt service
routine, so that upon interruption caused by the reception of
that frame, the address is still available. The
received__EOM flag, IB3] is set when a message is decod-
ed that contains B# 111 or EOM delimiter. It is stored in this
global status register to allow the protocol to determine the
end of a transmission. In most multi-byte transmissions, the
number of data frames expected is dictated by the protocol.
However, ACTIVATE WRITE commands to printers can
have any number of data frames associated with them up to
256. In this situation, the activated flag, [B4] is set to signal
a variable length stream. Certain host devices also concate-
nate commands within messages, obscuring the determina-
tion of end of message. This scheme allows the software to
keep track during such scenarios. The multi-count bits,
[B6-7] are used in addition to the EOM dslimiter to deter-
mine the end of a transmission. The number of additional
frames expected in a given multi-byte command is written
into these bits (note that a maximum of three bytes can be
planned for in this way). When the count is terminated and
no EOM delimiter is present, the algorithm then assumes a
multi-command message is in progress. [B5] is unused.

Register GP7’ is used to store the received data or error
code for passage to other routines. The data can be passed
on the stack, but dedicating a register to this function simpli-
fies transactions in this case. Keeping track of received data
is of utmost importance to communications devices.

I Active Address and Select Register

TL/F/9635-7

TL/F/9635-8

GP7'—Bits [0-7] Recelved Data or Error Register
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RECEIVER INTERRUPT

The receiver interrupt algorithm handles any or ali seven
addresses possible on the twinax line. The same code is
used for each address by utilizing a page oriented memory
scheme. Session specific variables are stored in memory
pages of 256 bytes each. All session control pages, or
SCPs are on 256-byte even boundaries. By setting the high
order byte of a BCP index register to point to a particular
page or SCP, the low order byte then references an offset
within that page. Setting up data memory in such a way that
the first SCP begins at an address of B#xxxx x000 0000
0000 further enhances the usefulness of this construct. In
this scheme, the high byte of the SCP base pointer can be
used to set the particular SCP merely by summing the re-
ceived or selected address into the lower three bits of the
base register.

NORMAL OPERATION

In normal operation, the configuration described thus far is
used in the following manner: After initializing the registers,
data structures are initialized, and interrupt routines should
be activated. This application utilizes the receiver, transmit-
ter, timer, and bi-directional interrupts. Since {IBR} is set to
H#1F, the interrupt table is located at H# 1F00. A LUMP to
the receiver interrupt routine should be installed at location
H#1F104, the transmitter interrupt vector at H# 1F08, the
BIRQ interrupt vector at H#1F10, and the Timer interrupt
vector at H#1F14. Un-masking the receiver interrupt and
BIRQ at start up allows the device to come on-line.

When interrupt by the receiver, the receiver interrupt service
routine first checks the [ERR] flag in {TSR [B5]}. If no er-
rors have been flagged, the received_EOM flag is either
set or cleared. This is accomplished by comparing {TSR
[B0-2]} with the B#111 EOM delimiter. A test of the se-
lected flag, {GP5’ [B7]} determines if any of the active ad-
dresses are selected. Assuming that the system is just com-
ing on line, none of the devices would be selected. If the
frame is addressed to an active device, the SCP for that
device is set, and the command is parsed. Parsing the com-
mand sets the appropriate state flags, so that upon exiting,
the interrupt routine will be prepared for the next frame.
Once parsed, the command can be further decoded and
handled. If the command is queue-able, the command is
pushed on the internal command queue, and the receiver
interrupt routine exits. If the command requires an immedi-
ate response, then the response is formulated, the timer
interrupt is setup, and the routine is exited.

The timer interrupt is used in responding to the host by wait-
ing an appropriate time to invoke the transmit routine. The
typical response delay is 45 +£15 ps after the last valid fill
bit received in the command frame. Some printers and ter-
minals are allowed a full 60 +20 us to respond. In either
case, simply looping is very inefficient. The immediate re-
sponse routine simply sets the timer for the appropriate de-
lay and unmasks the timer.

In the transmit routine, the data to be sent is referenced by
a pointer and an associated count. The routine loads the
appropriate address in the three LSBs of { TCR}, and writes
the data to be sent into {RTR}. This starts the transmitter. If
the data count is greater than the transmit FIFO depth
(three bytes), the Transmit FIFO Empty interrupt [TFE] is

setup. This vectors to code that refills the FIFO and re-en-
ables that interrupt again, if needed. This operation must be
carried out before the transmitter is finished the last frame in
the FIFO or the message will end prematurely.

The last frame transmitted must contain the EOM delimiter.
It can be loaded into (TCR} and data into {(RTR]} while the
transmitter is running without affecting the current frame. In
other words, the transmit FIFO is 12 bits wide, including
address and parity with data; the address field is clocked
along with the data field. In this way, multi-byte response
may be made in efficient manner.

ERROR HANDLING

In 5250 environments, the time immediately after the end of
message is most susceptible to transmission errors. The
BCP’s receiver does not detect an error after the end of a
message unless transitions on the line continue for a com-
plete frame time or resemble a valid sync bit of a multi-
frame transmission. If the twinax line is still active at the end
of what could be an error frame, the receiver posts the
LMBT error. For example, if noise on the twinax line contin-
ues for up to 11 ps after the three required fill bits, the
receiver will reset without flagging an error. If noise resem-
bles a start bit, the receiver now expects a new frame and
will post an error if a loss of synchronization occurs. If the
noisy environment is such that transitions on the receiver’s
input continue for 11 ps, or the receiver really has lost sync
on a real frame, the error is posted.

Basically, the receiver samples [LA] in addition to the loss
of synchronization indication to determine when to reset or
to post an error. After a loss of synchronization in the fill bit
portion of a frame, if the [LA] flag's time-out of 2 us is
reached prior to the end of what could be the next frame,
the receiver will reset. If the transitions prevent [LA] from
timing out for an entire 11 us frame time, a LMBT error is
posted. This method for resetting the receiver is superior in
that not only are the spurious loss of mid bit errors eliminat-
ed, the receiver performs better in noisy environments than
other designs.

SUMMARY

The IBM 5250 twinax environment is less understood and in
some ways more complex than the 3270 environment to
many developers. This application note has attempted to
explain some basics about twinax as a transmission medi-
um, the hardware necessary to interface the DP8344 to that
medium, and some of the features of the BCP that make
that task easier. Schematics are included in this document
to illustrate possible designs. Details of the twinax wave-
forms were discussed and figures included to illustrate
some of the more relevant features. Also, some different
software approaches to handling the transceiver interface
were discussed.
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APPENDIX A: EXAMPLE CODE

The following code was assembled with the HILEVEL assembler. Table Il shows the correlation between HILEVEL mnemonics
and the mnemonics used in National data sheets for the DP8344V.

‘ — TABLENl .
HILEVEL National Semiconductor
MOVE Rs,Rd - MOVE ' Rs,Rd
LD  Ptr,Rd{,Mde} MOVE [mIrl,Rd
ST Rs,Ptr{,Mde} - MOVE Rs,CmIr]
LDAX Ptr,Rd MOVE CIr + Al,Rd
STAX Rs,Ptr MOVE .Rs,CIr + Al
LDNZ n,Rd N MOVE [IZ + nl,rd
STNZ Rs,n. 'MOVE rs,L1Z + nl
LDI n,Rd- ) MOVE n,rd .
STI n,Ptr MOVE n,LIrl
ADD Rs,Rd - ADDA Rs,Rd
ADDRI Rs,Ptr{,Mde} ADDA Rs,LmIr]
ADDI n,Rsd ADD :n,‘rsd :
ADC Rs,Rd ADCA Rs,Rd
ADCRI Rs,Ftr{,Mde} ADCA Rs,Imir]
SUBT Rs,Rd ‘ SUBA Rs,Rd
SUBRI Rs,Ftr{,Mde} SUBA Rs,I[mIrl’
SUBI n,Rsd SUE n,rsd
SBC Rs,Rd ' SBCA Rs,Rd
SBCRI Rs,Ptr{,Mde} SBCA Rs,[mIr]
AND Rs,Rd ANDA Rs,Rd
ANDRI Rs,Ptr{,Mde} ANDA Rs,[mIr]
ANDI n,Rsd AND  n,rsd
OR Rs,Rd DRA Rs,Rd
ORRI Rs,Ptr{,Mde} ORA Rs,CmIrl
ORI n,Rsd ORrR n,rsd
XOR Rs,Rd XORA Rs,Rd
XORRI Rs,Ptr{,Mde} XORA Rs,CmIrl
XORI n,Red XOR nyrsd
CMF  Rs,n CMF rs,n
CPL Rsd CPL _Rsd
BIT Rs,n : BIT rs,n
SRL Rsd,n SHR Rsd,b
SLA Rsd,n SHL Rsd,b

ROT Rsd,n ROT Rsd,b

TL/F/9635-9

2-212



>
IMP N JMF n =
LIMP n LIMP nn a
IMFR Rs JIMF  Rs *
JMPI Ptr LIME CIrl

JRME. Rs,n,m
JMPB Rs,s,p,n

JRME, Rs,b,m
LIMP Rs,p,s,nn

JMPF s,f,n JMP f,s,n
Jce n - opt. syntax for JIMF f-
CALL n CALL n
LCALL n LCALL nn
CALLB Rs,s,p,n LCALL Re,p,s,nn
RET {g{,rfl2} RET {g {,rf2}
RETF s,f{,g{,rf}> RETF f,s,{,{g} {,rf}l
Reec {g {,rfl} - opt. syntax -
EXX a,b{,gl EXX ba,bb,{,g}

TRAP n{,g} TRAF n €,qU

Table 2.

Addr Line
.REL
TAB [}
NIDTH 132
LIST  §,F
RXINT

RXINT - 9/21/87

R T Y
—
-
=
=
m

pseudo code

10
11 ;bool selected;
12 ;byte seladdr;
13 ;byte sulticount;
14 ;bool activated;
15
16 jrxint()
17 ;byte data;
18 ;boal rx_eon;
19 ;hool 1ta;
20 ;i
21 if {error) {
2 it (logerror{)== true) return;-
23 }
24 else {
25 3 if (TSR == EOM} rx_eos = true;
26 else rx_eoa = false;
27
i

if t'selected) {

/¢ station is selected

/% address of selected station
/% puaber of frames in this multi
/# coseand has been activated

/% data storage
/% received EOM
/% line turn around flag

/% receiver errors

1% set received EOM flag

TL/F/9635-10
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Addr

Line RXINT

s WE e me WS we WS e e s WE wd We ws WE e WE e WS wma WS ws W8 e WS e e

e WE e WS ma s as WS e WO we WP e WP we W wa we we Wi s W we

if (active) {
if {'rx_eom) {
seladdr = (TSR # EQM);
11 = (SCPBASE + seladdr); /% set SCP to appropriate session #/
data = rtr;
else ( . .
proto_error(); /# should not get here
reset_xcvr(l;
return();
}
}
else {
reset_xcvr(); /% not of interest
returnll;
) .
it (pultifraee) { /% activate write, ete...
sulticount = parseldata)l; /# set number of frames #/
selected = true; /% only way to select #/
gueue(data);
}
else { /% not multi
if {lvar = single_decode(datal) == queable)
queue(data);
else if (var == ismed} insediateldatal;
)
else { 1% selected +/
11 = (SCPBASE + seladdrl;

data = rtr .
if (activated) { /% in the niddle of transmission
act_dataldata);
if (rx_eos} { /¢ end of message

selected = false;
activated = false;

}
return{);
}
if (sulticount > 0) {
queue(data);
if (sulticount-= 0} {
it (rx_eon) selected = false;
}
}
else {

if (multifrane) {
sulticount = parseldatal;
queue(data);
)
else {
it (lvar = single_decodeldata)) == queable)
queue{data);
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Addr

% else if (var == inned) immediateldata);
B0 3 if (rx_eon) selected = talse;
Bl 3 }
2 }
83 }
B4 }
BS }
By returni);
87 3
88 ;logerror()
89 5t
90 ; bool result;
9 switch (error_type) {
92 case RDIS:
LA I result = err_rdis(); /% receiver diabled while active
L LI break;
95 case LMBT:
R result = err_labt(); /¢ loss of sidbit error
L7 break;
@’ case PARR:
99 result = err_parr(}; /% parity error
1060 break;
o case OVF:
102 result = err_ovi(}; /% receiver FIFD overrun
103 break;
104 default:
105 result = err_unknown(); /% strange error handler
106 break; :
107 }
108 returniresultl;
109 ; 1}
110
Line RXINT
1 jerr_labt)
1z 4!
13 it (1DA k& 'selected &k 'delay(LA)} return(false); /# delay of b usec
14 else (
115 logll; /% buap error counters
e return{true); /¢ adnit defeat
17 H
118 ;1
s
120 name: RXINT
121 description:  receiver interrupt handler
122
13 received datus is sent to other routines thru gp7’
128 SCP is set appropriately in 11
125 3 EPSP - active addresses:bits 0-&
126 selected #lags bit 7
121 BP&P - multicount: bit 7-6
128 ; unused: bit 5

TL/F/9635-12
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00000

00000 AEES
00001 D500
00002 CCOO
00003 0900
00004 D300
00004 BO78

00005 F163

00006 3078
00007 D000

Addr
00008 S08A
00009 CBOO

00004 CBOO
0000A 4F7A

00008

00008 8DEY
0000C 0000

122 activated: bit 4
130 rx_eon flag: bit 3
131 seladdr: bits 2-0
132 BP7P - received data
133
1334 entry: DA interrupt, 6P5', GP6’
135 3 exit: ACL",6P7" ARE DESTROYED
136 3 historys tig 9/16/87 create
137
138 PUBLIC RCVRINT
139
140 EXTRN  PARSE,BUEUE, IMMEDECODE ,RESXCVR
141 EXTRN  MIDERRL,MIDERRH,OVFERRL,OVFERRH,PARERRL ,PARERRH
142 EXTRN  RXERRL,RXERRH,RSPCTL,RSPCTH,BASESCP, IESERRL , IESERRH
143 .
144
145  SELERR: EQU B$01000000 ; select the error register
146 RXEOM: EQU B00001000 5 rxeom flag
147 EOM:  EQU B#00000111 3 EON deliseter
148 NULTI: EQU B#11000000 3 aulticount
149 SELECT: EQU B#10000000 ; selected flag
150 LTA: EQU B#101 ; .
151 CFLAG: EQU B#00000010 s CARRY FLAG
152 :
153 RCVRINT:
154 EXX A, AB, DI 3 SET APPROPRIATE BANK
154
155 JNPF NS,RERR,NOERROR
156 CALL  RXERRCR 3 ERROR IN FRAME
157 JMPF 5,C,EXIT + ABORT
158 NOERROR:
159 Lo1 EON,ACC ; LOAD HASK
160 AND TSR,6P7 ; FORM ADDRESS
140
161 £np 6P7,EDN 3 TEST
161 :
162 INPF NS,Z,CIRXINT  ; IF NOT EQUAL, JUMP
Line RXINT
163 ORI RXEOM, 6P s ELSE SET EON FLAB
164 JNP CZRRINT
165 CIRXINT:
16¢ ANDI  RXECM#,EP .3 CLEAR IT
167
168 ; DECIDE IF WE'RE ALREADY SELECTED
1T
170 C2RXINT:
17t JNPB BPS5,5,B7,DEVSELECT ; IF ALREADY SELECTED
171
1
172
H

173

NOT SELECTED...DECIDE IF ADDRESS IS ACTIVE, IE; VALID FOR US

TL/F/98635-13
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00000
0000D B3CS

0000E BCO9
0000F 0000

00010 CE0O
00011 0000

00012 8C29
00013 0000

00014 CEOO
00015 0000

00016 BC49
00017 0000

00018 CE00
00019 0000

00014 8C&9
00018 0000

0001C CE00
0001D 0000

0001E 8C89
0001F 0000

00020 CEOO
00021 0000

00022 8CAY
00023 0000

00024 CEOO
00025 0000

00024 8CCY
Addr
00027 0000

00028 CE0O
00029 0000

00024 CEBO
00028 0000
0002C CBOO

174

178
178
177
\n
n
178
178
178
179
179
179
180
180
180
181
1681
181
182
182
182
183
183
183
184
184
184
183
185
185
184
186
-1
187
187
187
188
188
168
189
189

Line RXINT

189
190
190
180
191
19
191
192

3
175 DEVTABLE:

IRMK

JNPB

Linp

JNPB

Lanp

INPB

Lnp

JNPB

Lanp

JHPB

Linp

b1}

LInp

IHPB

Lnp

LCALL

inp

TSR, ROT6,NSK3

£P5,NS,B0,RSTRY 3

LOADSCP

6P5,NS, Bt ,RSTRY

LOADSCP

§P5, NS, B2, RSTRX

LOADSCP

£S5, N5, B3, RSTRX

LOADSCP

§P5, NG, B4, RSTRY

LOADSCP

6P5,NS,B5,RSTRY

LDADSEP

£P5, N, B6,RSTRY ;

LoADSCP

RESXCVR

EXIT

s ELSE, SEE IF ACTIVE

H

H

3

.

i
3 JUMP BASED ON THE ADDRESS FIELD#4

ADDR 0 - IF NOT ACTIVE, RESET R
BLTIVE DEVICE, SET scp

ADDR 1 - IF NOT ACTIVE, RESET RX
ACTIVE DEVICE, SET scp

ADDR 2 - IF NOT ACTIVE, RESET RY
ACTIVE DEVICE,

ADDR 3 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 4 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 5 - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR & - IF NOT ACTIVE,

ACTIVE DEVICE,

ADDR 7 - RECEIVED EDM ...WE'RE NOT INTERESTED

auIT
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00020
00020 F908

0002E FE4B
0002F BOOB

00030 FE4B
00031 BO78

00032 F105

00033 E273

00034
00034 FD&A

00035 8008
00036 0000

00037 CEBO
00038 0000
00039 £800
0003A CBOO

0003A CEBO
00038 0000
0003C 5809
0003D 4FBA
0003E BO78
0003F F105
00040 F54A
00041 CEBO

00042 0000
00042 CBOO

Addr

00044

193
194
195
196
197
197
198
198
199
200
200
201
202
202
203
203
204
205
206
207
208
208
209
209
209
210
210
210
211
212
U3
213
A3
214
215
216
217
217
218
218
219
219
219
220
221
22
23

LOAD THE SCP POINTER, II

OADSCP:
XOR ACC,ACC

MOVE  ACC,ILD

101 BASESCP,ACC
MOVE  ACC,ZHI

LD EOM,ACC
AND  TSR,ACC

ADD IHI, ZHI

DECODE THE COMMAND FRAME

3 e wa e

ECODE:
MOVE  RIR,EP7

; CLEAR

; LON BYTE

+ SET UP UPPER BYTE OF SCP POINTER
; EON MASK

; LEAVE IN ACC

3 ADD INTO 7 POINTER

5 GET RX DATA

JNPB 6P7,5,BO,MULTIFRM; IF MULTIFRANE

LCALL  IMMEDECODE

e EXIT
HULTIFRM:
LCALL  PARSE

ORI HeB0,6P5
ANDI  EOM¥,GPS
L1 EOM,ACC
MD  TSR,ACC
R BP6,6P6

LOALL  UELE

NP EXIT

3 ELSE, IMMEDIATE ACTION REQUIRED

3 SET MULTT COUNT

+ GELECTED = TRUE
; CLEAR SELECTED ADDRESS
; MASK ADDRESS

; LEAVE IN ACC

; SET NEW ADDRESS

3 PLACE ON QUEUE

i
s THIS CODE 1S BRANCHED 70 IF THE DEVICE IS SELECTED
H FIRST, SET 5SCP BASED ON SELECTED ADDRESS

Line RXINT

24
225
226

;
DEVSELECT:
MR ACC,ACC

; CLEAR ACC
TL/F/9635-15
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00044 F908 226

g1S-NV

227 MOVE  ACC,IL0 ; CLEAR LOW BYTE OF POINTER
00045 FE48 227 )
00046 BOOB 228 LD1 BASESCP,ACC s BASE OF SESSION CONTROL PASE
229 MOVE  ACC,ZHI + UPPER BYTE
00047 FESB 229 .
00048 BO78 230 LDI EOM,ACC 3 MASK ADDRESS
23t AND BPé6,ACC 3 LEAVE IN ACC
00049 FLOA 23t
Ay ADD 1K1, 241 ; FORM SCP POINTER
00048 E273 232
23 H
234  ; NOW DECIDE ABOUT MULTIFRAME POSSIBILITIES
25
236 MOVE  RTR,GP7 3 BET DATA
00048 FD64 236
0004C BCOB 237 LDI MULTI,ACC 3 MULTI MASK
23 AND 6Pa,ACC + COUNT IN UPPER NIBBLE
00040 F108 238
239 SRL ACC,ROTH 3 POSITION IN LONER NIBBLE
O000AE CBCE 239
0004F DBOO 240 INPF 5,Z,NEWCOXM 3 NOT in A MULTIBYTE
P23 LCALL  BUELE 3 MULTI, SO PUSH ON QUEUE

00050 CEBO 241
00051 0000 241

00052 2018 242 SUBI  H#01,ACC + DECREMENT MULTICOUNT
00053 D800 243 IMPF 5,2,TERMULTI  ; IF ZERD, MULTI HAS TERMINATED
44
245 3 MULTI STILL IN PROGRESS
28
00054 43FA 247 ANDI  MULTI#,BP6 - - ; CLEAR OUT DLD COUNT
248 SLA ACC,ROTS 3 REPCSITION COUNT
00055 948 248
249 OR 6Pb,6P& ; SUM INTD STATUS
00056 FS44 249
00057 CBOO 250 P EXIT
251
252 + MULTICOUNT HAS REACHED 2ERD, SD TERMINATE
253
00058 254 TERMULTI:
00058 43FA 255 ANDI  MiLTI#,5P6 ; CLEAR OLD COUNT TO ZERD
256 INPE 6P6,NS,BI,CITERN; IF NOT EON,
06059 BC4A 236
0003A 0000 256
00058 4779 257 ANDI  SELECT#,BPS 5 ELSE, SELECT = FALSE
0005C CBOO 258 I8P RSTRX s RESET THE TRANSCEIVER
00050 CBOO 259  CITERM:
0005D CBOO 240 NP EXIT

NEW COMNAND; MULTI OR SINSLE

~
o~
[
S s ws an

0005E 264 ENCOMN:

TL/F/9635-16
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Addr

0005E BCOB
0005F 0000

00060 CEEY
00081 5000

00062 CEBO
00063 0000
00064 CBOO

00065

00065 CESO
00066 0000

00067 BC&A
00068 0000
00069 ATF9
0005A 47F9

0004A CEBO
00048 0000
0004C 0000
0004C AFBO

0004D
00060 5406

0006E FD&A
0006F 4BF&

00070 802B
00071 0000

00072 8D6B
00073 0000

Line RYINT

265
265
265
266
266
266
267
267
267
268
29
270
m
7
3
273
73
2
274
274
275
27
277
27
7
278
m
280
281
282
283
204
285
286
28
288
289
290
291
292
293
pAL
2%
295
2%
2%
9%
w
297
297
298

