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Signetics reserves the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in
order to improve design and/or performance. Signetics assumes no responsibility or
liability for the use of any of these products, conveys no license or title under any
patent, copyright, or mask work right to these products, and makes no representa-
tions or warranties that these products are free from patent, copyright, or mask work
right infringement, unless otherwise specified. Applications that are described herein
for any of these products are for illustrative purposes only. Signetics makes no
representation or warranty that such applications will be suitable for the specified use
without further testing or modification.

LIFE SUPPORT APPLICATIONS

Signetics' Products are not designed for use in life support appliances, devices, or
systems where malfunction of a Signetics Product can reasonably be expected to
result in a personal injury. Signetics' customers using or selling Signetics' Products
for use in such applications do so at their own risk and agree to fully indemnify
Signetics for any damages resulting in such improper use or sale.

)

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

© Copyright 1987 Signetics Corporation

All rights reserved.
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Microprocessor Products

PART NUMBERING SYSTEM

Example:

Identifier — Always SC

Process/Power Variation

Ordering
Information

SCN68454C6N48

Microprocessor Division—LI_vI

LH__ Pin Count

14, 16, 20, 24, 28, 40, 48, efc.

Package

Spd Sym

21
22
23

N =N - Channel | =Ceramic A =PLCC
C =C-MOs* N = Plastic P =PGA
B = Bipolar F = Cerdip
Basic Part Number. ! Timing Variation
See individual data sheets. Spd Sym
01 1
Temperature 02 2
C=0Cto70 C 03 3
(Commercial) 04 4
A=-40 C to +85 C 05 5
(Automotive) 06 6
M=-55Cto +126 C 07 7
(Military) 08 8
=-20 Cto +70 C 09 9
(Philips) 10 A
1 B
12 C
13 D
14 E
16 F
16 6
17 7
18 8
19 9
20 0

*CMOS designed may be part of basic part type.
December 1986
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Product
Status

Microprocessor Products

DEFINITIONS

Data Sheet
Identification

Product Status

Definition

or In Design

This data sheet contains the design target or goal
ificati for product d ificati may
change in any manner without notice.

Product

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

Product Specification

Full Production

This data sheet contains Final - Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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Microprocessor Products

INTRODUCTION

The Microprocessor Division was formed in
1979 when it became apparent that micropro-
cessor circuits and their peripheral devices
would become increasingly important system
components to the OEM customer base.
Because of performance to cost ratios, re-
duced power requirements and inherent reli-
ability, these components provide the solution
to designers' complex system requirements.

NMOS became the dominant technology be-
cause of the simplicity of its design and
processing and its large historical reliability
data base. To date, NMOS has serviced 95%
of the division's device requirements. Bipolar
devices are used to a limited extent as
interface drivers between the NMOS system
components and CRT displays.

The Microprocessor Division serves a broad
base of customers with its product lines of
eight and sixteen bit microprocessors, micro-
controllers, and data communication and
CRT peripheral circuits. The division's cus-
tomers range from large mainframe computer
manufacturers to small systems users, and
the division can generally satisfy all the micro-
processor requirements of any customer.

Our goal is to establish ourselves as the
preferred alternate source in both the 68000
microprocessor and the 80XX microcontrolier
product areas and at the same time become
the prime supplier of the interface and periph-
eral circuits required to integrate the parts
within a system. Our design philosophy is to
give superior performance while minimizing
the overall number of parts required for the
overall system.

The terms quality and reliability are often
misinterpreted. In general, quality refers to
the condition of a device when received;
reliability covers extent of useful life. Quality
is readily measurable; reliability is predictable
and verifiable based on historical evidence.
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Quality
and
Reliability

MICROPROCESSOR DIVISION
RELIABILITY

No amount of stress testing can improve a
product's reliability. Stress tests are used to
measure and define an end of life which can
be expected from a family of products. Reli-
ability as well as quality must be built in
through proper design, processing, assembly,
testing and handling. For Signetics' Micropro-
cessor Division parts, accelerated life test
data show an extremely reliable product line
and serve as one input for continuous product
reliability improvement.

DESIGN

Product quality and reliability begin in design.
Strategic questions directly affecting reliability
must be answered. How much static protec-
tion is required on input leads? Do formal
design rules exist? Can they ever be violated?
What method is used to anticipate future
processes or ''shrinks''?

Within Signetics' Microprocessor Division, rig-
id guidelines are in effect to ensure compli-
ance with our design rules. Design rules, once
established, are inviolate.

QUALIFICATION TESTING
Signetics' Microprocessor Division verifies
device reliability through a series of qualifica-
tion tests and a continuous reliability monitor
program, Sure lll (Systematic Uniform Reli-
ability Evaluation).

All new fab processes at Signetics are quali-
fied by stress testing parts from a variety of
production lots. This accelerated stress test-
ing is shown in the table.

SURE il
Continuous reliability monitoring is performed
via our SURE IIl program. Devices are ran-

domly selected from production lots and sub-
jected to the same environmental stresses
noted in the table. The program is adminis-
tered by the Corporate Reliability Engineering
Group, which publishes a summary of resuits
on a quarterly basis.

The SURE Ill program covers two functions:
Monitoring short term and long term reliability
performance.

LONG-TERM AUDIT

One hundred devices from each generic fami-

ly are subjected to each of the following

stresses every other four weeks:

® High Temperature Operating Life —
Ty=150°C, 1000 hours — (Static Biased
or Dynamic Operation, as appropriate);

® Temperature-Humidity Biased Life —
85°C, 85% RH, 1000 hours, static
biased;

® Temperature Cycling (Air-Air) —
-65°C to +150°C, 1000 cycles.

SHORT-TERM MONITOR

Every week 20-piece samples from each
generic family are run to 96 hours of pressure
pot (15 psig, 121°C, 100% saturated steam),
300 cycles of thermal shock (-65°C to
+150°C) and 168 hours of high temperature
operating life (T, = 150°C, static or dynamic
operation).

In addition, each Signetics assembly plant
performs SURE product monitor stresses
weekly on each generic family and molded
package, by pin count and frame type. Fifty
pieces are subjected to 300 cycles of thermal
shock (Cond. C) and 100 devices are sub-
jected to pressure pot stress at 20 psig for 72
hours (168 hour equivalent at 15 psig).



Quality and Reliability

Accelerated Life Stress Tests

Figure 1 shows the relative improvement in
Sure |l performance for the Microprocessor
Division for the past five years. This curve
combines all the stress tests and plots the
overall percentage defective by year. Clearly,
the reliability of our product line is improving,
and more importantly, it is consistent and
predictable.

SIGNETICS' QUALITY
IMPROVEMENT PROGRAM
Signetics began its Quality Improvement Pro-
gram in 1980, and developed it around the
concepts outlined in the book, "Quality is
Free,” by Phil Crosby.

This program, which is actively supported by
top management, defines Quality as ''Confor-
mance to the Specification." With this defini-
tion in mind, our performance standard is
""Zero Defects.”" Tracking charts measuring
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improvements are impressive. All new prod-
ucts are placed on QRA Hold until completion
of environmental stress testing; all significant
process changes go through qualification pri-
or to release to production; test programs are
controlled and rel d only after
engineering correlation; wafers with less than
the required minimum number of good die are
scrapped to avoid jeopardizing product
quality.

These are examples of how the Quality Im-
provement Program functions internally. How-
ever, the real measure of the program is
customer belief in and acceptance of our
improvement.

Over the past few years, customers have
verified a continuous improvement in the
quality and reliability of Microprocessor Divi-
sion parts. Figure 2 shows the improvement
in visual mechanical and electrical outgoing
quality levels over the past several years.

1-4

NUMBER OF
TEST TEST CONDITION DEVICES DURATION
DHTL Dynamic high temperature life Ta@125°C (operating) 52 1000 hrs
SHTL Static high temperature life Ta@125°C (operating) 52 1000 hrs
THBS Biased temperature humidity life 85°C/85% RH (operating) 52 1000 hrs
PPOT Pressure pot (autoclave) 121°C/15 psig (storage) 52 96 hrs
TMSK Thermal shock -55°C/125°C lig. to lig. (storage) 77 300 cycles
TMCL Temperature cycle (air-to-air) -65°C/150°C (storage) 77 300 cycles
quality improvement targets are used and In addition to the marked improvement in our
= 10 displayed throughout the Division. AOQ (Average Outgoing Quality), we have
§ 8 Microprocessor Division personnel are all become a qua.h.ﬁed source for the 80XX a"fj
. L 3 s the 68000 families, as well as our own propri-
actively involved in this program. Our people N .
R - etary peripheral circuits, for more than 200
6 have taken formal training in Quality College .
. . ! customers. We have developed Ship-to-
& and have pledged to "'Do It Right the First Stock rams for several key a nts
z 4L Time, On Time." Administrative personnel e“minag:;gm for oo sﬂy"iymo"mmin”g iy
E 2 " it 2 "eed
g , promise to '"Make Certain'' of their own work. jon by our customers,
§ I:: p;grg':;m:z:o;:: ?x:;‘g;:;wgh educa- The improved reliability of our parts has
& 0 | L ' ) allowed several customers to drop their re-
1980 1981 1982 1983 1984 1985 | |nternally, there are many signs of the pro- quirements for burn-in for high reliability pro-
o229 gram's success. The SURE Ill Reliability As- grams. This, of course, has lowered their
Figure 1. Microprocessor Rellability surance Monitor shows improved results in  costs significantly and has allowed them to
Index each of the past three years. In-ine quality improve their over-all system reliability.

Reliability testing is an important monitor of
our manufacturing process. Signetics' micro-
processor parts not only meet specifications
when shipped but continue to operate satis-
factorily throughout their lifetime.

3 §

\
%

1 1 1 L
1981 1982 1883 1884

8

Average Outgoing Quality (ppm)
T

]
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OPo12415|

Figure 2. Outgoing Quality Level
Microprocessor Division
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DESCRIPTION

The Signetics SCN2641 is a universal
asynchronous data communications
controller chip that interfaces directly to
most 8-bit microprocessors and may be
used in a polled or interrupt-driven sys-
tem environment. The SCN2641 ac-
cepts programmed instructions from the
microprocessor while supporting asyn-
chronous serial data communications in
full- or half-duplex mode.

The SCN2641 serializes parallel data
characters received from the micropro-
cessor for transmission. Simultaneously,
it can receive serial data and convert it
into parallel data characters for input to
the microcomputer.

The SCN2641 contains a baud rate
generator which can be programmed to
either accept an external clock or to
generate internal transmit or receive
clocks. Sixteen different baud rates can
be selected under program control when
operating in the internal clock mode.

The SCN2641 is constructed using
Signetics n-channel silicon gate deple-
tion load technology and is packaged in
a 24-pin DIP.
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SCN2641

Asynchronous Communications

Interface

Product Specification

FEATURES

e 5- to 8-bit characters plus parity
e 1, 1%2 or 2 stop bits transmitted
e Odd, even or no parity

© Parity, overrun and framing error
detection

e Line break detection and
generation

o False start bit detection

o Automatic serial echo mode
(echoplex)

e Local or remote maintenance
loopback mode

e Baud rate:
- DC to 1M bps (1X clock)
- DC to 62.5K bps (16X clock)
- DC to 15.625K bps (64X clock)

o Internal or external baud rate
clock

e 16 internal rates

® Double-buffered transmitter and
receiver

® Single +5V power supply
® 400 mil package width

APPLICATIONS

o Intelligent terminals

o Network processors

e Front-end processors

o Remote data concentrators
e Serial peripherals

2-3

PIN CONFIGURATIONS

p3 [1] 24} D2
RxD [2] 23] D1
GND [3] 22] Do
D4 |4 (21] vee
o5 [5 [20] AXC/BKDET
o6 [6 [19] ATS
DIP
o7 [7 18] RESET
< [8 [17] BRCLK
a1 (5] 6] o
CE [0 BEag
A0 i1 [14] ©CD
aw [12] [13] WTR
TOP VIEW
CD00440S
INDEX
CORNER . ' 2
5 ° b 25
PLCC
" p 19
12 18
TOP VIEW
CD0028PS
Pin  Function Pin  Function
1 D2 15 INTR
2 D3 16 DCD
3 RxD 17 CTTS
4 GND 18 NC
5 D4 19 TxD
6 D5 20 BRCLK
7 D6 21 RESET
8 NC 22 NC
9 D7 23 RTS
10 T 24 NC
1M1 Al 25 AxC/BKDET
12 TE 26 Vco
13 A0 27 DO
14 R/W 28 D1

853-1066 86883

Inol



Product Specification

Asynchronous Communications Interface

SCN2641

ORDERING INFORMATION

PACKAGES Vec =5V £5%, Ta=0°C to 70°C
Plastic DIP SCN2641CC1N24
Plastic LCC SCN2641CC1A28

BLLOCK DIAGRAM

oaTasus
BUFFER
OPERATION CONTROL
RESET o
Ao ————————| | MODEREGISTER 1
A ~—————————| | MODE REGISTER 2 reR
AW -
CE ————»d | STATUSREGISTER > HoLDma sggr‘ea I )
iNTR* - TRANSMIT
SHIFT REGISTER
BRCLK ]
BAUD RATE ‘ 1
e GENERATOR
TxC -— AND
o CLOCK CONTROL RECEIVER
T
RECEIVE DATA AxD
HOLDING REGISTER | fo—— R¥
RECEIVE
_ SHIFT REGISTER
[ ——.
cTs —_—ed MODEM
TS CONTROL
«— . VecC
<«— GND
BDOC380S
NOTE:
*Open drain output pin
BLOCK DIAGRAM Timing Modem Control

The SCN2641 consists of five major sections:
the transmitter, receiver, timing, operation
control and modem control. These sections
communicate with each other via an internal
data bus and an internal control bus. The
internal data bus interfaces to the micropro-
cessor data bus via a data bus buffer.

Operation Control

This functional block stores configuration and
operation commands from the CPU and gen-
erates appropriate signals to various internal
sections to control the overall device opera-
tion. It contains read and write circuits to
permit communications with the microproces-
sor via the data bus and contains mode
registers 1 and 2, the command register, and
the status register. Details of register ad-
dressing are presented in the SCN2641 pro-
gramming section of this data sheet.
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The SCN2641 contains a baud rate generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 commonly
used baud rates, any one of which can be
selected for full-duplex operation. See
Table 1.

Receiver

The receiver accepts serial data on the RxD
pin, converts this serial-input to parallel for-
mat, checks for certain errors and sends an
"assembled"' character to the CPU.

Transmitter

The transmitter accepts parallel data from the
CPU, appends start and stop bits, and, op-
tionally, a parity bit, and outputs a composite
serial 'stream of data on the TxD output pin.

The modem control section provides interfac-
ing for two input signals and one output signal
used for ""handshaking' and status indication
between the CPU and a modem.

INTERFACE SIGNALS

The SCN2641 interface signals can be
grouped into two types: the CPU-related sig-
nals (shown in Table 2), which interface the
SCN2641 to the microprocessor system and
the device-related signals (shown in Table 3),
which are used to interface to the communi-
cations device or system.

OPERATION

The functional operation of the SCN2641 is
programmed by a set of control words sup-
plied by the CPU. These control words speci-
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SCN2641

Table 1. Baud Rate Generator Characteristics (BRCLK = 3.6864MHz)

BAUD ACTUAL FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 50 0.8kHz Z 4608
0001 75 12 - 3072
0010 110 17596 -0.022 2085
0011 1345 2.152 _ 1713
0100 150 24 — 1536
0101 300 48 - 768
0110 600 9.6 - 384
o111 1200 19.2 - 192
1000 1800 288 - 128
1001 2000 32.055 0.174 115
1010 2400 384 — 96
1011 3600 57.6 - 64
1100 4800 768 - 48
1101 7200 115.2 - 32
1110 9600 153.6 - 24
111 19200 307.2 - 12

fy items such as baud rate, number of bits per
character, etc. The programming procedure is
described in the SCN2641 programming sec-
tion of this data sheet.

After programming, the SCN2641 is ready to
perform the desired communications func-
tions. The receiver performs serial to parallel
conversion of data received from a modem or
equivalent device. The transmitter converts
parallel data received from the CPU to a
serial bit stream. These actions are accom-
plished within the framework specified by the
control words.

Receiver

The SCN2641 is conditioned to receive data
when the DCD input is low and the RxEN bit
in the command register is true. The receiver
looks for a high-to-low transition of the start
bit on the RxD input line. If a transition is
detected, the state of the RxD line is sampled
again after a delay of one-half of a bit time. If
RxD is now high, the search for a valid start
bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver contin-
ues to sample the input line at one bit time
intervals until the proper number of data bits,
the parity bit, and one stop bit have been
assembled. The data is then transferred to
the receive data holding register, the RxRDY
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bit in the status register is set, and the INTR
output is asserted. If the character length is
less than 8 bits, the high-order unused bits in
the holding register are set to zero. The parity
error, framing error, and overrun error status
bits are strobed into the status register on the
positive-going edge of RxC corresponding to
the received character boundary. If the stop
bit is present, the receiver will immediately
begin its search for the next start bit. If the
stop bit is absent (framing error), the receiver
will interpret a space as a start bit if it persists
into the next bit time interval. If a break
condition is detected (RxD is low for the
entire character as well as the stop bit), only
one character consisting of all zeros (with the
FE- status bit set) will be transferred to the
holding register. The RxD input must return to
a high condition before a search for the next
start bit begins.

Pin 20 can be programmed to be a break
detect output by appropriate setting of
MR27 - MR24. If so, a detected break will
cause that pin to go high. When RxD returns
to mark for one RxC time, pin 20 will go low.
Refer to the break detection timing diagram.

Transmitter
The SCN2641 is conditioned to transmit data
when the CTS input is low and the TxEN

2-5

command register bit is set. The SCN2641
indicates to the CPU that it can accept a
character for transmission by setting the
TxRDY status bit and asserting the INTR
output. When the CPU writes a character into
the transmit data holding register, these con-
ditions are negated. Data is transferred from
the holding register to the transmit shift regis-
ter when it is idle or has completed transmis-
sion of the previous character. The TxRDY
conditions are then asserted again. Thus, one

) full character time of buffering is provided.

The transmitter automatically sends a start bit
followed by the programmed number of data
bits, the least significant bit being sent first. It
then appends an optional odd or even parity
bit and the programmed number of stop bits.
If, following transmission of the data bits, a
new character is not available in the transmit
holding register, the TxD output remains in
the marking (high) condition and the TXEMT/
DSCHG status bit and the INTR output are
asserted. Transmission resumes when the
CPU loads a new character into the holding
register. The transmitter can be forced to
output a continuous low (BREAK) condition
by setting the send break command bit (CR3)
high.
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SCN2641

Table 2. CPU-Related Signals

FUNCTION

+5V supply input

A high on this input performs a master reset on the
SCN2641. This signal asynchronously terminates any
device activity and clears the mode, command and status
registers. The device assumes the idle state and remains
there until initialized with appropriate control words.

Address lines used to select internal SCN2641 registers.
Read command when low, write command when high.

Chip enable command. When low, indicates that control
and data lines to the SCN2641 are valid and that the
operation specified by the R/W, Ay and Aq inputs should
be performed. When high, places the Dy - D7 lines in the
3-State condition.

8-bit, 3-State data bus used to transfer commands, data
and status between the SCN2641 and the CPU. Dy is the
least significant bit; D; the most significant bit.

Interrupt request output (open drain). This output is
asserted (low) under the following conditions.

1. When the transmitter holding register (THR) is ready to
accept a data character from the CPU. This corresponds
to assertion of status bit SRO. If this is the only condition
asserting the output, the output will be negated (high)
when the THR is loaded by the CPU, or if the transmitter
is disabled via command register bit CRO.

2. When the receiver holding register (RHR) has a
character ready to be read by the CPU. This corresponds
to assertion of status bit SR1. if this is the only condition
asserting the output, the output will be negated (high)
when the RHR is read by the CPU, or if the receiver is
disabled via command register bit CR2.

3. When the transmitter has completed serialization of the
last character loaded by the CPU. This corresponds to
assertion of status bit SR2. If this is the only condition
asserting the output, the output will be negated (high)
when the THR is loaded by the CPU.

4. When a change of state has occurred at the DCD input
while either the receiver or the transmitter are enabled.
This corresponds to assertion of status bit SR2. If this is
the only condition asserting the output, the output will be
negated (high) when the status register is read by the

pIN | PINNO. | \\pyt/
NAME | o [pcc| OUTPUT
Voo 21 | 26 [
GND 3 4 1 Ground
RESET | 18 | 21 |
Ai-Ag |9,11|11,13 1
R/W 12 | 14 [
CE 10 | 12 1
D;-Dp |7-4,1,{9,7-5,| 1O
24-22| 2,1,
28,27
INTR 13 | 15 o
CPU.
PROGRAMMING

necessary to address each register are
shown in Table 4.

Prior to initiating data communications, the
SCN2641 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. The
SCN2641 can be reconfigured at any time
during program execution. A flowchart of the
initialization process appears in Figure 1.

The internal registers of the SCN2641 are
accessed by applying specific signals to the
CE, R/W, A; and Ay inputs. The conditions
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Reading or loading the mode registers is
done as follows: the first write (or read)
operation addresses mode register 1 and a
subsequent operation addresses mode regis-
ter 2. If more than the required number of
accesses are made, the internal sequencer
recycles to point at the first register. The
pointer is reset to mode register 1 by a
RESET input or by performing a read com-

2-6

mand register operation, but is unaffected by
any other read or write operation.

The SCN2641 register formats are summa-
rized in Tables 5, 6, 7 and 8. Mode registers 1
and 2 define the general operational charac-
teristics of the SCN2641, while the command
register controls the operation within this
basic framework. The SCN2641 indicates its
status in the status register. These registers
are cleared when a RESET input is applied.

INITIAL RESET

LOAD
MODE REGISTER 1

LOAD
MODE REGISTER 2

-—
] OPERATE ]

e e e e e . e o

DISABLE
RCVR AND XMTR

PF00410S

NOTE:

Mode Register 1 must be written before 2 can be
written. Mode register 2 need not be programmed
if external clocks are used.

Figure 1. SCN2641 Initialization
Flowchart

Mode Register 1 (MR1)

Table 5 illustrates mode register 1. Bits MR11
and MR10 select the baud rate multiplier. 1X,
16X and 64X multipliers are programmable if
the external clock input option is selected by
MR24 or MR25.

MR13 and MR12 select a character length of
5, 6, 7 or 8 bits. The character length does
not include the parity bit (if programmed), and
does not include the start and stop bits.

MR14 controls parity generation. If enabled, a
parity bit is added to the transmitted charac-
ter and the receiver performs a parity check
on incoming data. MR15 selects odd or even
parity when parity is enabled by MR14.

MR17 and MR16 select character framing of
1, 1.5 or 2 stop bits (If 1X baud rate is
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programmed, 1.5 stop bits default to 1 stop
bit on transmit).

The bits in the mode register affecting char-
acter bly and di bly (MR12-
MR16) can be changed dynamically (during
active receive/transmit operation). The char-
acter mode register affects both the transmit-
ter and receiver; therefore, character chang-
es should be made when RxEN and
TxEN =0 or when TxEN =1 and the trans-
mitter is marking in half-duplex mode
(RxEN = 0).

To effect assembly/disassembly of the next
received/transmitted character, MR12 -
MR15 must be changed within n-bit times of
the assertion of RxRDY/TxRDY. (n = smaller
of the new and old character lengths.)

Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23,
MR22, MR21 and MR20 control the frequen-
cy of the internal baud rate generator (BRG).
Sixteen rates are selectable as per Table 1.
MR23 -MR20 are don't cares if external
clocks are selected (MR25 - MR24 = 0). The
individual rates are given in Table 1.

MR24 — MR27 select the receive and transmit
clock source (either the BRG or an external
input) and the function at pins 8 and 20 (Refer
to Table 6).

Command Register (CR)

Table 7 illustrates the command register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. If the transmitter is disabled, it will
complete the transmission of the character in
the transmit shift register (if any) prior to
terminating operation. The TxD output will
then remain in the marking state (high), while
the TxRDY and TxEMT status bits go low.
Disabling the receiver causes the RxRDY
status bit to go low. If the receiver is disabled,
it will terminate operation immediately. Any
character being assembled will be negated. A
0-to-1 transition of CR2 will initiate start bit
search on the second RxC rising edge follow-
ing the transition.

Bit CR5 (RTS) controls the RTS output. Data
at the output is the logical complement of the
register data.

Setting CR3 will force and hold the TxD
output low (spacing condition) at the end of
the current transmitted character. Normal
operation resumes when CR3 is cleared. The
user should wait at least one bit time after
terminating the break before loading the THR
with the next character to be transmitted.

Setting CR4 causes the error flags in the
status register (SR3, SR4 and SR5) to be
cleared. This is a one-time command. There
is no internal latch for this bit.
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Table 3. Device-Related Signals

PIN
NAME

DIP

PLCC

INPUT/
OuUTPUT

FUNCTION

BRCLK

RxC/
BKDET

RxD

TxD

17

20

20

25

23

1/0

170

Clock input to the internal baud rate generator (see Table
1). Not required if external receiver and transmitter clocks
are used.

Recsiver clock. If external receiver clock is programmed,
this input controls the rate at which the character is to be
receivéd. Its frequency is 1X, 16X or 64X the baud rate,
as programmed by mode register 1. Data are sampled on
the rising edge of the clock. If internal receiver clock is
programmed, this pin can be a 1X/16X clock or a break
detect output pin.