Jupp

LCALL

LCALL

P

6P7,NS,B0,3INGLE; IF NEW COMMAND IS NOT MULTI,
PARSE 7 1S BULTL, SET COUNT
QUEUE 3 PUSH ON QUELE

ExI § QUIT, TIL NEXT FRANE

H
5 NEW COMMAND 15 SINGLE AND/OR NEEDS IMMEDIATE RESPONSE

3
SINGLE:
LCALL

JNPB

ANDL
RSTRY:
LCALL

EXIT:
RET

INMEDECODE  ; SINGLE...E0 DO I7
EP6,NS,B3,EXIT 3 IF NOT EOM...
SELECT#,6P5 . ; CLEAR SELECTED BIT

RESXCVR s RESET, CLEAR DATA OUT

RI,RF 5 RETURN GRACEFULLY

nase:

RXERROR

description:  receiver ERROR handler

entry:

history:

DA + ERR interrupt, 6PS°, BPb'
ACC',6P7" ARE DESTROYED
tig 9/16/87 create

'
L
.
y
)
!
H exit:
’
¥
1)
.
y

RECEIVER ERROR HANDLER

3

RXERROR:
ORI
MOVE
ANDI
INPB
PR

JHPB

SELERR, TCR 3 SET ECR BIT
RTR,E6P7 ; BET ERROR TYPE

SELERR¥,TCR  ; RESET TCR
£P7,5,B1,LUBTERR; LOSS OF NIDBIT

£P7,5,B3,PARERR ; PARITY

6P7,5,B4,0VFERR ; OVERFLON

TL/F/9635-17
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00074 BD8B
00075 0000
00076 0000
00076 BOOB

Addr

00077 CBOO
00078 LBOO
00078 DECO

00079 BDE9
00074 0000
00078 CCOO

0007C BCAL
00070 0000
0007€ 0000
0007E B00B
0007F CBOO

00080 CB0O.

00080 BO0S
00081 CB0O
00082 CBOO
00082 B00B
00083 B008

00083 E212
00084 BO18

00085 Coca

00085 AO4A
00087 D100

00088 CocA

00089 AOCA
00084 5020
00088 5020
0008B AFBO
0008C AF80
0008C 4FDO
0008D CBOO

298

258

299 ILLEEAL:

300 LD ILLEGAL ,ACC ; WHAT ERROR IS THIS?
Line RXINT

301 NP BUMPERR 3 SHOULD NOT GET HERE!
302 LMBTERR:

303 JNPF 5,DA,CLEARC ; if DA, THEN NO ERROR
304 INPB  &PS5,5,B7,L061T ; IF SELECTED, POST
304

304

305 CALL  sOLY 4 DELAY FOR & USEC
306 INPB  NCF,NS,B5,CLEARC; IF NOT ACTIVE - DISCARD, ELSE POST
306

306

307  LOBIT:

308 LBl NIDERRL,ACC 3 LOSS OF NIDBIT

309 JNP BUNPERR 5 INCREMENT COUNTER
310 PARERR:

3t LD1 PARERRL,ACC 3 PARITY

32 P BUNPERR

313 OVFERR:

314 LBl DVFERRL,ACC s OVERFLON...VERY BAD!
315 BUMPERR:

314 DD L0,YL0 s FORM NEW PDINTER
316

37 L01 H01,ACC s INCREMENT

318 1] PTRY,6P& s FETCH OLD COUNT

318

9 ADDRI  6P6,PTRY,POSTD 5 WRITE DUT NEW

319

320 JUPF  NS,C,RXEXIT 3 GET OUT

3 ] PTRY,EPS 3 FETCH UPPER BYTE
32 ’

b77) ADDRI  6P8,PTRY :

322

h7A] ORI CFLAG,CER 3 SET CARRY

324 RIEXIT:

325 RET 3 DO NOT restore flags
32 CLEARC:

77 BNDI  CFLAGH,CCR 3 CLEAR CARRY

328 P RIEXIT

9

30 ; name; SOLY

B descriptions  delay routine, MULTIPLES OF 4.Busec,
32 1.4 usec OVERHEAD, MAY OF 410usec
W3 entry: delay count on stack

N exit: acc destroyed

/B WARNING: DONT CALL THIS WITH COUNT = 0!
3% history: tiq 9/18/87 create
3
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0008E
0008E AEBO
0008F FDIF
00090 FFEB
Addr
00091 FFEA
00092 FD&8
00093 FD48
00093 BO3A
00094 BO3A
00094 201A
00095 D000
00096 201B
00097 D000
00098 FDSF

00099 FO7F
0007 AFBO

338

339 SDLY:

340 EXX
340

KL} MOVE
34t

342 MOVE
342

3 MOVE
Line RXINT

343

344 MOVE
4

345 SOLYLPL:

34 LD1
347 SDLYLPZ:

348 SuBl
49 INPF
350 SUBI
351 JNPF
352 MOVE
382

353 MOVE
383

354 RET
355

356

357 END

Asseshly Phase cosplete.
0 error{s) detected.

HA, B, NA
28,ACC
£p7,08

6Pé,DS

ACC,BP7

H403,5P6

H401,6P6

N5, 1,S0LYLP2
HH01,6P7
NS,2,SOLYLPL
15,6P4

05,607

RI,RF

3 BANK, ALLON INTERRUPTS

3 GET COUNT

.

+ PUSH §P7 REBISTERS USED

4 USE G6P7 FOR COUNT ALSD

; LOAD FOR 4.Busec COUNTS

+ DECRENENT COUNT

+ CONTINUE UNTIL EXHAUSTED
+ DECRENENT OUTER COUNT

; CONTINUE IF NOT ZERD

; POP RES

; RETURN, RESTORE FLAGS

TL/F/9635-19
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Introduction To National Semiconductor

Basic Access I. C. Set

In developing the architecture of this ISDN chip set, Nation-
al's major objective has been to create a flexible set of
building blocks which provide elegant and cost-effective so-
lutions for a wide range of applications. With just a few high-
ly integrated devices, a broad spectrum of ISDN equipment
can be designed, ranging from Central Office and PBX line
cards to X.25 and ISDN Terminals and telephones, PC and
Terminal Adapters, packet-mode statistical multiplexers,
NT-1's and other ISDN equipment.

One of the keys to this flexibility is the concept that device
functions in the chip set should be specifically aligned with
the first 3 layers of the ISO 7 layer Protocol Reference Mod-
el.. Thus, National's chip set has a distinct partitioning of
functions into several transceivers which provide the bit-lev-
el transport for Layer 1, (the Physical Layer), while the func-
tions of Layer 2, (the Data Link Layer), and Layer 3, (the
Network Layer), are supported entirely by a single micro-

processor. All devices in the chip set, together with other

standard components such as COMBOs, can be intercon-

nected via a common serial interface without the need for

any “glue” components. The result is a very elegant archi-

tecture offering many advantages including the following:

e A high degree of modularity with minimal component
count

¢ The same transceiver at both ends of a loop

® No interrupts for D-Channel flow control

® Powerful Packet buffer management

Other chip set architectures, which divide a layer into some

functions in one device and the rest in other devices, are

unable to offer all these advantages.

ISDN Chip Set Partitioning
IS0
Layer National Others
4-7 NS32322
8 HPC16400 Chip C ChipB
2 ChipB
 TP3401 DASL .
1 or TP3410 EC or Chip A Chip A
TP3420 SID
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Introduction To National Semiconductor Basic Access I. C. Set

NSC Solutions for Layer 1

National's solution for Layer 1 consists of 3 CMOS trans-
ceivers, which cover a wide variety of twisted-pair applica-
tions for ISDN Basic Access. Each transceiver is capable of
transmitting and receiving 2 ‘B’ channels plus 1 ‘D’ channel,
and has mode selections to enable it to operate at either
end of the loop.

Transceiver Number 1

The TP3400 Digital Adapter for Subscriber Loops (DASL) is
a low-cost burst-mode transceiver for 2 wire PBX and pri-
vate network loops up to 6 kft in range. Scrambled Alternate
Mark Inversion coding is used, together with adaptive equal-
ization and timing-recovery, to ensure low bit error rates on
a wide variety of cable types. All activation and loop timing
control circuitry is also included.

Transceiver Number 2

The TP3410 Echo-canceller Family is a set of 2-wire trans-
ceivers designed to meet the rigorous requirements of the
‘U’ interface. Derived from a common basic architecture,
these devices will be compatible with the line-code and
framing structure specifications of various PTT administra-
tions and with the U.S. standard.

NSC ISDN Transceiver Chip Set

| -

BURST MODE (TCM) P3401

FOR PBX LOOPS DASL
—
—
ECHO CANCELLER 93410 SMON

FOR 'U" INTERFACE £C INTERFACE

l—
CCITT S/T INTERFACE "’;;m

TL/X/0008-1

Transceiver Number 3

The TP3420 ‘S’ Interface Device (SID), is a 4-wire transceiv-
er which includes all the Layer 1 functions specified in
CCITT Recommendation 1.430. In addition, the TP3420 in-
cludes noise filtering and adaptive equalization, as well as a
high resolution digital phase-locked loop, to provide trans-
mission performance far in excess of that specified in 1.430.
All Activation and ‘D’ channel access sequences are han-
dled automatically without the need to invoke any action
from a microprocessor.

Digital Chip to Chip Interfaces

To retain the flexibility of interfacing components from this
chip set with a variety of other products, two digital interfac-
es are provided on each device. One is for the synchronous
transfer of ‘B’ and ‘D’ channel information in any of several
popular multiplexed serial formats. This means that Nation--
al's chip to chip interface is all encompassing of proprietary
frame structures such as the IOM, IDL, ST-BUS and more.

A second interface, for device mode control, e.g. power up/ .
down, setting loopbacks etc., uses the popular MICRO-
WIRE/PLUS™, MICROWIRE/PLUS is a synchronous serial
data transfer between a microcontroller and one or more
peripheral devices. National’'s HPC and COPS™ microcon-
troller families, together with a broad range of peripheral

- devices, support this interface, which is also easy to emu-

late with any microprocessor.

Popular Frame Structures
Addressed by NSC ISDN Devices

XA
GO I C
S i G S
o RN R

TL/X/0008-2
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NSC Solutions for Layers 2 and 3

National has developed an extremely powerful solution for
implementing various protocols for both Layer 2 (Data Link
Layer) and Layer 3 (Network Layer), including X.25 LAPB
and LAPD (Q.921 and Q.931), together with the capability of
several packet-mode Terminal Adaption schemes®. A single
device incorporates all the processing for these functions:
the HPC16400. One of National's growing family of 16-bit
single chip CMOS microcontrollers, the HPC16400 is based
on a high-speed (17 MHz) 16-bit CPU ‘“‘core”. To this core
has been added 2 full HDLC formatters supported by DMA
to external memory, and a UART.

This set of features makes the HPC16400 an ideal proces-
sor for running all the functions of an ISDN Terminal Adapt-
er, TE or telephone, or the communications port of a high-
end terminal. In a typical application, one of the HDLC chan-
nels may be dedicated to running the LAPD protocol in the
‘D’ channel, while the other provides packet-mode access
to one of the ‘B’ channels. The UART would serve as an
RS232 interface running at any of the standard synchro-
nous or asynchronous rates up to 128 kbaud. A serial inter-
face decoder allows either or both HDLC controllers to be
directly interfaced to any of the 3 Layer 1 transceivers or to
a variety of backplanes, line-card controllers and other de-
vices using time-division multiplexed serial interfaces.

Because of the large ROM and RAM requirements for Layer
3 and the Control Field procedures of Layer 2 in LAPB and
LAPD protocols, the HPC16400 has 256 bytes of RAM and
no internal ROM for storage of user variables. Packet stor-
age RAM and all user ROM is off-chip, this is by far the most

*For example, as per DMI Modes 2 and 3.

cost-effective and flexible combination. A multiplexed bus to
external memory provides direct addressing for up to 64
kbytes of memory, and on-chip /O allows for expanded ad-
dressing for up to 544 kbytes of memory.

The HDLC controllers on the HPC16400 allow continuous
HDLC data rates up to 4.1 Mb/s to be used. In addition to
handling all Layer 2 framing, the HDLC circuitry includes
automatic multiple address recognition to support, for exam-
ple, multiple TEI's in LAPD. Furthermore, the DMA control-
ler provides several register sets for packet RAM manage-
ment with minimal CPU intervention, including *chaining” of
successive packets. This integrated design achieves a high
throughput of packet data without the need for costly FIFO’s
and external interrupts, thereby minimizing the impact of
packet handling on CPU time.

In many applications a number of other peripheral functions
must also be provided, such as sensing switches or scan-
ning a small keyboard, interfacing to a display controller etc.
A number of extra 1/0 ports and a MICROWIRE/PLUS seri-
al data expansion interface are available on the HPC16400
to service these functions. In addition, 4 user configurable
16 bit timer-counters simplify the many time-outs required to
manage such a system, including the default timers speci-
fied in the various protocol specifications.

Terminal adaption consistent with the CCITT V.110 method,
which is based on a synchronous 80 bit frame, is readily
implemented with another member of the HPC family, the
HPC16040. Around the standard core CPU, the 16040 has
on board I/0 and 4 additional PWM timers, a UART, 4k of
ROM and 256 bytes of RAM. '

HPC16400 Simplified Block Diagram

A A 4
4 A A 4
+

HWIRE 256 BYTE HDLC # 1 I HDLC # 2
RAM
DMA
CPU
- CORE 16 BIT INTERNAL BUS

PORTS

Y h

UART

Veoesoovy

TL/X/0008-3
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Introduction To National Semiconductor Basic Access I. C. Set

NSC Solutions: Systems Level

Building an ISDN TE or TA

Shown below is a typical application of the chip set in a
Basic Access TE, which offers one voice channel and an
RS232 interface to support an external terminal. The
TP3420 ‘S’ Interface Device ensures that the system is
compatible with any ‘S’ or ‘T' standard jack socket and pro-
vides the multiplexing for the other devices operating in the
‘B’ and ‘D’ channels. All timing for the TE is derived by the
TP3420 from the received line signal. In a typical applica-
tion, LAPD signalling in the ‘D’ channel is provided via

HDLC #1 on the HPC16400. HDLC #2 is working in con-
junction with the UART to provide an X.25 or LAPD packet-
mode in a ‘B’ channel at 64 kb/s. Terminal Adaption of both
the data and the terminal handshaking signals is performed
by the HPC16400 via the UART and HDLC controller #2,
which can use either of the ‘B’ channels. DMI modes 2 and
3 (for a single channel) can be supported using this method,
with the necessary data buffers set up in internal RAM. The
other ‘B' channel is occupied by the TP3054/7 PCM COM-
BO providing the digitized voice channel.

TP3054/57 | 1 1P3420 3“8
| : N 3| |EZ
\ - MICROWIRE
HOLC HOLC 'S'
INTE'I':;ACE £ £ DMA INTERFACE
HPC16400 ROM +
PACKET
» UART T RAM
PORTS

Yeeondd

PBX 2 Wire Terminals

The following example shows how simple it is to convert an
‘S’ Interface terminal, which requires 2 twisted pairs, to a
terminal using only a single pair by replacing the

TL/X/0008-4

TP3420 SID with a TP3401 DASL. The clean partitioning of
device functions makes this possible with no other changes
to the design.

TP3054/57 | o P340
couso [ "] DasL
MICROWIRE W
L INTERFACE (=52 km)
HDLC | HDLC
R # 82
DMA
INTERFACE HPC16400 ROM +
‘ <::> PACKET
» ARt | RAM
PORTS

| I

TL/X/0008-5
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NSC Solutions: Systems Level

Basic Access Line Cards

For operation on a line card in a C.0., PABX or NT-2, each
of the 3 transceiver devices can be set to operate as the
timing master for the loop, being synchronized to the sys-
tem clock and controlling all loop frame timing. If program-
mable time-slot assignment is required, the TP3155 TSAC
provides 8 individually programmable frame sync pulse out-
puts locked to a common frame marker. ‘B’ channels can be
interfaced to standard backplane interfaces, while ‘D’ chan-

nels can be either multiplexed on and off the card for pro-
cessing or can undergo Layer 2 processing on the card it-
self.

For the latter method, one HPC16400 handles Layer 2 fram-
ing for 2 basic access lines. In this manner, packets are first
identified as data or signalling type by analysis of the SAPI
field, with data packets being routed separately to a packst
switch access node. If required, signalling packets can un-
dergo protocol conversion in the HPC to an existing internal
switch control protocol.

% BACKPLANE

‘S' OR ‘U’ TP3400
REFERENCE TP3410
POINT TP3420

1 3

ROM +
K Y  PACKET
RAM

HPC16400
— (OPTIONAL)
'S OR U’ TP3400
REFERENCE TP3410 ]
POINT 3420 FRAME -
— w3155 JSMNC
TSAC

Building an NT-1

An NT-1 Network Termination is defined as a Layer 1 device
only, which converts the 2-wire long-haul ‘U’ interface to the
limited distance 4-wire ‘S’ interface. It has no capability for
intercepting higher layers of the ‘D’ channel protocol. As
such, it is built simply by connecting a TP3420 SID, config-
ured in NT (or Master) mode, to a TP3410 Echo-canceller
operating in Slave mode. Sharing a common 15.36 MHz

E TP3420

TL/X/0008-6

crystal, these devices pass ‘B’ and ‘D’ channel information
across the standard 4-wire interface. Layer 1 maintenance
protocols across both the ‘U’ and the ‘S/T’ interfaces,
which are as of yet not definitively specified by most ad-
minstrations, may be handled by a low cost 4-Bit COPS™
Microcontroller via its Microwire Interface.

MICROWIRE

A 4

» [
i

%BIIE

5

e

COP413C

(OPTIONAL FOR LAYER
# 1 MAINTENANCE)

TL/X/0008-7
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TP3401

National
Semiconductor

TP3401 DASL Digital Adapter
for Subscriber Loops |

General Déscription

The TP3401 is a complete monolithic transceiver for data
transmission on twisted pair subscriber loops. It is buiit on
National’s advanced double poly microCMOS process, and
requires only a single +5 Volt supply. Alternate Mark Inver-
sion (AMI) line coding, in which binary ‘1’s are alternately
transmitted as a positive pulse then a negative pulse, is
used to ensure low error rates in the presence of noise with
lower emi radiation than other codes such as Bi-phase
(Manchester).

Full-duplex transmission at 144 kb/s is achieved on a single
twisted wire pair using a burst-mode technique (Time Com-
pression Multiplexed). Thus the device operates as an ISDN
‘U’ Interface for short loop applications, typically in a PBX
environment, providing transmission for 2 B channels and 1
D channel. On #26 cabls, the range is at least 1.8 km (6k
ft).

System timing is based on a Master/Slave configuration,
with the line card end being the Master which controls loop
timing and synchronisation. All timing sequences necessary
for loop activation and de-activation are generated on-chip.
A 2.048 MHz clock, which may be synchronized to the sys-
tem clock, controls all transmission-related timing functions.

The system is designed to operate on any of the standard
types of cable pairs commonly found in premise wiring in-

PRELIMINARY

s g e o G

»-

1 . microCMOS

stallations, including mixed gauges from #26AWG to
#19AWG. Within certain constraints the system can oper-
ate with good margins even when Bridge Taps are present.
Three serial digital interfaces are provided on the TP3401;
one for the transfer of B1 and B2 channel information, one
for the transfer of D channel information and a third serial
MICROWIRE™ compatible interface for control and status
information.

Features

Complete ISDN PBX 2-Wire Data Transceiver including:

m 2 B plus D channel interface for PBX U Interface

B 144 kb/s full-duplex on 1 twisted pair using Burst Mode

m Loop range up to 6 kft (#26AWG)

M Alternate Mark Inversion coding with transmit filter and
scrambler for low emi radiation

W Adaptive line equalizer

m On-chip timing recovery, no external components

| System interface with D channel Separate from B

N 2,048 MHz clock

B Driver for line transformer

W 2 loop-back test modes

| +5V only, 80 mW Active Powe!

W 5 mW idle mode .

Block Diagram
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ADVANCE INFORMATION

TP3410 “U” Interface Transceiver

General Description

The TP3410 is a microCMOS monolithic digital transceiver
which provides voice or data communications capability
over a twisted pair of wires in the Public Network. The de-
vice functions at either end of the subscriber loop, handling
voice and data transmissions between the Network Termi-
nation (NT) to the Central Office (CO) line card.

The TP3410 has facilities to transmit and receive using the
standard ISDN 2B+ D (2 64 kb/s and 1 16 kb/s channels)
144 kb/s full duplex channels plus extra channels (for loop
maintenance and performance monitoring) for a total of
160 kb/s. These channels will operate over very long Cen-
tral office subscriber loops of mixed gauges from #26 to
#19 AWG (0.4-0.8 mm), which may include bridge taps.

At the time of this writing, the United States T1D1 commit-
tee for the Standardization of the U interface has not yet
finalized the performance specification.

Preliminary Features

m 160 kb/s full duplex transmission for 2B+D

m Handles all layer 1 functions

m 2B1Q line coding

m Range at least 18 kit

m #26~-#19 AWG (0.4-0.9 mm) mixed gauge wire
compatibility

| 70 dB of Echo Cancellation

= Bridge Tap Equalization

m microCMOS, +5V only

Block Diagram

—1» N| | o ™
5] SCRAVBLER | M irer —D—T
DIGITAL FRAMING
44— INTERFACE SYNC A 4
- ADAPTIVE
CANCELLATION HYBRID | LINE
FILTER
4——
DESCRAMBLER
ADAPTIVE
H e x
EQUALIZER e Je—8
i
’
)
cLK
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TP3420

National
Semiconductor
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TP3420 ISDN Transceiver “S” Interface Device

General Description

The TP3420 (S Interface Device) is a complete monolithic
transceiver for data transmission on twisted pair subscriber
loops. It is built on National’s advanced double metal micro-
CMOS process, and requires only a single +5V supply. All
functions specified in CCITT recommendation 1.430 for
ISDN basic access at the ‘S’ and ‘T’ interfaces are provided,
and the device can be configured to operate either in a TE
(Terminal Equipment), in an NT-1 or NT-2 (Network Termi-
nation) or as a PABX line-card device. )

As specified in 1.430, full-duplex transmission at 192 kb/s is
provided on separate transmit and receive twisted wire pairs
using inverted Alternate Mark Inversion (AMI) line coding.
Various channels are combined to form the 192 kb/s aggre-
gate rate, including 2 ‘B’ channels, each of 64 kb/s, and 1
‘D’ channel at 16 kb/s. In addition, the TP3420 provides the
800 b/s multiframe channels for Layer 1 maintenance.