Serial data input to the receiver. ""Mark'' is high, "space"
is low.

Transmitter clock. If external transmitter clock is
programmed, this input controls the rate at which the
character is transmitted. Its frequency is 1X, 16X or 64X
the baud rate, as programmed by mode register 1. The
transmitted data changes on the falling edge of the clock.
If internal transmitter clock is programmed, this pin can be
a 1X/16X clock output.

Serial data output from the transmitter. "'Mark'' is high,
"'space' is low. Held in mark condition when the
transmitter is disabled.

Data carrier detect input. Must be low in order for the
receiver to operate. lts complement appears as status
register bit SR6. Causes a low output on INTR when its
state changes if CR2 or CRO = 1. If DCD goes high while
receiving, the RxC is internally inhibited. Operation of the
receiver resumes on the second RxC rising edge
following assertion of DCD.

Clear to send input. Must be low in order for the
transmitter to operate. If it goes high during transmission,
the character in the transmit shift register will be
transmitted before termination.

General-purpose output which is the complement of
command register bit CR5. Normally used to indicate
request to send. See Command Register (CR5) for
details.

Table 4. Register Addressing

CE

Aq

>

R/W FUNCTION

[N eNeNeNeNe NN

- - a4 0000X

- —a 00 - =200 X

3-State data bus

Read receive holding register
Write transmit holding register
Read status register

Invalid

Read mode registers 2
Write mode registers 2
Read command register

Write command register

-0 =20 =0 -=0X

NOTE:

See AC characteristics section for timing requirements.

2-7
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When CR5 (RTS) is set, the RTS pin is forced
low. A 1-t0-0 transition of CR5 will cause RTS
to go high (inactive) one TxC time after the
last serial bit has been transmitted. If a 1-to-0
transition of CR5 occurs while data is being
transmitted, RTS will remain low (active) until
both the THR and the transmit shift register
are empty and then go high one TxC time
later.

The SCN2641 can operate in one of four
submodes. The operational submode is de-
termined by CR7 and CR6. CR7 - CR6 = 00
Is the normal mode, with the transmitter and
receiver operating independently in accor-
dance with the mode and status register
instructions.

CR7-CR6 = 01 places the SCN2641 in the

automatic echo mode. Clocked, regenerated

received data are automatically directed to
the TxD line while normal receiver operation
continues. The receiver must be enabled

(CR2 = 1), but the transmitter need not be

enabled. CPU-to-receiver communications

continue normally, but the CPU-to-transmitter

link is disabled. Only the first character of a

break condition is echoed. The TxD output

will go high until the next valid start is
detected. The following conditions are true
while in automatic echo mode:

1. Data assembled by the receiver are auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive

3. The INTR pin will reflect only the data set
change condition.

4. The TxEN command (CRO) is ignored.

Two diagnostic submodes can also be config-

ured. In local loopback mode (CR7-

CR6 = 10), the following loops are connected

internally:

1. The transmitter output is connected to
the receiver input.

2. RTS is connected to CTS.

3. The receiver is clocked by the transmitter
clock.

4. The RTS and TxD outputs are held high.

5. The CTS, DCD and RxD inputs are ig-
nored.

Additional requirements to operate in the
local loopback mode are that CRO (TxEN),
CR1 and CR5 (RTS) must be set to 1. CR2
(RxEN) is ignored by the SCN2641.

The second diagnostic mode is the remote
loopback mode (CR7-CR6=11). In this
mode:

1. Data assembled by the receiver are auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. No data is sent to the local CPU, but the
error status conditions (PE, OE, FE) are
set.

4. The INTR output is held high.

5. CRO (TxEN) is ignored.
6. All other signals operate normally.

Status Register

The data contained in the status register (as
shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO is the transmitter ready (TxRDY) status
bit. It is valid only when the transmitter is
enabled. If equal to O, it indicates that the
transmit holding register has been loaded by
the CPU and the data has not been trans-
ferred to the transmit shift register. If set
equal to 1, it indicates that the holding regis-
ter is ready to accept data from the CPU. This
bit is initially set when the transmitter is
enabled by CRO, unless a character has
previously been loaded into the holding regis-
ter. It is not set when the automatic echo or
remote loopback modes are programmed.
When this bit is set, the INTR output pin is
low, except in the automatic echo and remote
loopback modes.

SR1, the receiver ready (RxRDY) status bit,
indicates the condition of the receive data
holding register. If set, it indicates that a
character has been loaded into the holding
register from the receive shift register and is
ready to be read by the CPU. If equal to 0,
there is no new character in the holding
register. This bit is cleared when the CPU
reads the receive data holding register or
when the receiver is disabled by CR2. When
set, the INTR output is low.

clock.
Table 5. Mode Register 1 (MR1)
MR17 | MR16 MR15 MR14 MR13 MR12 MR11 MR10
Character Mode and Baud
Stop Bit Length Parity Type Parity Control Length Rate Factor
00 = Invalid 0 =0dd 0 = Disabled 00 =5 bits 00 = Invalid
01 =1 stop bit 1=Even 1 = Enabled 01 =26 bits 01 =1X rate
10=1% stop bits 10 =7 bits 10 = 16X rate
11 =2 stop bits 11 =8 bits 11 = 64X rate
NOTE:
Baud rate factor applies only if external clock is selected. Factor is 16X if internal clock is selected.
Table 6. Mode Register 2 (MR2)
MR27 - MR24 MR23 - MR20
TxC RxC Pin8 Pin 20 TxC RxC Pin 8 Pin 20 Baud Rate Selection
0000 E E TxC RxC 1000 E E NF  RxC/TxC
0001 E | TxC 1X 1001 E | TxC BKDET
0010 | E 1X RxC 1010 | E NF RxC
0011 | | 1X 1X 1011 | I 1X BKDET See baud rates in Table 1
0100 E E TxC RxC 1100 E E NF  RxC/TxC
0101 E | TxC 16X 1101 E | TxC BKDET
0110 ] E 16X RxC 1110 | E NF RxC
0111 | | 16X 16X 1111 | | 16X BKDET
NOTES:
E = External clock NF = No function; output not valid
| = Internal clock (BRG) 1X and 16X are clock outputs
December 12, 1986 2-8



Product Specification

Asynchronous Communications Interface

SCN2641

Table 7. Command Register (CR)

CR7 CR6 CRS CR4 CR3 CR2 CR1 CRO
Receive Transmit
Request
Operating Mode To Send Reset Error Force Break Control Control
(RxEN) (TXEN)
00 = Normal operation [0 =Force RTS 0 = Normal 0 = Normat 0 = Disable Not used. Must be |0 = Disable
01 = Automatic echo output high 1 = Reset error 1 =Force break |1 =Enable programmed to '1' |1 = Enable
mode after TxSR flags in status
10 = Local loopback serialization register
11 = Remote loopback |1 = Force RTS (FE, OE, PE)
output low
Table 8. Status Register (SR)
-
SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
Da‘;:::{‘ er Framing Error | Overrun Error | Parity Error | TXEMT/DSCHG RxRDY TxRDY
Not used |0 = DCD input [0 = Normal 0 = Normal 0 =Normal 0= Normal Receive 0 = Transmit
is high 1= Framing 1 = Overrun 1 =Parity 1= Change in holding holding
1= DCD input Error Error error DCD or register register
is low transmit empty busy
' shift 1= Receive 1= Transmit
register holding holding
is empty register register
has data empty

The TxEMT/DSCHG bit, SR2, when set,
indicates either a change of state of the DCD
input (when CR2 or CRO = 1) or that the
transmit shift register has completed trans-
mission of a character and no new character
has been loaded into the transmit data hold-
ing register. TXEMT will not go active until at
least one character has been transmitted. It is
cleared by loading the transmit data holding
register. The DSCHG condition is enabled
when the TXEN = 1 or RXEN = 1. It is cleared
when the status register is read by the CPU. If
the status register is read twice and SR2 = 1
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while SR6 remains unchanged, then a TXEMT
condition exists. When SR2 is set, the INTR
output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. This bit
is cleared when the receiver is disabled and
by a reset error command, CR4.

The overrun error status bit, SR4, indicates
that the previous character loaded into the
receive holding register was not read by the
CPU at the time a new received character
was transferred into it. This bit is cleared

when the receiver is disabled and by the reset
error command, CR4.

Bit SR5 signifies that the received character
was not framed by a stop bit; i.e., only the first
stop bit is checked. If RHR =0 wher
SR5 = 1, a break condition is present. The it
is reset when the receiver is disabled and
when the reset error command is given.

SRé reflects the condition of the DCD input. A
low input sets the status bit and a high input
clears it.

Inol
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ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature2 range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground3 -0.5 to +6.0 \
DC ELECTRICAL CHARACTERISTICS* 5 ¢
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typ | Max
Input voltage
ViL Low 0.8 v
Vi High 2
Output voltage
VoL Low loL =2.2mA 0.4 v
Vou’ High lon = —400pA 24
e Input leakage current ViN=0 to Vcc 10 MA
3-State output leakage current
ILn Data bus high Vo =4V 10 WA
T8 Data bus low Vo = 0.45V 10
lcc Power supply current 150 mA
CAPACITANCE T4 =25°C, Voo =0V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ I Max
Capacitance
Cin Input fc = 1MHz 20
Cout Output Unmeasured pins tied to ground 20 pF
Cio Input/Output 20

December 12, 1986
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AC ELECTRICAL CHARACTERISTICS To=0°C to +70°C, Vg =5V +5%* 5 6

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min l Typ I Max
Pulse width
tRes Reset 1000
tce Chip enable 250 ns
tcen CE to CE delay 600
Setup and hold time
tas Address setup 10
taH Address hold 10
tcs R/W control setup 10
tcH R/W control hold 10 ns
tos Data setup for write 150
toH Data hold for write 10
trxs Rx data setup 300
tRxH Rx data hold 350
too Data delay time for read Ci = 150pF 200 ns
toF Data bus floating time for read C = 150pF 100
Input clock frequency
fera Baud rate_generator 1 3.6864 4 MHz
tasr 10 TxC or RxC DC 1
Clock state
torn® Baud rate high 90
tarL® Baud rate low 90 ns
tR/TH TxC or RxC high 480
(R/'n_w TxC or RxC low 480
trxo TxD delay from falling edge of TxC C = 150pF 650
tres Skew between TxD changing and falling edge of C = 150pF 0 ns
TxC output®
NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operation section of this specification is not implied.
2. For operating at elevated temperatures, the device must be derated based on +150°C i junction
3. This product includes circuitry specifically designed for the pr ion of its internal devices from the damaging effects of excessive static charge. Nonetheless, it
is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.
4. Parameters are valid over operating temperature range unless otherwise specified.
5. All voltage are ref d to ground. All time measurements are at the 50% level for inputs (except tgri and tgr) and at 0.8V and 2.0V for
outputs. Input levels swing between 0.4V and 2.4V, with a transition time of 20ns maximum.
6. Typical values are at +25°C, typical supply voltages and typical processing parameters.
7. INTR output is open drain.
8. Parameter applies when internal transmitter clock is used.
9. tgpy and tgp measured at Viy and V| respectively.
10. In asynchronous local loopback mode, using 1X clock, the following parameters apply:
fr/T = 0.83MHz max
tr/TL = 700ns min

December 12, 1986 2-11
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TIMING DIAGRAMS

|«— tgRH —|+— tBRL —

- tRITH—=|=— tRITL—=

reser B e ,__.\__
-~ tRES — BRCLK, TxC, AxC —’| \. /

1ifgrG
gt

WF021508

WF02160S

Reset Clock

1BITTIME
(1, 16, OR 84 CLOCK PERIODS)_(,

s X

—_——— —
—_t === RxD &
TxD
REERE _\__________71[—_.-—\__

—| TXD [ —={ trgp |+—
RxC (iX)

— t
= 'tes WF021708

TxC
(OUTPUT)
WF02180S

Transmit Receive

N / r_
tce ‘CED

Y
Ao,A1_—\r--_-——_-___..-‘

00-07 p————
WRITE) _ | el e e —
l’——'os—’

= ton

oyly  Bus NOT DATA VALID BUS
(READ) FLOATING VALID | FLOATING
TING | ‘
~—tpp toF

WF02190S

Read and Write
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TIMING DIAGRAMS (Continued)

TXC(1X)

<«—D—» A;1,2,3,4,5,B C A;1,2,3,4,5/B C A;1,2,3,4,5,B C=*—D—>A 1,2,

TxD

[

DATA 1 |

DATA 2

F

oatas ||

+

I l DATA 4 S

TxEN _]

—— | g

CE FOR
WRITE

OF THR

DATA1 DATA 2 DATA 3

NOTES:

A = Start bit

B = Stop bit 1

C = Stop bit 2

D = TxD marking condition

TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits)

(sTaTS) / \ ; ;J_
[ \_ ] /
v 4

DATA4
WF042208

D = TxD marking condition
Only one stop bit is detected.

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits)

D
<> A)1)2)314|5/B|C A[1]|2|3|4|5|B|C|<{DI>A|1]2]3|4|5|B|C A[1]2]3)
o | oATAT | oataz [ | oatas [ | | Doatas
]
t
RxEN _l i
|
RXRDY
(STATUS)
OVERRUN
STATUS BIT
_ AN AN
CE FOR w
READ . 1
READ RHR READ RHR
(DATA 1) (DATA 3)
'WF04230S
NOTES:
A= Start bit
B = Stop bit 1
C = Stop bit 2
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TIMING DIAGRAMS (Continued)

Rx CHARACTER =5 BITS, NO PARITY

RxC + 16 OR 64 | J

LOOK FOR ST;iRT BIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION)

RxD —1 FALSE START BIT CHECK MADE (RxD LOW)
]
[}

STOP BIT f
DETECTED SET FE BIT*

S

15t DATA BIT MISSING STOP BIT DETECTED, SET FE BIT.

SAMPLED 0—=RHR, ACTIVATE INTR. SET BKDET PIN.
RxD INPUT —=RxSR UNTIL A MARK TO SPACE
TRANSITION OCCURS.

WF022208

NOTE:
*If the stop bit is present, the start bit search will commence immediately.

Break Detection Timing

TYPICAL APPLICATIONS

ADDRESS BUS ]/
\] CONTROL BUS |
{ DATA BUS

mr

<«  gatorn. |
| CONVERT |
TxD | (OPT) —
SCN2641 L J /
BAUD RATE CLOCK CRT
BRCLK OSCILLATOR TERMINAL

WF022308

Asynchronous Interface to CRT Terminal
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TYPICAL APPLICATIONS (Continued)

C ADDRESS BUS

11

LI CONTROL BUS

SCN2641 CTs P+
ATS fo——»
DCD j0t———

BRCLK e BAUD RATE CLOCK
OSCILLATOR

( DATA BUS {
RxD
TxD
PHONE
N
fraid INTERFACE

Asynchronous Interface to Telephone Lines

TELEPHONE
LINE
AF00800S
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Microprocessor Products

DESCRIPTION

The Signetics SCN2651 PCl is a univer-
sal synchronous/asynchronous data
communications controller chip de-
signed for microcomputer systems. It
interfaces directly to the Signetics
SCN2650 microprocessor and may be
used in a polled or interrupt driven sys-
tem environment. The SCN2651 ac-
cepts programmed instructions from the
microprocessor and supports many seri-
al data communication disciplines, syn-
chronous and asynchronous, in the full
or half-duplex mode.

The PCI serializes parallel data charac-
ters received from the microprocessor
for transmission. Simultaneously, it can
receive serial data and convert it into
parallel data characters for irput to the
microcomputer.

The SCN2651 contains a baud rate
generator which can be programmed to
either accept an external clock or to
generate internal transmit or receive
clocks. Sixteen different baud rates can
be selected under program control when
operating in the internal clock mode.

The PCI is constructed using Signetics
n-channel silicon gate depletion load
technology and is packaged in a 28-pin
DIP.

FEATURES
© Synchronous operation
- 5- to 8-bit characters
- Single or double SYN operation
- Internal character
synchronization
- Transparent or non-transparent
mode
- Automatic SYN or DLE - SYN
insertion
- SYN or DLE stripping
- Odd, even, or no parity
- Local or remote maintenance
loopback mode
- Baud rate: DC to 1M bps
(1X clock)

December 12, 1986

SCN2651

Programmable
Communications Interface

(PCI)

Product Specification

e Asynchronous operation

- 5- to 8-bit characters

-1, 1 1/2 or 2 stop bits

- Odd, even, or no parity

- Parity, overrun and framing
error detection

- Line break detection and
generation

- False start bit detection
- Automatic serial echo mode
- Local or remote maintenance
loopback mode
- Baud rate: DC to 1M bps
(1X clock)
DC to 62.5k bps (16X clock)
DC to 15.625k bps
(64X clock)
o Internal or external baud rate
clock
e 16 Internal rates-50 to 19,200
baud
o Double buffered transmitter and
receiver

o Full or half duplex operation-

o TTL compatible inputs and
outputs

© Single 5V power supply

o No system clock required

® 28-pin dual in-line package

APPLICATIONS
o Intelligent terminals

o Network processors

o Front-end processors

o Remote data concentrators
e Computer to computer links
o Serial peripherals

2-16

PIN CONFIGURATION

02 [T] 28] Dy
D3 [7] [77] Do
Rx0 [3] 28] vee
ano[2] [75] AxC
D4 [5] 23] DTR
o5 (€] 23] RTS
0 [7] [22] SR
D, [&] o [27] RESET
™[] 120] BRCLK
A4y 19} 9] <0
CIm [75] TXEWTIDSCHG
4o [z} [17] €75
Riw i3 [76] DCD
RXRDY [12 [15] TxROY
TOP VIEW
CD00450S
853-1067 86883



Froduct Speciiication

Programmable Communications Interface (PCI)

SCN2651

ORDERING INFORMATION

Vee =5V £5%
PACKAGES Commercial Automotive Military
0 to +70°C -40°C to + 85°C | -55°C to +125°C
Ceramic DIP SCN2651CC1128 Contact Factory Contact Factory
Plastic DIP SCN2651CC1N28 | Contact Factory Not available

BLOCK DIAGRAM

SYNIDLE CONTROL
DATA BUS DATA BUS
Do-D7 BUFFER
SYN 1 REGISTER
27,28,1,2,
(s. 6,7.8 f SYN 2 REGISTER
DLE REGISTER
@n OPERATION CONTROL
RESET
Ag 42 MODE 1
(10) e
Ay 1 | MODE REGISTER 2 T TTER R (15) T
Aw 49 cC REGISTER
TE (1)
CE LY, l TRANSMIT DATA
STATUS REGISTER > WORANSMITDATA |
TRANSMIT |9 TxD
| SHIFT REGISTER | —*
grok @9
® BAUD RATE
= GENERATOR
TxC - — > AND
p— @ CLOCK CONTROL RECEIVER (19 FREY
X
RECEIVE
SHIFT REGISTER
RECEIVE DATA
s 0 HOLDING REGISTER
BCo (16)
oco U9 o4
w -
L ————— MODEM
53 (23 : CONTROL
— * 9 26)
R A L Vee
TXEMT) (18) @
L <t GND
OSCHG
BDOO400S
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PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION TYPE
27,28, 1,2 5-8 Do-Dy 8-bit data bus 1/0
21 RESET Reset |
12,10 Ag-Aq Internal register select lines |
13 R/W Read or write command |
11 CE Chip enable input |
22 DSR Data set ready |
24 DTR Data terminal ready [¢]
23 RTS Request to send o]
17 CTS Clear to send [
16 DCD Data carrier detected |
18 TXEMT/DSCHG | Transmitter empty or data set change (o]
9 TxC Transmitter clock 110
25 RxC Receiver clock 1/0
19 TxD Transmitter data o
3 RxD Receiver data |
15 XRDY Transmitter ready o
14 RxRDY Receiver ready o
20 BRCLK Baud rate generator clock |
26 Vco +5V supply |
4 GND Ground |
Table 1. Baud Rate Generator Characteristics
Crystal Frequency = 5.0688MHz
THEORETICAL ACTUAL PERCENT
BAUD RATE FREQUENCY | FREQUENCY ERROR DIVISOR
16X CLOCK 16X CLOCK
50 0.8KHz 0.8KHz — 6336
75 1.2 1.2 — 4224
110 1.76 1.76 — 2880
1345 2.152 2.1523 0.016 2355
150 2.4 2.4 — 2112
300 48 4.8 — 1056
600 9.6 9.6 — 528
1200 19.2 19.2 — 264
1800 28.8 28.8 — 176
2000 32.0 32.081 0.253 158
2400 384 384 — 132
3600 57.6 57.6 — 88
4800 76.8 76.8 — 66
7200 115.2 115.2 — 44
‘9600 153.6 1563.6 — 33
19200* 307.2 316.8 3.125 16
NOTES:

1. *Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz.
2. 16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X.

BLOCK DIAGRAM

The PCI consists of these six major sections:
the transmitter, receiver, timing, operation
control, modem control and SYN/DLE con-
trol. These sections communicate with each
other via an internal data bus and an internal
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control bus. The internal data bus interfaces
to the microprocessor data bus via a data bus
buffer.

Operation Control
This functional block stores configuration and
operation commands from the CPU and gen-
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erates appropriate signals to various internal
sections to control the overall device opera-
tion. It contains read and write circuits to
permit communications with the microproces-
sor via the data bus and contains mode
registers 1 and 2, the command register, and
the status register. Details of register ad-
dressing and protocol are presented in the
PCI programming section of this data sheet.

Timing

The PCI contains a baud rate generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 commonly
used baud rates, any one of which can be
selected for full duplex operation (see Table 1).

Receiver

The receiver accepts serial data on the RxD
pin, converts this serial input to parallel for-
mat, checks for bits or characters that are
unique to the communication technique and
sends an ""assembled’’ character to the CPU.

Transmitter

The transmitter accepts parallel data from the
CPU, converts it to a serial bit stream, inserts
the appropriate characters or bits (based on
the communication technique) and outputs a
composite serial stream of data on the TxD
output pin.

Modem Control

The modem control section provides interfac-
ing for three input signals and three output
signals used for "handshaking'" and status
indication between the CPU and a modem.

SYN/DLE Control

This section contains control circuitry and
three 8-bit registers storing the SYN1, SYN2,
and DLE characters provided by the CPU.
These registers are used in the synchronous
mode of operation to provide the characters
required for synchronization, idle fill and data
transparency.

INTERFACE SIGNALS

The PCl interface signals can be grouped into
two types: the CPU-related signals (shown in
Table 2), which interface the SCN2651 to the
microprocessor system, and the device-relat-
ed signals (shown in Table 3), which are used
to interface to the communications device or
system.
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Table 2. CPU-Related Signals

PIN NAME PIN NO.

INPUT/OUTPUT

FUNCTION

Voo 26
GND 4
RESET 21

-Ao 10, 12

T >
Iz
=
@

|

[o]
m

1"

D;-Do 8,765,

2,1, 28, 27
TxRDY 15

TXEMT/DSCHG 18

110

+5V supply input -
Ground

A high on this input performs a master reset on the SCN2651. This signal
asynchronously terminates any device activity and clears the mode, command and
status registers. The device assumes the idle state and remains there until
initialized with the appropriate control words.

Address lines used to select internal PCI registers.
Read command when low, write command when high.

Chip enable command. When low, indicates that control and data lines to the PCl
are valid and that the operation specified by the R/W, A; and A inputs should be
performed. When high, places the Dy~ D5 lines in the 3-State condition.

8-bit, 3-State data bus used to transfer commands, data and status between PCI
and the CPU. Dy is the least significant bit; D; the most significant bit.

This output is the complement of status register bit SR0. When low, it indicates that
the transmit data holding register (THR) is ready to accept a data character from
the CPU. It goes high when the data character is loaded. This output is valid only |
when the transmitter is enabled. It is an open drain output which can be used as an
interrupt to the CPU.

This output is the complement of status register bit SR1. When low, it indicates that
the receive data holding register (RHR) has a character ready for input to the CPU.
It goes high when the RHR is read by the CPU, and also when the receiver is
disabled. It is an open drain output which can be used as an interrupt to the CPU.

This output is the complement of status register bit SR2. When low, it indicates that
the transmitter has completed serialization of the last character loaded by the CPU,
or that a change of state of the DSR or DCD inputs has occurred. This output goes
high when the status register is read by the CPU, if the TXEMT condition does not
exist. Otherwise, the THR must be loaded by the CPU for this line to go high. Itis an

open drain output which can be used as an interrupt to the CPU.

OPERATION

The functional operation of the SCN2651 is
programmed by a set of control words sup-
plied by the CPU. These control words speci-
fy items such as synchronous or asynchro-
nous mode, baud rate, number of bits per
character, etc. The programming procedure is
described in the PCl programming section of
this data sheet.

After programming, the PCl is ready to per-
form the desired communications functions.
The receiver performs serial to parallel con-
version of data received from a modem or
equivalent device. The transmitter converts
parallel data received from the CPU to a
serial bit stream. These actions are accom-
plished within the framework specified by the
control words.

Receiver

The SCN2651 is conditioned to receive data
when the DCD input is low and the RxEN bit
in the command register is true. In the asyn-
chronous mode, the receiver looks for a high
to low transition of the start bit on the RxD
input line. If a transition is detected, the state
of the RxD line is sampled again after a delay
of one-half of a bit time. If RxD is now high,
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the search for a valid start bit is begun again.
If RxD is still low, a valid start bit is assumed
and the receiver continues to sample the
input line at one bit time intervals until the
proper number of data bits, the parity bit, and
the stop bit(s) have been assembied. The
data is then transferred to the receive data
holding register, the RxRDY bit in the status
register is set, and the RxRDY output is
asserted. If the character length is less than 8
bits, the high order unused bits in the holding
register are set to zero. The parity error,
framing error, and overrun error status bits
are strobed into the status register on the
positive going edge of RxC corresponding to
the received character boundary. If a break
condition is detected (RxD is low for the
entire character as well as the stop bitfs]),
only one character consisting of all zeros
(with the FE status bit set) will be transferred
to the holding register. The RxD input must
return to a high condition before a search for
the next start bit begins.

When the PCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a 0 to 1 transition of RXEN (CR2). In
this mode, as data is shifted into the receiver
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shift register a bit at a time, the contents of
the register are compared to the contents of
the SYNT register. If the two are not equal,
the next bit is shifted in and the comparison is
repeated. When the two registers match, the
hunt mode is terminated and character as-
sembly mode begins. If single SYN operation
is programmed, the SYN detect status bit is
set. If double SYN operation is programmed,
the first character assembled after SYN1
must be SYN2 in order for the SYN detect bit
to be set. Otherwise, the PCI returns to the
hunt mode. (Note that the sequence
SYN1 -SYN1-SYN2 will not achieve syn-
chronization). When synchronization has
been achieved, the PCl continues to assem-
ble characters and transfer them to the hold-
ing register, setting the RxRDY status bit and
asserting the RxRDY output each time a
character is transferred. The PE and OE
status bits are set as appropriate. Further
receipt of the appropriate SYN sequence sets
the SYN detect status bit. If the SYN stripping
mode is commanded, SYN characters are not
transferred to the Holding Register. Note that
the SYN characters used to establish initial
synchronization are not transferred to the
holding register in any case.
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Table 3. Device-Related Signals

FUNCTION

5.0688MHz clock input to the internal baud rate generator. Not required if external receiver
and transmitter clocks are used.

Receiver clock. If external receiver clock is programmed, this input controls the rate at which
the character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as
programmed by mode register 1. Data is sampled on the rising edge of the clock. If internal
receiver clock is programmed, this pin becomes an output at 1X the programmed baud rate.*

Transmitter clock. If external transmitter clock is programmed, this’'input controls the rate at
which the character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as
programmed by mode register 1. The transmitted data changes on the falling edge of the
clock. If internal transmitter clock is programmed, the pin becomes an output at 1X the
programmed baud rate.*

Serial data input to the receiver. ""Mark'" is high, ""Space' is low.

Serial data output from the transmitter. ""Mark' is high, ""space' is low. Held in mark
condition when the transmitter is disabled.

General purpose input which can be used for data set ready or ring indicator condition. Its
complement appears as status register bit SR7. Causes a low output on TXxEMT/DSCHG
when its state changes.

Data carrier detect input. Must be low in order for the receiver to operate. Its complement
appears as status register bit SR6. Causes a low output on TXEMT/DSCHG when its state
changes.

Clear to send input. Must be low in order for the transmitter to operate. If it goes high during
transmission, the character in the transmit shift register will be transmitted before
termination.

General purpose output which is the complement of command register bit CR1. Normally

used to indicate data terminal ready.

used to indicate request to send.

General purpose output which is the complement of command register bit CR5. Normally

PIN NAME | PIN NO. | INPUT/OUTPUT
BRCLK 20 |
RxC 25 110
T*C 9 110
RxD 3 P
TxD 19 0o
DSR 22 |
DCD 16 I
CTS 17 |
DTR 24 0
RTS 23 0o
NOTE:

*RxC and TxC outputs have short circuit protection

Transmitter

The PCl is conditioned to transmit data when
the CTS input is low and the TXEN command
register bit is set. The SCN2651 indicates to
the CPU that it can accept a character for
transmission by setting the TxRDY status bit
and asserting the TxRDY output. When the
CPU writes a character into the transmit data
holding register, these conditions are negat-
ed. Data is transferred from the holding
register to the transmit shift register when itis
idie or has completed transmission of the
previous character. The TxRDY conditions
are then asserted again. Thus, one full char-
acter time of buffering is provided.

In the asynchronous mode, the transmitter
automatically sends a start bit followed by the
programmed number of data bits, the least
significant bit being sent first. It then appends
an optional odd or even parity bit and the
programmed numbser of stop bits. If, following
transmission of the data biis, a new character
is not available in the transmit holding regis-
ter, the TxD output remains in the marking
(high) condition and the TxEMT/DSCHG out-
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max. C_ = 100pF

put and its corresponding status bit are as-
serted. Transmission resumes when the CPU
loads a new character into the holding regis-
ter. The transmitter can be forced to output a
continuous low (BREAK) condition by setting
the send break command bit high.

In the synchronous mode, when the
SCN2651 is initially conditioned to transmit,
the TxD output remains high and the TxRDY
condition is asserted until the first character
to be transmitted (usually a SYN character) is
loaded by the CPU. Subsequent to this, a
continuous stream of characters is transmit-
ted. No extra bits (other than parity, if com-
manded) are generated by the PCl unless the
CPU fails to send a new character to the PCI
by the time the transmitter has completed
sending the previous character.

Since synchronous communication does not
allow gaps between characters, the PCl as-
serts TXEMT and automatically "'fills"' the gap
by transmitting SYN1s, SYN1-SYN2 dou-
blets, or DLE - SYN1 doublets, depending on
the state of MR16 and MR17. Normal trans-
mission of the message resumes when a new
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character is available in the transmit data
holding register. If the send DLE bit in the
command register is true, the DLE character
is automatically transmitted prior to transmis-
sion of the message character in THR.

PCl PROGRAMMING

Prior to initiating data communications, the
SCN2651 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addition,
if synchronous operation is programmed, the
appropriate SYN/DLE registers must be load-
ed. The PCI can be reconfigured at any time
during program execution. However, if the
change has an effect on the reception of a
character the receiver should be disabled.
Alternatively if the change is made 12 RxC
periods after RxRDY goes active it will affect
the next character assembly. A flowchart of
the initialization process appears in Figure 1.

The internal registers of the PCl are accessed
by applying specific signals to the CE, R/W,
A+ and Ag inputs. The conditions necessary to-
address each register are shown in Table 4.
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INITIAL RESET
LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE

LOAD
DLE REGISTER

DISABLE
RCVR AND XMTR

Figure 1. SCN2651 Initialization Flowchart

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

Table 4. SCN2651 Register Addressing

CE Ay A R/W FUNCTION

1 X X X 3-State data bus

0 0 0 0 Read receive holding register

0 0 0 1 Write transmit holding register

0 0 1 0 Read status register

0 0 1 1 Write SYN1/SYN2/DLE registers

0 1 0 0 Read mode registers Y2

0 1 0 1 Write mode registers Y2

0 1 1 0 Read command register

0 1 1 1 Write command register
NOTE:

See AC Characteristics section for timing requirements.
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The SYN1, SYN2, and DLE registers are
accessed by performing write operations with
the conditions A; =0, Ag=1, and R/W=1.
The first operation loads the SYN1 register.
The next loads the SYN2 register, and the
third loads the DLE register. Reading or
loading the mode registers is done in a similar
manner. The first write (or read) operation
addresses mode register 1, and a subsequent
operation addresses mode register 2. If more
than the required number of accesses are
made, the internal sequencer recycles to
point at the first register. The pointers are
reset to SYN1 register and mode register 1 by
a RESET input or by performing a 'read
command register'" operation, but are unaf-
fected by any other read or write operation.

The SCN2651 register formats are summa-
rized in tables 5, 6, 7 and 8. Mode registers 1
and 2 define the general operational charac-
teristics of the PCI, while the command regis-
ter controls the operation within this basic
framework. The PCI indicates its status in the
status register. These registers are cleared
when a RESET input is applied.

Mode Register 1 (MR1)

Table 5 illustrates mode register 1. Bits MR11
and MR10 select the communication format
and baud rate multiplier. 00 specifies syn-
chronous mode and 1X muitiplier. 1X, 16X,
and 64X multipliers are programmable for
asynchronous format. However, the multiplier
in asynchronous format applies only if the
external clock input option is selected by
MR24 or MR25.

MR13 and MR12 select a character length of
5, 6, 7, or 8 bits. The character length does
not include the parity bit, if programmed, and
does not include the start and stop bits in
asynchronous mode.

MR14 controls parity generation. If enabled, a
parity bit is added to the transmitted charac-
ter and the receiver performs a parity check
on incoming data. MR15 selects odd or even
parity when parity is enabled by MR14.

In asynchronous mode, MR17 and MR16
select character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5 stop
bits default to 1 stop bit on transmit). In
synchronous mode, MR17 controls the num-
ber of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if
MR17 =1, and SYN1-SYN2 is used when
MR17 = 0. If the transparent mode is speci-
fied by MR16, DLE — SYNH1 is used for char-
acter fill and SYN detect, but the normal
synchronization sequence is used. Also DLE
stripping and DLE detect (with MR14 = 0) are
enabled.

Il
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Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23,
MR22, MR21, and MR20 control the frequen-
cy of the internal baud rate generator (BRG).

Sixteen rates are selectable. When driven by
a 5.0688MHz input at the BRCLK input

(pin 20), the BRG output has zero error
except at 134.5, 2000, and 19,200 baud,

which have errors of +0.016%, +0.235%,

and +3.125% respectively.

source for the transmitter and receiver, re-
spectively. If the BRG clock is selected, the
baud rate factor in asynchronous mode is
16X regardless of the factor selected by

TR25 and MR24 select either the BRG or the
external inputs TxC and RxC as the clock

MR11 and MR10. In addition, the correspond-
ing clock pin provides an output at 1X the

baud rate.
Table 5. Mode Register 1 (MR1)
MR17 MR16 MR15 MR14 MR13 ] MR12 MR11 MR10
Parity Type | Parity Control Character Length Mode and Baud Rate Factor

Asynch: Stop bit length 0 =0dd 0 = Disabled 00 =5 Bits 00 = Synchronous 1X rate

00 = Invalid 1=Even 1 = Enabled 01 =6 Bits 01 = Asynchronous 1X rate
01 =1 Stop bit 10 =7 Bits 10 = Asynchronous 16X rate
10 = 1% Stop bits 11 =8 Bits 11 = Asynchronous 64X rate

11 =2 Stop bits

Synch: Number
of syn char

0 = Double SYN
1= Single SYN

Synch: Trans-
parency control

0 = Normal
1 = Transparent

NOTE:

Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected. Mode must be selected (MR11, MR10) in any

case.

Table 6. Mode Register 2 (MR2)

MRz | MRz MR25 MR24 MR23 MR22 MR21 MR20
Transmitter Receiver
Clock Clock Baud Rate Selection
Not used 0 = External 0 = External 0000 = 50 Baud 1000 = 1800 Baud
1 = Internal 1 = Internal 0001 =75 1001 = 2000
0010 = 110 1010 = 2400
0011 =134.5 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 600 1110 = 9600
0111 = 1200 1111 = 19,200
Table 7. Command Register (CR)
CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
Request to Receive Data Terminal |Transmit
Operating Mode Send Reset Error Control (RxEN) |Ready Control (TXEN)
00 = Normal operation 0 = Force RTS |0 = Normal Asynch: 0 = Disable 0 = Force DTR |0 = Disable
01 = Asynch: automatic output high |1 = Reset Force break 1 =Enable output high |1 = Enable
echo mode 1 =Force RTS error flag 0 = Normal 1 = Force DTR
Synch: SYN and/or output low in status reg |1 =Force output low
DLE stripping mode ’ (FE, OE, PE/ break
10 = Local Loopback DLE DETECT) [Synch . -
11 = Remote Loopback Send DLE
0 = Normal
1=Send DLE
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Table 8. Status Register (SR)

SR7 SRé SR5 SR4 SR3 SR2 SR1 SRO

Dnta. ds:' Data Carler | FE/SYN Detect | Overrun | PE/DLE Detect |TXEMT/DSCHG| RxRDY TXRDY
0=DSR Input |0 =DCD Input |Asynch: 0=Normal |Asynch: 0 = Normal 0 =Receive |0 = Transmit

is high is high 0 = Normal 1 =0Overrun |0 = Normal 1 =Change in holding holding
1 =DSR Input |1 =DCD Input |1 = Framing ERROR error 1 = Parity error DSR or DCD, reg empty reg busy
is low is low Synch: Synch: or transmit |1 = Receive 1 = Transmit

0 = Normal 0 = Normal shift register holding holding

1=SYN char 1 = Parity error or is empty reg has reg empty
detected DLE char data
received

Command Register (CR)

Table 7 illustrates command register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. A O to 1 transition of CR2 forces start -
bit search (async mode) or hunt mode (sync
mode) on the second RxC rising edge. Dis-
abling the receiver causes RxRDY to go high
(inactive). If the transmitter is disabled, it will
complete the transmission of the character in
the transmit shift register (if any) prior to
terminating operation. The TxD output will
then remain in the marking state (high) while
the TXRDY and TXEMT will go high (inactive).
If the receiver is disabled, it will terminate
operation immediately. Any character being

- assembled will be neglected.

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data at the outputs is
the logical complement of the register data.

In asynchronous mode, setting CR3 will force
and hold the TxD output low (spacing condi-
tion) at the end of the current transmitted
character. Normal operation resumes when
CR3 is cleared. The TxD line will go high for
at least one bit time before beginning trans-
mission of the next character in the transmit
data holding register. In synchronous mode,
setting CR3 causes the transmission of the
DLE register contents prior to sending the
character in the transmit data holding regis-
ter. CR3 should be reset in response to the
next TxRDY.

Setting CR4 causes the error flags in the
status register (SR3, SR4, and SR5) to be
cleared. This is a one time command. There
is no internal latch for this bit.

The PCI can operate in one of four submodes
within each major mode (synchronous or
asynchronous). The operational submode is
determined by CR7 and CR6. CR7 -
CR6 = 00 is the normal mode, with the trans-
mitter and receiver operating independently in
accordance with the mode and status register
instructions.

In asynchronous mode, CR7 -CR6 =01
places the PCl in the automatic echo mode.
Clocked, regenerated received data is auto-
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matically directed to the TxD line while nor-
mal receiver operation continues. The receiv-
er must be enabled (CR2 = 1), but the trans-
mitter need not be enabled. CPU to receiver
communications continues normally, but the
CPU to transmitter link is disabled. Only the
first character of a break condition is echoed.
The TxD output will go high until the next valid
start is detected.

The following conditions are true while in

automatic echo mode:

1. Data assembled by the receiver is auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. TxRDY output=1.

4. The TXEMT/DSCHG pin will reflect only
the data set change condition.

5. The TxEN command (CRO) is ignored.

In synchronous mode, CR7 - CR6 = 01
places the PCl in the automatic SYN/DLE
stripping mode. The exact action taken de-
pends on the setting of bits MR17 and MR16:

1. In the non-transparent, single SYN mode
(MR17 - MR16 = 10), characters in the
data stream matching SYN1 are not
transferred to the receive data holding
register (RHR).

2. In the non-transparent, double SYN
mode (MR17 — MR16 = 00), characters in
the data stream matching SYN1, or
SYN2 if immediately preceded by SYN1,
are not transferred to the RHR. However,
only the first SYN1 of an SYN1-SYN1
pair is stripped.

3. In transparent mode (MR16 = 1), charac-
ters in the data stream matching DLE, or
SYN1 if immediately preceded by DLE,
-are not transferred to the RHR. However,
only the first DLE of a DLE - DLE pair is
stripped.

Note that automatic stripping mode does not
affect the setting of the DLE detect and SYN
detect status bits (SR3 and SR5).
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Two diagnostic submodes can also be config-

ured. In local loopback mode (CR7-

CR6 = 10), the following loops are connected

internally:

1. The transmitter output is connected to
the receiver input.

2. DTR is connected to DCD and RTS is
connected to CTS.

3. The recsiver is clocked by the transmit
clock.

4. The DTR, RTS and TxD outputs are held
high.

5. The CTS, DCD, DSR and RxD inputs are
ignored.

Additional requirements to operate in the
local loopback mode are that CRO (TxEN),
CR1 (DTR), and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the PCI.

The second diagnostic mode is the remote
loopback mode (CR7-CR6=11). In this
mode:

1. Data assembled by the receiver is auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. No data is sent to the local CPU, but the
error status conditions (PE, OE, FE) are
set.

4. The RxRDY, TxRDY, and TxEMT/
DSCHG outputs are held high.

5. CRO (TxEN) is ignored.

6. All other signals operate normally.

Status Register

The data contained in the status register (as
shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO is the transmitter ready (TxRDY) status
bit. It, and its corresponding output, are valid
only when the transmitter is enabled. If equal
to 0, it indicates that the transmit data holding
register has been loaded by the CPU and the
data has not been transferred to the transmit
shift register. If set equal to 1, it indicates that
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the Holding Register is ready to accept data
from the CPU. This bit is initially set when the
transmitter is enabled by CRO, unless a
character has previously been loaded into the
holding register. It is not set when the auto-
matic echo or remote loopback modes are
programmed. When this bit is set, the TxRDY
output pin is low. In the automatic echo and
remote loopback modes, the output is held
high.

SR1, the receiver ready (RxRDY) status bit,
indicates the condition of the receive data
holding register. If set, it indicates that a
character has been loaded into the holding
register from the receive shift register and is
ready to be read by the CPU. If equal to zero,
there is no new character in the holding
register. This bit is cleared when the CPU
reads the receive data holding register or
when the receiver is disabled by CR2. When
set, the RxRDY output is low.

The TxEMT/DSCHG bit, SR2, when set,
indicates either a change of state of the DSR
or DCD inputs or that the transmit shift
register has completed transmission of a
character and no new character has been
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loaded into the transmit data holding register.
Note that in synchronous mode this bit will be
set even though the appropriate "fill'' charac-
ter is transmitted. TXEMT will not go active
until at least one character has been transmit-
ted. It is cleared by loading the transmit data
holding register. The DSCHG condition is
enabled when TxEN = 1 or RxEN = 1. If the
status register is read twice and SR2=1
while SR6 and SR7 remain unchanged, then
a TxEMT condition exists. It is cleared when
the status register is read by the CPU. When
SR2 is set, the TXEMT/DSCHG output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a charac-
ter matching the DLE register has been
received. However, only the first DLE of two
successive DLEs will set SR3. This bit is
cleared when the receiver is disabled and by
the reset error command, CR4.

The overrun error status bit, SR4, indicates
that the previous character loaded into the
receive holding register was not read by the
CPU at the time a new received character
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was transferred into it. This bit is cleared
when the receiver is disabled and by the reset
error command, CR4.

In asynchronous mode, bit SR5 signifies that
the received character was not framed by the
programmed number of stop bits. (If 1.5 stop
bits are programmed, only the first stop bit is
checked.) If RHR = 0 when SR5 = 1 a break
condition is present. In synchronous non-
transparent mode (MR16 =0), it indicates
receipt of the SYN1 character is single SYN
mode or the SYN1-SYN2 pair in double
SYN mode. In synchronous transparent mode
(MR16 = 1), this bit is set upon detection of
the initial synchronizing characters (SYN1 or
SYN1 - SYN2) and, after synchronization has
been achieved, when a DLE - SYN1 pair is
received. The bit is reset when the receiver is
disabled, when the reset error command is
given in asynchronous mode, and when the
status register is read by the CPU in the
synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low input
sets its corresponding status bit and a high
input clears it.
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ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature2 Note 4 . °C
Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground3 -0.5 to +6 A
DC ELECTRICAL CHARACTERISTICS* 5 ¢
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
input voltage
ViL Low 08 \
Vin High 2
Output voltage
VoL Low loL = 1.6mA 0.4 v
VoH High lon = —100uA 2.4
liL Input leakage current ViN=0 to 5.25V -10 10 MA
3-State output leakage current
Y] Data bus high Vo = 4.0V =10 10 A
L Data bus low Vo = 0.45V -10 10
lec Power supply current 150 mA
CAPACITANCE T, =25°C, Voo =0V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Capacitance
Cin Input fc = 1MHz 20 pF
Cout Output Unmeasured pins tied 20
Cio Input/Output to ground 20
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AC ELECTRICAL CHARACTERISTICS* 5 &

LiMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min ! Typ I Max
Pulse width
tRes Reset 1000 ns
tce Chip enable 300
Setup and hold time
tas Address setup 20 ns
tan Address hold 20
tcs R/W control setup 20
toH R/W control hold 20
tos Data setup for write 225
toH Data hold for write 0
trxs Rx data setup 300
tRxH Rx data hold 350
top Data delay time for read » Cp = 100pF 250 ns
tor Data bus floating time for read C = 100pF 150 ns
tcep CE to CE delay 700 ns
Input clock frequency
fBrG Baud rate_generator 1.0 5.0688 | 5.0738 | MHz
fR/7'0 TxC or RxC DC 1
Clock width
tarH® Baud rate high 70 ns
tgR® Baud rate low 70
tR/TH TxC or RxC high 500
lR/TLw TxC or RxC low 500
trxp MxD delay from falling edge of TXC C = 100pF 650 ns
trcs Skew between TxD changing and falling C_ = 100pF 0 ns
edge of TxC output®

NOTES: .
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operation section of this specification is not implied.

2. For operating at p the device must be derated based on +150°C j p

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of static charge. Nonetheless, it
is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for p range and operating
supply range.

5. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgry and Tggy) and at 0.8V and 2V for outputs.
Input levels for testing 0.45V and 2.4V.
6. Typical values are at +25°C, typical supply voltages and typical processing parameters.
7. TxRDY, RxRDY and TxEMT/DSCHG outputs are open drain.
8. Parameter applies when internal transmitter clock is used.
9. Under test conditions of 5.0688MHz, fgrg, tsrH, and tgr measured at Vi and V). respectively.
10. tg/7 and tg,7. shown for all modes except local loopback. For local loopback mode fg/t = 0.7MHz and tg/1_ = 700ns min.
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TIMING DIAGRAMS

RESET
tREs —|

Reset

1BITTIME
(1, 18, OR 84 CLOCK PERIODS)

"N

WF021508

—

=

BRCLK, TxC, xc—]

™Y
T _\______71(——\_

—— tBRH —

—— tgRL —|

~—tRITH—|+— RITL—|

N/

VigRa
tgyy

WF02160S

Clock

,——_

WF021708

Dy ~ BUS
(READ) FLOATING

'WF02240S ~
Transmit Receive
- 7 r
tce tcep
r—————— pa
‘0' A‘ — J‘ N
tas — tAH—] l——
_ Am———————— e ~
RW x
-— e e e e o o———
tcs — tCH—] I._
Do-D7 o ———
(W%"E’ 4 P N o = ————
— tpg — ~—1tpH

DATA VALID

(ko )

X BUS FLOATING

l~— top—

Read and Write

— tpF

WF022608
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TIMING DIAGRAMS (Continued)

TXC %)
( 1,2,3,4,5,1,2,8,4,5,1,2,3,4,§,1,2,3,4,5,1,2,3,4,5),
™0 | oaras [ oataz ] oaras | SYN1 | DATA4 |
| | | | I
§' TxEN. ] ] | ] |
3 | | ] |
% | I | | i
Z (TxRDY l ‘ | l 1
& |
x \ l
]
[ o T
5 | <EmT ) ( ) ) \__.
CEFOR
Y 17
OF THR
DATA1 DATA2 DATAS DATAS4
«—0D—pp,1,2,3,4,5, 8 C A,;1,2,3,4,5,B C A;1,2,3,4,5,B C *—D—>A 1,2
=D l I DATA1 l I I DATA2 ] I [ oatas | l
1‘,
| | | | |
8
g men I ] ) | | |
H | [ ! I
2 | ! { | |
Q —_—
Z{ TxROY I l I, I F I |
£
g ‘l)
5
4 | Temt / K ) )

CEFOR!
e 10 WY ¥ 17
FTHR baTA 1 DATA 2 DATA 3 DATA 4

WF022508

NOTES:

A = Start bit

B = Stop bit 1

C = Stop bit 2

D =TxD marking condition

TXEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])
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TIMING DIAGRAMS (Continued)

AxC
41424344, 1,2,3,4,5,1,2,3,4,5,1,2,3,4,65,1;,2,3,4,565,1,2,3,4,8, |
RxD [ s | DATA1 | DATA2 I DATA3 1 DATA4 | DATAS |
T
N IGNORED
w | REN l
o
2
@ SYNDET
3 | status BIT
 Z
g [ {
4
z e
2 |RxROY \\ | 1
>
2]
CE —
CEFOR N
s ron U K4 :l—h_f i ~ L
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
> A1 1,2/3,/4;5/B|C A1 1,2,3;4)5,8B)C)—)D)— A4 1,2,3,4)5)B)C A 11,23,
RxD | DATA1 | 1] DATA2 | L DATA3 | | DATA4
8
2 I
Z | rxen
2
[<]
z
ele—v
I | RxROY
Q
z
>
@ | OvERRUN
STATUS BIT
o8 17 ~—
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
'WF02270S
NOTES:
A= Start bt
B = Stop bit 1
C = Stop bit 2
D =TxD marking condition
RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])
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TYPICAL APPLICATIONS

C ADDRESS BUS ,
Ll CONTROL BUS /
\ DATA BUS
fm—————
RXD |t  gatvoTTL |
|  CONVERT |
%0 | (oPT ]
SCN2651 |, 4 /
BRCLK S CRT
OSCILLATOR TERMINAL
AF00810S

Asynchronous Interface to CRT Terminal

L l ADDRESS BUS j
,1 [ 1 lcou'mouus 1
( . DATA BUS

SCN2651
TxD

DSR
DTR
cTs
ATS
5o

BRCLK

UL

ASYNC
MODEM

3
OSCILLATOR

PHONE
LINE
INTERFACE

TELEPHONE
LINE

AF008208

Asynchronous Interface to Telephone Lines
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TYPICAL APPLICATIONS (Continued)

ADDRESS BUS {
i CONTROL BUS 4
( DATA BUS {
RxD
SCN2651 >0
SYNCHRONOUS
RxC TERMINAL OR
— PERIPHERAL
> DEVICE

'AF00830S
Synchronous Interface to Terminal or Peripheral Device

ADDRESS BUS K

L‘ Ll conTRoLBUS |

(@l‘}

SCN2651

DATA BUS g

TxD
RxC PHONE

LINE
= INTERFACE
SYNC
DCD jo+——] MODEM

chk—

R

TELEPHONE
LINE

AF00840S
Synchronous Interface to Telephone Lines
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Microprocessor Products

DESCRIPTION

The SCN2652/68652 Multi-Protocol
Communications Controller (MPCC) is a
monolithic n-channel MOS LSI circuit
that formats, transmits and receives syn-
chronous serial data while supporting
bit-oriented or byte control protocols.
The chip is TTL compatible, operates
from a single +5V supply, and can
interface to a processor with an 8 or 16-
bit bidirectional data bus.