All 1.430 wiring configurations are supported by the TP3420

Features

m Single Chip 4 Wire 192 kb/s Transceiver

® Provides all CCITT 1.430 Layer 1 Functions

m Exceeds 1,430 range: 1.5 km Point-to-Point

® Adaptive and Fixed Timing Options for NT-1

m Clock Resynchronizer and Data Buffers for NT-2
m Multiframe Channel for Layer 1 Maintenance
| Selectable System Interface Formats

m Microwire™ compatible serial control interface
H microCMOS, +5V only

B 20 Pin Package

Applications

B Same Device for NT, TE and PBX Line Card
W Point-to-Point Range Extended to 1.5 km

B Point-to-Multipoint for all 1.430 Configurations
W Easy Interface to: )

SID, including the “passive bus” for up to 8 TE’s distributed LAPD Processor HPGC16400
within 200 meters of low capacitance cable, and point-to- Terminal Adapter HPC16400
point and point-to-star connections up to at least 1500 me- Codec/Filter COMBO™ TP3054/7
ters. Adaptive receive signal processing enables the device “U" Interface Device TP3410
to operate with low bit error rates on any of the standard Line Card Backplanes
types of cable pairs commonly found in premise wiring in-
stallations. '
Block Diagram
XTAL2 MCLK/XTAL Vg
SYSTEM
INTERFACE 1
3] D-CHANNEL
BCLK 4P 7|  Access
B, = piGmAL v “TRANSMIT +
B, 4——] INTERFACE 7 FRAMING Lo
BUFFERS AND
FS, ——pl >
s AND Pl  AMI CODER Lo~
FSp €——=—p1  TIMING
DENx 4— < T )
’ r__‘
j P ACTIVATION
¢ oRLL STATE
wuLm= CONTROLLER
CONTROL FRAME g
INTERFACE /0 LINE LINE
SIGNAL | INTERFACE
LSD ‘__—I T l I DETECT
oK > e < @- RECENE ut
> RECEIVE FILTER
C0 4—— CONTROL FRAMING AND
S —> < 4. EQUALIZER L
iNT ——] ¢
GND TL/H/9143-1
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HPC16083/HPC26083/HPC36083/HPC46083/HPC16043/
HPC26043/HPC36043/HPC46043/HPC16003/HPC26003/
HPC36003/HPC46003 High-Performance Microcontrollers

General Description

The HPC16083, HPC16043 and HPC16003 are members of
the HPC™ family of High Performance microControllers.
Each member of the family has the same core CPU with a
unique memory and /0 configuration to suit specific appli-
cations. The HPC16083 and HPC16043 have 8k and 4k
bytes of on-chip ROM respectively. The HPC16003 has no
on-chip ROM and is intended for use with external memory.
Each part is fabricated in National's advanced microCMOS
technology. This process combined with an advanced archi-
tecture provides fast, flexible 170 control, efficient data ma-
nipulation, and high speed computation.

The HPC devices are complete microcomputers on a single
chip. All system timing, internal logic, ROM, RAM, and 1/0
are provided on the chip to produce a cost effective solution
for high performance applications. On-chip functions such

as UART, up to eight 16-bit timers with 4 input capture regis-

ters, vectored interrupts, WATCHDOGT™M logic and MICRO-
WIRE/PLUS™ provide a high level of system integration.
The ability to address up to 64k bytes of external memory
enables the HPC to be used in powerful applications typical-
ly performed by microprocessors and expensive peripheral
chips. The term “HPC16083" is used throughout this data-
sheet to refer to the HPC16083, HPC16043 and HPC16003
devices unless otherwise specified.

The microCMOS process results in very low current drain
and enables the user to select the optimum speed/power
product for his system. The IDLE and HALT modes provide
further current savings. The HPC is available in 68-pin
PLCC, LCC and PGA packages.

Features
m HPC family—core features:
— 16-bit architecture, both byte and word
— 16-bit data bus, ALU, and registers
— 64k bytes of external memory addressing
— FAST—240 ns for fastest instruction when using
17.0 MHz clock, 134 ns at 30 MHz
— High code efficiency—most instructions are single
byte
— 16 x 16 multiply and 32 x 16 divide
— Eight vectored interrupt sources
— Four 16-bit timer/counters with 4 synchronous out-
puts and WATCHDOG logic
— MICROWIRE/PLUS serial 1/0 interface
— CMOS—very low power with two power save modes:
IDLE and HALT
m UART—full duplex, programmable baud rate
m Four additional 16-bit timer/counters with pulse width
modulated outputs
m Four input capture registers
W 52 general purpose 1/0 lines (memory mapped)
m 8k or 4k bytes of ROM, 256 bytes of RAM on chip
(HPC16083, HPC16043) :
m ROMIless version available (HPC16003)
m Commercial (0°C to +70°C), industrial (—~40°C to
+85°C), automotive (—40°C to +105°C) and military
(—55°C to +125°C) temperature ranges

Block Diagram (Hrc16083 with 8k ROM shown)
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HPC16400/HPC36400/HPC46400

National
Semiconductor

ADVANCE INFORMATION

HPC16400/HPC36400/HPC46400 High-Performance
Microcontrollers with HDLC Controller

General Description

The HPC16400 is a mémber of the HPC™ family of High
Performance microControllers. Each member of the family
has the same identical core CPU with a unique memory and
1/0 configuration to suit specific applications. Each part is
fabricated in National’s advanced microCMOS technology.
This process combined with an advanced architecture pro-
vides fast, flexible 1/0 control, efficient data mampulatlon,
and high speed computation.

The HPC16400 has 4 functional blocks to support a wide
range of communication application-2 HDLC channels, 4
channel DMA controller to facilitate data flow for the HDLC
channels, programmable serial interface and UART.

The serial interface decoder allows the 2 HDLC channels to
be used with devices using interchip serial link for point-to-
point & multipoint data exchanges. The decoder generates
enable signals for the HDLC channels allowing multiplexed
D and B channel data to be accessed.

The HDLC channels manage the link by providing sequenc-
ing using the HDLC framing along with error control based
upon a cyclic redundancy check (CRC). Multiple address
recognition modes, and both bit and byte modes of opera-
tion are supported.

The HPC16400 is available in 68-pin PLCC, LCC, LDCC and
PGA packages

Features
m HPC family—core features:
— 16-bit data bus, ALU, and registers
— 64 kbytes of external memory addressing
— FAST!—20.0 MHz system clock
— High code efficiency
— 16 x 16 multiply and 32 x 16 dlwde
— Eight vectored interrupt sources
— Four 16-bit timer/counters with WATCHDOG logic
— MICROWIRE/PLUS serial 1/0 interface
— CMOS—Ilow power with two power save modes
m Two full duplex HDLC channels
— Optimized for X.25 and LAPD applications
— Programmable frame address recognition
— Up to 4.65 Mbps serial data rate
— Built in diagnostics )
W Programmable interchip serial data decoder
B Four channel DMA controller
m UART—full duplex, programmable baud rate
(up to 312.5 kBaud)
B 544 kbytes of extended addressing
W Easy interface to National’s DASL, ‘U’ and ‘S’ trans-
ceivers—TP3400, TP3410 and TP3420
® Industrial (—40°C to +85°C) and military (—55°C to
+125°C) temperature ranges

Block Diagram
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ISDN DEFINITIONS

“B” Channel, or DS0 Channel

A “B" (for Basic) channel is a 64 kb/s full-duplex transpar-
ent data channel. It is octet (=byte) oriented, that is it can
be considered as a channel bearing 8k octets/sec. “B"
channels are synchronized to the network and are generally
circuit-switched (not packet switched). The 64 kb/s rate is
also known as a DSO0 interface. )

“D” Channel

The “D” channel is a packet-mode message-oriented chan-
nel on which the data-link layer (layer 2) protocol is carried
in HDLC frames. At a basic access point the “D” channel
runs at 16 kb/s, while at a primary access point it runs at
64 kb/s. (There is no reason why a D" channel could not
be defined to run at even higher speeds, e.g., 1.544 or
2.048 Mb/s, though that does not seem to be a part of
current standardization work.)

Three types of data may be handled by a “D" channel:
1. Type “'s" (signaling) using layer 3 of the LAPD protocol.
2. Type “p” (packet) user’s packet-oriented data.

3. Type “t" (telemetry) data, typically alarms and energy
monitoring functions operating at a low scan rate.

The data type is identified by the SAPI (Service Access
Point Identifier) in the HDLC extended address field. - -

Baslc Access to the ISDN

Two independent “B"’ channels (B1 and B2) together with a’

“D"” channel operating at 16 kb/s form the basic access
structure. A minimum transmission rate of 144 kb/s full du-
plex is therefore required for basic access transport, al-
though in some applications additional bits are used for lo-
calized functions.

Figure 1 shows the names of the functional blocks and in-
terfaces as defined in CCITT specifications.

The ‘U’ interfacs is the single twisted pair loop between a
customer’s premises and the local central office. To trans-
mit 144 kb/s or more full-duplex over this link, which may be
several miles long and have over 40 dB of attenuation of the
data signal, requires a complex transceiver. Adaptive echo-
cancellation techniques are necessary and, although the
transmission format is not yet specified by CCITT, consider-
able work is in progress in the U.S. T1D1.3 ISDN Study
Group to establish a standard for North America. 160 kb/s
is the likely transmission rate, while the line code will be
2B1Q.

The ‘S’ interface passes the same 2 ‘B’ channels and the
‘D’ channel on to the terminals, together with some addi-
tional bits used for synchronization, contention control in the
‘D’ channel, and other housekeeping functions. CCITT
specification 1.430 defines the physical layer of this inter-
face. A transceiver is required for transmission at the 192
kb/s bit rate, over separate transmit and receive twisted
pairs (which already exist in both office and residential tele-
phone wiring within the premises in many countries). Alter-
nate Mark Inversion coding is used.

2 additional pairs are specified as an option, 1 for power and
1 for spare, making this an 8 wire interface. A plug and jack
have been standardized so that the ‘S’ interface can be a

‘“‘universal portability point” for ISDN terminals from any
manufacturer in the world.

Primary Access to the ISDN -

Primary access is provided at a DS1 interface, consisting of
either:

1. Twenty-three “B” channels plus one 64 kb/s “D"” chan-
nel at 1.544 Mb/s (North America), or :

2. Thirty “B" channels plus one 64 kb/s “D” channel at
2.048 Mb/s (Europe and Rest of World).

CCITT specification 1.431 defines the multiplexing and con-
trol schemes for primary access.

TE—Terminal Equipment
Two sub-groups of terminals are defined:

1. TE-1is a full ISDN terminal which is synchronized to the
network channels (not just the far-end terminal) and uses
LAPD signaling. It connects to the ISDN at the “S" refer-
ence point, which is intended to be the point in the net-
work at which any type of basic access terminal can be
connected, i.e., the “portability” point.

2. TE-2 is a non-ISDN terminal, generally one of today’s
asynchronous or synchronous terminals operating at
rates < 64 kb/s. This includes terminals which have
RS232C, RS449, V.21, V.24, V.35, X.21 or X.25 packet-
mode interfaces. Each type of interface must be adapted
from the “R" reference point to the "'S” reference point
by means of a Terminal Adapter (TA).:

TA—Terminal Adapter

A terminal adapter converts either asynchronous or syn-
chronous data from non-ISDN terminals into data which is
synchronized with ISDN B or D channels. The data rate
must be adapted by means of stuffing extra bits in a pre-
scribed pattern into the bit stream to adapt the data rate to
64 kb/s.

Terminal adaption also requires the conversion of modem
handshaking signals to ISDN compatible signaling, and cur-
rently there are 2 competing schemes: either using LAPD in
the D channel (i.e. out-of-band signaling) or applying LAPD-
type messages but passing them end-to-end via the B chan-
nel (i.e. in-band). There are strong arguments for both meth-
ods, mostly concerned with how signaling is converted at
the boundary between an ISDN and today’s network (“inter-
working'"), and it remains to be seen which will win as a
standard.

NT—Network Termination

The NT terminates the network at the user’s end of the 2
wire loop at the customer’s premises. It converts the “U”
interface to the “S” and “T” interface (see Figure 1) and
acts as the “master” end of the user’s passive bus. B and D
channels must pass transparently through the NT, and there
is no capability for intercepting LAPD messages in the NT.
Thus a typical NT for basic access will consist of an ‘S’
interface transceiver and a ‘U’ interface transceiver con-
nected back-to-back with appropriate power supplies and
fault monitoring capability.

An NT can also be an intelligent controller such as a PABX,
LAN access node, or a terminal cluster controller.

3-13

suoniuyaq Nasi




ISDN Definitions

LT—Line Termination

Typically, the LT consists of the “U” interface tranceiver
and power feeding functions on the ISDN line card. These
functions must interface to the switch at the *“V” reference
point, which is not currently being standardized by CCITT. It
could be a proprietary backplane interface or a nationally
specified interface which would allow the LT to be physically
and electrically separated from the switch.

1SO Layered Protocol Model

The 1SO (International Standards Organization) has defined
a 7 layer model! structure which describes convenient break
points between various parts of the hardware and software
in any data communications system.

Layer 1: Physical layer, that is the hardware which trans-
ports bits across interfaces. This includes ISDN transceiv-
ers, modems etc., power supplies, methods of activating
and de-activating a transmission link, and also the transmis-
sion medium itself, such as wire, fiber, plugs and sockets,
ete. B

Layer 2: Data Link layer, which describes a basic framing
structure and bit assignments to enable higher layer mes-
sages to be passed across a physical link. HDLC framing,
addressing and error control are the major elements of this
layer in ISDN.

Layer 3: Network layer, that is those parts of a message
associated with setting-up, controlling and tearing-down a
call through the network. These are all software control
functions, and generally this is the highest layer in the ISO
protocol model which is considered in chip development.
The top 4 layers relate to the structure of the actual applica-
tion programs; ) )

Layer 4: Transport layer, concerned with defining sources
and destinations within an operating system for the transfer
of application programs.

Layer 5: Session layer.

Layer 6: Presentation layer.

Layer 7: Application layer.

These layers are generally running on a high level machine,

and discussion regarding this machine is outside the scope
of this document.

LAPD

Link Access Protocol in the “D” channel is the name given
to the packet-mode signaling protocol defined in CCITT
specs Q920 and Q921 for the data link layer (layer 2) and
Q930 and Q931 for the network layer (layer 3 in the ISO 7
layer reference model). At layer 2, LAPD uses the HDLC
framing format. This protocol defines the bits, bytes and se-
quence of states necessary between the user and the net-
work to establish, control and terminate calls using any of
the 100 or more types of services which may be available
via an ISDN. If the users at both ends of the call are con-
nected to the ISDN and there is a through path for the D
channel then end-to-end call control is available.

Because of this extensive range of services, implementation
of full LAPD requires considerable memory and processing
power. Standards work has recently focused on definition of
a minimal subset of LAPD to cover the basic requirements
of call control.

Activation/De-activation

Activation is the process of powering up the ‘S’ and ‘U’
interfaces from their standby (i.e. de-activated) states and
sending specific signals across the interfaces to get the
whole loop synchronized to the network. A small state ma-
chine in each TE and the NT controls this sequence of
events, and uses timers to ensure that, if the activation at-
tempt should fail for any reason, the user or network is alert-
ed. At the end of a call an orderly exit from the network is
effected by sending de-activation sequences before any
equipment can power-down.
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TE: Terminal Equipment

TA: Terminal Adaptor (Protocol Conversion & Rate Adaption for Non-ISDN Terminals)
NT2: Network Termination 2 (Protoco! for Link Control, MUX/DEMVX etc)

NT1: Network Termination 1 (Loop Transceiver, Power Extraction)

LT: Line Termination (Loop Transceiver, Power Feed)

ET: Exchange Termination (Protocol Handling, MUX/DEMUX, Switching)

FIGURE 1. The ISDN Interfaces
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INS8250, INS8250-B Universal
Asynchronous Receiver/Transmitter

8-06528SNI/0SZ8SNI

General Description Features

Each of these parts function as a serial data input/output B Easily interfaces to most popular microprocessors.
interface in a microcomputer system. The system software ~ ®m Adds or deletes standard asynchronous communication

determines the functional configuration of the UART via a bits (start, stop, and parity) to or from serial data
TRI-STATE® 8-bit bidirectional data bus. stream.

The UART performs serial-to-parallel conversion on data ™ Holding and shift registers eliminate the need for pre-
characters received from a peripheral device or a MODEM, cise synchronization between the CPU and the serial
and parallel-to-serial conversion on data characters re- data.

ceived from the CPU. The CPU can read the complete  m Independently controlled transmit, receive, line status,
status of the UART. Status information reported includes and data set interrupts.

the type and condition of the transfer operations being per-  m Programmable baud generator allows division of any in-
formed by the UART, as well as any error conditions (parity, put clock by 1 to (218 — 1) and generates the internal
overrun, framing, or break interrupt). 16 X clock.

The UART includes a programmable baud rate generator  m Independent receiver clock input.

that is capable of dividing the timing reference clock input m MODEM control functions (CTS, RTS, DSR, DTR, RI,
by divisors of 1 to (216—1), and producing a 16 X clock for and DCD).

driving the internal transmitter logic. Provisions are also in- g Fully programmable serial-interface characteristics:

cluded to use this 16 X clock to drive the receiver logic. The —-5-, 8-, 7-, OF 8-bit characters

UART includes a complete MODEM-control capability and a - Even, odd, or no-parity bit generation and detection
processor-interrupt system. Interrupts can be programmed — 1, 114-, or 2-stop bit generation

to the user's requirements minimizing the computing re- — Baud generation (DC to 56k baud).

quired to handle the communications link. m False start bit detection.

National's INS8250 universal asynchronous receiver trans- @ Complete status reporting capabilities.

mitter (UART) is the unanimous choice of aimost every PG g TR|.STATE TTL drive capabilities for bidirectional data
and add-on manufacturer in the world. The INS8250 is a bus and control bus.
programmable communications chip available in a standard . . .
40-pin dual-in-line and a 44-pin PCC package. The chip is W Line brea!( gener.anon anf:!. fiet.ectlon.
B Internal diagnostic capabilities:

fabricated using N-channel siicon gate technology. — Loopback controls for communications link fault
isolation
— Break, parity, overrun, framing error simulation.
m Fully prioritized interrupt system controls.
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1.0 Absolute Maximum Ratings

If Military/Aerospace specified devices are required, All Input or Output Voltages

contact the National Semiconductor Sales Office/ with Respectto Vsg —-0.5Vto +7.0V
Distributors for availability and specifications. Power Dissipation 400 mW
Temperature Under Bias 0°Cto +70°C Note: Maximum ratings indicate limits beyond which perma-
Storage Temperature —65°Cto +150°C nent damage may occur. Continuous operation at these lim-

its is not intended and should be limited to those conditions
specified under DC electrical characteristics.

8-05¢8SN1/0528SNI

2.0 DC Electrical Characteristics

Ta = 0°Cto +70°C, Vg = +5V +5%, Vgg = 0V, unless otherwise specified.

Symbol Parameter Conditions INS8250 INS8250-B Unlts‘
’ Min Max Min Max o
ViLx Clock Input Low Voltage -05 - 0.8 -0.5 0.8 V.
ViHx Clock Input High Voltage 2.0 Vee 20 Vee v
viL Input Low Voltage ' -0.5 0.8 -0.5 0.8 V.
ViH Input High Voltage 2.0 Vee 2.0 Vee \
VoL Output Low Voltage loL = 1.6 mA on all (Note 1) 0.4 0.4 v
VoH Qutput High Voltage loH = —1.0 mA (Note 1) 2.4 2.4 V.
lcc(AV) | Avg. Power Supply Voo = 5.25V, Tp = 25°C
Current (Vo) No Loads on output )
SIN, DSR, DCD, 80 80 - mA
CTS,RI = 2.4V
All other inputs = 0.4V
I Input Leakage Vco = 5.25V, Vgg = OV - +10 +10 pA
All other pins floating.
! Clock Leakage
cL g Vin = 0V, 5.25V £10 £10 A
loz TRI-STATE Leakage Voo = 5.25V, Vgg = OV
Vout = 0V, 5.25V
1) Chip deselected +20 +20 HA
2) WRITE mode,
chip selected
Capacitance 1, = 25°C, v = Vss = 0V
Symbol Parameter Conditions Min Typ Max Units
CxiN Clock Input Capacitance 15 20 pF
CxouTt Clock Output Capacitance fe = 1 MHz 20 30 pF
Cin Input Capacitance Unmeasured pins . 6 . 10 pF
Cout Output Capacitance retumed to Vsg 10 20 pF

Note 1: Does not apply to XOUT.

45



INSB8250/INS8250-B

3.0 AC Electrical Characteristics 15 = 0°Cto +70°C, Vge = +5V £5%

Symbol Parameter Conditions INS8250 INS8250-B Units
: Min Max Min Max
taDS Address Strobe Width 90 120 ns
tAH Address Hold Time 0 60 ns
taR RD/RD Delay from Address (Note 1) 110 110 ns
tas Address Setup Time 110 110 ns
tcH Chip Select Hold Time 0 60 ns .
tcs Chip Select Setup Time . ) 110 110 ns
tcsc Chip Select Output Delay from Select | @100 pF loading (Note 1) 200 200 ns
tcsh RD/RD Delay from Chip Select (Note 1) 110 110 ns
tcss Chip Select Output Delay from Strobe 0 150 0 150 ns
tosw WR/WR Delay from Select (Note 1) 160 160 ns
toH Data Hold Time 60 100 ns
tps Data Setup Time 175 350 ns
thz RD/RD to Floating Data Delay @100 pF loading (Note 3) 0 150 0 150 ns
tMR Master Reset Pulse Width 10 10 us
tRA Address Hold Time from RD/RD (Note 1) 50 50 ns
trc Read Cycle Delay 1735 1735 ns
1 trRes Chip Select Hold Time from RD/RD (Note 1) 50 50 ns
tRD RD/RD Strobe Width 175 350 ns
tRDA Read Strobe Delay 0 0 ns
tRDD RD/RD to Driver Disable Delay " @100 pF loading (Note 3) 150 250 ns
trvD Delay from RD/RD to Data @100 pF loading 250 300 ns
twa Address Hold Time from WR/WR (Note 1) 50 50 ns
twe Write Cycle Delay 1785 1785 ns
twes %P/ &/T:I{ect Hold Time from (Note 1) 50 50 ns
twpA Write Strobe Delay 50 50 ns
twr WR/WR Strobe Width 175 350 ns
txH Duration of Clock High Pulse External Clock (3.1 MHz Max.)| 140 140 ns
txL Duration of Clock Low Pulse External Clock (3.1 MHzMax.){ 140 140 ns
RC Read Cycle = tag + tow + tre 2000 2205 ns
WC Write Cycle = tppa + tpow + twe 2100 2305 ns
Baud Generator
N Baud Divisor 1 216—1 1 216—1
tBHD Baud Output Positive Edge Delay 100 pF Load 250 250 ns
tsLD Baud Output Negative Edge Delay 100 pF Load 250 250 ns
tHw Baud Output Up Time fx = 3 MHz,+ 3, 100 pF Load 330 330 ns
ttw Baud Output Down Time fx = 2 MHz,+2, 100 pF Load 425 425 ns
Recelver
trint | Delay from RD/RD 100 pF Load
(RD RBR or RD LSR) 1000 1000 ns
to Reset Interrupt
tscp Delay from RCLK to Sample Time 2000 2000 ns
tSINT Delay from Stop to Set Interrupt 2000 2000 ns

Note 1: Applicable only when ADS is tied low.
Note 2: Charge and discharge time is determined by V|, Von and the external loading.