December 12, 1986

SCN2652/SCN68652

Multi-Protocol Communications
Controller (MPCC)

Product Specification

FEATURES
o DC to 1Mbps or 2Mbps data rate

o Bit-oriented protocols (BOP):
SDLC, ADCCP, HDLC

e Byte-control protocols (BCP):
DDCMP, BISYNC (external CRC)

e Programmable operation
- 8- or 16-bit 3-State data bus

- Error control-CRC or VRC or
none

- Character length -1 to 8 bits
for BOP or 5 to 8 bits for BCP

- SYNC or secondary station
address comparison for BCP-
BOP

- Idle transmission of SYNC/
FLAG or MARK for BCP-BOP

e Automatic detection and
generation of special BOP
control sequences, i.e., FLAG,

ABORT, GA

e Zero insertion and deletion for
BOP

e Short character detection for last
BOP data character

o SYNC generation, detection, and
stripping for BCP

©® Maintenance mode for self-
testing

e TTL compatible
© Single +5V supply

APPLICATIONS

¢ Intelligent terminails

o Line controllers

o Network processors

e Front end communications

o Remote data concentrators

e Communication test equipment
o Computer to computer links

2-32

PIN CONFIGURATIONS

RxsA [T}

RxE [E]

anp (3] Vee
0808 [70] 0B0O
0809 [T} DBOY
o810 [i2] 0802
0811 [13] 0803
o812 (13} 0804
0B13 [15] DBOS
DB14 16} DB0S
0815 DBO7
Rw [18] DBEN
A2 [19] BYTE
A1 [20) A0
TOP VIEW
CD00160S
INDEX
couuen\ N T w
7 ° 39
PLCC
17 2
3
TOP VIEW
CD0044PS
Pin  Function Pin  Function
1 NC 23 NC
2 CE 24 A0
3 RxC 25 BYTE
4 RxS! 26 DBEN
5 S/F 27 DBO7
6 RxA 28 DBO6
7 RxDA 29 DBOS
8 RxSA 30 DBO4
9 RxE 31  DBO3
10  GND 32 DBO2
12 NC 33 DBO1
1 DBo08 34 NC
13 DBO09 35 DBOO
14 DB10 36 Vco
15 DB11 37 RESET
16  DB12 38 TxA
17  DB13 39 TxBE
18 DB14 40 TxU
19 DB15 41 T™XE
20 RAw 42 TxsQ
21 A2 43 TxC
2 A 4 MM

NOTE:

0 is least significant bit, highest number (that is,

DB15, A2) is most significant bit.

853-1068 86883



Product Specification

Multi-Protocol Communications Controller (MPCC)

SCN2652/SCN68652

ORDERING INFORMATION

Vec =5V 5%
PACKAGES Commercial Aut ti Extended
0°C to +70°C | -40°C to +85°C | -55°C to +125°C
1MHz | SCN2652AC1140 Contact Factory Contact Factory
Ceramic DIP
2MHz | SCN2652AC2140 Contact Factory Contact Factory
1MHz | SCN2652AC1N40 | Contact Factory Not Available
Plastic DIP
2MHz | SCN2652AC2N40 | Contact Factory Not Available
1MHz | SCN2652AC1A44 | Contact Factory Not Available
Plastic LCC
2MHz | SCN2652AC2A44 | Contact Factory Not Available
NOTE:
SCN68652 is identical to SCN2652. Order using part numbers shown above.
BLOCK DIAGRAM
] 16 BITS -—88BITS— v
DATA [ PARAMETER CONTROL PARAMETER cc
0B15- BUs <:> SYNC/ADDRESS PCSAR CONTROL | PCR -~ GND
BUFFER REGISTER REGISTER
16
7
<
RECEIVER TRANSMITTER
DATA/STATUS RDSR DATAISTATUS TOSR
REGISTER
Y
RESET 1 !
']
TERNAL
::,s ™ Al 16 1 rie
A2-A0 —
BYVE —
i ware ————) .
AW —=1 WRITE
LOGIC
CE—= AND RECEIVER TRANSMITTER
CONTROL LOGIC AND LOGIC AND
DBEN —— CONTROL CONTROL
™~
SIF
RxE f J
RxA
RxDA RxC RxSI TxC TxSO
RxSA
TxE
TxA
TxBE
TxU
8D00110S
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PIN DESCRIPTION

MNEMONIC |PIN NO.| TYPE NAME AND FUNCTION

DB15- | 17-10 | I/O Data Bus: DB07 - DB0O contain bidirectional data while DB15 - DBO08 contain control and status

DB0OO 24-31 information to or from the processor. Corresponding bits of the high and low order bytes can be wire
OR'ed onto an 8-bit bus. The data bus is floating if either CE or DBEN are low.

A2-A0 | 19-21 | Address Bus: A2-AO select internal registers. The four 16-bit registers can be addressed on a word
or byte basis. See Register Address section.

BYTE 22 | Byte: Single byte (8-bit) data bus transfers are specified when this input is high. A low-level specifies
16-bit data bus transfers.

CE 1 | Chip Enable: A high input permits a data bus operation when DBEN is activated.

R/wW 18 | Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded

into the addressed register. A low input causes the contents of the addressed register to be
presented on the data bus.

DBEN 23 | Data Bus Enable: After A2-A0, CE, BYTE and R/W are set up, DBEN may be strobed. During a
read, the 3-State data bus (DB) is enabled with information for the processor. During a write, the
stable data is loaded into the addressed register and TxBE will be reset if TDSR was addressed.

RESET 33 | Reset: A high-level initializes all internal registers (to zero) and timing.

MM 40 | Maintenance Mode: MM internally gates TxSO back to RxSl and TxC to RxC for off line diagnostic
purposes. The RxC and RxSI inputs are disabled and TxSO is high when MM is asserted.

RxE 8 I Receiver Enable: A high-level input permits the processing of RxS| data. A low-level disables the
receiver logic and initializes all receiver registers and timing.

RxA 5 (o] Receiver Active: RxA is asserted when the first data character of a message is ready for the
processor. In the BOP mode this character is the address. The received address must match the
secondary station address if the MPCC is a secondary station. In BCP mode, if strip-SYNC
(PCSARy3) is set, the first non-SYNC character is the first data character; if strip-SYNC is zero, the
character following the second SYNC is the first data character. In the BOP mode, the closing FLAG
resets RxA. In the BCP mode, RxA is reset by a low level at RxE.

RxDA* 6 (o] Receiver Data Available: RxDA is asserted when an assembled character is in RDSR and is ready
to be presented to the processor. This output is reset when RDSR, is read.

RxC 2 ! Receiver Clock: RxC (1X) provides timing for the receiver logic. The positive going edge shifts serial
data into the RxSR from RxSI.

S/F 4 (o] SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is detected.

RxSA* 7 (o] Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in
RDSRy except for RSOM. It is cleared when RDSRy is read.

RxSI 3 | Receiver Serial Input: RxSI is the received serial data. Mark ="'1', space ="0".

TxE 37 | Transmitter Enable: A high-level input enables the transmil data path betv ' TDSR. and TxSO.

At the end of a message, a low-level input causes TxSO = 1(mark) and TxA =0 after the closing
FLAG (BOP) or last character (BCP) is output on TxSO.

TxA 34 (o] Transmitter Active: TXA is asserted after TSOM (TDSRg) is set and TxE is raised. This output will
reset when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on
TxSO.

TxBE* 35 [e] Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new control

information or data. The processor should respond by loading the TDSR which resets TxBE.

TxU* 36 o Transmitter Underrun: TxU is asserted during a transmit sequence when the service of TxBE has
been delayed for one character time. This indicates the processor is not keeping up with the
transmitter. Line fill depends on PCSAR{¢. TxU is reset by RESET or setting of TSOM (TDSRg),
synchronized by the falling edge of TxC.

TxC 39 I Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge shifts
data out of the TxSR to TxSO.
TxSO 38 [e] Transmitter Serial Output: TxSO is the transmitted serial data. Mark ='1', space ='0'.
Vee 32 | +5V: Power supply.
GND 9 | Ground: 0V reference ground.
NOTE:

*Indicates possible interrupt signal
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Table 1. Glossary

REGISTERS NO. OF BITS DESCRIPTION*

Addressable

PCSAR Parameter control sync/ 16 PCSARy and PCR contain parameters common to
address register the receiver and transmitter. PCSAR| contains a

PCR Parameter control register 8 programmable SYNC character (BCP) or
secondary station address (BOP).

RDSR Receive data/status register 16 RDSRy contains receiver status information.
RDSR_ = RxDB contains the received assembled
character.

TDSR Transmit data/status register 16 TDSRy contains transmitter command and status
information. TDSRL = TxDB contains the character
to be transmitted.

Internal

CCSR Control character shift register 8 These registers are used for character assembly

HSR Holding shift register 16 (CSSR, HSR, RxSR), disassembly (TxSR), and
CRC accumulation/generation (RXCRC, TxCRC).

RxSR Receiver shift register 8

TxSR Transmitter shift register 8

RxCRC Receiver CRC accumulation 16

register

TxCRC Transmitter CRC generation 16

register
NOTES:

*H = High byte - bits 15-8
L =Low byte - bits 7-0

FUNCTIONAL DESCRIPTION
The MPCC can be functionally partitioned into

Table 3. Special Characters

! - . ) " OPERATION " BIT PATTERN FUNCTION
receiver logic, transmitter logic, registers that
can be read or loaded by the processor, and EB:G 01111110 Frame message
data bus control c|r9u|tr¥. The regls'ter bit ABORT 11111111 generation Terminate communication
formats are shown in Figure 1 while the 01111111 detection
rgceiver anfi transmitter data paths are de- GA 01111111 Terminate loop mode
picted in Figures 2 and 3. repeater function

“ Address (PCSARY)! Secondary station address
ble 2. Error Control Bcp

Tablo £ ¢ ° SYNC (PCSAR|) or (TxDB)? Character synchronization
CHARACTER DESCRIPTION generation
FCS Frame check sequence is NOTES:

transmitted/received as 16
bits following the last data
character of a BOP mes-
sage. The divisor is usually
CRC-CCITT (X6 + X2 +

X5 + 1) with dividend preset
to 1's but can be other wise
determined by ECM. The in-
verted remainder is trans-
mitter as the FCS.

BCC Block check character is
transmitted/received as two
successive characters fol-
lowing the last data charac-
ter of a BCP message. The
Isvnom|a| is CRC-16
(x1 +X'5+X2+1) or CRC-
CCITT with dividend preset
to 0's (as specified by ECM).
The true remainder is trans-
mitted as the BCC.
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1. () =contents of.
2. For IDLE =0 or 1 respectively.

15 14 13

PCSAR I APA |PROTO

SS/GA

SA“l IDLE I

15 14

I

Lefl

PCR l TxCL

RxCL l

15

1413
RDSR I RERR I A B C rnonl l\é:/] REOMJRSOMl RxDB l

15 14

13 12 n 10 9 &
TOSR | TERR TNOT DEFINED l TGA I TABORT lYEOMl TSOM

TxDB I

NOTE:
Refer to Register Formats for mnemonics and description.

AF00210S

Figure 1. Short Form Register Bit Formats
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“CRE 10
8CP « CAC ROSR,
BOP » CRC

BCP « CRC

o

RxSR(8)

CCSR(8) —l HSR(16)

‘ BOP * CRC
1 ZERO (BOP) ZERO
CSOVO:;:,AFRLAAVGOR DELETION DELETION
LOGIC CONTROL

I PARITY (BCP) I
l LOGIC I
BOP

M CRC-16 (BCP) OR! CRC-16=0 RERR
BCP u RxCRCACC CCRC-CCITT COMPARATOR
X (BOP) CRC-CCIT = F0B8

RESET ——]
RXE ——=}  pecElvER
RXA <——  CONTROL
RxDA ———]  LOGIC

e
w

RxSA
RxC
AF00220S
NOTES:
1. Detected in SYNC FF and 7 MS bits of CCSR.
2. In BOP mode, a minimum of two data characters must be received to tumn the receiver active.
Figure 2. MPCC Receiver Data Path
FROM
TOSR OR PCSAR( (SYNC)
RESET —————|
SYNC
TxE TRANS- TxSR(8) FF Txs0
TxA =] MITTER
CONTROL
18IT
TxBf =————————— LOGIC DELAY
™ -——q
BOP
' " ZERO
TXCRC ACC (16) X INSERTION ZERO
R LOGIC |——= INSERTION
CRC-16 OR CRC-CCITT CONTROL
1.2 B8CP
SEL L—| pariTy
GENERATION
™C
CONTROL
CHARACTER
GENERATOR
FLAG ABORT GA
AF00230S

NOTES:
1. TXCRC selected if TEOM =1 and the last data character has been shifted out of TxSR.

2. In BCP parity selected will be generated after each character is shifted out of TxSR.
Figure 3. MPCC Transmitter Data Path
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RECEIVER OPERATION

General

After initializing the parameter control regis-
ters (PCSAR and PCR), the RxE input must
be set high to enable the receiver data path.
The serial data on the RxSI is synchronized
and shifted into an 8-bit Control Character
Shift Register (CCSR) on the rising edge of
RxC. A comparison between CCSR contents
and the FLAG (BOP) or SYNC (BCP) charac-
ter is made until a match is found. At that
time, the S/F output is asserted for one RxC
time and the 16-bit Holding Shift Register
(HSR) is enabled. The receiver then operates
as described below.

BOP Operation

A flowchart of receiver operation in BOP
mode appears in Figure 4. Zero deletion
(after five ones are received) is implemented
on the received serial data so that a data
character will not be interpreted as a FLAG,
ABORT, or GA. Bits following the FLAG are
shifted through the CCSR, HSR, and into the
Receiver Shift Register (RxSR). A character
will be assembled in the RxSR and trans-
ferred to the RDSR_ for presentation to the
processor. At that time the RxDA output will
be asserted and the processor must take the
character no later than one RxC time after the
next character is assembled in the RxSR. If
not, an overrun (RDSR¢ = 1) will occur and
succeeding characters will be lost.

The first character following the FLAG is the
secondary station address. If the MPCC is a
secondary station (PCSAR;2 = 1), the con-
tents of RxSR are compared with the address
stored in PCSAR_. A match indicates the
forthcoming message is intended for the
station; the RxA output is asserted, the char-
acter is loaded into RDSR, RxDA is asserted
and the Receive Start of Message bit (RSOM)
is set. No match indicates that another station
is being addressed and the receiver searches
for the next FLAG.

If the MPCC is a primary station,
(PCSARj2 = 0), no secondary address check
is made; RxA is asserted and RSOM is set
once the first non-FLAG character has been
loaded into RDSR_ and RxDA has been
asserted. Extended address field can be
supported by software if PCSAR, = 0.

When the 8 bits following the address charac-
ter have been loaded into RDSR|_ and RxDA
has been asserted, RSOM will be cleared.
The processor should read this 8-bit charac-
ter and interpret it as the Control field.

Recsived serial data that follows is read and
interpreted as the information field by the
processor. It will be assembled into character
lengths as specified by PCRg_ 1. As before,
RxDA is asserted each time a character has
been transferred into RDSR|_ and is cleared

December 12, 1986

*TEST MADE EVERY
RxC TIME
E

START OF
MESSAGE

RxA=1

(1) OVERRUN
()muw
SUBSEQUENT

RxDA = 1
S:"WLD READ
RxD8)

FLAG
IN CCSR

NO

YES — END OF MESSAGE YES

Figure 4. BOP Receive

PF00160S

when RDSR_ is read by the processor.
RDSRy should only be read when RxSA is
asserted. This occurs on a zero to one
transition of any bit in RDSRy except for
RSOM. RxSA and all bits in RDSRy except
RSOM are cleared when RDSRy, is read. The
processor should check RDSRg_415 each
time RxSA is asserted. If RDSRy is set, then
RDSR42 - 15 should be examined.

Receiver character length may be changed
dynamically in response to RxDA: read the
character in RxDB and write the new charac-
ter length into RxCL. The character length will
be changed on the next receiver character
boundary. A received residual (short) charac-
ter will be transferred into RxDB after the

2-37

previous character in RxDB has been read,
i.e. there will not be an overrun. In general the
last two characters are protected from over-
run.

The CRC-CCITT, if specified by PCSARg _ 10,
is accumulated in RxCRC on each character
following the FLAG. When the closing FLAG
is detected in the CCSR, the received CRC is
in the 16-bit HSR. At that time, the Receive
End of Message bit (REOM) will be set; RxSA
and RxDA will be asserted. The processor
should read the last data character in RDSR,
and the receiver status in RDSRg. 5. If
RDSR45 = 1, there has been a transmission
error; the accumulated CRC-CCITT is incor-
rect. If RDSR12_ 14 #0, the last data charac-

ol
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ter is not of prescribed length. Neither the
received CRC nor closing FLAG are present-
ed to the processor. The processor may drop
RxE or leave it active at the end of the
received message.

BCP Operation

The operation of the receiver in BCP mode is
shown in Figure 5. The receiver initially
searches for two successive SYNC charac-
ters, of length specified by PCRg_ 1o, that
match the contents of PCSAR|. The next
non-SYNC character or next SYNC character,
if stripping is not specified (PCSAR43 = 0),
causes RxA to be asserted and enables the
receiver data path. Once enabled, all charac-
ters are assembled in RxSR and loaded into
RDSR,. RxDA is active when a character is
available in RDSR. RxSA is active on a 0 to
1 transition of any bit in RDSRy. The signals
are cleared when RDSR| or RDSRy are read
respectively.

If CRC-16 error control is specified by
PCSARg - 10, the processor must determine
the last character received prior to the CRC
field. When that character is loaded into
RDSR_ and RxDA is asserted, the received
CRC will be in CCSR and HSR,. To check for
a transmission error, the processor must read
the receiver status (RDSRy) and examine
RDSRs. This bit will be set for one character
time if an error free message has been
received. If RDSR5 =0, the CRC-16 is in
error. The state of RDSR45 in BCP CRC
mode does not set RxSA. Note that this bit
should be examined only at the end of a
message. The accumulated CRC will include
all characters starting with the first non-SYNC
character if PCSAR43 =1, or the character
after the opening two SYNCs if PCSAR43 = 0.
This necessitates external CRC generation/
checking when supporting 1BM's BISYNC.
This can be accomplished using the Signetics
SCN2653 Polynomial Generator/Checker
(see Typical Applications).

If VRC has been selected for error control,
parity (odd or even) is regenerated on each
character and checked when the parity bit is
received. A discrepancy causes RDSRq5 to
be set and RxSA to be asserted. This must be
sensed by the processor. The received parity
bit is stripped before the character is present-
ed to the processor.

When the processor has read the last charac-
ter of the message, it should drop RxE which
disables the receiver logic and initializes all
receiver registers and timing.

TRANSMITTER OPERATION

General '

After the parameter control registers (PFCSAR
and PCR) have been initialized, TxSO is held
at mark until TSOM (TDSRg) is set and TXE is
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SYNC 2
DETECT

NOTES:
1. Test made every RxC time.
2. Test made on Rx character boundary.

SF =1 FOR ONE -—
RxC BT TME IN CCSR?
YES ‘
SYNC veEs
-—_ DETECT IN
ccs
R o
=1 J
SYNCS ARE ASSEMBLED
A cnanacTeR &) SVERRUN (ROVAN CAUSES
SPECIFED, ACCUMULATE LSS OF sussEaUENT
CRC IF SPECIFIED CHARACTERS
RxDA=1
s OR SHOULD
READ RxDB)
RxSA=1
(PROCESSOR SHOULD ~————————
READ AND EXAMINE
ROSRy, — ROVAN.
RERR (F VRC SPECIFIED)
[ ——
WHEN LAST
HARACTER HAS
BEEN SERVICED
PF001508

Figure 5. BCP Receive

raised. Then, transmitter operation depends
on protocol mode.

BOP Operation

Transmitter operation for BOP is shown in
Figure 6. A FLAG is sent after the processor
sets the Transmit Start of Message bit
(TSOM) and raises TxE. The FLAG is used to
synchronize the message that follows. TxA
will also be asserted. When TxBE is asserted
by the MPCC, the processor should load
TDSR_ with the first character of the mes-
sage. TSOM should be cleared at the same
time TDSR_ is loaded (16-bit data bus) or
immediately thereafter (8-bit data bus).
FLAGs are sent as long as TSOM = 1. For
counting the number of FLAGs, the processor
should reassert TSOM in response to the
assertion of TxBE.
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All succeeding characters are loaded into
TDSR_ by the processor when TxBE = 1.
Each character is serialized in TxSR and
transmitted on TxSO. Internal zero insertion
logic stuffs a "0'"" into the serial bit stream
after five successive "'1s'' are sent. This
insures a data character will not match a
FLAG, ABORT, or GA reserved control char-
acter. As each character is transmitted, the
Frame Check Sequence (FCS) is generated
as specified by Error Control Mode
(PCSARg_ 10). The FCS should be the CRC-
CCITT polynomial (X'8 + X2 + X5 + 1) preset
to 1s. If an underrun occurs (processor is not
keeping up with the transmitter), TxU and
TERR (TDSR;5) will be asserted with ABORT
or FLAG used as the TxSO line fill depending
on the state of IDLE (PCSAR14). The proces-
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sor must set TSOM to reset the underrun
condition. To retransmit the message, the
processor should proceed with the normal
N RESPONSE start of message sequence.

A residual character of 1 to 7 bits may be
transmitted at the end of the information field.
In response to TxBE, write the residual char-
acter length into TxCL and load TxDB with
the residual character. Dynamic alteration of
character length should be done in exactly
the same sequence. The character length will
be changed on the next transmit character
boundary.

SHORD LoD
TAO8 AND TSOM =0 _1 After the last data character has been loaded

into TDSR_ and sent to TxSR (TxBE = 1), the
J processor should set TEOM (TDSRg). The
Gocsssonmay MPCC will finish transmitting the last charac-
TASORT, TGA. . ter followed by the FCS and the closing
THAOASORT s 1YY I WLE w0 J.. FLAG. The processor should clear TEOM and
drop TxE when the next TxBE is asserted.
This corresponds to the start of closing FLAG
transmission. When TxE has been dropped.
TxA will be low 1%z bit times after the last bit
of the closing FLAG has been transmitted.
TxSO will be marked after the closing FLAG
has been transmitted.

If TXE and TEOM are high, the transmitter

hd Q continues to send FLAGs. The processor

may initiate the next message by resetting

ves TEOM and setting TSOM, or by loading

® TDSR,_ with a data character and then simply
resetting TSOM (without setting TSOM).

BCP Operation
Transmitter operation for BCP mode is shown
ves in Figure 7. TxA will be asserted after
TSOM =1 and TxE is raised. At that time
TRANSMIT ACCUMULATED SYNC characters are sent from PCSAR, or
INVENTED RMADER TDSR_ (IDLE =0 or 1) as long as TSOM = 1.
TxBE is asserted at the start of transmission
of the first SYNC character. For counting the
number of SYNCs, the processor should
reassert TSOM in response to the assertion
of TxBE. When TSOM =0 transmission is
from TDSR_, which must be loaded with
characters from the processor each time
TxBE is asserted. If this loading is delayed for
more than one character time, an underrun
® -0 results: TxU and TERR are asserted and the
TxSO line fill depend on IDLE (PCSAR11).
load The processor must set TSOM and retransmit
the message to recover. This is not compati-
NO ble with IBM's BISYNC, so that the user must
ves not underrun when supporting that protocol.

® CRC-186, if specified by PCSARg _ 19, is gener-
eroczios|] @ted on each character transmitted from

NOTE: TDSR when TSOM = 0. The processor must
*GA will be transmitted if TGA is set together with TEOM. set TEOM = 1 after the last data character
Figure 6. BOP Transmit has beep sem to TxSI.R‘(T xBE = 1). The

MPCC will finish transmitting the last data

character and the CRC-16 field before send-
ing SYNC characters which are transmitted
as long as TEOM=1. If SYNCs are not
desired after CRC-16 transmission, the pro-

ON UNDERRUN:
Tilmt, TERR = ¥
(PROCESSOA SHOULD
SEY TSOM

Tx8E=1
SHOULD
T<08 WTH

NEXT 0474 CHAR)

P—

TBEm1 @

TA=0
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l INITIALIZE PCSAR, PCR, TOSRyy l

TSOM =1
TAE = |
A=t ( .)
TRANSMIT SYNC ON TxSO
TXBE=1 we——— | SYNC FROM PCSAR, — IDLE =0
SYNC FROM TxD8 IDLE = 1
NO
AFTER SYNC(S). PROCESSOR
LOADS DATA CHARACTER ——[_'
IN TxDB AND TSOM =0
YES
SERIALIZE DATA CHARACTER
N Tx0B, GENERATE VRC
(PROCESSOR snoum OR A LATE CRC AS
0 Tx08) SPECIFIED, TRANSHIY ON Y250
SHOULD GET NO
TEOM AT END OF TEOM @
MESSAGE IF CRC =12
SPECIFIED)

TxU=1, TERR=

TxSO = SYNC FROM PCSAﬁL IF IDLE=0

MARK IF IDLE =
UNTIL TSOM = v

mocssson SHOULD
TSOM = u
TRANSMIT ACCUMULATED
SRC SPECIFIED (IF NO
CRC, TEOM SHOULD =0) ¥

(PROCESSON SHDULO
TEOM AND

DROP TxE)

O)
1

TxSO = SYNC OR TxDB DEPENDING ON IDLE BIT I

TXA=0 = ves

Figure 7. BCP Transmit

PF00200S.

cessor should clear TEOM and lower TxE
when the TxBE corresponding to the start of
CRC-16 transmission is asserted. When
TEOM =0, the line is marked and a new
message may be initiated by setting TSOM
and raising TxE.

If VRC is specified, it is generated on each
data character and the data character length
must not exceed 7 bits. For software LRC or
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CRC, TEOM should be set only if SYNC's are
required at the end of the message block.

Special Case

The capability to transmit 16 spaces is provid-
ed for line turnaround in half duplex mode or
for a control recovery situation. This is
achieved by setting TSOM and TEOM, clear-
ing TEOM when TxBE = 1, and proceeding as
required.

2-40

PROGRAMMING

Prior to initiating data transmission or recep-
tion, PCSAR and PCR must be loaded with
control information from the processor. The
contents of these registers (see Register
Format section) will configure the MPCC for
the user's specific data communication envi-
ronment. These registers should be loaded
during power-on initialization and after a reset
operation. They can be changed at any time
that the respective transmitter or receiver is
disabled.

The default value for all registers is zero. This
corresponds to BOP, primary station mode, 8-
bit character length, FCS = CRC-CCITT pre-
set to 1s.

For BOP mode the character length register
(PCR) may be set to the desired values during
system initialization. The address and control
fields will automatically be 8-bits. If a residual
character is to be transmitted, TxCL should
be changed to the residual character length
prior to transmission of that character.

DATA BUS CONTROL

The processor must set up the MPCC register
address (A2 -AO0), chip enable (CE), byte
select (BYTE), and read/write (R/W) inputs
before each data bus transfer operation.

During a read operation (R/W = 0), the lead-
ing edge of DBEN will initiate an MPCC read
cycle. The addressed register will place its
contents on the data bus. If BYTE = 1, the 8-
bit byte is placed on DB15-08 or DB07-00
depending on the H/L status of the register
addressed. Unused bits in RDSR,_ are zero. If
BYTE=0, all 16 bits (DB15-00) contain
MPCC information. The trailing edge of DBEN
will reset RxDA and/or RxSA if RDSR, or
RDSRy is addressed respectively.

DBEN acts as the enable and strobe so that
the MPCC will not begin its internal read cycle
until DBEN is asserted.

During a write operation (R/W = 1), data must
be stable on DB45_gg and/or DBg7 oo prior
to the leading edge of DBEN. The stable data
is strobed into the addressed register by
DBEN. TxBE will be cleared if the addressed
register was TDSRy or TDSR,.
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Table 4. MPCC Register Addressing

A2 Al A0 REGISTER
BYTE=0 16-BIT DATA BUS =DBy5 - DBgg
0 X RDSR
0 1 X TDSR
1 0 X PCSAR
1 1 X PCR*
BYTE=1 . 8-BIT DATA BUS=DB; or DBys5¢**
0 0 0 RDSR_
0 0 1 RDSRy
0 1 0 TDSR,
0 1 1 TDSRy
1 (] 0 PCSAR_
1 0 1 PCSARH
1 1 0 PCR_*
1 1 1 PCRy
NOTES:
* PCR lower byte does not exist. it will be all "0"'s when read.
** Corresponding high and low order pins must be tied together.
Table 5. Parameter Control Register (PCR) - (R/W)
BIT NAME MODE FUNCTION
00-07 | Not Defined
08-10 RxCL BOP/BCP Receiver character length is loaded by the processor when RxCLE = 0. The character
length is valid after transmission of single byte address and control fields have been
received.
10 9 8 Char length (bits)
0 0 0 8
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
. 1 1 1 7
1 RxCLE BOP/BCP Receiver character length enable should be zero when the processor loads RxCL. The
remaining bits of PCR are not affected during loading. Always 0 when read.
12 TxCLE BOP/BCP Transmitter character length enable should be zero when the processor loads TxCL. The
remaining bits of PCR are not affected during loading. Always 0 when read.
13-15 |° TxCL BOP/BCP Transmitter character length is loaded by the processor when TxCLE = 0. Character bit
length specification format is identical to RxCL. It is valid after transmission of single
byte address and control fields.
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Table 6. Parameter Control Sync/Address Register (PCSAR)-(R/W)
BIT NAME MODE FUNCTION

00-07 S/AR BOP SYNC/address register. Contains the secondary station address if the MPCC is a sec-
ondary station. The contents of this register is compared with the first received non-
FLAG character to dertermine if the message is meant for this station.

BCP SYNC character is loaded into this register by the processor. It is used for receive and
transmit bit synchronization with bit length specified by RxCL and TxCL.

08-10 ECM BOP/BCP Error Control Mode 10 9 Suggested Mode Char. length

CRC-CCITT preset to 1's 0 BOP 1-8
CRC-CCITT preset to 0's 0 BCP 8
Not used 0
CRC-16 preset to 0's 0
1
1
1
1

BCP 8
BCP 5-
BCP 5

VRC odd
VRC even
Not used —
No error control 1 BCP/BOP 5-8

ECM should be loaded by the processor during initialization or when both data paths
are idle.

8
0
1
0
1
0
1
0

O X = I ST - I )

" IDLE Determines line fill character to be used if transmitter underrun occurs (TxU asserted
and TERR set) and transmission of special characters for BOP/BCP.

BOP IDLE = 0, transmit ABORT characters during underrun and when TABORT = 1.
IDLE = 1, transmit FLAG characters during underrun and-when TABORT = 1.

BCP IDLE = 0 transmit initial SYNC characters and underrun line fill characters from the S/AR.
IDLE = 1 transmit initial SYNC characters from TxDB and marks TxSO during underrun.

12 SAM BOP Secondary Address Mode = 1 if the MPCC is a secondary station. This facilitates auto-
matic recognition of the received secondary station address. When transmitting, the pro-
cessor must load the secondary address into TxDB.

SAM =0 inhibits the received secondary address comparison which serves to activate
the receiver after the first non-FLAG character has been received.

13 SS/GA Strip SYNC/Go Ahead. Operation depends on mode.

BOP SS/GA =1 is used for loop mode only and enables GA detectioﬁ. When a GA is
detected as a closing character, REOM and RAB/GA will be set and the processor
should terminate the repeater function. SS/GA =0 is the normal mode which enables
ABORT detection. It causes the receiver to terminate the frame upon detection of an
ABORT or FLAG.

BCP SS/GA =1, causes the receiver to strip SYNC's immediately following the first two
SYNC's detected. SYNC's in the middle of a message will not be stripped. SS/GA =0,
presents any SYNC's after the initial two SYNC's to the processor.

14 PROTO Determines MPCC Protocol mode
BOP PROTO =0
BCP PROTO =1
15 APA BOP All parties address. If this bit is set, the receiver data path is enabled by an address

field of ‘11111111' as well as the normal secondary station address.
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Table 7. Transmit Data/Status Register (TDSR) (R/W Except TDSR15)

BIT NAME

MODE

FUNCTION

00-07 TxDB

BOP/BCP

Transmit data buffer. Contains processor loaded characters to be serialized in TxSR and
transmitted on TxSO.

08 TSOM

BOP

BCP

Transmitter start of message. Set by the processor to initate message transmission provided
TxE = 1.

TSOM = 1 generates FLAGs. When TSOM = 0 transmission is from TxDB and FCS generation
(if specified) begins. FCS, as specified by PCSARg _ 10, should be CRC-CCITT preset to 1's.

TSOM =1 generates SYNCs from PCSAR_ or transmits from TxDB for IDLE=0 or 1
respectively. When TSOM = 0 transmission is from TxDB and CRC generation (if specified)
begins.

09 TEOM

BOP

BCP

Transmit end of message. Used to terminate a transmitted message.

TEOM = 1 causes the FCS and the closing FLAG to be transmitted following the transmission
of the data character in TxSR. FLAGs are transmitted until TEOM =0. ABORT or GA are
transmitted if TABORT or TGA are set when TEOM = 1.

TEOM = 1 causes CRC-16 to be transmitted (if selected) followed by SYNCs from PCSAR,_ or
TxDB (IDLE = 0 or 1). Clearing TEOM prior to the end of CRC-16 transmission (when TxBE = 1)
causes TxSO to be marked following the CRC - 16. TxE must be dropped before a new
message can be initiated. if CRC is not selected, TEOM should not be set.

10 TABORT

BOP

Transmitter abort = 1 will cause ABORT or FLAG to be sent (IDLE = 0 or 1) after the current
character is transmitted. (ABORT =11111111)

11 TGA

BOP

Transmit go ahead (GA) instead of FLAG when TEOM = 1. This facilitates repeater termination
in loop mode. (GA=01111111)

12-14 Not Defined

15 TERR

Read
only

BOP
BCP

Transmitter error = 1 indicates the TxDB has not been loaded in time (one character time-Y2
TxC period after TxBE is asserted) to maintain continuous transmission. TxU will be asserted to
inform the processor of this condition. TERR is cleared by setting TSOM. See timing diagram.

ABORT's or FLAG's are sent as fill characters (IDLE =0 or 1)

SYNC's or MARK's are sent as fill characters (IDLE = 0 or 1). For IDLE = 1 the last character
before underrun is not valid.
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Table 8. Receiver Data/Status Register (RDSR)~ (Read Only)

BIT NAME MODE FUNCTION
00-07 RxDB BOP/BCP Receiver data buffer. Contains assembled characters from the RxSR. If VRC is specified, the
parity bit is stripped.
08 RSOM BOP Receiver start of message = 1-when a FLAG foliowed by a non-FLAG has been received and

the latter character matches the secondary station if SAM = 1. RxA will be asserted when
RSOM = 1. RSOM resets itself after one character time and has no affect on RxSA.

09 REOM BOP Receiver end of message = 1 when the closing FLAG is detected and the last data character is
loaded into RxDB or when an ABORT/GA character is received. REOM is cleared on reading
RDSRy, reset operation, or dropping of RxE.

10 RAB/GA BOP Received ABORT or GA character = 1 when the receiver senses an ABORT character if SS/
GA =0 or a GA character if SS/GA =1. RAB/GA is cleared on reading RDSRy, reset
operation, or dropping of RxE. A received abort does not set RxDA.

11 ROR BOP/BCP Receiver overrun = 1 indicates the processor has not read last character in the RxDB within
one character time + %2 RxC period after RxDA is asserted. Subsequent characters will be lost.
ROR is cleared on reading RDSRy, reset operation, or dropping of RxE.

12-14 ABC BOP Assembled bit count. Specifies the number of bits in the last received data character of a
message and should be examined by the processor when REOM = 1(RxDA and RxSA
asserted). ABC = 0 indicates the message was terminated (by a flag or GA) on a character
boundary as specified by PCRg.10. Otherwise, ABC = number of bits in the last data character.
ABC is cleared when RDSRy is read, reset operation, or dropping RXE. The residual character
is right justified in RDSRy.

15 RERR BOP/BCP Receiver error indicator should be examined by the processor when REOM = 1 in BOP, or
when the processor determines the last data character of the message in BCP with CRC or
when RxSA is set in BCP with VRC.
CRC-CCITT preset to 1's/0's as specified by PCSARg_ 10

RERR = 1 indicates FCS error (CRC # FOB8 or + 0)

RERR = 0 indicates FCS received correctly (CRC = FOB8 or =0)
CRC-16 preset to 0's on 8-bit characters specified by PSCARg _ 10:

RERR = 1 indicates CRC-16 received correctly (CRC = 0).

RERR = 0 indicates CRC-16 error (CRC+#0)
VRC specified by PCSARg _ 10:

RERR = 1 indicates VRC error

RERR = 0 indicates VRC is correct.

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? Note 4 °C
Tsta Storage temperature range -65 to +150 °C
Input or output voltages with respect to GND? -03 to +15 Vv
Vee With respect to GND -03 to +7 \
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DC ELECTRICAL CHARACTERISTICS* 5

LIMITS
SYMBOL PARAMETER TEST CONDITIONS l UNIT
Min | Typ | Max
Input voltage
Vi Low 0.8 \
ViH High 2
Output voltage
VoL Low loL = 1.6mA 0.4 \
VoH High lon =-100uA 2.4
lec Power supply current Voo =5.25V, Tpo=0°C 150 mA
Leakage current
i Input Vin=10 to 5.25V 10 MA
loL Output Vout =0 to 5.25V 10
Capacitance
Cin Input ViN=0V, f=1MHz 20 pF
Cout Output Vout =0V, f=1MHz 20
AC ELECTRICAL CHARACTERISTICS* 5 ¢
1MHz CLOCK VERSION 2MHz CLOCK VERSION
SYMBOL PARAMETER UNIT
Min ! Typ | Max Min I Typ | Max
Setup and hold time
tacs Address/control setup 50 50 ns
tacH Address/control hold 0 0
tbs Data bus setup (write) 50 50
toH Data bus hold (write) 0 0
tRxs Receiver serial data setup 150 150
tRxH Receiver serial data hold 150 150
Pulse width
tRes RESET 250 250 ns
toBEN DBEN 250 m’ 200 m’
Delay Time
top Data bus (read) 200 170 ns
trxp Transmit serial data 325 250
tDBEND DBEN to DBEN delay 200 200
tor Data bus float time (read) 150 150 ns
f Clock (RxC,TxC) frequency 1 2 MHz
toLkt Clock high (MM = 0) 340 165 ns
torke Clock high (MM = 1) 490 240
toiko Clock low 490 240
NOTES:

1. Stresses above those listed under "' Absolute Maximum Ratings'' may cause permanent damage to the device. This is a stress rating only and functional operation
of the device at these or at any other condition above those indicated in the operation sections of this specification is not implied.

2. For operating at elevated temperatures the device must be derated based on +150°C maximum junction temperature.

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature range and operating supply
range.

5. All voltage measurements are referenced to ground. All time measurements are at 0.8V or 2V. Input voltage levels for testing are 0.4V and 2.4V.

6. Output load C_ = 100pF.

7. m=TxC low and applies to writing to TDSRy only.
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TIMING DIAGRAMS

DBEN
.VBEN
Ag-A2 D 4
tacs—1 = =1 =tacu
CE,RIw, ) U
avrs——_l_l------
RESET e o _tAcs — vor —e|  l—tacH
Senls ~Froating FLOATING
WF00530S le— tpp: — - 1DF
-D.
Wil A X
tos— |— —| —Tton
'WF005408
Reset Read and Write Data Bus

" |

|[e—tCLK1——s] tcLKo

TxSO

><

le—— tcLK0 ——=fe——tcLK 1 ——|

|
r-'ms*}‘-'nm*‘

Rl )G ! X:

Clock
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TIMING DIAGRAMS (Continued)

TxC
1 1 |
| 8 TxC [ 1
Txs0 SYNCIFLAG! | 1ST CHAR
TXBE

LOAD 1st CHAR RESET TSOM LOAD Zlnd CHAR

1
DBEN

'WF00560S
NOTES:
. SYNC may be 5 to 8 bits and will contain parity bit as specified.
. TxA goes high relative to TxC rising edge after TSOM has been set and TxE has been raised.
. TxBE goes low relative to DBEN falling edge on the first write transfer into TDSR. It is reasserted 1 TxC time before the first bit of the transmitted SYNC/FLAG. TxBE then goes low
relative to DBEN falling edge when writing into TDSRy and/or TDSRy. It is reasserted on the rising edge of the TxC that corresponds to the transmission of the last bit of each
character, except in BOP mode when the CRC is to be sent as the next character (see Transmit Timing - End of Message).

Transmit — Start of Message

W=

_rmmmrmﬂmnl}m

TxSO  NEXT TO LAST CHAR l LAST CHAR l CRC l FLAG MARK

Tese l J | |

LOAD LAST CHAR SET TEOM RESET TEOM

|
DBEN M I

Txe?

Txad &

'WF005708
NOTES:
1. TxBE goes low relative to the falling edge of DBEN corresponding to loading TDSR,L. It goes high one TxC before character transmission begins and also when TxA has been
dropped.

2. TxE can be dropped before resetting TEOM if TxBE (corresponding to the closing FLAG) is high. Alternatively TxE can remain high and a new message initiated.
3. TxA goes low after TxE has been dropped and 1%2 TxC's after the last bit of the closing FLAG has been transmitted.

Transmit — End of BOP Message
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TIMING DIAGRAMS (Continued)

TxSO _ NEXTTO LASTCHAR | LAST CHAR ] cRet | MARK

T I e N e | I

LOAD LAST CHAR SET TEOM RESET TEOM

| | i
DBEN n n n

TxA I

'WF00580S

NOTE:

1. When SCN2652 generated CRC is not required, TEOM should only be set if SYNCs are to follow the message block. In that case, TxE should be dropped in response
to TxBE (which P to the start of ission of the last ). When CRC is required, TxE must be dropped before CRC transmission is complete.
Otherwise, the contents of TxDB will be shifted out on TxSO. This facil ission of i

Transmit Timing —End of BCP Message
] ' N
1] 1
[} |

™' |

SET TSOM
pBeN? ﬁ-
'WF00590S
NOTES:

1. TxU goes active relative to TxC falling edge if TXBE has not been serviced after n-Y2 TxC times (where n = transmit character length). TxU is reset on the TxC falling edge following
assertion of the TSOM command. N
2. An underrun will occur at the next character boundary if TEOM is reset and the transmitter remains enabled, unless the TSOM command is asserted or a character is loaded into the

TxDB.
Transmit Underrun
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TIMING DIAGRAMS (Continued)

15t CHAR READY
TO BE READ —=

2nd CHAR READY

RxDA 2 TO BE READ —

15t CHAR READ)| 2nd CHAR READ

DBEN

siF3 I‘—_'I

RxE _l

WF00600S

NOTES:

1. RxA goes high relative to falling edge of RxC when RxE is high and: a. A data character following two SYNC's is in RxDB (BCP mode). b. Character following FLAG is in RxDB (BOP
primary station mode). c. Character following FLAG is in RxDB and character matches the secondary station address or all parties address (BOP secondary station mode).

2. RxDA goes high on RxC falling edge when a character in RxDB is ready to be read. It comes up before RxSA and goes low on the falling edge of DBEN when RxDB is read.

3. S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) is detected.

Receive — Start of Message

RxDA

Axsal

READ ) READ

AT,
DBEN DATA STATUS

(8-BIT)

s ]

RxE 2 I

Rxad |

WF00610S

NOTES:

1. At the end of a BOP message, RxSA goes high when FLAG detection (S/F 1) forces REOM to be set. Processor shouid read the last data character (RDSR,) and status (RDSR};)
which resets RxDA and RxSA respectively. For BCP end of message, RxXSA may not be set and S/F = 0. The processor should read the last data character and status.

2. RxE must be dropped for BCP with non-contiguous messages. It may be left on at the end of a BOP message (see BOP Receive Operation).

3. RxA is reset relative to the falling edge of RxC after the closing FLAG of a BOP message (REOM =1 and RxSA active.) or when RXxE is dropped.

Receive — End of Message
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TYPICAL APPLICATIONS

] RESET
’ TS BUFFER I.___ TxC
RE: STATUS|
SET —ooR DATA BUS axc
x
DBO- DB7
sBIT SYNCHRO-
P mpcc NOUS

ADDRESS | CONTROL A2-A0, RIW DBEN CE MODEM
cLock Tx$0
3 ——{0o}—

RxE TxE RTS, CTS,
DTR, DSR,
oco
MODEM oCcD CTS
C
LOGIC
AF002408

NOTES:
1. Possible uP interrupt requests are: RxDA RxSA TxBE TxU
2. Other SCN2652 status signals and possible uses are: S F line idle indicator, frame delimiter. RxA handshake on RxE, line turn around control. TxA handshake on TxE, line turn around

control.

Line drivers/receivers (LD/LR) convert EIA to TTL voltages and vice-versa.

RTS should be dropped after the CRC (BCP) or FLAG (BOP) has been transmitted. This forces CTS low and TxE low.
. Corresponding high and low order bits of DB must be OR tied.

SCN2652 MPCC Microprocessor Interface

R

DATA BUS BOR16BITS
{f 1 £ 3
WORD COUNT ADREQ fRxpa DB15-0800 DATABUS DATABUS
ADDRESS PTR o :"‘
RIW CONTROL PROCESSOR P
WRREQ
| WRREQ TxA|
T8 T PROCESSOR (P)
AND =
SCN2652 SUPPORT LoGIC: [~ RxDA RIW
T
CONT LER Y 1. INITIALIZES e TxBE MEMORY
SIF SCN2652
A2-A0 2. SETSIRESETS
SCN2652 BYTE oo mEQM
AND V] Aw RESET " 70 RxsA
CONTROL ce o
DBEN
_ ADDRESS, ADDRESS, RIW, ADDRESS.
RIW CONTROLS RC_TxC_RxSI TxSO CONTROL CE. RIW

l

MODEM OR DCE

SYSTEM ADDRESS AND CONTROL BUS
AF00250S

NOTE:
For non-DMA operation TxBE and RxDA are sent to the processor which then loads or reads data characters as required.

DMA/Processor Interface
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TYPICAL APPLICATIONS (Continued)

BAUD BAUD
RATE RATE
GENERATOR GENERATOR
I o | —r—
Y Lo LeR] ?
™><C RxC T™*<C RxC
o
COMPUTER COMPUTER
OR MPCC MPCC OR
TERMINAL SCN2652 SCN2652 TERMINAL
TxSO —- RxSI =
AF00260S
Channel Interface
No Modem — DC Baseband Transmission
INTERRUPTS TxBE, TxU, RxDA, RxSA
'
MPCC L — TxD
SCN2652
A2 | +— RxD
A1
Ao le— TxC
AW
DBEN [+ RxC
cPu CE DB7-DBO
P> £0
PGC
SCN2653
A1
RIW
A0
CE1
t . INT
(OPEN DRAIN)
sV
\» AF00270S
=
SCN2652/SCN2653 Interface Typical Protocols:
BISYNC, DDCMP, SDLC, HDLC
—
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Microprocessor Products

DESCRIPTION

The Signetics SCN2653/68653 Polyno-
mial Generator Checker (PGC) is a poly-
nomial generator checker/character
comparator circuit that complements a
receiver/transmitter (R/T or USART/
USRT/UART) in the support of charac-
ter oriented data link controls. Table 1
defines many of the more commonly
used PGC terms and abbreviations.

Parallel data characters transferred be-
tween the CPU and R/T are monitored
by the PGC which performs block check
character (BCC) and parity (VRC) gener-
ation/checking, single character detec-
tion, and two character sequence detec-
tion. Since the PGC operates on parallel
characters, the data transmission format
may be serial (synchronous or asynchro-
nous) or parallel.

There are four modes of BCC accumula-
tion and each mode can select one of
three polynomials to compute the BCC.
In the BISYNC normal and transparent
modes, the PGC determines which char-
acters are to be accumulated and which
characters are to be excluded from the
accumulation. The block terminating
characters and the initiation and termi-
nation of BISYNC transparent text can
be detected and an interrupt generated.
The single interrupt output represents
the inclusive OR of four maskable status
conditions.

In the automatic accumulation mode, all
characters are accumulated while the
single accumulate mode requires a spe-
cific accumulation command for each
character to be accumulated.

Character accumulation control and .

character comparisons are facilitated by
a character class array which places
each of 128 characters into one of four
character cl The four cl are
normal, SYN/BISYNC not included,
block terminating character (BTC)/
search character (SC), and secondary
search character (SSC).