3.0 AC Electrical Characteristics 14 = 0°cto +70°C, Vog = +5V +5% (Continued)

Symbol Parameter Conditions INS8250 INS82C50-8 Units
Min —[ Max Min I Max
. Transmitter
AHR Delay from WR/WR (WR THR) 100 pF Load
to Reset Interrupt 1000 1000 ns
tR Delay from RD/RD (RD IIR) to Reset
Interrupt (THRE) 100 pF Load 1000 1000 ns
‘tRs Delay from Initial INTR 16 16 BAUDOUT
Reset to Transmit Start Cycles
“tg) Delay from Initial Write to Interrupt BAUDOUT
50 50
Cycles
tss Delay from Stop to Next Start 1000 1000 ns
tsTi Delay from Stop to Interrupt (THRE) 8 8 BAUDOUT
Cycles
Modem Control
tMpo Delay from WR/WR (WR MCR) to 100 pF Load 1000 1000 ns
QOutput :
tRM Delay to Reset Interrupt from RD/RD 100 pF Load
(RD MSR) 1000 1000 ns
tsim Delay to Set Interrupt from MODEM Input | 100 pF Load 1000 1000 ns

4.0 Timing Waveforms (i timings are referenced to valid 0 and valid 1)

External Clock Input (3.1 MHz Max.) AC Test Points

24v
24v {NOTE 1)

20V

XIN

04y
X L—]
TL/C/9328-2

Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.
Note 2: The 2.0V and 0.8V levels are the voltages at which the timing tests are made.
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INS8250/INS8250-B

4.0 Timing Waveforms (continued)
Write Cycle

A2 A|,M X VALID I x X
¢S tCH .o WA*
et -
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. I. —eser W"! }o—ms'-—{
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— I
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L3 4
oR
T . ,
0. 70 l X acTive
’ |<—|ns——|--nn—|
ogﬂ,: VALID DATA
*Applicable Only When ADS is Tied Low. TL/C/9329-5
Read Cycle

-
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i
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A2. A1 Ag X
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*Applicable Only When ADS is Tied Low.

TL/C/9329-6
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4.0 Timing Waveforms (continued)

Receiver Timing

U U '

’ s _"i L_GCI)

SAMPLE CLK
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= 1 1 1 1 11
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RCVR ERR)

—

(READ REC \CTIVE
DATA BUFFER X T

(NOTE2)

Transmitter Timing

SERIAL
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RS o!ss-|
IR
INTERRUPT
(THRE)
—=[HR wh I__
[e——1$!
WA, R
(WA THR)
(NOTE 1) {
e
< A

—

(RD HR)
(NOTE 2)

" MODEM Controls Timing
WR. wR
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(NOTE ) I
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oo / \
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— /\ /L I

(NOTE 2)
§ /S
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Note 1: See Write Cycle Timing
Note 2: See Read Cycle Timing

TL/C/9329-7

TL/C/9329-8

TL/C/9329-9
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INS8250/INS8250-B

.
5.0 Block Diagram
INTERNAL
DATA 8US
1.9 oATA R RECEIVER |, RECEIVER | gy
0;-0g ik  “Ss BUFFER WIET [t )
1-00 BUFFER d N REGISTER | REGISTER "
RECEIVER
LINE
o] contROL TMING | @l ik
REGISTER conTROL
An-%» DIVISOR
i L] aTcis s
a7 2280, ] 8AUD 115) o sxvOOUY
? = ovison GENERATOR
o ‘::t- LATEH Ms)
T
[ R
25
m"}:‘si” SELECT TRANSMITTER
MR N IMIN
LINE TIMING
B —Z, CONTROL ] sTATUS
Al L4
i ::;: REGISTER CONTROL
"=
W —a
nms<(T‘)—
CS0UT <) » oG ] ST Rt souT
N = 71 REGISTER 7] REGISTER
XOUT e
RN ) N P
A 7| RecisTer 33) gi
e o, [ o
POWER “ 3
sumv{ @ o R LOGIC o oco
Quum|  STATUS  |dpu— 2 m
REGISTER U1
[E
[}
donen| INTERRUPT al INTERAUPT
ENABLE 30
V) REGISTER 7| conteot e wra
4 INTERRUPT | |
v REGISTER |

Note: Applicable pinout numbers are included within parenthesis.

6.0 Pin Descriptions

The following describes the function of all UART, pins.
Some of these descriptions reference internal circuits.

In the following descriptions, a low represents a logic 0 (OV
nominal) and a high represents a logic 1 (+ 2.4V nominal).

6.1 INPUT SIGNALS

Chip Select (CS0, CS1, CS2), Pins 12-14: When CSO0 and
CS1 are high and CS2 is low, the chip is selected. This
enables communication between the UART and the CPU.
The positive edge of an active Address Strobe signal latch-
es the decoded chip select signals, completing chip selec-
tion. If ADS is always low valid chip selects should stabilize
according to the tcgw parameter.

Read (RD, RD), Pins 22 and 21: When RD is high or RD is
low while the chip is selected, the CPU can read status
information or data from the selected UART register.

Note: Only an active RD or RD input is required to transfer data from the
UART during a read operation. Therefore, tie either the RD input permanent-
ly tow or the RD input permanently high, when it is not used.

TL/C/9329-10

Write (WR, WR), Pins 19 and 18: When WR is high or WR
is low while the chip is selected, the CPU can write control
words or data into the selected UART register.

Note: Only an active WR or WR input is required to transfer data to the
UART during a wriﬁ operation. Therefore, tie either the WR input perma-
nently low or the WR input permanently high, when it is not used.
Address Strobe (ADS), Pin 25: The positive edge of an
active Address Strobe (ADS) signal latches the Register Se-
lect (A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals.
Note: An active ADS input is required when the Register Select (A0, A1, A2)
signals are not stable for the duration of a read or write operation. If not
required, tie the ADS input permanently low.

Register Select (A0, A1, A2), Pins 26~28: Address signals
connected to these 3 inputs select a UART register for the
CPU to read from or write to during data transfer. A table of
registers and their addresses is shown below. Note that the
state of the Divisor Latch Access Bit (DLAB), which is the
most significant bit of the Line Control Register, affects the
selection of certain UART registers. The DLAB must be set
high by the system software to access the Baud Generator
Divisor Latches.

4-10



6.0 Pin Descriptions (continued)

DLAB | A2 | Aq | Ag Register
0 0 0 0 | Receiver Buffer (read),
Transmitter Holding
Register (write)
0 0 0 1 | Interrupt Enable
X 0 1 0 | Interrupt Identification
(read only)
X 0 1 1 Line Control
X 1 0 0 | MODEM Control
X 1 0 1 Line Status
X 1 1 0 | MODEM Status
1 0 0 0 | Divisor Latch
(least significant byte)
1 0 0 1 | Divisor Latch
(most significant byte)
Register Addresses

Master Reset (MR), Pin 35: When this input is high, it clears
all the registers (except the Receiver Buffer, Transmitter
Holding, and Divisor Latches), and the control logic of the
UART. The states of various output signals (SOUT, INTR,
OUT 1, OUT 2, RTS, DTR) are affected by an active MR
input. (Refer to Table 1.).

Recelver Clock (RCLK), Pin 9: This input is the 16 X baud
rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-
munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: When low, this indicates that
the MODEM or data set is ready to exchange data. The CTS
signal is a MODEM status input whose conditions can be
tested by the CPU reading bit 4 (CTS) of the MODEM Status
Register. Bit 4 is the complement of the CTS signal. Bit 0
(DCTS) of the MODEM Status Register indicates whether
the CTS input has changed state since the previous reading
of the MODEM Status Register. CTS has no effect on the
Transmitter.

Note: Whenever the CTS bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

Data Set Ready (DSR), Pin 37: When low,. this indicates
that the MODEM or data set is ready to establish the com-
munications link with the UART. The DSR signal is a
MODEM status input whose condition can be tested by the
CPU reading bit 5 (DSR) of the MODEM Status Register. Bit
5 is the complement of the DSR signal. Bit 1 (DDSR) of the
MODEM Status Register indicates whether the DSR input
has changed state since the previous reading of the
MODEM Status Register.

Note: Whenever the DSR bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD), Pin 38: When low, indicates
that the data carrier has been detected by the MODEM or
data set. The DCD signal is a MODEM status input whose
condition can be tested by the CPU reading bit 7 (DCD) of
the MODEM Status Register. Bit 7 is the complement of the
DCD signal. Bit 3 (DDCD) of the MODEM Status Register
indicates whether the DCD input has changed state

since the previous reading of the MODEM Status Register.
DCD has no effect on the receiver.
Note: Whenever the DCD bit of the MODEM Status Register changes state,
an interrupt is generated if the MODEM Status Interrupt is enabled.
Ring Indicator (RI), Pin 39: When low, this indicates that a
telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM status input whose
condition can be tested by the CPU reading bit 6 (RI) of the
MODEM Status Register. Bit 6 is the complement of the RI
signal. Bit 2 (TERI) of the MODEM Status Register indicates
whether the RI input signal has changed from a low to a
high state since the previous reading of the
MODEM Status Register.
Note: Whenever the RI bit of the MODEM Status Register changes from a
high to a low state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

Ve, Pin 40: +5V supply.
Vgs, Pin 20: Ground (0V) reference.

6.2 OUTPUT SIGNALS

Data Terminal Ready (DTR), Pin 33: When low, this in-
forms the MODEM or data set that the UART is ready to
establish a communications link. The DTR output signal can
be set to an active low by programming bit 0 (DTR) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state.

Request to Send (RTS), Pin 32: When low, this informs the
MODEM or data set that the UART is ready to exchange
data. The RTS output signal can be set to an active low by
programming bit 1 (RTS) of the MODEM Control Register. A
Master Reset operation sets this signal to its inactive (high)
state.

Output 1 (OUT 1), Pin 34: This user-designated output can
be set to an active low by programming bit 2 (OUT 1) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. In the
XMOS parts this will achieve TTL levels. -

Output 2 (OUT 2), Pin 31: This user-designated output can
be set to an active low by programming bit 3 (OUT 2) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. In the
XMOS parts this will achieve TTL levels.

Chip Select Out (CSOUT), Pin 24: When high, it indicates
that the chip has been selected by active, CS0, CS1, and
CS2 inputs. No data transfer can be initiated until the
CSOUT signal is a logic 1. CSOUT goes low when the
UART is deselected.

Driver Disable (DDIS), Pin 23: This goes low whenever the
CPU is reading data from the UART. It can disable or control
the direction of a data bus transceiver between the CPU
and_the UART (see Typical Interface for a High Capacity
Data Bus).

Baud Out (BAUDOUT), Pin 15: This is the 16 X clock sig-
nal from the transmitter section of the UART. The clock rate
is equal to the main reference oscillator frequency divided
by the specified divisor in the Baud Generator Divisor Latch-
es. The BAUDOUT may also be used for the receiver sec-
tion by tying this output to the RCLK input of the chip.

4-11
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INS8250/INS8250-B

6.0 Pin Descriptions (continued)

Interrupt (INTR), Pin 30: This goes high whenever any one
of the following interrupt types has an active high condition
and is enabled via the IER: Receiver Line Status; Received
Data Available; Transmitter Holding Register Empty; and
MODEM Status. The INTR signal is reset low upon the ap-
propriate interrupt service or a Master Reset operation.
Serial Output (SOUT), Pin 11: This is the composite serial
data output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic 1)
state upon a Master Reset operation or when the transmit-
ter is idle.

7.0 Connection Diagrams
Dual-In-Line Package

[ I U a0 vee
D= 2 3 L1
02—4 3 38 = 0T0
03— & 37 D3R
0g—{ § 36 p—CTS
05— & 35 j—mr
D5t ? 34 f=7DUTH
D]H 8 3 p=—pTR
AcLk— 9 2 |—aTs
SiN=={ 10 N$S16450 3 -T2
SoUT—={ 1t INSBZSOA 39 L_NTR
cso=—f 12 29 famnC
cs1=—{ 13 28 [—ag
TS2—] 14 ua b—ay
BAUDOUT— 15 26 te=£2
XIN—] 16 25 }—7ADS
XOUT ~ 17 24 f=cSOUT
Wi— 18 23 p—o0I8
wa— 19 22 |—RD
vss=—] 20 21 p—FRD
TL/C/9329-11
Top View
Order Number INS8250N, INS8250N-B or
INS8250N/A+

See NS Package Number N4OA

6.3 INPUT/OUTPUT SIGNALS

Data (D7-Dg) Bus, Pins 1-8: This bus is comprised of eight
TRI-STATE input/output lines. The bus provides bidirection-
al communications between the UART and the CPU. Data,
control words, and status information are transferred via the
D7-Dg Data Bus.

External Clock Input/Output (XN, XouT) Pins 16 and 17:
These two pins connect the main timing reference (crystal
or signal clock) to the UART. When a crystal oscillator or a
clock signal is provided, it drives the UART via XIN (see
typical oscillator network illustration).

PCC Package

D4 03 Dz O} 0O Vee 000 85R GTS
S\ el /2

6543214832404
osf7 30 | mr
11 R 38 | BUTA
orfs a7 | 6TR
RCIK § 0 3 | ATS
s n 35 | buz
[ RY3 N$S16450 34| NC
st | INSBZS0A 3 | wm
cso | 1 3z | Ne
st 15 31 | A
L R 30 | a
BATBATT | 7 2| a2

1819 20 21 2223 24 25 26 27 28

7/ 1V TANNN

XIN XOUT WR WR . vss D RO DDIS CSOUT ADS
TL/C/9329-18
Top View
Order Number INS8250V-B
See NS Package Number V44A

TABLE I. UART Reset Functions

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note 1)
Interrupt Identification Register Master Reset 00000 001
Line Control Register Master Reset 0000 0000
MODEM Control Register Master Resst 0000 0000
Line Status Register Master Reset 0110 0000
MODEM Status Register Master Reset XXXX 0000 (Note 2)
SOouUT Master Reset High
INTR (RCVR Errs) Read LSR/MR Low
INTR (RCVR Data Ready) Read RBR/MR Low
INTR (THRE) Read 1IR/Write THR/MR Low
INTR (Modem Status Changes) Read MSR/MR Low
ouT 2 Master Reset High
RTS Master Reset High
DTR Master Reset High
ouT1 Master Reset High

Note 1: Underlined bits are permanently low.

Note 2: Bits 7-4 are driven by the input signals.
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8.0 Registers 4
The system programmer may access any of the UART reg- Bits 0 and 1: These two bits specify the number of bits in 5
isters summarized in Table Il via the CPU. These registers each transmitted or received serial character. The encoding Q
control UART operations including transmission and recep- of bits 0 and 1 is as follows: =
tion of data. Each register bit in Table Il has its name and (2]
reset state shown. Bit 1 Bit 0 Character Length E
8.1 LINE CONTROL REGISTER 0 0 5 Bits =]
The system programmer specifies the format of the asyn- (1) 2) gg::: @
chronous data communications exchange and sets the Divi- 1 1 8 Bits
sor Latch Access bit via the Line Control Register (LCR).
The programmer can also read the contents of the Line — " . .
Contro! Register. The read capability simplifies system pro- Bit 2: This bit specifies the number of Stop bits transmitted
gramming and eliminates the need for separate storage in and recevied in each serial character. If bit 2 is a logic 0,
system memory of the line characteristics. Table Il shows ona Stop bit is generated or checked in the serial data. If bit
the contents of the LCR. Details on each bit follow: 2 is a logic 1 when a 5-bit word length is selected via bits 0
TABLE II. Summary of Registers
Register Address
0DLAB=0| 0DLAB=0 | 1DLAB=0 2 3 4 5 6 O0DLAB=1|1DLAB=1
’?2 Receiver | Transmitter Interrupt
‘| Buffer Holding Interrupt Ident. Line MODEM Line MODEM Divisor Division
Register Register Enable | Register| Control | Control Status Status Latch Latch
(Read (Write Register (Read | Register | Register| Register | Register (LS) (MS)
Only) Only) Only)
RBR THR IER IR LCR MCR LSR MSR DLL DLM
0 | DataBit0 | DataBit0 | Received ‘0" it Word Data Data Delta 0 Bit0 Bit8
(Note 1) Data Interrupt | Length [ Terminal Ready Clear
Available | Pending Select Ready (DR) to Send
Bit0 (DTR) (DCTS)
(WLS0)
1 | DataBit1 DataBit1 | Transmitter | Interrupt Word Request | Overrun Delta Bit 1 Bit9
Holding ID Length | to Send Error Data
Register Bit (0) Select (RTS) (OE) Set
Empty Bit 1 Ready
(WLS1) (DDSR)
2 | DataBit2 | DataBit2 Receiver | Interrupt { Numberof| Out1 Parity Trailing Bit2 Bit 10
Line Status ID Stop Bits Error Edge Ring
Bit (1) (STB) (PE) Indicator
(TERI)
3 | DataBit3 | DataBit3 MODEM 0 Parity Out2 Framing Delta Bit3 Bit 11
Status Enable Error Data
(PEN) (FE) Carrier
Detect
(DDCD)
4 | DataBit4 | DataBit4 0 0 Even Loop Break Clear Bit4 Bit12
Parity Interrupt to
Select BI) Send
(EPS) (CTS)
5 | DataBit5 | DataBit5 0 0 Stick 0 Transmitter Data Bit5 Bit 13
Parity Holding Set
Register Ready
(THRE) (DSR)
6 | DataBit6 | DataBit6 0 0 Set 0 Transmitter Ring Bit6 Bit14
Break Shift Indicator
Register (RI)
Empty
(TSRE)
7 | DataBit7 | DataBit7 0 0 Divisor 0 0 Data Bit7 Bit 15
Latch Carrier
Access Detect
Bit (DCD)
(DLAB)
Note 1: Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
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8.0 Registers (continued)

and 1, one and a half Stop bits are generated. If bit 2 is a
logic 1 when either a 6-, 7-, or 8-bit word length is selected,
two Stop bits are generated. The Receiver checks the first
Stop bit only, regardless of the number of Stop bits select-
ed.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1,
a Parity bit is generated (transmit data) or checked (receive
data) between the last data word bit and Stop bit of the
serial data. (The Parity bit is used to produce an even or odd
number of 1s when the data word bits and the Parity bit are
summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a
logic 1 and bit 4 is a logic 0, an odd number of logic 1s is
transmitted or checked in the data word bits and Parity bit.
When bit 3 is a logic 1 and bit 4 is a logic 1, an even number
of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 5are
logic 1 the Parity bit is transmitted and checked as a logic 0.
If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is
transmitted and checked as a logic 1. If bit 5 is a logic 0
Stick Parity is disabled. .

Bit 6: This bit is the Break Control bit. It causes. a break
condition to be transmitted by the UART. When itis set to a
logic 1, the serial output (SOUT) is forced to the Spacing
(logic 0) state. The break is disabled by clearing bit 6 to a
logic 0. The Break Control bit acts only on SOUT and has no
effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in a computer com-

munications system. If the following sequence is used no erroneous
or extraneous characters will be transmitted because of the break.

1. Load an all 0s, pad character, in response to THRE.
2. Set break after the next THRE. .
3. Wait for the transmitter to be idle, (TSRE=1), and clear break when nor-
mal transmission has to be restored.

During the break, the Transmitter can be used as a character timer to accu-
rately establish the break duration.
Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must
be set high (logic 1) to access the Divisor Latches of the
Baud Generator during a Read or Write operation. It must
be set low (logic 0) to access the Receiver Buffer, the
Transmitter Holding Register, or the Interrupt Enable Regis-
ter.

TABLE IlIl. Baud Rates Using 1.8432 MHz Crystal

8.2 Typical Clock Circuits

zxrenun_bc
cLOCK o

0
OPTIONAL
cwcx—o<
oUTPUT Yout

DRIVER

OPTIONAL
RIVER

INS8250

v
& INS8250-8

— ] 0SC, CLOCK TO
— ]| BAUDGEN LOGIC

TL/C/9329-12

INS8250
INS8250-8

vee
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Typical Oscillator Networks

Crystal

Rp | Bx2

Cq C2

1.8-3.1 MHz

1MQ | 1.5k

10-30 pF | 40-60pF

TABLE V. Baud Rates Using 3.072 MHz Crystal

' Decimal
Desired Divisor Used Percent Error
Baud Rate to Generate lefelrence Betweerln
16 x Clock Desired and Actual
50 2304 —
75 1536 -
110 1047 0.026

134.5 857 0.058

150 768 —
300 384 —
600 192 —

1200 96 _

1800 64 _

2000 58 0.69

2400 48 _

3600 32 _

4800 24 _

7200 16 _

9600 12 _
19200 6 _
38400 3 _
56000 2 286

b ired DI [:ecln:jal d Percent Error
Desired and Actual
16 x Clock

50 3840 —

75 2560 —

110 1745 0.026
1345 1428 0.034

150 1280 —

300 640 —

600 320 —

1200 160 —_

1800 107 0.312
2000 96 —

2400 80 —

3600 53 0.628
4800 40 —

7200 27 1.23
9600 20 —
19200 10 —
38400 5 —
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8.0 Registers (continued)

8.3 PROGRAMMABLE BAUD GENERATOR

The UART contains a programmable Baud Generator thatis
capable of taking any clock input from DC to 3.1 MHz and
dividing it by any divisor from 1 to 216—1. The output fre-
quency of the Baud Generator is 16 X the Baud [divisor #
= (frequency input) + (baud rate X 16)]. Two 8-bit latches
store the divisor in a 16-bit binary format. These Divisor
Latches must be loaded during initialization in order to en-
sure proper operation of the Baud Generator. Upon loading
either of the Divisor Latches, a 16-bit Baud counter is imme-
diately loaded.

Tables Il and IV provide decimal divisors to use with crystal
frequencies of 1.8432 MHz and 3.072 MHz, respectively, for
common baud rates. For baud rates of 38400 and below,
the error obtained is minimal. The accuracy of the desired
baud rate is dependent on the crystal frequency chosen.
Using a division of 0 is not recommended.

Note: The maximum operating frequency of the Baud Generator is 3.1 MHz.
However, when using divisors of 3 and below, the maximum frequen-
cy is equal to the divisor in MHz. For example, if the divisor is 1, then
the maximum frequency is 1 MHz. In no case should the data rate be
greater than 56k Baud.

8.4 LINE STATUS REGISTER

This 8-bit register provides status information to the CPU
concerning the data transfer. Table Il shows the contents of
the Line Status Register. Details on each bit follow:

Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit
0 is set to a logic 1 whenever a complete incoming charac-
ter has been received and transferred into the Receiver
Buffer Register. Bit 0 is reset to a logic O by reading the data
in the Receiver Buffer Register.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indi-
cates that data in the Receiver Buffer Register was not read
by the CPU before the next character was transferred into
the Receiver Buffer Register, thereby destroying the previ-
ous character. The OE indicator is set to a logic 1 upon
detection of an overrun condition and reset whenever the
CPU reads the contents of the Line Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indi-
cates that the received data character does not have the

correct even or odd parity, as selected by the even-parity-
select bit. The PE bit is set to a logic 1 upon dstection of a
parity error and is reset to a logic 0 whenever the CPU reads
the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indi-
cates that the received character did not have a valid Stop
bit. Bit 3 is set to a logic 1 whenever the Stop bit following
the last data bit or parity bit is a logic 0 (Spacing level). The
FE indicator is reset whenever the CPU reads the contents
of the Line Status Register. The UART will try to resynchro-
nize after a framing error. To do this it assumes that the
framing error was due to the next start bit, so it samples this
“start” bit twice and then takes in the “data”.

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set
to a logic 1 whenever the received data input is held in the
Spacing (logic 0) state for longer than a full word transmis-

sion time (that is, the total time of Start bit + data bits +

Parity + Stop bits). The Bl indicator is reset whenever the

CPU reads the contents of the Line Status Register. Re-

starting after a break is received, requires the SIN pin to be

logical 1 for at least Y bit time.

Note: Bits 1 through 4 are the error conditions that produce a Receiver Line
Status interrupt whenever any of the corresponding conditions are
detected and the interrupt is enabled.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. Bit 5 indicates that the UART is ready to

accept a new character for transmission. In addition, this bit

causes the UART to issue an interrupt to the CPU when the

Transmit Holding Register Empty Interrupt enable is set

high. The THRE bit is set to a logic 1 when a character is

transferred from the Transmitter Holding Register into the

Transmitter Shift Register. The bit is reset to logic 0 when-

ever the CPU loads the Transmitter Holding Register.

Bit 6: This bit is the Transmitter Shift Register Empty

(TSRE) indicator. Bit 6 is set to a logic 1 whenever the

Transmitter Shift Register (TSR) is empty. It is reset to a

logic 0 whenever a data character is transferred to the TSR.

Bit 7: This bit is permanently set to logic 0.

Note: The Line Status Register is intended for read operations only. Writing
to this register is not recommended as this operation is only used for
factory testing.

TABLE V. Interrupt Control Functions

Interrupt Identification
Reglster Interrupt Set and Reset Functions
Priority :
Bit 2 Bit 1 Bito Level Interrupt Type Interrupt Source Interrupt Reset Control
0 0 1 — None None —_
1 1 0 Highest Receiver Line Status Overrun Error or Reading the Line Status
‘ Parity Error or Framing Register
Error or Break Interrupt
1 0 0 Second Received Data Available Receiver Data Available Reading the Receiver
Buffer Register
0 1 0 Third Transmitter Holding Transmitter Holding Reading the IIR Register
Register Empty Register Empty (if source of interrupt) or
Writing into the Trans-
) . mitter Holding Register
0 0 0 Fourth MODEM Status Clear to Send or Reading the MODEM
Data Set Ready or Status Register
Ring Indicator or Data
Carrier Detect
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INS8250/INS8250-B

8.0 Registers (Continued)

8.5 INTERRUPT IDENTIFICATION REGISTER

In order to provide minimum software overhead during data
character transfers, the UART prioritizes interrupts into four
levels and records these in the Interrupt Identification Reg-
ister. The four levels of interrupt conditions in order of priori-
ty are Receiver Line Status; Received Data Ready; Trans-
mitter Holding Register Empty; and MODEM Status.

When the CPU accesses the IIR, the UART freezes all inter-
rupts and indicates the highest priority pending interrupt to
the CPU. While this CPU access is occurring, the UART
records new interrupts, but does not change its current indi-
cation until the access is complete. Table Il shows the con-
tents of the IIR. Details on each bit follow:

Bit 0: This bit can be used in an interrupt environment to
indicate whether an interrupt condition is pending. When bit
0 is a logic 0, an interrupt is pending and the IIR contents
may be used as a pointer to the appropriate interrupt service
routine. When bit 0 is a logic 1, no interrupt is pending.

Bits 1 and 2: These two bits of the IIR are used to identify
the highest priority interrupt pending as indicated in Table V.

Bits 3 through 7: These five bits of the lIR are always logic 0.

8.6 INTERRUPT ENABLE REGISTER

This register enables the four types of UART interrupts.
Each interrupt can individually activate the interrupt (INTR)
output signal. It is possible to totally disable the interrupt
system by resetting bits 0 through 3 of the Interrupt Enable
Register (IER). Similarly, setting bits of this register to a log-
ic 1, enables the selected interrupt(s). Disabling an interrupt
prevents it from being indicated as active in the IIR and from
activating the INTR output signal. All other system functions
operate in their normal manner, including the setting of the
Line Status and MODEM Status Registers. Table Il shows
the contents of the IER. Details on each bit follow.

Bit 0: This bit enables the Received Data Available Interrupt
when set to logic 1.

Bit 1: This bit enables the Transmitter Holding Register
Empty Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt
when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when
set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

8.7 MODEM CONTROL REGISTER

This register controls the interface with the MODEM or data

set (or a peripheral device emulating a MODEM). The con-

tents of the MODEM Control Register (MCR) are indicated
in Table |l and are described below. Table Il shows the con-
tents of the MCR. Details on each bit follow.

Bit 0: This bit controls the Data Terminal Ready (DTR) out-

put. When bit 0 is set to a logic 1, the DTR output is forced

to a logic 0. When bit 0 is reset to a logic 0, the DTR output

is forced to a logic 1.

Note: The DTR output of the UART may be applied to an EIA inverting line
driver (such as the DS1488) to obtain the proper polarity input at the
succeeding MODEM or data set.

Bit 1: This bit controls the Request to Send (RTS) output.

Bit 1 affects the RTS output in a manner identical to that

described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal, which is

an auxiliary user-designated output. Bit 2 affects the OUT 1

outputin a manner identical to that described above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal, which is
an auxiliary user-designated output. Bit 3 affects the OUT 2
output in a manner identical to that described above for bit 0.

Bit 4: This bit provides a local loopback feature for diagnos-
tic testing of the UART. When bit 4 is set to logic 1, the
following occur: the transmitter Serial Output (SOUT) is set
to the Marking (logic 1) state; the receiver Serial Input (SIN)
is disconnected; the output of the Transmitter Shift Register
is “looped back” into the Receiver Shift Register input; the
four MODEM Control inputs (CTS, DSR, R, and DCD) are
disconnected; and the four MODEM Control outputs (DTR,
RTS, OUT 1, and OUT 2) are internally connected to the
four MODEM Control inputs. In the diagnostic mode, data
that is transmitted is immediately received. This feature al-
lows the processor to verify the transmit-and received-data
paths of the UART.

In the diagnostic mode, the receiver and transmitter inter-
rupts are fully operational. The MODEM Control Interrupts
are also operational, but the interrupts’ sources are now the
lower four bits of the MODEM Control Register instead of
the four MODEM Control inputs. The interrupts are still con-
trolled by the Interrupt Enable Register.

Bits 5 through 7: These bits are permanently set to logic 0.

8.8 MODEM STATUS REGISTER

This register provides the current state of the control lines
from the MODEM (or peripheral device) to the CPU. In addi-
tion to this current-state information, four bits of the
MODEM Status Register provide change information. These
bits are set to a logic 1 whenever a control input from the
MODEM changes state. They are reset to logic 0 whenever
the CPU reads the MODEM Status Register.

Table Il shows the contents of the MSR. Details on each bit
follow:

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.
Bit 0 indicates that the CTS input to the chip has changed
state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator.
Bit 1 indicates that the DSR input to the chip has changed
state since the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI)
detector. Bit 2 indicates that the RI input to the chip has
changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indi-
cator. Bit 3 indicates that the DCD input to the chip has
changed state.

Note: Whenever bit 0, 1, 2, or 3 is set to logic 1, a MODEM Status Interrupt
is generated.

Bit 4: This bit is the complement of the Clear to Send (CTS)
input. If bit 4 (loop) of the MCR is set to a 1, this bit is
equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (RI)
input. If bit 4 of the MCR is set to a 1, this bit is equivalent to
OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier Detect
(DCD) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT 2 in the MCR.
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Basic Connections of an INS8250 to an 8088 CPU
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INS8250/INS8250-B

9.0 Typical Applications (continued)
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10.0 Ordering Information

INS8250XX
/A* = A* RELIABILITY SCREENING
N = PLASTIC PACKAGE
TL/C/9329-19
INS8250XX
-B
N = PLASTIC PACKAGE
V = PLASTIC LEADED CHIP CARRIER PACKAGE

TL/C/9329-20

11.0 Reliability Information
Gate Count 2,000
Transistor Count 4,500
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National
Semiconductor

NS16450, INS8250A, NS16C450, INS82C50A
Universal Asynchronous Receiver/Transmitter

General Description

Each of these parts function as a serial data input/output
interface in a microcomputer system. The system software
determines the functional configuration of the UART via a
TRI-STATE® 8-bit bidirectional data bus.

The UART performs serial-to-parallel conversion on data
characters received from a peripheral device or a MODEM,
and parallel-to-serial conversion on data characters re-
ceived from the CPU. The CPU can read the complete
status of the UART at any time during the functional opera-
tion. Status information reported includes the type and con-
dition of the transfer operations being performed by the
UART, as well as any error conditions (parity, overrun, fram-
ing, or break interrupt).

The UART includes a programmable baud rate generator
that is capable of dividing the timing reference clock input
by divisors of 1 to (216—1), and producing a 16 X clock for
driving the internal transmitter logic. Provisions are also in-
cluded to use this 16 X clock to drive the receiver logic. The
UART includes a complete MODEM-control capability and a
processor-interrupt system. Interrupts can be programmed
to the user's requirements, minimizing the computing re-
quired to handle the communications link.

The NS16450 is an improved specification version of the
INS8250A Universal Asynchronous Receiver/Transmitter
(UART). The improved specifications ensure compatibility
with the NS32032 and other state-of-the-art CPUs. Func-
tionally, the NS16450 is equivalent to the INS8250A. The
UART is fabricated using National Semiconductor's ad-
vanced scaled N-channel silicon-gate MOS process, XMOS.
The NS16C450 and INS82CS50A are functionally equivalent
to their XMOS counterparts, except that they are CMOS
parts.

Features

m Easily interfaces to most popular microprocessors.

B Adds or delstes standard asynchronous communication
bits (start, stop, and parity) to or from serial data
stream.

m Holding and shift registers eliminate the need for pre-
cise synchronization between the CPU and the serial
data.

m Independently controlled transmit, receive, line status,
and data set interrupts.

m Programmable baud generator allows division of any in-
put clock by 1 to (216 — 1) and generates the internal
16 X clock.

m Independent receiver clock input.

m MODEM control functions (CTS, RTS, DSR, DTR, R,
and DCD).

m Fully programmable serial-interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection
— 1-, 11,-, or 2-stop bit generation

— Baud generation (DC to 56k baud).

u False start bit detection.

m Complete status reporting capabilities.

m TRI-STATE TTL drive capabilities for bidirectional data
bus and control bus.

m Line break generation and detection.

m Internal diagnostic capabilities:

— Loopback controls for communications link fault
isolation
— Break, parity, overrun, framing error simulation.
m Fully prioritized interrupt system controls.

Connection Diagram
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NS16450/INS8250A/NS16C450/INS82C50A
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1.0 Absolute Maximum Ratings >
If Military/Aerospace specified devices are required, All Input or Output Voltages g
contact the National Semiconductor Sales Office/ with Respect to Vgg —0.5Vto +7.0V Q
Distributors for availability and specifications. Power Dissipation 700 mW =
Temperature Under Bias 0°Cto +70°C Note: Maximum ratings indicate limits beyond which perma- | B
Storage Temperature —65°Cto +150°C nent damage may occur. Continuous operation at these lim- c.Nn
its is not intended and should be limited to those conditions o
specified under DC electrical characteristics. 1\’
=
2.0 DC Electrical Characteristics @
Ta = 0°Cto +70°C, Voo = +5V +5%, Vgg = 0V, unless otherwise specified. 8
s
NS16450 INS8250A g
Symbol Parameter Conditions NS16C450 (Note 1) INS82C50A (Note 1) | units |
Min Max Min Max %
=<
ViLx Clock Input Low Voltage -0.5 0.8 —-0.5 0.8 \ (l};
ViHx Clock Input High Voltage 2.0 Vee 2.0 Vee Vv g
Vi Input Low Voltage -05 0.8 —05 0.8 v | ®
Viy Input High Voltage 20 Vee 20 - Vee v
VoL Output Low Voltage loL = 1.6 mA on all (Note 2) . 0.4 0.4 \
VoH Output High Voltage loH = —1.0 mA (Note 2) 2.4 2.4 \"
Icc(AV) | Avg. Power Supply Veo = 5.25V, Tp = 25°C
Current (Vcg) No Loads on output
XMOS Parts Only SIN, DSR, DCD, 120 95 mA
CTS, Rl = 2.4V
All other inputs = 0.4V
Icc(AV) | Avg. Power Supply Ve = 5.25V, T = 25°C
Current (Vcg) . No Loads on output
CMOS Parts Only SIN, DSR, DCD,
CTS, Rl = 2.4V 10 10 mA
All other inputs = 0.4V
Baud Rate Generator
is 4 MHz
Baud Rate is 50k
I Input Leakage Vce = 5.25V, Vgg = 0OV +10 +10 MA
All other pins floating.
[ Clock Leakage
cL g Vin = OV, 5.25V +10 £10 pA
loz TRI-STATE Leakage Vec = 5.25VY, Vgg = OV
Vout = 0V, 5.25V
1) Chip deselected +20 +20 rA
2) WRITE mode,
chip selected
VILMR MR Schmitt v 0.8 0.8 \
ViHMR MR Schmitt Vi . 2.0 20 \)
Capacitance 1, = 25°C, v = Vsg = 0V
Symbol Parameter Conditions Min Typ Max Units
CxIN Clock Input Capacitance 15 20 pF
Cxout Clock Output Capacitance fo=1MHz 20 30 pF
CiNn Input Capacitance Unmeasured pins 6 10 pF
Cout Output Capacitance returned to Vss 10 20 pF
Note 1: Inputs on the CMOS parts are TTL compatible; outputs on the CMOS parts drive to GND and V¢c.
Note 2: Does not apply to XOUT.
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NS16450/INS8250A/NS16C450/INS82C50A

3.0 AC Electrical Characteristics 14 = 0°Cto +70°C, Vog = +5V 5%

NS16450 INS8250A
Symbol Parameter ~ Conditions NS16C450 INS82C50A Units
Min Max Min Max

taDS Address Strobe Width 60 90 ns
tAH Address Hold Time 0 0 ns
taR RD, RD Delay from Address (Note 1) 60 80 ns
tas Address Setup Time 60 90 ns
taw WR, WR Delay from Address (Note 1) 60 80 ns
tcH Chip Select Hold Time 0 0 ns
tcs Chip Select Setup Time 60 90 ns
tcsc Chip Select Output Delay from Select| @100 pF loading (Note 1) 100 125 ns
tcsr RD, RD Delay from Chip Select (Note 1) 50 80 ns
tcsw  |WR, WR Delay from Select (Note 1) 50 80 ns
toH Data Hold Time 40 60 ns
tps Data Setup Time 40 90 ns
thz RD, RD to Floating Data Delay @100 pF loading (Note 3) 100 0 100 ns
tMR Master Reset Pulse Width ) 10 us
tRA Address Hold Time from RD, RD (Note 1) 20 20 ns
trc Read Cycle Delay 175 500 ns
trcs Chip Select Hold Time from RD, RD (Note 1) 20 20 ns
trRD RD, RD Strobe Width 125 175 ns
tRDD RD, RD to Driver Disable Delay @100 pF loading (Note 3) 60 75 ns
tRvD Delay from RD, RD to Data @100 pF loading . 125 175 ns
twa Address Hold Time from WR, WR (Note 1) 20 20 ns
twe Write Cycle Delay 200 500 ns
twes Chip Select Hold Time from (Note 1) 20 20 ns

WR, WR
twr WR, WR Strobe Width 100 175 ns
txH Duration of Clock High Pulse External Clock (3.1 MHz Max.)] 140 140 ns
txL Duration of Clock Low Pulse External Clock (3.1 MHz Max.) 140 140 ns
RC Read Cycle = tag + trp + trc 360 755 ns
WC Write Cycle = taw + twr + twc 360 755 ns
Baud Generator
N Baud Divisor 1 216—1 1 216—1
tBHD Baud Output Positive Edge Delay 100 pF Load 175 250 ns
tsLD Baud Output Negative Edge Delay 100 pF Load 175 250 ns
thw Baud Output Up Time fx = 3 MHz,+3,100 pF Load [ 250 250 ns
ttw Baud Output Down Time fx = 2MHz,+2,100 pF Load | 425 425 ns
Receiver
trinT- | Delay from RD,RD 100 pF Load

(RD RBR or RD LSR) 1 1 us

to Reset Interrupt
tscp Delay from RCLK to Sample Time 2 2 us
tsINT Delay from Stop to Set Interrupt RCLK

1 1 Cycles
(Note 2)

Note 1:
Note 2:

Applicable only when ADS is tied low.
RCLK is equal to tyxy and txg.

Note 3: Charge and discharge time is determined by Vo, Von and the external loading.
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3.0 AC Electrical Characteristics 14 = 0°Cto +70°C, Vg = +5V +5% (Continued) >
Y
NS16450 INS8250A g
Symbol Parameter Conditions NS16C450 INS82C50A Units =
Min Max Min | Max 5
Transmitter S
prm— (3]
tHR Delay from WR, WR (WR THR) 100 pF Load o
to Reset Interrupt 175 1000 ns J\’
=5 =
tiR Delay from RD, RD (RD IIR) to Reset ‘ [77)
Interrupt (THRE) 100 pF Load 250 1000 ns >
tirs Delay from Initial INTR Reset to Transmit BAUDOUT | ©
Start 24 40 24 40 Cycles §
- - =
ts| Delay from Initial Write to Interrupt (Note 1) 16 24 16 24 BAUDOUT =
Cycles o
tsTi Delay from Stop to Interrupt (THRE) BAUDOUT | B
8 8 8 8
Cycles g
Modem Control g
tMpO Delay from WR, WR (WR MCR) to 100 pF Load 200 1000 ns
Output
. tRIM Delay to Reset Interrupt from RD, RD 100 pF Load
(RD MSR) 250 1000 ns
tsiM Delay to Set Interrupt from MODEM Input | 100 pF Load 250 1000 ns
Note 1: For both the NS16C450 and INS82C50A, tg) is a minimum of 16 and a maximum of 48 BAUDOUT cycles.
Note 2: For both the NS16C450 and INS82C50A, tirs is a minimum of 24 and a maximum of 40 BAUDOUT cycles.
4.0 Tlmlng Waveforms (ail timings are referenced to valid 0 and valid 1)
External Clock Input (3.1 MHz Max.) AC Test Points
r_->l-xxu W 20v
“V 20v (Note 3) (Note 4)
XIN oay 0.8V
0.4v 0.8V TL/C/8401-3
|<—‘XL—>I
TL/C/8401-2
Note 3: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.
Note 4: The 2.0V and 0.8V levals are the voltages at which the timing tests are made.
BAUDOUT Timing
- " -
BHD—>] |—
w0~ [~ | |e—tw
BAUD OUT
(+1)
—»| fe—18H0 uw
—+| le—ta10 - ww ]
=2) I I I I I l I r
o w =
—| le—tat0  —+| |=—tanp b tr ol e—— oy —]
8 (=3 I I I | I I |
| Jtbt —f e—taH0 I<———.| tiw = (N - 2) XIN CYCLES
N, N>3)
- T ovtss TL/C/8401-4
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4.0 Timing Waveforms (continued)

Write Cycle

)2

>
al

N

I‘— lAS

Az, A1, Ap x VALID x X
lcs —’Htcu I‘—’I'WA'

TSZ. 51, €59 X VALID X

e

csout /

| |o———— tesw* ———

I aw*

ACTIVE

G
WA, WR X ACTIVE x
n

<>

TL/C/8401-5

&
R0, RO I ACTIVE
Y
|¢— 108 -’l‘— 1DH —h'
DATA
] VALID DATA
*Applicable Only When ADS is Tied Low.
Read Cycle
1ADS
— e
[14]
I——lAs——H tAH
\ 7
A2, A1, Ra X VAUD l X
7 \
[ [t
N
TSz, €59, €S0 X VALID X X
WV W

csout

Je———1aR* RC 1
tRD tRC |
2
2%
D, RO ACTIVE X X ACTIVE
) L —— \
| | R
R V
W, WA | | X ACTIVE
»
I———‘ 00 Izmm
RO ol l-ol e
DATA
0g-D; { VALID DATA )

*Applicable Only When ADS is Tied Low.

TL/C/8401~6
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4.0 Timlng Waveforms (continued)

Receiver Timing
RCLK I I |—| I |
; scul | |+—tsco

SAMPLE CLK |

(RECEIVSEI=
INPUT START /
0ATA)
SAMPLE
CLK

DATA BITS (5-8)

INTERRUPT
{DATA READY OR
RCVR

an

RD. RD

(READ REC I‘
DATA BUFFER X ACTIVE X

OR ROLSR)
INOTE2)

Transmitter Timing
our'sauN START

J &Y e/

1IRS:
’- — |-—tsn
INTERRUPT
(THAE) \ / \ / \
“"“" ~| |._...n_. !
I«—la

i _/—\ /_\
(WR THR)

{NOTE 1) ! |

roim /_\_
(RD HR)

DATA(S-8)

(NOTE 2)
MODEM Controls Timing
/N /)
(WR MCR)
(NDTE 1)
——*| t™MD0 |+ ~— D0 —|

o\ /

e / \
; M

tRIM |"‘SIM" —-Im:

|ﬂs,M.. — [e—1s1m

TD. RD
{RD MSR)
{NGTE 2)

Note 1: See Write Cycle Timing
Note 2: See Read Cycle Timing

TL/C/8401-7

TL/C/8401-8

TL/C/8401~-9
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"
5.0 Block Diagram
INTERNAL
DATA BUS
1.9) DaTA RECEIVER RECEIVER
07-0¢ s ) 14 BUFFER [ ST | falmsin
UFFER REGISTER REGISTER
LINE
¢l conTROL TIMNG B ek
V1 REGISTER
- — CONTROL
ag 28] DIVISOR
Ay el LATCH (LS)
27 —28) ) 8aUD \1S) . saUOOUY
- = owison GENERATOR
o (:iz LATCH (MS)
o =
m |
s
RIS =] seeer TRANSMITTER
—_ ] TIMING
@2 | contRou PR [ .8
&' togic - VP REGISTER CONTROL
"
123)
DDISQ-(-ZTI
csouT < B iocoma M U e sour
AN =] 7| recister 7] recisTeR
-
a2
4 MODEM N ety RT3
CONTROL [ED)
M ¥l REGISTER v 33), o
un MODEM 1o BT 5o
POWER {—b'sv CONTROL T
suPPLY =2 gp o o] wooem |, Losic 4-{’%—:100
quumed) status |4 w0
REGISTER ouT1
[N
o | mrerruer R on
V7] REGISTER 7| contnot = INTR
e INTERAUPY ¢ I
N REGISTER

Note: Applicable pinout numbers are included within parenthesis.

6.0 Pin Descriptions

The following describes the function of all UART pins. Some
of these descriptions reference internal circuits.

In the following descriptions, a low represents a logic 0 (OV
nominal) and a high represents a logic 1 (+ 2.4V nominal).