December 12, 1986

SCN2653/SCN68653

Polynomial Generator Checker
(PGC)

Product Specification

FEATURES PIN CONFIGURATION
e Paraliel Block Check Character
accumulation/checking: CRC-16,
CRC-12, LRC-8 oo [1] 5] vee
e BISYNC normal and transparent o1[2 Ea_?f
modes 02[3] [12] CEY
o Automatic or single character o3[4] 13) Rrw
accumulation modes oa[s] [72] A0
e Character detection - up to 128 05 [6] 1] A1
characters 06 [7] [70] iNT
e Two character sequence anp [£] 5] o7
detection; examples: DLE-STX,
ACKO, ACK1, WACK, RVI, DISC, TOPVIEW e
WBT (SO = 300MIL Body Width)

® 6, 7, or 8-bit characters

e VRC generation/checking on data
bus

e Four maskable interrupt -
conditions

e Four classes of characters
o Internal power-on reset

o Maximum character accumulation
rate of 500kHz (4Mbps)

e Directly compatible with Signetics
SCN2651, SCN2652 and SCN2661

o No system clock required

o TTL compatible inputs and
outputs

o Single 5V supply
e 16-pin dual in line package

APPLICATIONS

o Character oriented data link
control:
- dedicated to one USART/USRT
- multiplexed among several

USART/USRTs

e Automated BISYNC with 2661
(minimal software intervention)

e BCC and VRC generation/
detection on a block of memory
or peripheral data

o Programmable character array
comparator

2-52

853-1069 86883



Product Specification

Polynomial Generator Checker (PGC)

SCN2653/SCN68653

ORDERING INFORMATION

PACKAGES Ve =5V £5%, To=0°C to +70°C
Ceramic DIP SCN2653AC4116
Plastic DIP SCN2653AC4N16
Small Outline (SO) SCN2653ACD16

NOTE:

SCN68653 is identical to SCN2653. Order using numbers shown above.

BLOCK DIAGRAM

a N
00-07 D:J:Fz:s K, | craracterrecisTer
DATA BUS
I ] l
K s 16
DLE | owe
= OPERATION CONTROL |_losrscr BCC AND VRC
iNTR ~——f _—
3 GENERATION UNIT
A0 m -
MODE REGISTER 2 z
a g F] 16
_ COMMAND REGISTER < 2
CE1 1o Py z 8 8
_ TATUS REGIST o °
AW STATUS REGISTER 3 e
> S -
o >
CE0 ——— e -] BCC UPPER BCC LOWER
g 17Zd
) ) e @ ,
]
g [-— Ly
CHARACTERCLASS | 8
ARRAY S [ '
w
o
[BD000S0S

PIN DESCRIPTION

MNEMONIC |PIN NO.| TYPE

NAME AND FUNCTION

Voo 16 1
GND 8 1
A1-A0 11,12 [
R/W 13 [
CEO 15 1
CET 14 |

D7-DO 9,7-1 1710

+5V: Power supply
Ground

Address Lines: Used to select internal PGC registers or character class array.
Read/Write: Read command when low, write command when high.

Chip Enable: Connected to chip enable input of a receiver/transmitter (R/T) circuit. It is used to
strobe data ‘being transferred between the CPU and the R/T into the PGC character register.

Chip Enable: Used in conjunction with the R/W signal to enable the transfer of data between the
PGC and the CPU or DMA controller and to initialize the PGC registers.

Data Bus: 8-bit 3-State bidirectional bus used to transfer data to or from the PGC via CEO or CE1.
All data, mode words, command words, and status information are transferred on this bus. DO is the
least significant bit; D7 is the most significant bit.

Interrupt: Open drain active low interrupt output that signals the CPU that one or more maskable
conditions are true: BCC error, VRC error, BTC/SC detect, SSC detect. The true conditions can be
determined by reading the status register which in turn deactivates INT. A power on, clear BCC, or
master reset command causes INT to be inactive (high).

December 12, 1986
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Additional PGC applications include off-line
R/T operation where the BCC is generated
on data not sent to the R/T, BCC multiplexing
by sharing the PGC among several R/Ts and
reading/writing the partial BCC accumulation
on a character by character basis, VRC
generation/checking on characters appear-
ing on a bidirectional data bus, and program-
mable character comparisons or searches.

PGC operation is half duplex (either receive
or transmit, one way or two way alternate).
Full duplex (two way simultaneous) is
achieved by using two PGCs. The device is
directly compatible with the Signetics
SCN2651 Programmable Communications in-
terface (PCl) and SCN2661 Enhanced Pro-
grammable Communications interface (EPCI).
When used in BISYNC modes with the
SCN2661, software requirements are mini-
mized by the SCN2653-SCN2661 control
character comparisons, character sequence
comparisons, and automatic DLE insertion/
detection.

Other bus oriented R/Ts can be interfaced to
the PGC with a minimum of external circuitry.
See Figure 1 for a typical system configura-
tion.

This NMOS LSI circuit is TTL compatible,
operates from a single + 5V supply and is
contained in a 16 pin dual in line package.

BLOCK DIAGRAM

The PGC consists of the following six major
sections: the operation control, character
class array, DLE ROM, character register,
BCC and parity generators, and BCC regis-
ters. These sections communicate with each
other via an internal data bus and an internal
control bus. The internal data bus interfaces
to the CPU data bus via a data bus buffer.

Operation Control Unit

This functional block stores configuration and
operation instructions from the CPU and gen-
erates appropriate signals to control the de-
vice operation. It also contains read and write
circuits to permit communications between
the CPU and the PGC registers via the data
bus. The mode, command, and status regis-
ters are in this logic block.

Character Register

Characters to be considered for BCC genera-
tion, parity generation and checking, or char-
acter comparisons are loaded into this regis-
ter by either CEO or CET. This register serves
as an input to the BCC and VRC generator,
where the accumulation and parity generation
takes place. The character register. also
serves as the input for character class array
and DLE comparisons.
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Table 1. Glossary

TERM/ABBREVIATION DEFINITION
BCC Block check character
BTC Block terminating character
SC Search character
SSC Second search character (preceded by DLE)
CRC-16 X1® + X154+ X2 + 1 divisor, dividend pre-cleared
CRC-12 X124+ X" + X3+ X2+ X + 1 divisor, dividend
pre-cleared
LRC-8 Horizontal parity on least significant 7 bits;
vertical parity on most significant bit
VRC Vertical redundancy check (character parity)
R/T Receiver/transmitter circuit. Also known as
USART/USRT/UART/PCI/MPCC
BISYNC IBM binary synchronous communications (BSC),
ANSI X3.28, ISO 1745
MSB Most significant bit
LSB Least significant bit
Rx Receive
Tx Transmit

TxC RxC
.
———— TxD
USART
OR
USRT
D0-D7 f«———— RxD
——
4
— —
CEO
RIW
CcPU A0
Al
LN conzess
TE PGC
iNT

Figure 1. Typical System Configuration

AF00130S.

Character Class Array
This 128 X 2 array holds the character class
associated with each of 128 possible 7-bit
characters. The array is zero after a master
reset. When the character class array is
loaded (see PGC Addressing), the character
on the data bus is placed in the class
specified by the contents of command regis-
ter bits CR2 and CR3. The PGC uses these
two command bits to represent four different
character classes. These are:
1. Normal class (included in the accumula-
tion)
2. SYN character/BISYNC not - included
class

3. Block terminating character/search class

2-54

4. Second search character class (preced-
ed by DLE)

These encoded character classes are used

by the PGC:

1. To control the BCC accumulation of as-
sociated characters in BISYNC modes
only. BCC accumulation in automatic or
single accumulation modes is carried out
independent of the character classes.

2. To detect characters and two character
sequences in all modes of accumulation
and to set the control character detect
bits in the status register.

It should be noted that any number of charac-
ters (up to 128 for CRC-16 or LRC-8; up to 64
for CRC-12) can be put into any one class.
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a) CRC-16
NO YES DISABLE
BIT7=1 CHARACTER
? COMPARISON
YES NO
ENABLE COMPARISON
ON LOWER 7 BITS
(D6-00)
MS8 IS IGNORED
b CRC12
ENABLE COMPARISON
ON LOWER 6 BITS
(D5-00)
MSB IS IGNORED
BIT 6 MUST BE ZERO
c) LRC-8
ENABLE COMPARISON
ON LOWER 7 BITS
(D6-00)
MSB IS IGNORED
PF00110S.
NOTE:
Transparent mode always disables the SSC comparison.
Figure 2. Character Class Array Comparison Operation

If VRC is specified along with CRC-16 then
the least significant 7 bits of the character are
used for character array comparison. If VRC
is not enabled, but CRC-16 is, the MSB of the
character then determines whether a charac-
ter comparison is to take place. If the MSB is
0, the comparison takes place; if the MSB is
1, the comparison does not take place and
the character is processed as though it were
in the normal class. This enables the PGC to
detect all communication control characters
and DLE-SSC sequences.

Only the first 64 locations of the array are
accessed if CRC-12 is selected. The user
should right justify each six bit character (DO-
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D5) to be written into the character class
array. Bit 6 must be zero.

If VRC is enabled, the generated parity be-
comes the most significant bit of the charac-
ter to be compared. VRC is not allowed in
BISYNC transparent mode.

The method in which the character register
contents is compared against the character
class array depends on the BCC polynomial
chosen. Figure 2 illustrates the comparison
process.

DLE Read Only Memory

The DLE characters are stored internally and
are selected by the error polynomial as fol-
lows:
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CRC-12: 01 1111

LCR-8 or CRC-16:
No VRC or odd VRC: 0001 0000
Even VRC: 1001 0000

BCC and Parity Generator

This functional block performs all the neces-
sary computation to generate and update the
BCC accumulation on a character by charac-
ter busis. It contains the three generator
polynomials (CRC-16, CRC-12, and LRC-8)
that can be selected to compute the BCC.
This block also checks and generates odd or
even parity for 7-bit (ASCIl) characters.

BCC Registers

This block consists of two 8-bit registers
(BCC upper and BCC lower) which contain
the high and low order bytes of the BCC
accumulation. The result of the accumulation
from the BCC and parity generator is stored in
these registers. A recirculating register ad-
dress pointer is initialized by a power on,
master reset, or clear BCC command. The
pointer alternately selects BCC upper and
lower on successive BCC register accesses
for CRC-16 or CRC-12. For LRC-8, BCC
upper is always selected.

BCC upper and lower are cleared by a clear
BCC or master reset command. The highest
term of the BCC polynomial is always repre-
sented by bit 0 of BCC upper; the lowest term
is always represented by bit 7 of BCC lower
(see Figure 3, Orientation of BCC Polynomi-
als.)

The length of the block check character
depends on the error checking polynomial
that is selected. If LRC-8 is chosen, the BCC
result is stored entirely in BCC upper. The
BCC lower remains unchanged from previous
setting. Both BCC registers are used when
CRC-16 is specified. When CRC-12 is select-
ed, the block check character is 12 bits long.
The six least significant bits of the BCC are
stored in the least significant bits of the BCC
lower. The remaining upper six bits of the
BCC are stored in least significant bits of BCC
upper. The two most significant bits in each
BCC register are filled with zero.

The BCC register(s) are read by the CPU after
the last data character is transmitted. They
can then be sent to the R/T to complete a
transmitted block of data. These registers are
read and loaded when one PGC is time-
shared by several R/Ts. Refer to Applications
Information—Multiplexed PGC.

PGC Addressing

All internal registers and the character class
array are selected by the unique address
codes shown in Table 2.
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MO a0+ 2% WHERE R ()= A" + An_ X" Ta « o 4 AX®
G(X) G(X) " n-t

M (X) : BINARY POLYNOMIAL (DATA STREAM)

G (X) : FIXED DIVISOR TO GENERATE BCC

Q (X) : QUOTIENT AFTER BCC GENERATION

R (X) : REMAINDER AFTER BCC GENERATION

BCC LOWER BCC UPPER
8 BITS) (8 8ITS)

cRe — 16=X"0 4 x" 43241

07 D6 D§ ——————— 00 7 06 D§ ——===—= 00
0 e 5 ——_——— !
AgX AgX Ax® A"
cRe — 12=x"24x"
+ )(3 + )(2 +X+1
R —— 00 [ T—— 00
C——— B D S —
(DON'T CARE) PARITY +(7-BIT LRC)

LRC — 8 =HORIZONTAL PARITY ON 7 LSB
VERTICAL PARITY ON MSB

RECEIVED, OR TRANSMITTED CHARACTER BITS RECEIVE, OR TRANSMITTED CHARACTER BITS
(TO BE INCLUDED IN BCC ACCUMULATION ) (TO BE INCLUDED IN BCC ACCUMULATION)

Geky (T2 e e s e [T s s [wm e alrals} {oeHie)

FEEDBACK DATA

FEEDBACK DATA

OPERATION OF BCC REGISTER FOR CRC-16 BCC OPERATION OF 8CC REGISTER FOR LRC BCC
ACCUMULATION (SIMPLIFIED) ACCUMULATION (SIMPLIFIED)

AF001408

Figure 3. Orientation of BCC Polynomials
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Table 2. Address Codes

CEO

CE1

A1

A0

R/W

FUNCTION

0
0

o

- - O0O0OC0

- =

1

0
1

OO = = =

el eNeNoNo o]

X
0

C O = =0

Xttt OO

X
0

SO = 0O =

Mokt OO = -

X
0

-

- O X X X

X+ 0 +0 =0

Operation not guaranteed .

If MR2 =0 load data bus into character register
If MR2 =1 PGC not selected'

If MR2 =1 load data bus into character register
If MR2 =0 PGC not selected'

PGC not selected’

PGC not selected’

PGC not selected’

Read character register

Load data bus into character register if MR1,0
#00% write character class array using CR3,
CR2 class code if MR 1,0 = 00> 4

Read Status register

Write command register

Read mode register

Write mode register

Read BCC upper/lower®

Write BCC upper/lower®

PGC not selected'

NOTES:

1. Data bus is 3-State.
2. Character will not be accumulated unless MR3 = 1.
3. Character will not be accumulated even if MR3 = 1.

4. The mode bits MR1 and MRO are cleared to 00 by power-on-reset, master reset, or by loading the mode

register bits MR1 and MRO.

5. Recirculating internal pointer selects BCC upper on first access, BCC lower on next access for all BCCs

except for LRC-8; in case of LRC-8, the pointer only selects BCC upper.

R

—AMA—O + 5V

: ——— &

NTERRUPTS TxRDY, RxRDY. TxEMT/DSCHG [
p—— TxD
087-DBO N [~ RxD
< ——’| SCN2651/61
RIW, A1, AO Pel

+—— TxC

<+ RxC

SCN2653
PGC

| .
AMA-—O + 5V
AF001508.

Figure 4. SCN2651 or SCN2661/2653 Interface
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INTERFACE SIGNALS AND
TIMING

PGC data transfers are controlled by A1, A0,
and R/W which must be stable prior to the
active low going chip enable pulse. CEO is
used for PGC monitoring of data transfers
between a CPU/DMA controller and a R/T;
CET is used for direct CPU-to-PGC transfers.
MR3 must be set prior to loading the charac-
ter register in order to accumulate or compare
characters via CE1. The active low (leading)
edge of chip enable initiates a PGC read/
write cycle; the rising (trailing) edge ends the
cycle and also serves as a write strobe.

When loading the character, mode, or com-
mand register, the data bus is strobed into the
selected register on the trailing (rising) edge
of the appropriate CE. When writing into the
character class array, the data on the bus
(the special character) is placed in the class
specified by command register bits CR3 and
CR2.

Characters are transferred into the character
register when CEO is active (low) depending
on the state of MR2 and the R/W input.
Characters (from the R/T are loaded into the
character register when in receive mode
(MR2=0 and R/W=0) while CPU/DMA
characters are loaded into the character reg-
ister when in transmit mode (MR2=1 and
R/W=1). The time between consecutive
chip enables is given by tcec or tcep.

The open drain active low interrupt signal
(INT) goes active whenever one or more of
four maskable status conditions (SRO-SR3)
are true ( = 1). A status read deactivates INT.

The same techniques used in interfacing the
SCN2651 PCI to 8-bit microprocessors can
be used to interface the SCN2653 PGC
(consult Application Note M22). Note that
when addressing the R/T's holding registers,
the PGC pins must have A1, A0 = 00 and that
the address and R/W signals must be stable
(set up) prior to the active low chip enable.
When using the SCN2651 or SCN2661 as the
R/T, the PGC's A1, A0, R/W, and CED are
directly connected to comparable SCN2651
or SCN2661 signals. Schematics of an
SCN2653 monitoring data transfers to/from
the Signetics SCN2651/2661 and SCN2652
are shown in Figures 4 and 5.

An alternate interfacing technique is to treat
the PGC as an independent peripheral de-
vice. This necessitates a write character reg-
ister instruction after the CPU reads or writes
a character to or from the R/T.

2
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INTERRUPTS

TxBE, TxU, RxDA, RxSA

J

|

crPy

SCN2652 .
MPCC Tx0
A2 [+— RxD
Al
Ao le— TxC
AW
DBEN -~ RxC
CE DB7-DBO
Dc CED
SCN2653
PG
a1 PeC
Riw
a0
CEl

iNT

Figure 5. SCN2652/2653 Interface -
Typical Protocols: *BISYNC, DDCMP, SDLC, HDLC

% (OPEN DRAIN)

+5V
AFOo1608

PGC PROGRAMMING

The PGC operational mode must be initially
programmed by the CPU (see Figure 6). The
mode register, command register and charac-
ter class array should be written into, after a
power-on-reset or a master reset command.
The character class array should be pro-
grammed only for the classes pertinent to the
application. After a master reset, the charac-
ter class array is zero which places all charac-
ters in the normal class (included in the BCC
accumulation).

OPERATION

The PGC should be initially configured by the
CPU (via CET) prior to systems operation.
This is done by loading the mode register,
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command register and character class array
(see PGC PROGRAMMING). Characters may
then be loaded into the character register for
BCC accumulation, VRC generation/check-
ing, BTC/SC and DLE-SSC comparisons.
See Table 3 for a summary of BCC accumula-
tion modes.

BCC accumulation depends on the mode
selected.

BISYNC Normal

In BISYNC normal mode, all characters load-
ed into the character register are accumulat-
ed except those in the SYN/BISYNC not
included class. During receive (MR2=0), a
BTC/SC match will cause the BCC accumula-
tion to stop after the next one (LRC-8) or two
(CRC-12 or CRC-16) characters have been
accumulated. At that time, if the BCC accu-
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mulation does not equal zero, the BCC error
bit (SRO) will be set and INT will go active if
the corresponding mask bit (CR4) is enabled
(= 1). In transmit (MR2 = 1), the BCC accu-
mulation is automatically stopped once the
BTC/SC character has been accumulated.
The CPU must read the BCC upper and BCC
lower (CRC-12 or CRC-16) register(s) and
transmit them to the R/T.

Note that the received BCCs are not subject
to VRC if CRC-16 is selected. If LRC-8 is
selected, the received BCC is subject to VRC.
An incorrect result will set the VRC error bit
(SR1). After its accumulation, the least signifi-
cant 7 bits of BCC upper are checked and a
non-zero result will set the BCC error bit
(SR0). BCCs are not checked against the
character class array nor-are they compared
to the DLE ROM.

Second search character (SSC) detection is
enabled so that a DLE-STX or two character
communication control sequence can be de-
tected.

BISYNC Transparent

BISYNC transparent mode should be used for
data blocks beginning with DLE-STX if the
DLEs are transferred between CPU and R/T
(CED) or CPU and PGC (CEN), i.e., DLEs are
not stripped. VRC should be disabled in this
mode. Characters excluded from the BCC
accumulation are the first DLE of a DLE-non
SYN sequence pair and the DLE-SYN se-
quence if not preceded by an odd number of
DLEs. For example, consider the following
transparent mode character string:

DLE 'DLESYN DLE DLE
) ) 7 7
exclude Include exclude Include
both
DLE SYN DLE ETX
) 1 1
exclude exclude include
both
i
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Table 3. Summary of BCC Accumulation Modes

ACCUMULATION
MODES

START
ACCUMULATION

STOP
ACCUMULATION

CHARACTERS EXCLUDED
FROM ACCUMULATION

BISYNC normal and
BISYNC transparent

Clear BCC registers command
Mode register is loaded with
BISYNC or automatic mode
Start accumulation command
Load BCC registers

After BTC has been detected
and received BCC is
accumulated

After transmitted BTC has
been accumulated

Single mode is selected

SYN/BISYNC not included

class in normal mode

DLE-SYN/not included class

and first DLE of a DLE non SYN
pair in transparent mode.

These characters are not excluded if
preceded by an odd number of
DLEs

Automatic

Same as above

Single mode selected

None

Single

Start accumulation command

After each character has been
accumulated

Up to user who must generate start
accumulation command for each
character to be included

In receive and transmit modes, the termina-
tion of BCC accumulation works exactly as in
BISYNC normal, except that the BTC/SC
must be immediately preceded by an odd
number of DLEs to be identified as a BTC/
SC.

Second search character detection is not
enabled in BISYNC transparent.

After a BTC/SC class character is detected
by the PGC when receiving in either BISYNC
mode, the following one or two characters are
accumulated (depending on LRC-8 or CRC-
12/16, respectively) and the PGC will auto-
matically stop further accumulation. However,
the PGC can continue the accumulation if a
start accumulate command is issued or either
BISYNC mode is loaded into the mode regis-
ter. The start accumulate command should
be given to the PGC before loading the
character that follows the detected BTC/SC.
This procedure enables a special search
character to be detected (the BTC/SC detect
bit (SR2) will be set and an interrupt generat-
ed if CR6 = 1) with the BCC accumulation
continuing (see Figures 7 and 8).

Automatic Accumulate

All characters loaded into the character regis-
ter are accumulated, BTC/SC and SSC de-
tection is enabled. The BCC accumulation is
not automatically terminated. (The CPU must
use single accumulate mode to stop the
accumulation). When in receive mode, the
BCC error bit (SR0) is set/reset after accumu-
lating each character so that the CPU must
examine this bit after the last character is
accumulated. SRO= 0 if the accumulated
remainder in the BCC register(s) is zero;
otherwise SRO = 1. Examples of use of auto-
matic accumulate mode usage include an
R/T (SCN2651/SCN2661) in transparent
DLE/SYN strip mode and asynchronous/
synchronous/parallel DDCMP.
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Single Accumulate

All characters for which a start accumulate
command (CR1, CRO = 01) is given are accu-
mulated and compared against the character
class array. If not given, the BCC accumula-
tion is not updated and BTC/SC and SCC
detection is disabled. Operation in this mode
is otherwise identical to automatic accumu-
late.

Single accumulate mode can be used to
selectively accumulate characters under CPU
control or to accumulate characters that were
unintentionally excluded in one of the other
modes.

Polynomial Selection and DLE
Comparison

The BCC polynomial may be CRC-16, CRC-
12 or LRC-8. The cyclic redundancy check
(CRC) is generated by dividing the binary
value of a character in the character register
by the selected polynomial. The quotient is
discarded and the remainder is used as the
BCC (two 6-bit characters for CRC-12, two 8-
bit characters for CRC-16). CRC-16 uses all 8
bits of each BCC register. CRC-12 uses the
least significant 6 bits of the BCC registers.
The two most significant bits of the BCC
registers are cleared to zero whenever CRC-
12 is selected (see Figure 3).

When the PGC is in receive mode (MR2 = 0),
the received BCC will be accumulated. The
result will be zero for. an error free message.

MASTER RESET COMMAND
CR1, CRO=11

'

LOAD COMMAND REGISTER
WITH CR3, CR2=01
(SYN/NI CLASS)

'

WRITE SYN/BISYNC NOT
INCLUDED CHARACTERS INTO
CHARACTER CLASS ARRAY

LOAD COMMAND REGISTER

WITH CR3, CR2= 10
(BTC/ISC CLASS)

:

WRITE BTC/SC CHARACTERS
INTO CHARACTER CLASS
ARRAY

Ty v gy I E——
LOAD COMMAND REGISTER
WITH CR3, CR2= 11
{SSC CLASS)

!

WRITE SCC CHARACTERS
INTO CHARACTER CLASS
ARRAY

LOAD MODE REGISTER
WITH MR1, MR0 =01, 10, OR 11
(FOR SELECTED BCC
POLYNOMIAL)

OPERATE
PF00120S

Figure 6. PGC Programming
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SHADED AREAS ACCUMULATED CHARACTER CLASS ARRAY

Rx = RECEIVE MODE SYN/BISYNC NOT INCLUDED: SYN, SOH
NO DLE/SYN STRIPPING BTC/SC: ETX, ETB, ITB, ENQ
S$CC: STX
CRC-16 ORCRC-12
~A—

SYN SYN SOH

SET BISYNC
NORMAL MODE
(ALL EXAMPLES)

8TC BCC ERROR (Rx) IF ACCUMULATION = 0.
DETECT  ACCUMULATION STOPPED AFTER 2nd
BCC. NO PARITY CHECK ON BCCs

CPU RESETS BCC REGISTERS BTC  BCC ERROR(Rx)IF 7 LS BITS OF BCC,, = 0.
AFTER SOFTWARE DETECT DETECT VRC ERROR IF MS BIT IS INCORREC
OF STX. THIS EFFECTIVELY PARITY. ACCUMULATION STOPPED

EXCLUDES STX. AFTER 1 BCC.
Ja— ! [

I BLOCK 1 = } BLOCK 2 gy

BTC OPTIONAL ~ SSC DETECT BTC  POSSIBLE
DETECT SET BISYNC OETECT BCC ERROR
TRANSPARENT

POSSIBLE BCC ERROR. (IF SO
RESET BCC REGISTERS).
RESET BCC REGISTERS OR
SET BISYNC NORMAL

4. SYN SYN SOH

/ I

SSC DETECT BTC  POSSIBLE
SET BISYNC DETECT BCC ERROR
TRANSPARENT
MODE

‘
ssc BIC  POSSIBLE 8TC
DETECT DETECT BCC ERROR DETECT
SET BISYNC ‘
TRANSPARENT AND POSSIBLE
p RESET BCC
RESET BCC REGISTERS REGISTERS 8CC ERROR
(IF BCC ERROR)
AND SET BISYNC
NORMAL
TB0O311S
NOTES:

. BCC error only for receive mode. in transmit mode, CPU must respond to BTC detect by reading the BCC register(s) and sending them to the R/T. The accumulation is
stopped after the BTC is accumulated.