6.1 INPUT SIGNALS

Chip Select (CS0, CS1, CS32), Pins 12-14: When CS0 and
CS1 are high and CS2 is low, the chip is selected. This
enables communication between the UART and the CPU.
The positive edge of an active Address Strobe signal latch-
es the decoded chip select signals, completing chip selec-
tion. If ADS is always low, valid chip selects should stabilize
according to the tcgw parameter.

Read (RD, RD), Pins 22 and 21: When RD is high or RD is
low while the chip is selected, the CPU can read status
information or data from the selected UART register.

Note: Only an active RD or RD input is required to transfer data from the
UART during a read operation. Therefore, tie either the RD input permanent-
ly low or the RD input permanently high, when it is not used.

TL/C/8401-10

Write (WR, WR), Pins 19 and 18: When WR is high or WR
is low while the chip is selected, the CPU can write control
words or data into the selected UART register.

Note: Only an active WR or WR Input Is required to transfer data to the
UART during a write operation. Therefore, tie either the WR input perma-
nently low or the WR input permanently high, when it is not used.
Address Strobe (ADS), Pin 25: The positive edge of an
active Address Strobe (ADS) signal latches the Register Se-
lect (A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals.
Note: An active ADS input is required when the Register Select (A0, A1, A2)
signals are not stable for the duration of a read or write operation. If not
required, tie the ADS Input permanently low.

Register Select (A0, A1, A2), Pins 26-28: Address signals
connected to these 3 inputs select a UART register for the
CPU to read from or write to during data transfer. A table of
registers and their addresses is shown below. Note that the
state of the Divisor Latch Access Bit (DLAB), which is the
most significant bit of the Line Control Register, affects the
selection of certain UART registers. The DLAB must be set
high by the system software to access the Baud Generator
Divisor Latches.
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6.0 Pin Descriptions (continued)

Register Addresses

DLAB | A2 | Ay | Ap Register

0 0 0 0 | Receiver Buffer (read),
Transmitter Holding
Register (write)

0 ] 1 Interrupt Enable

X 0 1 0 | Interrupt Identification
(read only)

X 0 1 1 | Line Control

X 1 0 0 | MODEM Control

X 1 0 1 | Line Status

X 1 1 0 | MODEM Status

X 1 1 1 | Scratch

1 0 0 0 | Divisor Latch
(least significant byte)

1 0 0 1 | Divisor Latch
(most significant byte)

Master Reset (MR), Pin 35: When this input is high, it clears
all the registers (except the Receiver Buffer, Transmitter
Holding, and Divisor Latches), and the control logic of the
UART. The states of various output signals (SOUT, INTR,
OUT 1, OUT 2, RTS, DTR) are affected by an active MR
input. (Refer to Table 1.) This input is buffered with a TTL-
compatible Schmitt Trigger with 0.5V typical hysteresis.

Recelver Clock (RCLK), Pin 9: This input is the 16 X baud
rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-
munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: When low, this indicates that
the MODEM or data set is ready to exchange data. The CTS
signal is a MODEM status input whose conditions can be
tested by the CPU reading bit 4 (CTS) of the MODEM Status
Register. Bit 4 is the complement of the CTS signal. Bit 0
(DCTS) of the MODEM Status Register indicates whether
the CTS input has changed state since the previous reading
of the MODEM Status Register. CTS has no effect on the
Transmitter.

Note: Whenever the CTS bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status interrupt is enabled.

Data Set Ready (DSR), Pin 37: When low, this indicates
that the MODEM or data set is ready to establish the com-
munications link with the UART. The DSR signal is a
MODEM status input whose condition can be tested by the
CPU reading bit 5 (DSR) of the MODEM Status Register. Bit
5 is the complement of the DSR signal. Bit 1 (DDSR) of the
MODEM Status Register indicates whether the DSR input
has changed state since the previous reading of the
MODEM Status Register.

- Note: Whenever the DSR bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

Data Carrler Detect (DCD), Pin 38: When low, indicates
that the data carrier has been detected by the MODEM or
data set. The DCD signal is a MODEM status input whose
condition can be tested by the CPU reading bit 7 (DCD) of
the MODEM Status Register. Bit 7 is the complement of the
DCD signal. Bit 3 (DDCD) of the MODEM Status Register
indicates whether the DCD input has changed state

since the previous reading of the MODEM Status Register.
DCD has no effect on the receiver.

Note: Whenever the DCD bit of the MODEM Status Register changes state,

an interrupt is generated it the MODEM Status Interrupt is enabled.

Ring Indicator (RI), Pin 39: When low, this indicates that a
telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM status input whose
condition can be tested by the CPU reading bit 6 (RI) of the
MODEM Status Register. Bit 6 is the complement of the Rl
signal. Bit 2 (TERY) of the MODEM Status Register indicates
whether the Rl input signal has changed from a low to a
high state since the previous reading of the MODEM Status
Register.

Note: Whenever the RI bit of the MODEM Status Register changes from a
high to a low state, an interrupt is generated if the MODEM Status
interrupt is enabled.

Vces Pin 40: +5V supply.
Vgs, PIn 20: Ground (0V) reference.

6.2 OUTPUT SIGNALS

Data Terminal Ready (DTR), Pin 33: When low, this in-
forms the MODEM or data set that the UART is ready to
establish a communications link. The DTR output signal can
be set to an active low by programming bit 0 (DTR) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state.

Request to Send (RTS), Pin 32: When low, this informs the
MODEM or data set that the UART is ready to exchange
data. The RTS output signal can be set to an active low by
programming bit 1 (RTS) of the MODEM Control Register. A
Master Reset operation sets this signal to its inactive (high)
state. Loop mode operation holds this signal in its inactive
state.

Output 1 (OUT 1), Pin 34: This user-designated output can
be set to an active low by programming bit 2 (OUT 1) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state. In the
XMOS parts this will achieve TTL levels.

Output 2 (OUT 2), Pin 31: This user-designated output can
be set to an active low, by programming bit 3 (OUT 2) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state. In the
XMOS parts this will achieve TTL levels.

Chip Select Out (CSOUT), Pin 24: When high, it indicates
that the chip has been selected by active, CS0, CS1, and
CS2 inputs. No data transfer can be initiated until the
CSOUT signal is a logic 1. CSOUT goes low when the
UART is deselected.

Driver Disable (DDIS), Pin 23: This goes low whenever the
CPU is reading data from the UART. It can disable or control
the direction of a data bus transceiver between the CPU
and the UART (see Typical Interface for a High Capacity
Data Bus).

Baud Out (BAUDOUT), Pin 15: This is the 16 X clock sig-
nal from the transmitter section of the UART. The clock rate
is equal to the main reference oscillator frequency divided
by the specified divisor in the Baud Generator Divisor Latch-
es. The BAUDOUT may also be used for the receiver sec-
tion by tying this output to the RCLK input of the chip.
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6.0 Pin Descriptions (continued)

Interrupt (INTR), Pin 30: This goes high whenever any one
of the following interrupt types has an active high condition
and is enabled via the |IER: Receiver Line Status; Received
Data Available; Transmitter Holding Register Empty; and
MODEM Status. The INTR signal is reset low upon the ap-
propriate interrupt service or a Master Reset operation.
Serial Output (SOUT), Pin 11: This is the composite serial
data output to the communications link {peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic 1)
state upon a Master Reset operation or when the transmit-
ter is idle.

7.0 Connection Diagrams
Dual-In-Line Package

0g 1 \./ a0 vee
01— 2 39 p=fi
07— 3 38 | 0OCD
03— 4 37 }—0DSR
Dg=y 5 36 f=CTS
Ds—q 6 35 f—MR
Dg=—q 7 34 p=DBUTY -
Dyj—{ 8 33 [=DTR
RCLK== 9 32 [~—RTS
SIN=—] 10 NS16450 N |—0uT2
souT—] 171 INSBZSOA 30 L TR
cse—] 12 29 f—nC
Ccs1— 13 28 —Ag
52— 14 27 -2
BAGDOUT — 15 26 |—n2
XIN—1 16 25 =208
X0UT —{ 17 24 = csOUT
Wi— 18, 23 p—D0IS
WR—] 19 22 p=—RD
vss=—{ 20 21 —PRD
TL/C/8401-11
Top View

Order Number NS16450N, NS-16450N,
INS8250AN, NS16C450N or INS82C50AN
See NS Package Number N4OA

6.3 INPUT/OUTPUT SIGNALS

Data (D7-Dy) Bus, Pins 1-8: This bus is comprised of eight
TRI-STATE input/output lines. The bus provides bidirection-
al communications between the UART and the CPU. Data,
control words, and status information are transferred via the
D7-Dop Data Bus.

External Clock Input/Output (XIN, XOUT) Pins 16 and
17: These two pins connect the main timing reference (crys-
tal or signal clock) to the UART. When a crystal oscillator or
a clock signal is provided, it drives the UART via XIN (see
typical oscillator network illustration).

PCC Package

AL

/55‘ T2 12N

33| me

a8 | BoTi

3| 6TR

36 | RIS

35 | OU2

NS16450 3 | ne
INSB250A 3 | wm
32 Ine

(2] 3|
2 £
BAUDOTT | 17 2 | A2

1819 20 212223 2425 26 27 28

7/ 11 TANNN

XN XOUT WR WA vss D RO ODIS CSOUT ADS
TL/C/8401-18

5
o6
07

RELK

s
NC
sout
cso

ER- I - i

Top View
Order Number NS16450V, NS-16450V,

INS8250AV, NS16C450V or INS82C50AV
See NS Package Number V44A

TABLE I. UART Reset Functions

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note 1)
Interrupt Identification Register Master Reset 0000 0001
Line Control Register Master Reset 0000 0000
MODEM Control Register Master Reset 0000 0000
Line Status Register Master Reset 0110 0000
MODEM Status Register Master Reset XXXX 0000 (Note 2)
SOouT Master Reset High
INTR (RCVR Errs) Read LSR/MR Low
INTR (RCVR Data Ready) Read RBR/MR Low
INTR (THRE) Read lIR/Write THR/MR Low
INTR (Modem Status Changes) Read MSR/MR Low
ouTz2 Master Reset High
RTS Master Reset High
DTR Master Reset High
OUuT 1 Master Reset High

Note 1: Boldface bits are permanently low.
Note 2: Bits 7-4 are driven by the input signals.
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8.0 Registers >
The system programmer may access any of the UART reg- Bits 0 and 1: These two bits specify the number of bits in 3
isters summarized in Table Il via the CPU. These registers each transmitted or received serial character. The encoding g
control UART operations including transmission and recep- of bits 0 and 1 is as follows: >
tion of data. Each register bit in Table Il has its name and (77
reset state shown. Bit 1 Bit 0 Character Length %
8.1 LINE CONTROL REGISTER 0 0 5Bits 3
" 0 1 6 Bits >
The system programmer specifies the format of the asyn- 1 0 7 Bits S
chronous data communications exchange and sets the Divi- 1 1 8 Bits %
sor Latch Access bit.via the Line Control Register (LCR). -
The programmer can also read the contents of the Line L - ) " =14
Control Register. The read capability simplifies system pro- Bit 2: Thl.s bit .specmes th9 number of Stop' b|ts. transm.med 2
gramming and eliminates the need for separate storage in and recelvefi in each serial character. If.bn 2isa log|.c 0, con
system memory of the line characteristics. Table Il shows one Stop bit is generated or checked in the transmitted =
the contents of the LCR. Details on each bit follow: data. If bit 2 is a logic 1 when a 5-bit word length is selected =
’ via bits 0 and 1, one and a half Stop bits are generated. If gg
TABLE Il. Summary of Registers 8
Register Address g
0DLAB=0| 0 DLAB=0 |1 DLAB=0 2 3 4 5 6 7 |oDLAB=1[1DLAB=1| &
Bit| Receiver |Transmitter Interrupt
No.| Buffer Holding | Interrupt | Ident. Line |MODEM Line MODEM |Scratch| Divisor Divisor
Register | Register Enable |Register| Control | Control| Status Status Reg- Latch Latch
(Read (Write Register | (Read | Register |Register| Register | Register | ister (LS) (MS)
Only) Only) Only)
RBR THR IER - IR LCR MCR LSR MSR SCR DLL DLM
0 | DataBit0 | DataBitO | Received | “0"if Word Data Data Delta Bito Bit0 Bit8
(Note 1) Data Interrupt | Length |Terminal| Ready Clear
Available | Pending | - Select Ready (DR) to Send
Bit0 (DTR) (DCTS)
{(WLS0)
1 | DataBit1 | DataBit1 |Transmitter| Interrupt| Word | Request| Overrun Delta Bit1 Bit 1 Bit9
Holding ID Length | to Send Error Data
Register Bit (0) Select (RTS) (OE) Set
Empty Bit 1 Ready
. (WLS1) (DDSR)
2 | DataBit2 | DataBit2 | Receiver [ Interrupt|Numberof| Out1 Parity Trailing Bit2 Bit 2 Bit 10
Line Status ID Stop Bits Error  |Edge Ring
Bit (1) (STB) (PE) Indicator
(TERI)
3 | DataBit3 | DataBit3 | MODEM 0 Parity QOut 2 Framing Delta Bit3 Bit 3 Bit 11
Status Enable Error Data
(PEN) (FE) Carrier
i Detect
(DDCD)
i 4 | DataBit4 | DataBit4 0 0 Even Loop Break Clear Bit4 Bit4 Bit 12
Parity Interrupt to
Select (BI) Send
(EPS) (CTS)
5 | DataBit5 | DataBit5 0 0 Stick 0 Transmitter| Data Bit5 Bit5 Bit 13
Parity Holding Set
Register | Ready
(THRE) (DSR)
6 | DataBit6 | DataBit6 0 0 Set 0 Transmitter| Ring Bit6 Bit6 Bit 14
Break Empty [ Indicator
(TEMT) (R)
7 | DataBit7 | DataBit7 0 0 Divisor 0 0 Data Bit7 Bit 7 Bit15
Latch Carrier
Access Detect
Bit (DCD)
(DLAB)
Note 1: Bit 0 is the least significant bit. It is the first bit serially transmitted or received.
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8.0 Registers (Continued) 8.2 TYPICAL CLOCK CIRCUITS

bit 2 is a logic 1 when either a 6-, 7-, or 8-bit word length is

selected, two Stop bits are generated. The Receiver checks . Vee . sz
the first Stop-bit only, regardless of the number of Stop bits DRIVER

selected. . EXTERNAL D o

Bt 3: This bit is the Parity Enable bit. When bit 3 is a logic 1, cLock T XN

a Parity bit is generated (transmit data) or checked (receive

data) between the last data word bit and Stop bit of the

serial data. (The Parity bit is used to produce an even or odd —|

number of 1s when the data word bits and the Parity bit are OPTIONAL :

summed.) » ormona, " = | Ao e 'Looic
Bit 4: This bit is the Even Parity Select bit. When bit 3 is a 05‘,25#“’4 XouT

logic 1 and bit 4 is a logic 0, an odd number of logic 1s is
transmitted or checked in the data word bits and Parity bit.
When bit 3 is a logic 1 and bit 4 is a logic 1, an even number
of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 5 are
logic 1 the Parity bit is transmitted and checked as a logic 0. .
If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is
transmitted and checked as a logic 1. If bit 5 is a logic 0
Stick Parity is disabled.

Bit 6: This bit is the Break Control bit. It causes a break L
condition to be transmitted by the UART. Whenitis setto a S |cavstaL I
logic 1, the serial output (SOUT) is forced to the Spacing <

(logic 0) state. The break is disabled by clearing bit 6 to a
logic 0. The Break Control bit acts only on SOUT and has no T

TL/C/8401-12

vee INS8250A
NS16450

XIN

||Hﬁ|—

[

Rxz - |osc,cLock 10
N = |sAtDGEN LoGic

effect on the transmitter logic. : -L xout
Note: This feature enables the CPU to alert a terminal in a computer com- 2
munications system. If the following sequence is used, no erroneous I
or extraneous characters will be transmitted because of the break. =
1. Load an all Os, pad character, in response to THRE. TL/C/8401-13
2. Set break after the next THRE.
3. Wait for the transmitter to be idle, (TEMT=1), and clear break when
normal transmission has to be restored. . Typ|ca| Oscillator Networks
During the break, the Transmitter can be used as a character timer to accu-
rately establish the break duration. Crystal Rp Rx2 C4q Ca

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must
be set high (logic 1) to access the Divisor Latches of the
Baud Generator during a Read or Write operation. it must
be set low (logic 0) to access the Receiver Buffer, the
Transmitter Holding Register, or the Interrupt Enable Regis-

1.8-3.1MHz | 1MQ | 1.5k | 10-30 pF | 40-60 pF

ter.
TABLE lIl. Baud Rates Using 1.8432 MHz Crystal TABLE IV. Baud Rates Using 3.072 MHz Crystal
Decimal : Decimal
Percent Error Percent Error
Bg::":; e ?;V:::; :r :f: Difference Between B:z:':a‘:e ?L"::;:::: Difference Between
16 xClock | DesiredandActual | - 16 x Clock Desired and Actual
50 2304 - —_
50 3840 —
s 1536 - 75 2560 -
110 1047 0.026
194.6 857 0.058 110 1745 0.026
150 768 _ 1345 1428 0.034
300 384 — 150 1280 —
600 192 — 300 640 —

1200 96 — 600 320 —_

1800 64 . —_ 1200 160 —_

2000 58 0.69 1800 107 0.312

2400 : 48 —_ 2000 96 —

3600 32 — 2400 80 —_

4800 24 _ 3600 53 0.628

7200 16 _ 4800 40 -

9600 12 — 7200 27 1.23
19200 6 — ‘ 9600 20 —
38400 3 — 19200 10 —
56000 2 2.86 38400 5 _
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8.0 Registers (Continued)

8.3 PROGRAMMABLE BAUD GENERATOR

The UART contains a programmable Baud Generator that is
capable of taking any clock input from DC to 3.1 MHz and
dividing it by any divisor from 1 to 216—1. The output fre-
quency of the Baud Generator is 16 X the Baud [divisor #
= (frequency input) + (baud rate X 16)]. Two 8-bit latches
store the divisor in a 16-bit binary format. These Divisor
Latches must be loaded during initialization in order to en-
sure proper operation of the Baud Generator. Upon loading
either of the Divisor Latches, a 16-bit Baud counter is imme-
diately loaded.

Tables lil and IV provide decimal divisors to use with crystal
frequencies of 1.8432 MHz and 3.072 MHz respectively for
common baud rates. For baud rates of 38400 and below,
the error obtained is minimal. The accuracy of the desired
baud rate is dependent on the crystal frequency chosen.
Using a division of 0 is not recommended.

Note: The maximum operating frequency of the Baud Generator is 3.1 MHz.
However, when using divisors of 3 and below, the maximum frequen-
cy is equal to the divisor in MHz. For example, if the divisor is 1, then
the maximum frequency is 1 MHz. In no case should the data rate be
greater than 56k Baud.

8.4 LINE STATUS REGISTER .

This 8-bit register provides status information to the CPU
concerning the data transfer. Table Il shows the contents of
the Line Status Register. Details on each bit follow:

Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit
0 is set to a logic 1 whenever a complete incoming charac-
ter has been received and transferred into the Receiver
Buffer Register. Bit 0 is reset to a logic 0 by reading the data
in the Receiver Buffer Register.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indi-
cates that data in the Receiver Buffer Register was not read
by the CPU before the next character was transferred into
the Receiver Buffer Register, thereby destroying the previ-
ous character. The OE indicator is set to a logic 1 upon
detection of an overrun condition and reset whenever the
CPU reads the contents of the Line Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indi-
cates that the received data character does not have the
correct even or odd parity, as selected by the even-parity-

select bit. The PE bit is set to a logic 1 upon detection of a
parity error and is reset to a logic 0 whenever the CPU reads
the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indi-
cates that the received character did not have a valid Stop
bit. Bit 3 is set to a logic 1 whenever the Stop bit following
the last data bit or parity bit is a logic 0 (Spacing level). The
FE indicator is resset whenever the CPU reads the contents
of the Line Status Register. The UART will try to resynchro-
nize after a framing error. To do this it assumes that the
framing error was due to the next start bit, so it samples this
“start” bit twice and then takes in the “data’.

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set
to a logic 1 whenever the received data input is held in the
Spacing (logic 0) state for longer than a full word transmis-
sion time (that is, the total time of Start bit + data bits +

Parity + Stop bits). The Bl indicator is reset whenever the

CPU reads the contents of the Line Status Register. Re-

starting after a break is received, requires the SIN pin to be

logical 1 for at least 1> bit time.’

Note: Bits 1 through 4 are the error conditions that produce a Receiver Line
Status interrupt whenever any of. the corresponding conditions are
detected and the interrupt is enal_)led.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. Bit 5 indicates that the UART is ready to

accept a new character for transmission. In addition, this bit

causes the UART to issue an interrupt to the CPU when the

Transmit Holding Register Empty Interrupt enable is set

high. The THRE bit is set to a logic 1 when a character is

transferred from the Transmitter Holding Register into the

Transmitter Shift Register. The bit is reset to logic 0 when-

ever the CPU loads the Transmitter Holding Register.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator. Bit

6 is set to a logic 1 whenever the Transmitter Holding Regis-

ter (THR) and the Transmitter Shift Register (TSR) are both

empty. It is reset to a logic 0 whenever either the THR or

TSR contains a data character.

Bit 7: This bit is permanently set to logic 0.

Note: The Line Status Register is intended for read operations only. Writing
to this register is not recommended as this operation is only used for
factory testing.

TABLE V. Interrupt Control Functions

Interrupt Identification y ‘
Register Interrupt Set and Reset Functions
Priority ; :
Bit 2 Bit 1 Bit0 Level Interrupt Type Interrupt Source . Interrupt Reset Control
0 0 1 — None None —
1 1 0 Highest Receiver Line Status Overrun Error or Reading the Line Status
Parity Error or Framing Register
Error or Break Interrupt
1 0 0 Second Received Data Available Receiver Data Available Reading the Receiver
Buffer Register
0 1 0 Third Transmitter Holding Transmitter Holding Reading the IIR Register
Register Empty Register Empty (if source of interrupt) or
Writing into the Trans-
mitter Holding Register
0 0 0 Fourth MODEM Status Clear to Send or Reading the MODEM
Data Set Ready or Status Register
Ring Indicator or Data
Carrier Detect
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8.0 Registers (continued)

8.5 INTERRUPT IDENTIFICATION REGISTER

In order to provide minimum software overhead during data
character transfers, the UART prioritizes interrupts into four
levels and records these in the Interrupt Identification Reg-
ister. The four levels of interrupt conditions in order of priori-
ty are Receiver Line Status; Received Data Ready; Trans-
mitter Holding Register Empty; and MODEM Status.

When the CPU accesses the IIR, the UART freezes all inter-
rupts and indicates the highest priority pending interrupt to
the CPU. While this CPU access is occurring, the UART
records new interrupts, but does not change its current indi-
cation until the access is complete. Table 1l shows the con-
tents of the IIR. Details on each bit follow:

Bit 0: This bit can be used in an interrupt environment to
indicate whether an interrupt condition is pending. When bit
0 is a logic 0, an interrupt is pending and the IR contents
may be used as a pointer to the appropriate interrupt service
routine. When bit 0 is a logic 1, no interrupt is pending.
Bits 1 and 2: These two bits of the IR are used to identify
the highest priority interrupt pending as indicated in Table V.

Bits 3 through 7: These five bits of the IIR are always logic 0.

8.6 INTERRUPT ENABLE REGISTER

This register enables the four types of UART interrupts.
Each interrupt can individually activate the interrupt (INTR)
output signal. It is possible to totally disable the interrupt
system by resetting bits 0 through 3 of the Interrupt Enable
Register (IER). Similarly, setting bits of this register to a log-
ic 1, enables the selected interrupt(s). Disabling an interrupt
prevents it from being indicated as active in the |IR and from
activating the INTR output signal. All other system functions
operate in their normal manner, including the setting of the
Line Status and MODEM Status Registers. Table Il shows
the contents of the IER. Details on each bit follow.

Bit 0: This bit enables the Received Data Available Interrupt
when set to logic 1.

Bit 1: This bit enables the Transmitter Holding Register
Empty Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt
when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when
set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

8.7 MODEM CONTROL REGISTER

This register controls the interface with the MODEM or data
set (or a peripheral device emulating a MODEM). The con-
tents of the MODEM Control Register (MCR) are indicated

in Table It and are described below. Table II shows the con-
tents of the MCR. Details on each bit follow.

BIt 0: This bit controls the Data Terminal Ready (DTR) out-

put. When bit 0 is set to a logic 1, the DTR output is forced

to a logic 0. When bit 0 is reset to a logic 0, the DTR output

is forced to a logic 1.

Note: The DTR output of the UART may be applied to an EIA inverting line
driver (such as the DS1488) to obtain the proper polarity input at the
succeeding MODEM or data set.

Bit 1: This bit controls the Request to Send (RTS) output.

Bit 1 affects the RTS output in a manner identical to that

described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal, which is
an auxiliary user-designated output. Bit 2 affects the OUT 1
output in a manner identical to that described above for bit 0.
Bt 3: This bit controls the Output 2 (OUT 2) signal, which is
an auxiliary user-designated output. Bit 3 affects the OUT 2
output in a manner identical to that described above for bit 0.

Bit 4: This bit provides a local loopback feature for diagnos-
tic testing of the UART. When bit 4 is set to logic 1, the
following occur: the transmitter Serial Output (SOUT) is set
to the Marking (logic 1) state; the receiver Serial Input (SIN)
is disconnected; the output of the Transmitter Shift Register
is “looped back” into the Receiver Shift Register input; the
four MODEM Control inputs (CTS, DSR, RI, and DCD) are
disconnected; and the four MODEM Control outputs (DTR,
RTS, OUT 1, and OUT 2) are internally connected to the
four MODEM Control inputs. The MODEM Control output
pins are forced to their inactive state (high). In the diagnos-
tic mode, data that is transmitted is immediately received.
This feature allows the processor to verify the transmit-and
received-data paths of the UART.

In the diagnostic mode, the receiver and transmitter inter-
rupts are fully operational. The MODEM Control Interrupts
are also operational, but the interrupts’ sources are now the
lower four bits of the MODEM Control Register instead of
the four MODEM Control inputs. The interrupts are still con-
trolled by the Interrupt Enable Register.

Bits 5 through 7: These bits are permanently set to logic 0.

8.8 MODEM STATUS REGISTER

This register provides the current state of the control lines
from the MODEM (or peripheral device) to the CPU. In addi-
tion to this current-state information, four bits of the
MODEM Status Register provide change information. These
bits are set to a logic 1 whenever a control input from the
MODEM changes state. They are reset to logic 0 whenever
the CPU reads the MODEM Status Register.
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8.0 Registers (Continued)

Table Il shows the contents of the MSR. Details on each bit
follow.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.
Bit 0 indicates that the CTS input to the chip has changed
state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator.
Bit 1 indicates that the DSR input to the chip has changed
state since the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI)
detector. Bit 2 indicates that the Rl input to the chip has
changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indi-
cator. Bit 3 indicates that the DCD input to the chip has
changed state.

Note: Whenever bit 0, 1, 2, or 3 is set to logic 1, a MODEM Status Interrupt
is generated.

9.0 Typical Applications

Bit 4: This bit is the complement of the Clear to Send (CTS)
input. If bit 4 (loop) of the MCR is set to a 1, this bit is
equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (RI)
input. If bit 4 of the MCR is set to a 1, this bit is equivalent to
OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier Detect
(DCD) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT 2 in the MCR.

8.9 SCRATCHPAD REGISTER

This 8-bit Read/Write Register does not control the UART
in any way. Itis intended as a scratchpad register to be used
by the programmer to hold data temporarily.

This showsi the basic connections of an NS16450 to an NS32016 CPU
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9.0 Typical Applications (continueq)

Typlcal Interface for a
High-Capacity Data Bus

Typical Supply Current vs
Temperature, Normalized
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10.0 Ordering Information 11.0 Reliability Information

V0S02Z8SNI/057091 SN/V0SZ8SNI/0S¥91 SN

Order Number Description Ga)::ﬁggunt 2,000

Plastic Dip Package CMOS 1,600

NS16450N Transistor Count

or } high speed part XMOS 4,500

NS-16450N CMOSs 6,300

INS8250AN Voo = 5V £5%

NS16C450N CMOS high speed part

INS82C50AN CMOS V¢ = 5V £5%
Plastic Chip Carrier Package

NS16450V

or } high speed part

NS-16450V

INS8250A Veo =5V £ 5%

NS16C450V CMOS high speed part

INS82C50AV CMOS Ve = 5V £5%
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NS16550A

National
Semiconductor

NS16550A Universal Asynchronous Receiver/Transmitter

with FIFOs T

General Description

The NS16550A is an improved version of the NS16450 Uni-
versal Asynchronous Receiver/Transmitter (UART). The im-
proved specifications ensure compatibility with the
NS32532 and other state-of-the-art CPUs. Functionally
identical to the NS16450 on powerup (CHARACTER
mode)* the NS16550A can be put into an alternate mode
(FIFO mode) to relieve the CPU of excessive software over-
head.

In this mode internal FIFOs are activated allowing 16 bytes
(plus 3 bits of error data per byte in the RCVR FIFQ) to be
stored in both receive and transmit modes. All the logic is on
chip to minimize system overhead and maximize system ef-
ficiency. Two pin functions have been changed to allow sig-
nalling of DMA transfers.

The UART performs serial-to-parallel conversion on data
characters received from a peripheral device or a MODEM,
and parallel-to-serial conversion on data characters re-
ceived from the CPU. The CPU can read the complete
status of the UART at any time during the functional opera-
tion. Status information reported includes the type and con-
dition of the transfer operations being performed by the
UART, as well as any error conditions (parity, overrun, fram-
ing, or break interrupt).

The UART includes a programmable baud rate generator
that is capable of dividing the timing reference clock input
by divisors of 1 to (216—1), and producing a 16 X clock for
driving the internal transmitter logic. Provisions are also in-
cluded to use this 16 X clock to drive the receiver logic. The
UART has complete MODEM-control capability, and a proc-
essor-interrupt system. Interrupts can be programmed to
the user’s requirements, minimizing the computing required
to handle the communications link.

The UART is fabricated using National Semiconductor’s ad-
vanced scaled N-channel silicon-gate MOS process, XMOS.

*Can also be reset to NS16450 Mode under software control.
TNote: This part has a patent pending.

Features

m Capable of running all existing 16450 software.

m Pin for pin compatible with the existing 16450 except

for CSOUT (24) and NC (29). The former CSOUT and

NC pins are TXRDY and RXRDY, respectively.

After reset, all registers are identical to the 16450 reg-

ister set.

In the FIFO mode -transmitter and receiver are each

buffered with 16 byte FIFO's to reduce the number of

interrrupts presented to the CPU.

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from the serial data.

Holding and shift registers in the NS16450 Mode elimi-

nate the need for precise synchronization between the

CPU and serial data.

Independently controlled transmit, receive, line status,

and data set interrupts.

Programmable baud generator divides any input clock

by 1 to (216 — 1) and generates the 16 X clock.

Independent receiver clock input.

MODEM control functions (CTS, RTS, DSR, DTR, RI,

and DCD).

Fully programmable serial-interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection

— 1-, 1%,-, or 2-stop bit generation

— Baud generation (DC to 256k baud).

False start bit detection.

Complete status reporting capabilities.

TRI-STATE® TTL drive for the data and control buses.

Line break generation and detection.

Internal diagnostic capabilities:

— Loopback controls for communications link fault
isolation

— Break, parity, overrun, framing error simulation.

Full prioritized interrupt system controls.

Basic Configuration

NS185504
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NS16550A

1.0 Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avallability and specifications. :

Temperature Under Bias 0°Cto +70°C

Storage Temperature —65°Cto +150°C
All Input or Output Voltages

with Respect to Vsg ) —0.5Vto +7.0V
Power Dissipation o 1w

2.0 DC Electrical Characteristics

Note: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these lim-
its is not intended and should be limited to those conditions
specified under DC electrical characteristics.

Ta = 0°Cto +70°C, Vgc = +5V £5%, Vgs = 0V, unless otherwise specified.

Symbol Parameter Conditions Min Max Units
Vi Clock Input Low Voltage -0.5 0.8 \
VIHX Clock Input High Voltage 20 Vee -V
ViL Input Low Voltage -05 0.8 \
ViH Input High Voltage 2.0 Vee \"
VoL Output Low Voltage loL = 1.6 mA on all (Note 1) 0.4 \
VoH Output High Voltage loy = —1.0 mA (Note 1) 24 \
Icc(AV) Avg. Power Supply Ve = 56.25V 160 mA
Current (Vcc) No Loads on output (Note 2)

SIN, DSR, DCD,

CTS, Rl = 2.0V 140 mA

All other inputs = 0.8V (Note 3)
IiL Input Leakage Vee = 6.25V, Vgg = OV +10 pA
oL Clock Leakage Ali other pins floating. £10 A

VIN = 0V, 5.25V
loz TRI-STATE Leakage Vcc = 5.25V, Vgg = OV

Vout = 0V, 5.25V

1) Chip deselected +20 pA
2) WRITE mode,
chip selected

VILtMR MR Schmitt V. 0.8 \
VIHMR MR Schmitt V|4 2.0 \

Note 1: Does not apply to XOUT
Note 2: Tp = 25°C
Note 3: Tp = 70°C

Capacitance 1, = 25:C, v = Vss = 0V

Symbol Parameter Conditions Min Typ Max Units

CxiNn Clock Input Capacitance 15 20 pF

CxouT Clock Output Capacitance fe = 1 MHz ) 20 30 pF
Unmeasured pins

CiN Input Capacitance returned to Vg 6 10 pF

Cout Output Capacitance 10 20 pF




=
3.0 AC Electrical Characteristics T, = 0'Cto +70°C,vog = +5V £5% 2
Symbol Parameter Conditions Min Max Units "u-."
taps Address Strobe Width 60 ns :°>
taH Address Hold Time 0 ns
tar RD, RD Delay from Address (Note 1) 30 ns
tas Address Setup Time 60 ns
taw WR, WR Delay from Address (Note 1) 30 ns
. tcH Chip Select Hold Time 0 ns
tcs Chip Select Setup Time 60 ns
tcsr RD, RD Delay from Chip Select (Note 1) 30 ns
tosw WR, WR Delay from Select (Note 1) 30 ) ns
" tpy Data Hold Time 30 ns
" 1ps Data Setup Time 30 ns
thz RD, RD to Floating Data Delay @100 pF loading (Note 3) 0 100 ns
tMR Master Reset Pulse Width 5 us
tRA Address Hold Time from RD, RD (Note 1) 20 ns
trc Read Cycle Delay 125 ns
trcs Chip Select Hold Time from RD, RD (Note 1) 20 ns
thD RD, RD Strobe Width 125 ns
trRDD RD, RD to Driver Enable/Disable @100 pF loading (Note 3) 60 ns
tRvD Delay from RD, RD to Data @100 pF loading 125 ns
twa Address Hold Time from WR, WR (Note 1) 20 ns
twe Write Cycle Delay 150 ns
twes %{3 ‘?va;ect Hold Time from (Note 1) 20 - ns
twR WR, WR Strobe Width 100 ns
txH Duration of Clock High Pulse External Clock (8.0 MHz Max.) 55 ns
txL Duration of Clock Low Pulse External Clock (8.0 MHz Max.) 55 ns
RC Read Cycle = tar + trp + tRc (Note 4) . 280 ns
WC Write Cycle = taw + twr + twc 280 ns
Baud Generator
N Baud Divisor 1 216—1
tBHD Baud Output Positive Edge Delay 100 pF Load 175 ns
tsLD Baud Output Negative Edge Delay 100 pF Load 175 ns
tHw Baud Output Up Time fx = 8.0 MHz,+2, 100 pF Load 75 ns
Ww Baud Output Down Time fx = 8.0 MHz,+2, 100 pF Load 100 ns
Recelver
tAINT Delay from RD, RD
(RD RBR/or RD LSR) 100 pF Load 1 us
to Reset Interrupt
tsco Delay from RCLK to Sample Time 2 ns
1SINT Delay from Stop to Set Interrupt (Note 2) 1 ('?;c::II-eKs
Note 1: Applicable only when ADS is tied low.
Note 2: In the FIFO mode (FCRO= 1) the trigger level interrupts, the receiver data available indication, the active RXRDY indication and the overrun error indication
will be delayed 3 RCLKSs. Status indicators (PE, FE, Bl) will be delayed 3 RCLKs after the first byte has been received. For subsequently received bytes these
indicators will be updated immediately after RDRBR goes inactive. Timeout interrupt is delayed 8 RCLKs.
Note 3: Charge and discharge time is determined by VoL, Von and the external loading.
Note 4: In FIFO mode RC = 425 ns (minimum) between reads of the receiver FIFO and the status registers (interrupt identification register or line status register).

4-39



NS16550A

3.0 AC Electrical Characteristics (continued)

Symbol I Parameter ) I Conditions | Min Max Units
Transmitter
tHR Delay from WR, WR (WR THR) 100 pF Load 175 ns
to Reset Interrupt
tr Delay from RD, RD (RD IIR) to Reset 100 pF Load 250 ns
Interrupt (THRE)
tirs Delay from Initial INTR Reset to Transmit 8 24 BAUDOUT
Start Cycles
tg) Delay from Initial Write to Interrupt (Note 1) - 16 24 BAUDOUT
Cycles
tsTi Delay from Stop to Interrupt (THRE) (Note 1) 8 8 BAUDOUT
. : Cycles
tsxa Delay from Start to TXRDY active 100 pF Load 8 BAUDOUT
Cycles
twxi Delay from Write to TXRDY inactive 100 pF Load © 195 ns
Modem Control
tmpbo Delay from WR, WR (WR MCR) to 100 pF Load 200 ns
Output :
tRIM Delay to Reset Interrupt from RD, RD 100 pF Load 250 ns
(RD MSR)
tsim Delay to Set Interrupt from MODEM Input 100 pF Load 250 ns

Note 1: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay circuit is active. {See FIFO Interrupt Mode
Operation).

4.0 Timing Waveforms (ai timings are referenced to valid 0 and valid 1)

External Clock Input (8.0 MHz Max.) AC Test Points

I—txn
24v NOTE 1

2.0v
XIN

o4V

0.4V el TL/C/8652-3

|<—‘XL—>|

TL/C/8652-2 .
Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.

Note 2: The 2.0V and 0.8V levels are the voltages at which the timing tests are made.
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4.0 Timing Waveforms (Continued)

Write Cycle
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4.0 Timing Waveforms (Continued)

Receiver Timing
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RCLK JI-|
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NS16450 MODE:
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~ _DATA(5-8,
2 2DATAC )x >s10p\ Z;
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ROR INTERRUPT
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LSI INTERRUPT

RD, RD
(RORBR)

XX

7D, RD
(RDUSR)

TL/C/8652-7

Transmitter Timing
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— 1571
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INTERRUPT
{THRE) \ / \ / \
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[~ 1HA = |‘—'MR—"
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TL/C/8652-8
MODEM Controls Timing
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Note 1: See Write Cycle Timing
Note 2: See Read Cycle Timing
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4.0 Timing Waveforms (Continued)
RCVR FIFO First Byte (This Sets RDR)

SIN
SAMPLE CLOCK J | I: :—I— I | I I I |

: ’ (FIFO AT OR
TRIGGER LEVEL /--2 2 v ABOVE TRIGGER LEVEL)
INTERRUPT NOTE 2 N (FIFO BELOW
(FCRs, 7=0,0) sl tonr tony  TRIGGER LEVEL)
LSI INTERRUPT / t—
| tRinT
RD, RD
(ROLSR) Xoseme X
RD, RD
(RDRER) W AcTive )C
TL/C/8652-10
RCVR FIFO Bytes Other Than the First Byte (RDR Is Already Set)
SIN >< >sTOP\ /
SAMPLE CLOCK I I I I I I
(FIFO AT OR
TIMEOUT OR 2 Y ABOVE TRIGGER LEVEL)
TRIGGER LEVEL NOTE 2 N (FIFO BELOW
INTERRUPT tont towr  TRIGGER LEVEL)
cemmmncaa
. TOP BYTE OF FIFO
LS| INTERRUPT e e meacamne cocceannecs
tsinT tRINT
RD, RD
(RDLSR) X_Acve X
7D, RD
(RORER) X actve X , X acTive )C
PREVIOUS BYTE

READ FROM FIFO TL/C/8652-11

Recelver Ready (Pin 29) FCR0=0 or FCRO=1 and FCR3=0 (Mode 0)

RD, RD

(RORER) ‘s X AcTive
7 NOTE 1
SIN
(FIRST BYTE) s STOP
- e
RXRDY ;
tin triNT

NOTE 2 TL/C/8652-12

Note 1: This is the reading of the last byte in the FIFO.
Note 2: If FCRO = 1, then tgyt = 3 RCLKs. For a timeout interrupt, tgyy = 8 RCLKs.
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4.0 Timing Waveforms (continued)

Receiver Ready (Pin 29) FCR0=1and FCR3=1 (Mode 1)

£ C

RD, RD
(RORER) S s A _AcTve X:
NOTE 1
SIN
(FIRST BYTE THAT :y_\_
REACHES THE STOP
TRIGGER LEVEL)
- R
RXRDY . /
it tRinT

NO
TE 2 TL/C/8652-13

Note 1: This is the reading of the last byte in the FIFO.

Note 2: If FCRO=1, tgyT=3 RCLKs.

Transmitter Ready (Pin 24) FCRO=0 or FCRO= 1 and FCR3=0 (Mode 0)

WR, WR
(WRTHR)

X eegt X

Y rr

J.l ~

sout

DATA X ey Y srop \ staRt  /

TXRDY

WR, WR

—] ¢<— twxi R — ~— tsxa

Transmitter Ready (Pin 24) FCRO=1 and FCR3=1 (Mode 1)

(WRTHR)

X BYTE 16

L.

rr Y

sout

TXRDY

DATA PARTY Y  stop  \ START /

FIFO FULL

TL/C/8652-14

TL/C/8652-15
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5.0 Block Diagram >
5
s RECEVER g
INTERNAL
: DATA BUS |E fIFo >
(1-8) DATA | RECEIVER 4 RECEVER | (1q)
D;-D H BUS BUFFER F SHIFT  Ja——-sN
0 BUFFER REGISTER REGISTER
LINE
W1 Recaver
CONTROL >
(28) REGISTER  |— TG ) _peik
Ay =1
(27) CONTROL
=
A (26),
DNIS?R)
LATCH (LS,
« (8)) e
cso =2 | L o [ » BAUDOUT
(13) DIVISOR
cst -(1—4)» LATCH(NS)
= ) x
— (25
) '| P
MR ——p]  SELECT LNE e
(22) & ] 11U &
RD 7 CONTROL " REGISTER | CONTROL
m Lose TRANSMITTER S 1
WR % m—p| " or0 E I
— 18 L
WR ——>] TRANSMITTER 4 TRANSMITTER
<3 HOLOING £ st W sour
08 <0 q REGISTER |_$ > REGISTER
TXRDY +——
xn 12! 1 (32)
MODEM ——2p RTS
(17)
XOUT <] ‘—) CONTROL 36) —
— (29) REGISTER q 38
RXRDY 4—— @Y,
MODEM %ﬁ
MODEM CONTROL 38) —
le——0co
(40) H STATUS L0GIC
POWER [ Y REGISTER ¢ (39)_5
SUPPLY —
——p GND G4, 5
G, 577
INTERRUPT INTERRUPT (30) ourz
]| Do jump] conmmoL »INTR
REGISTER LOGIC
INTERRUPT
{— D |
REGISTER
FIFO
| controL
REGISTER
TL/C/8652-16
Note: Applicable pinout numbers are included within parentﬁesis.
6.0 Pin Descriptions ,
The following describes the function of all UART pins. Some Read (RD, RD), Pins 22 and 21: When RD is high or RD is
of these descriptions reference internal circuits. low while the chip is selected, the CPU can read status
In the following descriptions, a low represents a logic 0 (OV information or data from the selected UART register.
nominal) and a high represents a logic 1 (+2.4V nominal). Note: Only an active RD or RD input is required to transfer data from the
UART during a read operation. Therefore, tie either the RD input per-
6.1 INPUT SIGNALS manently low or the RD input permanently high, when it is not used.
Chip Select (CS0, CS1, CS2), Pins 12-14: When CS0 and Write (WR, WR), Pins 19 and 18: When WR is high or WR
CS1 are high and CS2 is low, the chip is selected. This is low while the chip is selected, the CPU can write control
enables communication between the UART and the CPU. words or data into the selected UART register.
The positive edge of an active Address Strobe signal latch- Note: Only an active WR or WA input is required to transfer data to the
es the decoded chip select signals, completing chip selec- UART during a write operation. Therefore, tie either the WR input
tion. If ADS is always low, valid chip selects should stabilize 5:;’33"9“"" low or the WR input permanently high, when it is not
according to the tcgw parameter. :

4-45



NS16550A

6.0 Pin Descriptions (continued)

Address Strobe (ADS), Pin 25: The positive edge of an
active Address Strobe (ADS) signal latches the Register Se-
lect (A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals.

Note: An active ADS input is required when the Register Select (A0, A1, A2)
signals are not stable for the duration of a read or write operation. If
not required, tie the ADS input permanently low,

Register Select (A0, A1, A2), Pins 26-28: Address signals

connected to these 3 inputs select a UART register for the -

CPU to read from or write to during data transfer. A table of

registers and their addresses is shown below. Note that the -

state of the Divisor Latch Access Bit (DLAB), which is the
most significant bit of the Line Control Register, affects the
selection of certain UART registers. The DLAB must be set
high by the system software to access the Baud Generator
Divisor Latches.

Master Reset (MR), Pin 35: When this input is high, it clears
all the registers (except the Receiver Buffer, Transmitter
Holding, and Divisor Latches), and the control logic of the
UART. The states of various output signals (SOUT, INTR,
OUT 1, OUT 2, RTS, DTR) are affected by an active MR
input (Refer to Table |.) This input is buffered with a TTL-
compatible Schmitt Trigger with 0.5V typical hysteresis.