2. ENQ (DLE ~-ENQ) in a text message should be treated as an abort.

3. Opening SYNs may be stripped by the R/T.

4. The single accumulate mode and command can be used to a that i was (For example, the DLE of a DLE - STX if the PGC
was in transparent mode and there was not a line turnaround prior to the DLE). The single accumulauon should be done using CET after the BCC(s) have been
accumulated.

Figure 7. Examples - Bisync Text M ge BCC A lati
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BTCISC: EOT, NAK

SCC: ACKO, ACK1, WACK, RVI
SINGLE ACCUMULATION MODE
STOPS BCC ACCUMULATION

2 [ SYN SYN l ACK 0 J

'

ScC
DETECT

. [l
'

BTCISC
DETECT

a I SYN SYN | WACK _I
4
scc
DETECT
5. rsvusvu l RVI I
'

DETECT

NOTES:
without single accumulate commands.

sequence.

STATION POLL OR
1 l SYN SYN IEO‘I’I PADI SYNSYN I A== I ENQ I SELEC‘“ON OF A TRIBUTARY
‘ l STATION
B8TCISC BTCISC
DETECT DETECT

5 REPRESENTS A UNIQUE POLLING OR SELECTION ADDRESS

1. BCC accumulation should be ignored for control messages. This can be effected by single accumulate mode

2. Characters programmed as SSCs should be the binary equivalent of the second character of the DLE - SSC

Figure 8. Examples - Bisync Control Messages

TRIBUTARY STATION PREPARED
TO RECEIVE OR POSITIVE
ACKNOWLEDGEMENT OF EVEN
NUMBERED TEXT BLOCK

TRIBUTARY STATION NOT READY
TO RECEIVE OR NEGATIVE
ACKNOWLEDGEMENT OF TEXT
BLOC

TRIBUTARY STATION TEMPORARILY
NOT READY YO RECEIVE

REVERSE INTERRUPT FROM
RECEIVING STATION TO REQUEST
YERMINATION OF THE CURRENT
ISSION BECAUSE THE
ﬁECEIVER WANTS TO TRANSMIT

AF001708

CRC-12 is used with 6-bit codes. The internal
6-bit transcode DLE character hex 1F is
selected by CRC-12. VRC should be disabled
(MR4 =0) for CRC-12 operation. The two
most significant bits of the character register
are ignored when compared to the internal 6-
bit DLE. When the character is checked
against the character class array, the MSB is
ignored and the next MSB (bit 6) is assumed
to be zero. if CRC-12 is specified, the user
must write to the character class array with bit
6 cleared.

CRC-16 or LRC-8 implies the use of ASCI| or
EBCDIC although any 7-bit plus parity or 8-bit
no parity code may be used (with DLE = hex
10 or hex 90). The DLE character compare is
on an 8-bit basis with the generated parity (if
VRC is enabled) as the MSB. When the
character is compared against the character
class array, the MSB is not used. This may
result in a false BTC or SSC detection if there
is a VRC error. However, the VRC error bit
(SR1) will be set under that condition.

The LRC-8 is generated by the exclusive OR
of the 7 least significant bits of the character

December 12, 1986

register and the BCC upper. The most signifi-
cant bit of the LRC-8 check character is a
vertical odd/even parity bit (MR5=0/1),
which is generated on the least significant
bits of that character. The selection of LRC-8
implies VRC is enabled and that only the BCC
upper is used for the BCC accumulation. The
BCC lower remains unchanged from previous
setting.

VRC Generation and Detection

Parity (VRC) is enabled by MR4 and specified
as odd or even by MR5. VRC should be
disabled when in BISYNC transparent mode
and whenever CRC-12 or CRC-16 (EBCDIC)
is selected as the BCC polynomial. MR4 = 1
enables VRC generation and detection for
both receive and transmit operations. Charac-
ters loaded into the character register will
have VRC generated on the least significant 7
bits with the generated parity bit written into
the character register MSB. If the generated
parity does not match the MSB of the loaded
character, the VRC error bit (SR1) is set and
INT asserted if the corresponding mask bit
was enabled (CR5 = 1). Thus, if 7-bit charac-
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ters are to be transmitted with VRC, CR5
should be zero and SR1 ignored. 8-bit char-
acters with a VRC bit in the MSB position are
parity checked by the PGC in both transmit
(to R/T) and receive (from R/T) modes, i.e.,
the PGC operates as a data bus parity
checker.

CHARACTER CLASSES

Normal (Included in the
Accumulation)

Any character that belongs to this class is
normal data, i.e., the character is not a
communication control or other special char-
acter. Characters in this class are always
accumulated in BISYNC, automatic and sin-
gle accumulation modes.

SYN Character/BISYNC Not

Included

SYN characters are never accumulated in
BISYNC normal accumulation mode. In Bl-
SYNC transparent accumulation mode, the
DLE-SYN character pair is not accumulated,
but a SYN not preceded by a DLE is accumu-
lated. (DLE is implied as an odd number of
DLEs).

Block Termination Character
(BTC)/Search Character (SC)
BTC/SC characters have two functions in the
PGC: termination of BCC accumulation and
character detection. In BISYNC transparent
mode, a BTC/SC must be preceded by an
odd number of DLEs to be recognized.

Termination of BCC Accumulation

In BISYNC normal and transparent accumula-
tion modes, the PGC will stop the accumula-
tion upon the detection of the BTC/SC char-
acter. Examples of BTCs are ETX, ETB, ITB,
ENQ.

In receive mode, the accumulation is stopped
after the following one (LRC-8) or two (CRC-
12, CRC-16) character(s) have been accumu-
lated. In transmit mode, the accumulation is
stopped after the BTC/SC character has
been accumulated. The BTC/SC character is
always accumulated in all of the accumulation
modes.

Character Detection

BTC/SC characters will be detected in any of
the four accumulation modes when that char-
acter is being accumulated. The BTC/SC
status bit (SR2) is set on detection. Since
detection also stops BISYNC BCC accumula-
tion, the BISYNC accumulation must be res-
tarted if the character is not a BTC. This can
be effected by loading BISYNC mode into the
mode register or generating a start accumula-
tion command.
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Second Search Character Class
(SSC)

Control functions in character oriented data
link control procedures can be represented
by a sequence of two characters, the first
character being a DLE. Examples include
ACKO, ACK1, WACK, RVI, DISC, WBT and
the initiation of transparent text (DLE-STX).

Table 4. PGC Register Bit Formats

The PGC will detect such sequences, except
in BISYNC transparent mode, when an SSC
class character is being accumulated after
being immediately preceded by an odd num-
ber of DLEs. Under those conditions, the SSC
status bit (SR3) will be set.

The SSC character is always accumulated in
all of the accumulation modes.

REGISTER BIT DESCRIPTION
The operation of the PGC is determined by
programming the mode register and the com-
mand register. The status register provides
feedback on potential interrupt conditions.
Formats of these registers are shown in
Table 4.

MR7 | MR6 | MRs | MRa | MR3 | MR2 | MR1 | MRO
ACCUMULATION MODES —— L—— BCC POLYNOMIAL
00 SINGLE 00 START UP MODE
01 AUTOMATIC 01 CRC-18
10 BISYNC NORMAL 10 CRC-12
11 BISYNC TRANSPARENT 11 LRC8
ol PARITY RECEIVEITRANSMIT
000D 0 RECEIVE
1 EVEN 1 TRANSMIT
VRC ENABLE ENABLE ACCUMULATION
(=1) WITHCE (=1)
TB00230S
CR7 | cR6 | cRs | cRe | CR3 | cr2 | cR1 | cro
mm— —
SECOND SEARCH cnuucrsu———] L— ONE-TIME COMMANDS
DETECT INTERRUPT 00 NOP
ENABLE =1 01 START ACCUMULATION
10 CLEAR BCC REGISTER
11 MASTER RESET
BTC/SC DETECT INTERRUPT
ENABLE=1 CHARACTER CLASS
00 NORMAL CLASS
01 SYN/NI CLASS
10 BYCISC CLASS
VRC ERROR INTERRUPT 11 SSC CLASS
ENABLE =1
BCC ERROR INTERRUPT
ENABLE=1 -
TB00240S
sR7 | sre | srs | sra | sr3 | sr2 | sm1 | smo
CR? —I I———- BCC ERROR
(=1)
CRé VRC ERROR
(=1
CRs BTCISC DETECT
(=1)
CRe SSC DETECT
(=1
TB00250S
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Table 5. BCC Accumulation by Character Class

BISYNC BISYNC AUTOMATIC SINGLE
CR3 CR2 CLASS NORMAL TRANSPARENT ACCUM ACCUM
0 0 Normal Yes Yes Yes Yes
0 1 SYN/BISYNC No Yes, unless preceded by Yes Yes
not included an odd number of DLEs
1 0 BTC/SC Yes Yes Yes Yes
1 1 SSC Yes Yes Yes Yes
NOTE:
“Preceded by DLE
Mode Register Table 6. BTC/SC and SSC Detection Conditions
The mode register defines general PGC oper- BISYNC BISYNC AUTO SINGLE
atlon.charactensncs. MR1 and MRO = 00 CLASS NORMAL TRANSPARENT ACCUM ACCUM
permit the character class array to be pro- .
grammed. These bits will be zero after a BTC/SC Yes ~ Yes Yes, Yes t
power on or master reset command. After the SSC Yes No Yes Yes t
character class array is programmed, these NOTES:

bits should be set to 01,10, or 11 to select the
CRC-16, CRC-12 or LRC-8 polynomials.

MR2(Tx/Rx) determines whether or not the
PGC is to generate (Tx) or generate and
check (Rx) the BCC. It is used with R/W to
determine if the data bus is to be loaded into
the character register when CEO, CET1, Af,
A0 = 0100.

If MR2 = 1: 1) the PGC will generate the BCC
but will never set the BCC error bit (SRO0). 2) If
the R/W pin is high when CEO, CET, Af,
A0 = 0100, then the data bus will be loaded
into the character register. If R/W is low
under these conditions, the PGC is not select-
ed.

If MR2 =0: 1) the PGC will accumulate the
BCC and set the BCC error bit (SR0) when
appropriate. 2) If the R/W pin is low when
CEQ, CET, A1, A0 = 0100, then the data bus
will be loaded into the character register. If
R/W is high under these conditions, the PGC
is not selected.

MR3 is a CE1 accumulate/compare enable
bit. If MR3 =0, characters loaded into the
character register by CE1 are not accumulat-
ed, checked against the character class ar-
ray, or compared to the DLE ROM. Parity will
be generated and checked if VRC is enabled
(MR4 = 1). The primary use of MR3 =0 is to
generate parity on a 7-bit character which is
to be transmitted to an R/T. The CPU loads
the character register with the 7-bit character
and reads the 8-bit VRC generated character
via CET. This 8-bit character is then trans-
ferred to the R/T via CEO. Another applica-
tion of MR3 =0 is for a CPU to interleave
parity checking on memory data (CET) with
on line R/T data transfer (CEO).

If MR3 = 1, characters loaded into the char-
acter register by CET will be accumulated
(according to the BCC accumulation mode
selected) and compared against the charac-
ter class array and DLE ROM. This bit setting
should be used when the CPU/DMA control-
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* Only if immediately preceded by an odd number of DLEs.

1 Start ac cC r y for d

ler sends data characters to be accumulated
or compared to the PGC and the R/T is
inactive (off line). If the R/T were active, then
a DLE or BTC loaded into the character
register via CEO would cause incorrect accu-
mulation and character comparisons if the
next character was loaded via CET.

MR4 is a VRC enable bit. If MR4 = 1, VRC is
enabled as odd/even by MR5. VRC is gener-
ated on the 7 LS bits of the character and the
MS bit is checked against the generated
parity. If not equal, SR1 is set. If MR4 =0,
VRC is not enabled. MR4 =0 is used for
BISYNC transparent mode with ASCII code,
and for both BISYNC modes for EBCDIC and
SBT.

MRS5 is an odd/even VRC bit. If MR5 = 1, the
total number of 1 bits in the character includ-
ing the parity bit is even. If MR5 = 0, the total
number of bits is odd. This bit is ignored if
MR4 = 0.

MR7, MR6 select the BCC accumulation
mode. These modes have been previously
discussed in the operation section.

Command Register

The command register contains four interrupt
enables, a 2-bit character class code used
when programming the character class array,
and 2 bits that specify three one time com-
mands and a NOP.

CR1, CRO =00 is a NOP. This bit setting is
used when changing CR7-CR2 without affect-
ing any of the 3 one time commands.

"CR1, CRO =01 is a start BCC accumulation

command. In single accumulation mode, the
character accumulated is the character that is
in the character register at the time the
command is given. The accumulation stops
immediately after the character has been
accumulated. If the command is given in
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either of the BISYNC or automatic accumula-
tion modes, it enables the PGC to accumulate
the BCC starting with the next character
loaded into the character register. This is a
means of restarting a BISYNC normal accu-
mulation after detection of a BTC/SC that is
not a valid BTC (example; CR, LF, TAB). In all
accumulation modes, a previously detected
DLE will not be cancelled by this command.

CR1, CRO=10 is a clear BCC registers
command. Both BCC registers are cleared
along with the associated internal pointer and
SRO-SR3. The pointer points to BCC upper.
INT is forced high. This command permits
BCC accumulation, starting with the next
character loaded into the character register in
BISYNC or auto modes. Single accumulate
mode requires a start BCC accumulation
command.

CR1, CRO = 11 is a master reset command.
All internal registers (except the character
register), the internal pointer, and the entire
character class array are cleared. INT is
forced high.

CR3 and CR2 are used for programming the
character class array. During a write charac-
ter class array instruction, the character cor-
responding to the 7 LS bits of the data bus is
placed in the class contained in CR3 and
CR2. The encoded character classes control
the accumulation of the associated character
as shown in Table 5.

Detection operates under the conditions
shown in Table 6.

CR7, CR6, CR5, CR4 are interrupt enables
that individually enable/disable INT when the
corresponding status register condition is true
(set). Each bit is set in order to enable INT
upon the condition. Each bit is reset to
disable TNT upon the condition. The state of

Ino]
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these bits may be read via the status register
(SR7, SRé, SR5, SR4).

The corresponding status bits (SR3, SR2,
SR1, SRO) are set independent of the inter-
rupt enables. The bit assignments are:

CR4-BCC error interrupt enable
CR5-VRC error interrupt enable
CR6-BTC/SC detect interrupt enable
CR7-DLE-SSC detect interrupt enable

Status Register .
This register reflects the status of the
conditions that are potential interrupt (INT)
sources and the 4 interrupt enables in the
command register. A status register read
clears SRO, SR1, SR2, SR3 and deactivates
INT. These bits are also cleared by a master
reset or clear BCC command.

SRO is a BCC error bit. This bit can only be
set in receive mode (MR2 =0). In BISYNC
normal and BISYNC transparent modes, SRO
will be set/reset once the accumulation has
been stopped by the detection of the BTC/
SC character and accumulation of the
BCC(s).

In automatic and single accumulate modes,
SRO is set/reset after each character in the
character register has been accumulated.

The rules for the detection of a BCC error are:
SRO =1 LRC-8: 7 least significant bits
of BCC upper #0
CRC-12, CRC-16: BCC upper
or BCC lower #0
SRO =0 LRC-8: 7 least significant bits of
BCC upper =0
CRC-12, CRC-16: BCC upper
and BCC lower =0

SR1 is a VRC error bit. When set, this bit
reports a character parity error (on receive or
transmit) when parity is enabled (MR4 = 1).
Parity is odd/even as specified by MR5. The
parity bit will be regenerated in the character
register.

SR2is a BTC/SC detect bit. When set, this bit
indicates the character being accumulated is
of the BTC/SC class for BISYNC normal,
automatic and single accumulate modes. In
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BISYNC transparent mode, the BTC/SC
character being accumulated must be imme-
diately preceded by an odd number of DLEs
for this bit to be set.

SR3 is a DLE SSC detect bit. This bit can only
be set when in BISYNC normal, auto, or
single accumulated modes. When set, it indi-
cates that the character being accumulated is
of the SSC class when that character was
immediately preceded by an odd number of
DLEs. ’

SR7, SR6, SR5, SR4 are interrupt enables.
These 4 bits reflect the state of the interrupt
enable command bits CR7, CR6, CR5, and
CR4, as follows:

SR4-BCC error
SR5-VRC error
SR6-BTC/SC detect
SR7-SSC detect

APPLICATIONS INFORMATION

Dedicated PGC

The most efficient use of the 2653 is to
dedicate one to each R/T for two way alter-
nate (half duplex) operation or two to each
R/T for two way simultaneous (full duplex)
operation (see Figure 9). The CPU configures
each PGC (using CET) by initializing the the
mode register, command register, and char-
acter class array. Data transfers to or from
the R/T can then be on a DMA basis with
each receiver holding register ready signal
used as a read request (RREQ) and each
transmit holding register available signal used
as a write request (WREQ) to the DMA
controller. The CPU needs only to respond to
enable interrupts from each of the PGCs. The
individual INT outputs can be wire-OR'd into
single CPU interrupt (INTRPT) with one pull
up resistor. Each.PGC in this system has a
unique address that is decoded into the
respective chip enables.

The CPU or DMA controller could send a
block of memory data to the PGC to be error
checked without sending that data to the
R/T. In that case, CET is used.

Multiplexed PGC

One PGC may be time-shared among a few
R/Ts if the CPU saves and restores the mode
register and partial BCC result in the BCC
registers. These registers are accessed via
CET. There must be a separate save area for
each R/T (serial channel) and a channel
pointer indicating the last R/T that transferred
or received a data character (see Figure 10).

The loading of the BCC registers will clear
SRO0-SR3 and all previously detected special
characters, i.e., DLE, BTC/SC, BCC (BISYNC
modes). The BCC accumulation will start
again when the next character is loaded into
the character register in all accumulation
modes except single. That mode requires a
start accumulation command.

Figures 11 and 12 represent software flow
diagrams for transmit and receive service
requests. Note that interrupts from all other
R/Ts must be masked during a read or write
to the BCC registers so as not to affect the
internal BCC address pointer. It is recom-
mended that all R/T interrupts be masked
while servicing an interrupt that accesses any
PGC register.

BISYNC Operation

Table 7 is a concise listing of SCN2651/
SCN2661 operating modes with recom-
mended corresponding SCN2653 BCC accu-
mulation modes.

Character Comparator

The PGC can be used as a programmable
data bus character comparator which moni-
tors data bus transfers (CPU <> peripheral,
CPU < CPU, CPU < memory, memo-
ry <> peripheral (via DMA)). The user selec-
tively loads the character class array with
BTC/SC and SSC characters to be com-
pared. Status bits will be set and an interrupt
can be generated upon SC and DLE-SSC
detection. A match on one to 128 different
characters or DLE-SSC sequences can be
programmed.

Figure 13 depicts an arrangement where the
DMA controller or slave CPU handles data
bus transfers, the PGC interrogates the data
bus, and the host CPU responds to PGC
interrupts.
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Table 7. BISYNC (ANSI 3.28, ISO 1745) Modes for SCN2651/SCN2661 and

SCN2653
SCN2651/SCN2661 SCN2653
OPERATING MODES BCC ACCUMULATION MODE
Sync normal non-strip BISYNC normal
Sync transparent non-strip BISYNC transparent
Normal SYN/DLE strip' BISYNC normal
Transparent SYN/DLE strip’ Automatic accumulate®
Async (with SYN/DLE characters) BISYNC normal
NOTES:
1. CPU should switch to non-strip mode after BTC detect. Otherwise a received BCC could be inadvertently
stripped.
2. SSC detect should be ignored.
WREQpgC
RREQpgC
ADDR r !
CE —— TxD
Riw REC/XMY
REA e A .f.’éﬁﬂv e RxD
MEMORY K——M8M8
ACCESS [
1 WREQ,
o PGC RREQ,
: t i
: 3 CED
F— TxD
: REX/XMT
cru K- - [~ RxD
N DATA CONTROL ADDRESS L L. WREQg
T e pGe RREQg
......................................... T et e T =
CE1
- TxD
ADVANTAGES: REC/XMT
« HIGHER THROUGHPUT WITH DMA .
* NO SOFTWARE OVERHEAD FOR !
MULTIPLEXING : I L WREQC
...... I
RITs USE DEDICATED PGCs TO GENERATE . H : pac RREQC
AND DETECT BOTH VRC, LRC, CRC AND i
SPECIAL CHARACTERS 1 =
CE1
P —
FROM CPU
AF00180S
Figure 9. One PGC Per Receiver/Transmitter
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! | ADDRESS
| | DATA
V1 RW
r_.. TxD
ﬁ REC/XMT
—— +—— RxD
CEo
READ/WRITE
MEMORY —— TxD
<:> REC/XMT
-—— RxD
CEo
C:—'\_V ——s TxD
C REC/XMT
N P p— ' «—— RxD
ADDRESS, DATA. A/W, ;
DORESS. D w. CEo ADDR
cPU DATA AW
(3
Ceo
PGC
Nt
ONE PGC IS TIME-SHARED BY THREE RITs.
THE CPU READS AND RESTORES THE PARTIAL BCC
REMAINDER FOR EACH SERIAL CHANNEL.
AF00190S
Figure 10. PGC Services Multiple Receivers/Transmitters
Tx HOLDING REGISTER AVAILABLE
CHANNEL 1
]
CHANNEL READ BCC,,  AND STORE IN BCC CHANNEL i
POINTER =i SAVE AHEA SPECIFIED BY BCC AND
2 CHANNEL POINTER. MODE DATA
READ MODE REGISTER AND BCC,  AND
STORE IN SAVE AREA. MODE REGISTER
YES
LOAD CHARACTER INTO
RIT AND PGC VIA CEO
READ PGC
STATUS REGISTER
CHECK STATUS
BITS AND PROCEED
AS REQUIRED
PF00130S
Figure 11. Multiplexed PGC—Transmit to R/T
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Rx HOLDING REGISTER READY

CHANNEL j

IS

CHANNEL

POINTER =
>

READ BCC,, 4 AND STORE IN BCC
SAVE AREA SPECIFIED BY
CHANNEL POINTER. READ

MODE REGISTER AND STORE IN

SAVE AREA.

1

CHANNEL j BCC AND MODE DATA
BCC,, y AND MODE REGISTER

j = CHANNEL POINTER

READ CHARACTER
FROM RIT AND LOAD
INTO PGC VIA CEO

CHECK STATUS BITS AND
PROCEED AS REQUIRED

Figure 12. Multiplexed PGC-Receiver From R/T

PF00140S

NT
] A0, AL AW
CEl
rac
DEVICE
cpu DATABUS 8
SLAve
e
T
Rw
"1 memony
APPLICATIONS INCLUDE CHARACTER ARRAY MA . MC
COMPARISIONS, VRC ANDIOR BCC CHECKS
ON THE DATA BUS.
A
conTRoLLER | CEOD

AF002008

NOTE:
* CPU initializes DMA controller for each block transfer of data.

Figure 13. PGC Data Bus Monitoring With DMA Transfers
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ABSOLUTE MAXIMUM RATINGS'
" SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature® range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground® ~0.5 to +6.0 v
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device. This is a stress ranng only and functional operation of the device at these or any other condition
above those di |n the op i of this specification is not implied.
2. For at el p the device must be derated based on + 150°C maximum junction
ternperature
3. This product includes circuitry specifically designed for the protection of its internal devices from
d g effects of ive static charge. However, it is suggested that conventional precautions be
taken to avoid applying any voltages larger than the rated maxima.
DC ELECTRICAL CHARACTERISTICS T, =0°C to 70°C, Vg =5V +5%
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voitage
Vi Low 0.8 v
ViH High 2
Output voitage
VoL Low loL=2.2mA 0.25 0.45 \
Vou High lon =-400pA 24 2.8
Iy Input load current Vin=0 to 5.5V 10 HA
Output leakage current
o Data bus Vout = 4.0V 10
o Open drain Vout = 4.0V 10
Icc Power supply current 45 75 mA
AC ELECTRICAL CHARACTERISTICS T, =0°C to 70°C, Voc =5.0V +5%" 2 3
LIMITS
SYMBOL PARAMETER UNIT
Min Max
tce Chip enable pulse width 250 ns
tcep Chip enable period D 1750 ns
toec? Chip enable period C 1750 ns
tas Address- setup 10 ns
taH Address hold ) 10 ‘ns
tcs : Control setup ) : 10 ns
ton Control hold ' 10 ns
tps® Data setup . i 150 ns
toH Data hold 15 ns
top® Data delay time for read 200 ns
toF® Data bus floating time for read 100 ns
Nt Interrupt low delay 1600 ns
tnTH Interrupt high delay 600 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.
2. All voitage are ref
tosting are 0.45V and 2.4V.
3. Typical values are at +25°C, typical supply voitages and typical processing parameters.
4. tcec = 600ns during PGC initialization when no BCC accumulation is in progress.

5. tpg = 50ns whenever CEO is used.
6. Test conditions: C_= 150pF.
7.TNT is an open drain output.