REGISTER ADDRESSES
DLAB | Ay | Ay | Ap Register
0 0 0 0 | Receiver Buffer (read),
' Transmitter Holding
Register (write)
0 0 0 1 | Interrupt Enable
X 1] 1 0 | Interrupt Identification (read)
X 0 1 0 | FIFO Control (write)
X 0 1 1 Line Control
X 1 0 0 | MODEM Control
X 1 0 1 | Line Status
X 1 1 0 | MODEM Status
X 1 1 [ 1 | Scratch :
1 0 0 | .0 | DivisorLatch
(least significant byte)
1 0 0 1 Divisor Latch
(most significant byte)

Recelver Clock (RCLK), Pin 9: This input is the 16 X baud
rate clock for the receiver section of the chip.

Serial Input (SIN) Pin 10: Serial data input from the com-
munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: When low, this indicates that
the MODEM or data set is ready to exchange data. The CTS
signal is a MODEM status input whose conditions can be
tested by the CPU reading bit 4 (CTS) of the MODEM Status
Register. Bit 4 is the complement of the CTS signal. Bit 0
(DCTS) of the MODEM Status Register indicates whether
the CTS input has changed state since the previous reading
of the MODEM Status Register. CTS has no effect on the
Transmitter. '

Note: Whenever the CTS bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Statqs Interrupt is enabled.

Data Set Ready (DSR), Pin 37: When low, this indicates
that the MODEM or data set is ready to establish the com-
munications link with the UART. The DSR signal is a
MODEM status input whose condition can be tested by the
CPU reading bit 5 (DSR) of the MODEM Status Register. Bit
5 is the complement of the DSR signal. Bit 1 (DDSR) of the
MODEM Status Register indicates whether the DSR

input has changed state since the previous reading of the

MODEM Status Register.

Note: Whenever the DSR bit of the MODEM Status Register changes state,
an interrupt is generated if the MODEM Status Interrupt Is enabled.

Data Carrler Detect (DCD), Pin 38: When low, indicates

that the data carrier has been detected by the MODEM or

data set. The DCD signal is a MODEM status input whose
condition can be tested by the CPU reading bit 7 (DCD) of
the MODEM Status Register. Bit 7 is the complement of the

DCD signal. Bit 3 (DDCD) of the MODEM Status Register

indicates whether the DCD input has changed state since

the previous reading of the MODEM Status Register. DCD
has no effect on the receiver.

Note: Whenever the DCD bit of the MODEM Status Register changes state,
an interrupt is generated if the MODEM Status Interrupt is enabled.

Ring Indicator (RI), Pin 39: When low, this indicates that a

telephone ringing signal has been received by the MODEM

or data set. The RI signal is a MODEM status input whose
condition can be tested by the CPU reading bit 6 (R!) of the

MODEM Status Register. Bit 6 is the complement of the RT

signal. Bit 2 (TERI) of the MODEM Status Register indicates

whether the RI input signal has changed from a low to a

high state since the previous reading of the MODEM Status

Register.

Note: Whenever the Rl bit of the MODEM Status Register changes from a
high to a low state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

Vee, Pin 40: +5V supply.

Vss, PIn 20: Ground (0V) reference.

6.2 OUTPUT SIGNALS

Data Terminal Ready (DTR), Pin 33: When low, this in-
forms the MODEM or data set that the UART is ready to
establish a communications link. The DTR output signal can
be set to an active low by programming bit 0 (DTR) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state.

Request to Send (RTS), Pin 32: When low, this informs the
MODEM or data set that the UART is ready to exchange
data. The RTS output signal can be set to an active low by
programming bit 1 (RTS) of the MODEM Control Register. A
Master Reset operation sets this signal to its inactive (high)
state. Loop mode operation holds this signal in its inactive
state.

Output 1 (OUT 1), Pin 34: This user-designated output can
be set to an active low by programming bit 2 (OUT 1) of the
MODEM Control Register to a high level. A Master Reset
operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state. In the
XMOS parts this will achieve TTL levels.

Output 2 (OUT 2), Pin 31: This user-designated output that
can be set to an active low by programming bit 3 (OUT 2) of
the MODEM Control Register to a high level. A Master Re-
set operation sets this signal to its inactive (high) state.
Loop mode operation holds this signal in its inactive state. In
the XMOS parts this will achieve TTL levels.

TXRDY, RXRDY, Pins 24, 29: Transmitter and Receiver
DMA signalling is available through two pins (24 and 29).
When operating in the FIFO mode, one of two types of DMA
signalling per pin can be selected via FCR3. When operat-
ing as in the NS16450 Mode, only DMA mode O is allowed.
Mode O supports single transfer DMA where a transfer is
made between CPU bus cycles. Mode 1 supports multi-
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6.0 Pin Descriptions (continued)

transfer DMA where multiple transfers are made continu-
ously until the RCVR FIFO has been emptied or the XMIT
FIFO has been filled.

RXRDY Mode 0: When in the NS16450 Mode (FCRO=0) or
in the FIFO Mode (FCRO= 1, FCR3=0) and there is at least
1 character in the RCVR FIFO or RCVR holding register, the
RXRDY pin (29) will be low active. Once it is activated the
RXRDY pin will go inactive when there are no more charac-
ters in the FIFO or holding register.

RXRDY Mode 1: In the FIFO Mode (FCRO=1) when the
FCR3=1 and the trigger level or the timeout has been
reached, the RXRDY pin will go low active. Once it is acti-
vated it will go inactive when there are no more characters
in the FIFO or holding register.

TXRDY Mode 0: In the NS16450 Mode (FCRO=0) or in the
FIFO Mode (FCRO=1, FCR3=0) and there are no charac-
ters in the XMIT FIFO or XMIT holding register, the TXRDY
pin (24) will be low active. Once it is activated the TXRDY
pin will go inactive after the first character is loaded into the
XMIT FIFO or holding register.

TXRDY Mode 1: In the FIFO Mode (FCRO=1) when
FCR3=1 and there is at least one unfilled position in the
XMIT FIFO, it will go low active. This pin will become inac-
tive when the XMIT FIFO is completely full.

Driver Disable (DDIS), Pin 23: This goes low whenever the
CPU is reading data from the UART. It can disable or control
the direction of a data bus transceiver between the CPU
and the UART.

Baud Out (BAUDOUT), Pin 15: This is the 16 X clock sig-
nal from the transmitter section of the UART. The clock rate
is equal to the main reference oscillator frequency divided
by the specified divisor in the Baud Generator Divisor Latch-
es. The BAUDOUT may also be used for the receiver sec-
tion by tying this output to the RCLK input of the chip.
Interrupt (INTR), Pin 30: This pin goes high whenever any
one of the following interrupt types has an active high condi-
tion and is enabled via the IER: Receiver Error Flag; Re-
ceived Data Available: timeout (FIFO Mode only); Transmit-
ter Holding Register Empty; and MODEM Status. The INTR
signal is reset low upon the appropriate interrupt service or
a Master Reset operation.

Serial Output (SOUT), Pin 11: Composite serial data output
to the communications link (peripheral, MODEM or data
set). The SOUT signal is set to the Marking (logic 1) state
upon a Master Reset operation.

6.3 INPUT/OUTPUT SIGNALS

Data (D7-Dg) Bus, Pins 1-8: This bus comprises eight
TRI-STATE input/output lines. The bus provides bidirection-
al communications between the UART and the CPU. Data,
control words, and status information are transferred via the
D7-Dg Data Bus.

External Clock Input/Output (XIN, XOUT) Pins 16 and
17: These two pins connect the main timing reference (crys-
tal or signal clock) to the UART.

4-47

V0SS9ISN




NS16550A

7.0 Connection Diagrams

) Chip Carrier Package
Dual-In-Line Package \\ 00 vcc i
s S22
D! el /65432 1 uBea0
0—? ol 7 3| wa
Dy~ 3 38 e OO u N | o
03— 4 3 f=—0%h )]s w|om
Dg—{ 5 36 p=—=CTS RCLK | 10 36 | ATS
D5=~q 6 35 pemMR s n 35 | U2
Dg~—q 7 34 p=DBUT N2 E0 I
0— ¢t 33 [ BTR sout | 13 33 | e
RCLX == 9 32 pe=RTS - cso 1 32 | RXROY
SIN—f 10 n —oir2 L B 3t | a0
SOUT =4 11 30 b— INTR . (512 B £ I
cso—] 12 29 |— RXROY L L L
ts1— 13 2 Ay BN NRANBE AN
&2 12 27 gy
TAUDOUT— 15 2 [—~n A7/ , \\\\
i — 16 2 |—70% XN XOUT WR WA vs RO 00IS TXATY
XoUT =q 17 24 f—TXROV ’ TL/C/8652-18
Wi 13 23 P—D0IS
wR = 19 22 gD Top View
Vs — 20 21 (A0 o Order Number NS16550AV .
THoreesz-1 See NS Package Number V44A
Top View
Order Number NS16550AN

See NS Package Number N40A

TABLE I. UART Reset Configuration

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Notel)
Interrupt Identification Register Master Reset 0000 0001
FIFO Control Master Reset 0000 0000
Line Control Register Master Reset 0000 0000
MODEM Control Register Master Reset 0000 0000
Line Status Register Master Reset 0110 0000
MODEM Status Register Master Reset XXXX 0000 (Note?2)
SOUT Master Reset High
INTR (RCVR Errs) Read LSR/MR Low
INTR (RCVR Data Ready) Read RBR/MR Low
INTR (THRE) Read |IR/Write THR/MR Low
INTR (Modem Status Changes) Read MSR/MR Low
ouT2 Master Reset High
RTS Master Reset High
DTR Master Reset High
OUT1 Master Reset High
RCVR FIFO MR/FCR1¢FCR0/AFCRO All Bits Low
XMIT FIFO MR/FCR1¢FCR0/AFCRO All Bits Low

Note 1: Boldface bits are permanently low.
Note 2: Bits 7-4 are driven by the input signals.
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TABLE II. Summar;' of Registers

Register Address
) 0DLAB=0 0DLAB=0 1DLAB=0 2 2 3 4 5 6 7 0DLAB=1 1DLAB=1
3:: Receiver Transmitter Interrupt FIFO
. Buffer Holding Interrupt Ident. Control Line MODEM Line MODEM Scratch Divisor Divisor
Register Register Enable Register Register Control Control Status Status Reg- Latch Latch
(Read (Write Register (Read {Write Register Register Register Register ister (LS) (MS)
Only) Only) Only) Only)
RBR THR IER IR FCR LCR MCR LSR MSR SCR DLL DLM
0 Data Bit 0 Data Bit 0 Enable “0" if FIFO Word Data Data Delta Bit0 Bit0 Bit8
(Note 1) Received Interrupt Enable Length Terminal Ready Clear
Data Pending Select Ready (DR) to Send
Available Bit0 (DTR) (DCTS)
Interrupt (WLSO0)
(ERBFI)
1 Data Bit 1 Data Bit 1 Enable Interrupt RCVR Word Request Overrun Delta Bit 1 Bit 1 Bit9
Transmitter ID FIFO Length to Send Error Data
Holding Bit (0) Reset Select (RTS) (OE) Set
Register Bit1 Ready
Empty (WLS1) (DDSR)
Interrupt
(ETBEI)
2 Data Bit 2 Data Bit 2 Enable Interrupt XMIT Number of Out1 Parity Trailing Bit2 Bit 2 Bit 10
Receiver ID FIFO Stop Bits Error Edge Ring
Line Status Bit (1) Reset (STB) (PE) Indicator
Interrupt (TERI)
(ELSI)
3 Data Bit 3 Data Bit 3 Enable Interrupt DMA Parity Out2 Framing Delta Bit3 Bit3 Bit 11
MODEM ID Mode Enable Error Data
Status Bit (2) Select (PEN) (FE) Carrier -
Interrupt (Note 2) Detect
(EDSSI) (DDCD)
4 Data Bit 4 Data Bit 4 0 0 Reserved Even Loop Break Clear Bit4 Bit4 Bit 12
Parity Interrupt to
Select (Bh Send
(EPS) (CTS)
5 Data Bit 5 Data Bit 5 0 [ Reserved Stick 0 Transmitter Data Bit5 Bit5 Bit 13
Parity Holding Set
Register Ready
(THRE) (DSR)
6 Data Bit 6 Data Bit6 0 FIFOs RCVR Set 0 Transmitter Ring Bit6 Bit6 Bit 14
Enabled Trigger Break Empty Indicator
(Note 2) (LSB) (TEMT) (RI)
7 Data Bit 7 DataBit7 0 FIFOs RCVR Divisor 0 Errorin Data Bit7 Bit7 Bit 15
Enabled Trigger Latch RCVR Carrier
(Note 2) (MSB) Access Bit FIFO Detect
(DLAB) (Note 2) (DCD)
Note 1: Bit 0 is the least significant bit. It is the first bit serially transmitted or received. -
Note 2: These bits are always 0 in the NS16450 Mode.
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8.0 Registers

The system programmer may access any of the UART reg-
isters summarized in Table Il via the CPU. These registers
control UART operations including transmission and recep-
tion of data. Each register bit in Table Il has its name and
reset state shown.

8.1 LINE CONTROL REGISTER

The system programmer specifies the format of the asyn-
chronous data communications exchange and set the Divi-
sor Latch Access bit via the Line Control Register (LCR).
The programmer can also read the contents of the Line
Control Register. The read capability simplifies system pro-
gramming and eliminates the need for separate storage in
system memory of the line characteristics. Table Il shows
the contents of the LCR. Details on each bit follow:

Bits 0 and 1: These two bits specify the number of bits in
each transmitted or received serial character. The encoding
of bits 0 and 1 is as follows:

Bit 1 BIit0 Character Length
0 0 5 Bits
0 1 6 Bits
1. 0 7 Bits
1. 1 8 Bits

Bit 2: This bit specifies the number of Stop bits transmitted
and received in each serial character. If bit 2 is a logic 0,
one Stop bit is generated in the transmitted data. If bit 2 is a
logic 1 when a 5-bit word length is selected via bits 0 and 1,
one and a half Stop bits are generated. If bit 2 is a logic 1
when either a 6-, 7-, or 8-bit word length is selected, two
Stop bits are generated. The Receiver checks the first Stop-
bit only, regardless of the number of Stop bits selected.

Bt 3: This bit is the Parity Enable bit. When bit 3 is a logic 1,
a Parity bit is generated (transmit data) or checked (receive
data) between the last data word bit and Stop bit of the
serial data. (The Parity bit is used to produce an even or odd
number of 1s when the data word bits and the Parity bit are
summed.)

Bit 4: This bit is the Even Panty Select bit. When bit 3 is a
logic 1 and bit 4 is a logic 0, an odd number of logic 1s is
transmitted or checked in the data word bits and Parity bit.
When bit 3 is a logic 1 and bit 4 is a logic 1, an even number
of logic 1s is transmitted or checked.

Bt 5: This bit is the Stick Parity bit. When bits 3, 4 and 5 are
logic 1'the Parity bit is transmitted and checked as a logic 0.
If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is
transmitted and checked as a logic 1. If bit 5 is a logic 0
Stick Parity is disabled.

Bit 6: This bit is the Break Contro! bit. It causes a break
condition to be transmitted to the receiving UART. When it
is set to a logic 1, the serial output (SOUT) is forced to the
Spacing (logic 0) state. The break is disabled by setting bit 6
to a logic 0. The Break Control bit acts only on SOUT and
has no effect on the transmitter logic.

Note: This feature enables the CPU 1o alert a terminal in a computer com-
munications system. If the following sequence is followed, no errone-
ous or extraneous characters will be transmitted because of the
break.

1. Load an all Os, pad character, in response to THRE.

2. Set break after the next THRE. '

3. Wait for the transmitter to be idle, (TEMT=1), and clear break when

normal transmission has to be restored.

During the break, the Transmitter can be used as a character timer to accu-

rately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must
be set high (logic 1) to access the Divisor Latches of the
Baud Generator during a Read or Write operation. It must
be set low (logic 0) to access the Receiver Buffer, the
Transmitter Holding Register, or the Interrupt Enable Regis-
ter.

8.2 TYPICAL CLOCK CIRCUITS

NS18550A
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Ji___ 0sC, CLOCK TO
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DRIVER

iXTERNAL_DF
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TL/C/8652-18

NS16550A
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TL/C/8652-20

Typlcal Crystal Oscillator Network

CRYSTAL Rp Rxa Cq Cz
3.1 MHz 1MQ 1.5k | 10-30pF | 40-60 pF
1.8 MHz 1MQ | 1.5k | 10-30pF | 40-60 pF

TABLE [Il. Baud Rates Using 1.8432 MHz Crystal
Decimal Divisor Percent Error
Desired Used to Generate | Difference Between
Baud Rate 16 x Clock Desired and Actual
50 2304 —_
75 1536 —
110 1047 0.026
134.5 857 . 0.058
150 768 —
300 384 —_
600 192 —
1200 96 —
1800 64 —
12000 58 0.69
2400 48 —
3600 32 —
4800 24 —_
7200 16 —
9600 12 —
19200 6 -
38400 3 —_
56000 2 2.86
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8.0 Registers (Continued)

8.3 PROGRAMMABLE BAUD GENERATOR

The UART contains a programmable Baud Generator that is
capable of taking any clock input from DC to 8.0 MHz and
dividing it by any divisor from 2 to 216—1, 4 MHz is the
highest input clock frequency recommended when the divi-
sor = 1. The output frequency of the Baud Generator is 16
X the Baud [divisor # = (frequency input) + (baud rate X
16)]. Two 8-bit latches store the divisor in a 16-bit binary
format. These Divisor Latches must be loaded during initiali-
zation to ensure proper operation of the Baud Generator.
Upon loading either of the Divisor Latches, a 16-bit Baud
counter is immediately loaded.

Tables lll, IV and V provide decimal divisors to use with
crystal frequencies of 1.8432 MHz, 3.072 MHz and 8 MHz,
respectively. For baud rates of 38400 and below, the error
obtained is minimal. The accuracy of the desired baud rate
is dependent on the crystal frequency chosen. Using a divi-
sor of zero is not recommended.

8.4 LINE STATUS REGISTER

This register provides status information to the CPU con-
cerning the data transfer. Table Il shows the contents of the
Line Status Register. Details on each bit follow.

BIt 0: This bit is the receiver Data Ready (DR) indicator. Bit
0 is set to a logic 1 whenever a complete incoming charac-
ter has been received and transferred into the Receiver
Buffer Register or the FIFO. Bit 0 is reset to a logic 0 by
reading all of the data in the Receiver Buffer Register or the
FIFO.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indi-
cates that data in the Receiver Buffer Register was not read
by the CPU before the next character was transferred into
the Receiver Buffer Register, thereby destroying the previ-
ous character. The OE indicator is set to a logic 1 upon
detection of an overrun condition and reset whenever the
CPU reads the contents of the Line Status Register. If the
FIFO mode data continues to fill the FIFO beyond the trig-
ger level, an overrun error will occur only after the FIFO is
full and the next character has been completely received in
the shift register. OE is indicated to the CPU as soon as it
happens. The character in the shift register is overwritten,
but it is not transferred to the FIFO.

TABLE IV. Baud Rates Using 3.072 MHz Crystal

Desired Decimal Divisor Percent Error
Baud Rate Used to Generate | Difference Between
16 x Clock Desired and Actual
50 3840 _
75 2560 —
110 1745 0.026
1345 1428 0.034
150 1280 _
300 640 —
600 320 —
1200 160 _
1800 107 0.312
2000 96 o
2400 80 _
3600 53 0.628
4800 40 -
7200 27 1.23
9600 20 _
19200 10 _
38400 5 _

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indi-
cates that the received data character does not have the
correct even or odd parity, as selected by the even-parity-
select bit. The PE bit is set to a logic 1 upon detection of a

parity error and is reset to a logic 0 whenever the CPU reads -

the contents of the Line Status Register. In the FIFO mode
this error is associated with the particular character in the
FIFO it applies to. This error is revealed to the CPU when its
associated character is at the top of the FIFO.

Bit 3: This bit is the Framing Error (FE) indicator, Bit 3 indi-
cates that the received character did not have a valid Stop
bit. Bit 3 is set to a logic 1 whenever the Stop bit following
the last data bit or parity bit is detected as a logic O bit
(Spacing level). The FE indicator is reset whenever the CPU
reads the contents of the Line Status Register. In the FIFO
mode this error is associated with the particular character in
the FIFO it applies to. This error is revealed to the CPU
when its associated character is at the top of the FIFO. The
UART will try to resynchronize after a framing error. To do
this it assumes that the framing error was due to the next
start bit, so it samples this “start” bit twice and then takes in
the “data”.

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set
to a logic 1 whenever the received data input is held in the
Spacing (logic 0) state for longer than a full word transmis-
sion time (that is, the total time of Start bit + data bits +
Parity + Stop bits). The Bl indicator is reset whenever the
CPU reads the contents of the Line Status Register. In the
FIFO mode this error is associated with the particular char-
acter in the FIFO it applies to. This error is revealed to the
CPU when its associated character is at the top of the FIFO.
When break occurs only one zero character is loaded into
the FIFO. The next character transfer is enabled after SIN
goes to the marking state and receives the next valid start
bit.

Note: Bits 1 through 4 are the error conditions that produce a Receiver Line

Status interrupt whenever any of the corresponding conditions are
detected and the interrupt is enabled.

TABLE V. Baud Rates Using 8 MHz Crystal

Desired Decimal Divisor Percent Error
Baud Rate Used to Generate | Difference Between
16 x Clock Desired and Actual
50 10000 —_
75 6667 0.005
110 4545 0.010
134.5 3717 0.013
150 3333 0.010
300 1667 0.020
600 833 0.040
1200 417 0.080
1800 277 0.080
2000 250 —
2400 208 0.160
3600 139 0.080
4800 104 0.160
7200 69 0.644
9600 52 0.160
19200 26 0.160
38400 13 0.160
56000 9 0.790
128000 4 2.344
256000 2 2.344
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8.0 Registers (continued)

TABLE VL. Interrupt Control Functions

FIFO  Interrupt
Mode  Identification Interrupt Set and Reset Functions
Only Register
: Priority
Bit3 | Bit2|Bit 1| Bit0 Level Interrupt Type Interrupt Source _ Interrupt Reset Control
0 0 o] 1 — | None None —_
0 1 1 0 | Highest | Receiver Line Status Overrun Error or Parity Error or Reading the Line Status
Framing Error or Break Interrupt Register
0 1 0 0 | Second | Received Data Available | Receiver Data Available or Trigger | Reading the Receiver Buffer
Level Reached Register or the FIFO Drops
Below the Trigger Level
1 1 0 0 | Second | Character Timeout No Characters Have Been Reading the Receiver
Indication Removed From or Input to the Buffer Register
RCVR FIFO During the Last 4 Char.
Times and There Is at Least 1 Char.
in It During This Time
0 0 1 0 Third | Transmitter Holding Transmitter Holding Reading the IIR Register (if
Register Empty Register Empty source of interrupt) or Writing
. into the Transmitter Holding
Register
0 0 0 0 | Fourth | MODEM Status C