December 12, 1986 2-68

d to ground. All time measurements are at 50% level for inputs and at the 0.8V or 2V level for outputs. Input levels for



Product Specification

Polynomial Generator Checker (PGC)

SCN2653/SCN68653

L
o

00-07
(WRITE)

00-0D7
(READ)

=

Ne——/

CE

(WRITE TO MODE OR C( REG
READ BCC REGSITERS, STATUS REG)

(WRITE TO CHARACTER REGISTER

WRITE CHARACTER CLASS ARRAY)

c——— -lr
21\
tas[+— —={tan|

————|r

4
—bllcsc— —={tc

NOT VALID LID
B DATA DATA

‘oo

S ’
'\
tps —o

December

12, 1986

UNTL —
UNTH
'WF004208
Figure 14. PGC Timing
2-69

vl



Microprocessor Products

DESCRIPTION

The Signetics SCN2661 EPCI is a uni-
versal synchronous/asynchronous data
communications controller chip that is
an enhanced version of the SCN2651. It
interfaces easily to all 8-bit and 16-bit
microprocessors and may be used in a
polled or interrupt driven system envi-
ronment. The SCN2661 accepts pro-
grammed instructions from the micropro-
cessor while supporting many serial data
communications  disciplines — synchro-
nous and asynchronous — in the full- or
half-duplex mode. Special support for
BISYNC is provided.

The EPCI serializes parallel data charac-
ters received from the microprocessor
for transmission. Simultaneously, it can
receive serial data and convert it into
parallel data characters for input to the
microcomputer.

The SCN2661 contains a baud rate
generator which can be programmed to
either accept an external clock or to
generate internal transmit or receive
clocks. Sixteen different baud rates can
be selected under program control when
operating in the internal clock mode.
Each version of the EPCI (A, B, C) has a
different set of baud rates.

FEATURES
e Synchronous operation

- 5- to 8-bit characters plus
parity

- Single or double SYN operation

- Internal or external character
synchronization

- Transparent or non-transparent
mode

- Transparent mode DLE stuffing
(Tx) and detection (Rx)

- Automatic SYN or DLE-SYN
insertion SYN, DLE and DLE-
SYN stripping

- Odd, even, or no parity

- Local or remote maintenance
loopback mode

- Baud rate: DC to 1Mbps (1X
clock)

December 12, 1986
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o Asynchronous operation
- 5- to 8-bit characters plus
parity
-1, 1%2 or 2 stop bits
transmitted
- Odd, even, or no parity

- Parity, overrun and framing
error detection

- Line break detection and
generation

- False start bit detection

- Automatic serial echo mode
(echoplex)

- Local or remote maintenance
loopback mode

- Baud rate: DC to 1Mbps
(1X clock)
DC to 62.5kbps (16X clock)
DC to 15.625kbps
(64X clock)
o Internal or external baud rate
clock

® 3 baud rate sets
® 16 internal rates for each set

® Double-buffered transmitter and
receiver

© Dynamic character length
switching

® Full- or half-duplex operation

e TTL compatible inputs and
outputs

e RxC and TxC pins are short-
circuit protected

e Single +5V power supply
o No system clock required

APPLICATIONS
o Intelligent terminals

o Network processors

o Front-end processors

o Remote data concentrators
e Computer-to-computer links
e Serial peripherals

e BISYNC adaptors

2-70

PIN CONFIGURATIONS

02 [T} 7] o1
03 [Z] 27) po
Rx0 [3] 2] vee
GND [4] [25) RxC/BKDET
o4 [} 23] OTR
o5 [&] [23] ATS
s [7] [22] BSR
o7 2] oip [21] RESET
TXCIXSYNC [3] [20] BRCLK
a1 [i0 [79) Tx0
CE [} 18] TXEMT/DSCHG
Ao [iz] [17] &7s
Aw [i3] [76] 5T
RXRDY [14 [15] TXRDY
TOP VIEW
26-PIN
CD00471S]|
INDEX
CORNER . ' 2%
5 o b 25
PLCC
" b 19
12 8
TOP VIEW
'CD0028PS
NOTE:
Pin Functions the same as 28-pin DIP.

853-1070 86883
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ORDERING INFORMATION

Vec=+5V £5%
PACKAGES Commercial Automotive Military
0°C to +70°C | -40°C to +85°C | -55°C to +125°C
Ceramic DIP SCN2661AC1128 SCN2661AA1128 SCN2661AM1128
28-Pin SCN2661BC1128 | SCN2661BA1128 | SCN2661BM1128
0.6" Wide SCN2661CC1128 SCN2661CA1128 | SCN2661CM1128
Plastic DIP SCN2661ACT1N28
28-Pin SCN2661BC1N28 | Contact Factory Not Available
0.6" Wide SCN2661CC1N28
SCN2661AC1A28
Plastic LCC SCN2661BC1A28 | Contact Factory Not Available
SCN2661CC1A28

NOTES:
1. See Table 1 for baud rates. Specify SCN2661A, B, or C depending on baud rate selected.
2. The SCN68661 is identical to the SCN2661. Order using part numbers above.

BLOCK DIAGRAM
<—j——> SNE/DLE CONTROL
SYN 1 REGISTER

DATA BU!
Do-D: DATA BUS
BUFFER
—_—
—_—
—_—
—_—
————pO)

T SYN 2 REGISTER
DLE REGISTER
NTROL
AESET OPERATION CO <r‘:
Ao 1 | wODE REGISTER 1
A —_
1 MODE REGISTER 2 TRANSMITTER | TRoY* +

COMMAND REGISTER

CE ISTER T DATA
STATuSRee HOLDING REGISTER
TRANSMIT <0
SHIFT REGISTER —
BROLK ] l—
BAUD RATE ‘ ?
TxCISYNC | nenmnoa
D —
CGLOCK CONTROL RECEIVER b > RxADV* +
RxC/BKDEY .|
—
RECEIVE DATA
sER + HOLDING REGISTER
—9 RECEIVE RxD’
-———————
[ 1] — SHIFT REGISTER
oS —_—0 MODEM
ATS CONTROL :ll
-}
Rt o ]
TxENT/* T
BD00441S
NOTES:
* Open-drain output pin.
+ 28-pin only.
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BLOCK DIAGRAM

The EPCI consists of six major sections: the
transmitter; receiver; timing; operation con-
trol; modem control, and SYN/DLE control.
These sections communicate with each other
via an internal data bus and an internal
control bus. The internal data bus interfaces
to the microprocessor data bus via a data bus
buffer.

Operation Control

This functional block stores configuration and
operation commands from the CPU and gen-
erates appropriate signals to various internal
sections to control the overall device opera-
tion. It contains read and write circuits to
permit communications with the microproces-
sor via the data bus and contains mode
registers 1 and 2, the command register, and
the status register. Details of register ad-
dressing and protocol are presented in the
EPCI programming section of this data sheet.

Timing

The EPCI contains a baud rate generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 commonly
used baud rates, any one of which can be
selected for full-duplex operation (See
Table 1).

Receiver

The receiver accepts serial data on the RxD
pin, converts this serial input to parallel for-
mat, checks for bits or characters that are
unique to the communication technique and
sends an "assembled" character to the CPU.

Transmitter

The transmitter accepts parallel data from the
CPU, converts it to a serial bit stream, inserts
the appropriate characters or bits (based on
the communication technique) and outputs a
composite serial stream of data on the TxD
output pin.

Modem Control

The modem control section provides interfac-
ing for three input signals and three output
signals used for ''handshaking'' and status
indication between the CPU and a modem.

SYN/DLE Control

This section contains control circuitry and
three 8-bit registers storing the SYN1, SYN2,
and DLE characters provided by the CPU.
These registers are used in the synchronous
mode of operation to provide the characters
required for synchronization, idle fill and data
transparency.
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Table 1. Baud Rate Generator Characteristics
SCN2661A (BRCLK = 4.9152MHz)

ACTUAL
MR23-20 | BAUD RATE | FREQUENCY P:::g:T DIVISOR
16X CLOCK
0000 50 0.8kHz = 6144
0001 75 12 4096
0010 110 17508 Z0.01 2793
0011 1345 2,152 2284
0100 150 24 — 2048
0101 200 3.2 - 1536
0110 300 48 — 1024
0111 600 96 - 512
1000 1050 16,8329 0.196 202
1001 1200 1.2 = 256
1010 1800 28.7438 Z0.19 171
1011 2000 31.9168 ~0.26 154
1100 2400 38.4 - 128
1101 4800 768 - 64
1110 9600 153.6 - 32
111 19200 307.2 - 16
SCN2661B (BRCLK = 4.9152MHz)
ACTUAL
MR23-20 | BAUD RATE | FREQUENCY PE::S:T DIVISOR
16X CLOCK
0000 455 0.7279KkHz 0.005 6752
0001 50 08 - 6144
0010 75 12 — 4006
0011 110 175908 Z0.01 2793
0100 1345 2152 _ 2284
0101 150 24 - 2048
0110 300 48 - 1024
0111 600 0.6 — 512
1000 1200 192 — 256
1001/ 1800 28.7438 ~0.19 171
1010 2000 31.9168 ~0.26 154
1011 2400 38.4 — 128
1100 4800 768 - 64
1101 9600 153.6 — 32
1110 19200 307.2 — 16
111 38400 614.4 — 8
SCN2661C (BRCLK = 5.0688MHz)
ACTUAL
MR23-20 | BAUD RATE | FREQUENCY P:::g:T DIVISOR
16X CLOCK
0000 50 0.8kHz = 6336
0001 75 12 — 4224
0010 110 176 — 2880
0011 1345 21523 0.016 2355
0100 150 24 - 2112
0101 300 48 - 1056
0110 600 9.6 - 528
0111 1200 192 — 264
1000 1800 288 — 176
1001 2000 32,081 0.253 158
1010 2400 38.4 = 132
1011 3600 576 — 88
1100 4800 768 — 66
1101 7200 1152 — 44
1110 9600 153.6 - 33
111 19200 316.8 3.125 16
NOTE:

16X clock is used in asynchronous mode. In synchronous mode, clock muitiplier is 1X and BRG

can be used only for TxC.
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OPERATION

The functional operation of the SCN2661 is
programmed by a set of control words sup-
plied by the CPU. These control words speci-
fy items such as synchronous or asynchro-
nous mode, baud rate, number of bits per
character, etc. The programming procedure is
described in the EPCI programming section of
the data shest.

After programming, the EPCI is ready to
perform the desired communications func-
tions. The receiver performs serial to parallel
conversion of data received from a modem or
equivalent device. The transmitter converts
parallel data received from the CPU to a
serial bit stream. These actions are accom-
plished within the framework specified by the
control words.

Receiver

The SCN2661 is conditioned to receive data
when the DCD input is low and the RXEN bit
in the command register is true. In the asyn-
chronous mode, the receiver looks for a high-
to-low (mark to space) transition of the start
bit on the RxD input line. If a transition is
detected, the state of the RxD line is sampled
again after a delay of one-half of a bit time. If
RxD is now high, the search for a valid start
bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver contin-
ues to sample the input line at one bit time
intervals until the proper number of data bits,
the parity bit, and one stop bit have been
assembled. The data are then transferred to
the receive data holding register, the RxRDY
bit in the status register is set, and the
RxRDY output is asserted. If the character
length is less than 8 bits, the high order
unused bits in the holding register are set to
zero. The parity error, framing error, and
overrun error status bits are strobed into the
status register on the positive going edge of
RXC corresponding to the received character
boundary. If the stop bit is- present, the
receiver will immediately begin its search for
the next start bit. if the stop bit is absent
(framing error), the receiver will interpret a
space as a start bit if it persists into the next
bit time interval. If a break condition is de-
tected (RxD is low for the entire character as
well as -the stop bit), only one character
consisting of all zeros (with the FE status bit
SR5 set) will be transferred to the holding
register. The RxD input must return to a high
condition before a search for the next start bit
begins.

Pin 25 can be programmed to be a break
detect output by appropriate setting of
MR27 - MR24. If so, a detected break will
cause that pin to go high. When RxD returns
to mark for one RxC time, pin 25 will go low.
Refer to the Break Detection Timing Diagram.
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Table 2. CPU-Related Signals

FUNCTION

INPUT/
PIN NAME PIN NO. OUTPUT
RESET 21 |
A0, A1 12, 10 |
R/IW 13 |
CE 11 |
DO - D7 27, 28, 170

1,2 5-8

TXRDY 15 l¢]
RxRDY 14 o]
TXEMT/ 18 0
DSCHG

'the transmitter has completed serialization of

A high on this input performs a master reset
on the 2661. This signal asynchronously
terminates any device activity and clears the
mode, command and status registers. The
device assumes the idle state and remains
there until intialized with the appropriate
control words.

Address lines used to select internal EPCI
registers.

Read command when low, write command
when high.

Chip enable command. When low, indicates
that control and data lines to the EPCI are
valid and that the operation specified by the
R/W, A1 and A0 inputs should be performed.
When high, places the DO — D7 lines in the 3-
State condition.

8-bit, 3-State data bus used to transfer com-
mands, data and status between EPCI and
the CPU. DO is the least significant bit, D7 the
most significant bit.

This output is the complement of status
register bit SRO. When low, it indicates that
the transmit data holding register (THR) is
ready to accept a data character from the
CPU. It goes high when the data character is
loaded. This output is valid only when the
transmitter is enabled. It is an open drain
output which can be used as an interrupt to
the CPU.

This output is the complement of status
register bit SR1. When low, it indicates that
the receive data holding register (RHR) has a
character ready for input to the CPU. It goes
high ‘'when the RHRis read by the CPU, and
also when the receiver is disabled. It is an
open drain output which can be used as an
interrupt to the CPU. :

This output-is the complement of status
register bit SR2. When low, it indicates that

the last characier loaded by the CPU, or that
a change of state of the DSR or DCD inputs
has occurred. This output goes high when
the status register is read by the CPU, if the
TXEMT condition does not exist. Otherwise,
the THR must be loaded by the CPU for this
line to go high. It is an open drain- output
which can be used as an interrupt-to the

When the EPCI is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a 0 to 1 transition of RXEN (CR2). in
this mode, as data are shifted into the receiv-
er shift register a bit at a time, the contents of
the register are compared to the contents of
the SYN1 register. If the two are not equal,
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CPU. See Status Register (SR2) for details.

the next bit is shifted in and the comparison is
repeated. When the two registers match, the
hunt mode is terminated and character as-
sembly mode begins. if single SYN operation
is programmed, the SYN DETECT status bit is
set. If double SYN operation is programmed,
the first character assembled after SYN1
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must be SYN2 in order for the SYN DETECT
bit to be set. Otherwise, the EPCI returns to
the hunt mode (Note that the sequence
SYN1-SYN1-SYN2 will not achieve syn-
chronization). When synchronization has
been achieved, the EPCI continues to assem-
ble characters and transfer them to the hold-
ing register, setting the RxRDY status bit and
asserting the RxRDY output each time a
character is transferred. The PE and OE
status bits are set as appropriate. Further
receipt of the appropriate SYN sequence sets
the SYN DETECT status bit. If the SYN
stripping mode is commanded, SYN charac-
ters are not transferred to the holding regis-
ter. Note that the SYN characters used to
establish initial synchronization are not trans-
ferred to the holding register in any case.

External jam synchronization can be achieved
via pin 9 by appropriate setting of MR27 -
MR24. When pin 9 is an XSYNC input, the
internal SYN1, SYN1-SYN2, and DLE-
SYN1 detection is disabled. Each positive
going signal on XSYNC will cause the receiv-
er to establish synchronization on the rising
edge of the next RxC pulse. Character as-
sembly will start with the RxD input at this
edge. XSYNC may be lowered on the next
rising edge of RxC. This external synchroniza-
tion will cause the SYN DETECT status bit to
be set until the status register is read. Refer
to XSYNC timing diagram.

Transmitter

The EPCI is conditioned to transmit data
when the TTS input is low and the TXEN
command register bit is set. The SCN2661
indicates to the CPU that it can accept a
character for transmission by setting the
TxRDY status bit and asserting the TXRDY
output. When the CPU writes a character into
the transmit data holding register, these con-
ditions are negated. Data are transferred from
the holding register to the transmit shift regis-
ter when it is idle or has completed transmis-
sion”of the previous character. The TxRDY
conditions are then asserted again. Thus, one
full character time of buffering is provided.

In the asynchronous mode, the transmitter
automatically sends a start bit followed by the
programmed number of data bits, the least
significant bit being sent first. It then appends
an optional odd or even parity bit and the
programmed number of stop bits. If, following
transmission of the data bits, a new character
is not available in the transmit holding regis-
ter, the TxD output remains in the marking
(high) condition and the TXEMT/DSCHG out-
put and its corresponding status bit are as-
serted. Transmission resumes when the CPU
loads a new character into the holding regis-
ter. The transmitter can be forced to output a
continuous low (BREAK) condition by setting
the send break command bit (CR3) high.
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Table 3. Device Related Signals

PIN NAME

PIN NO.

INPUT/
OUTPUT

FUNCTION

BRCLK

RxC/BKDET

TxC/XSYNC

RxD

TxD

20

25

19

22

16

17

24

23

1/0

1/0

Clock input to the internal baud rate
generator (see Table 1). Not required if
external receiver and transmitter clocks are
used.

Receiver clock. If external receiver clock is
programmed, this input controls the rate at
which the character is to be received. Its
frequency is 1X, 16X or 64X the baud
rate, as programmed by mode register 1.
Data are sampled on the rising edge of the
clock. If internal receiver clock is

programmed, this pin can be a 1X /16X
clock or a break detect output pin.

Transmitter clock. If external transmitter
clock is programmed, this input controls the
rate at which the character is transmitted. Its
frequency is 1X, 16X or 64X the baud
rate, as programmed by mode register 1. The
transmitted data changes on the falling edge
of the clock. If internal transmitter clock is
programmed, this pin can be a 1X /16X
clock output or an external jam
synchronization input.

Serial data input to the receiver. '"Mark" is
high, "space'’ is low.

Serial data output from the transmitter.
""Mark" is high, "'space" is low. Held in mark
condition when the transmitter is disabled.

General purpose input which can be used for
data set ready or ring indicator condition. Its
complement appears as status register bit
SR7. Causes a low output on TXEMT/
DSCHG when its state changes if CR2 or
CRO = 1.

Data carrier detect input. Must be low in
order for the receiver to operate. Its
complement. appears as status register bit
SR6. Causes a low output on TXEMT/
DSCHG when its state changes if CR2 or
CRO = 1. If DCD goes high while recsiving,
the RxC is internally inhibited.

Clear to send input. Must be low in order for
the transmitter to operate. If it goes high
during transmission, the character in the
transmit shift register will be transmitted
before termination.

General purpose output which is the
complement of command register bit CR1.
Normally used to indicate data terminal
ready.

General purpose output which is the
complement of command register bit CR5.
Normally used to indicate request to send.
See Command Register (CR5) for details.
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Table 4. SCN2661 Register Addressing

In the synchronous mode, when the
SCN2661 is initially conditioned to transmit,
the TxD output remains high and the TxRDY
condition is asserted until the first character
to be transmitted (usually a SYN character) is
loaded by the CPU. Subsequent to this, a
continuous stream of characters is trans-
mitted. No extra bits (other than parity, if
commanded) are generated by the EPCI
unless the CPU fails to send a new character
fo the EPCI by the time the transmitter has
d sending the previous character.

See AC characteristics

CE Aq Ay | /W FUNCTION

1 X X X 3-State data bus

0 0 0 0 Read receive holding register

0 0 0 1 Write transmit holding register

0 0 1 0 Read status register

0 0 1 1 Write SYN1/SYN2/DLE registers

0 1 0 0 Read mode register /2

0 1 0 1 Write mode register %2

0 1 1 0 Read command register

0 1 1 1 Write command register compl
NOTE: y

section for timing requirements.

INITIAL RESET

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

SYNCHRONOUS?

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

MODE?

———

DISABLE
RCVR AND XMTR

PF00440S

Figure 1. SCN2661 Initialization Flowchart
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Since synchronous communication does not
allow gaps between characters, the EPCI
asserts TXEMT and automatically "fills" the
gap by transmitting SYN1s, SYN1-SYN2
doublets, or DLE - SYN1 doublets, depend-
ing on the state of MR16 and MR17. Normal
transmission of the g when a
new character is available in the transmit data
holding register. If thé send DLE bit in the
command register is true, the DLE character
is automatically transmitted prior to transmis-
sion of the message character in the THR.

EPCI PROGRAMMING

Prior to initiating data communications, the
SCN2661 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addition,
if synchronous operation is programmed, the
appropriate SYN/DLE registers must be load-
ed. The EPCI can be reconfigured at any time
during program execution. A flowchart of the
initialization process appears in Figure 1.

The internal registers of the EPCI are ac-
cessed by applying specific signals to the CE,
R/W, A1 and AO inputs. The conditions
necessary to address each register are
shown in Table 4.

The SYN1, SYN2, and DLE registers are
accessed by performing write operations with
the conditions A1 =0, A0 =1, and R/W =1.
The first operation loads the SYN1 register.
The next loads the SYN2 register, and the
third loads the DLE register. Reading or
loading the mode registers is done in a similar
manner. The first write (or read) operation
addresses mode register 1, and a subsequent
operation addresses mode register 2. If more
than the required number of accesses are
made, the internal sequencer recycles to
point at the first register. The pointers are
reset to SYN1 register and mode register 1 by
a RESET input or by performing a read
command register operation, but are unaf-
fected by any other read or write operation.

The SCN2661 register formats are summa-
rized in Tables 5, 6, 7 and 8. Mode registers 1
and 2 define the general operational charac-
teristics of the EPCI, while the command
register controls the operation within this
basic framework. The EPCI indicates its sta-
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tus in the status register. These registers are
cleared when a RESET ‘input is applied.

Mode Register 1. (MR1)

Table 5 illustrates mode register 1. Bits MR11
and -MR10 select the communication format
and baud rate. multiplier, 00 specifies syn-
chronous mode and 1 X multiplier, 1X 16X,
and 64X multipliers are programmable for
asynchronous format. However, the muliplier
n asynchrohous format applies only if the
external clock input option is selected by
MR24 or MR25.

MR13 and MR12 select a character iength of
5, 6,7 or. 8 bits. The character length does

fot include the parity bit, if programmed, and .
does not include the ‘start and stop bits .in

asyrichronous mode.

MR14 controls panty generation. If enabled, a
parity bit'is added to the transmitted charac-
ter and the receiver performs a parity check
on incoming data. MR15 selects odd or even
parity .when parity is énabled by MR14.

Table 5. Mode Register 1 (MR1)

in asynchronous mode, MR17 and MR16
select character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5
stop. bits defaults to 1 stop bits on transmit.)
In synchronous mode, MR17 controls the
number of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if
MR17 =1, and SYN1-SYN2 is used when
MR17 = 0.- If the transparent mode is speci-
fied by MR16, DLE ~ SYN1 is.used for char-
acter fill and SYN detect, but the normal
synchronization sequence is used to esiab-
lish character sync. When transmitting, a DLE
character in the transmit holding register will
cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the soft-
ware DLE compare and stuff on each trans-
parent mode data character. If the send DLE
command (CR3) is active when a DLE is
loaded into THR, only one additional DLE will
be transmitted. Also, DLE stripping and DLE
detect (with MR14 = 0) are enabled.

The bits in the mode register affecting char-
acter assembly and disassembly (MR12-
MR16) can be changed dynamically (during
active receive/transmit operation). The char-
acter mode register affects both the transmit-
ter and receiver; therefore in synchronous
mode, changes should be made only in half-
duplex mode (RXEN = 1 or TxEN = 1, but not
both simultaneously.=1). in asynchronous
mode, character changes should be made
when RxEN and TxEN = 0 or when TXEN = 1
and the transmitter is marking in half-duplex
mode (RXEN = 0).

To effect assembly/disassembly of the next
received/transmitted - character, MR12-15
must be changed within n bit times of the
active going state of RXRDY/TxRDY. Trans-
parent ‘and non-transparent mode changes
(MR16) must occur within n~ 1 bit times of
the character to be affected when the receiv-
er or transmitter is active. (n = smaller of the

- new and old character lengths.)

MR17 MR16 ‘MR15 MR14 MR13 - 'MR12 MR11 MR10
: Sync/Async Parity Type | Parity Control Character Length Mode and Baud Rate Factor
Async: Stop bit length
= Invalid . 0= 0dd 0 = Disabled 00.= 5 bits 00 = Syrichronous 1X rate

01 =1 stop bit 1= Even 1 = Enabled 01=6 bits 01 = Asynchronous 1X rate
10 = 1Y2 stop bits - 10 =7 bits 10 = Asynchronous 16X rate
11.=2 stop bits 11 =8 bits 11 = Asynchronous 64X rate
Sync: Sync-

Number of Transparency

SYN char control

0 = Double SYN {0 =Norrmal

1=Single SYN . |1 = Transparent
NOTE‘

Baud rate. factor in asynchronous applies only if external clock is selected. Factor is 16X -if internal clock is selected. Mode must be selected (MR11,

MR10) in any case.

Tabqu 6. Mode Register 2 (MR2)

1. Whén Pin 9'is programmed as XSYNC input, SYN1, SYN1 = SYN2 and DLE SYN1 detection is disabled.

E = External clock

| = Internal - clock (BRG)
1X and 16X are clock outputs.
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MR27 - MR24 MR23 - MR20
TXC  RxC  Pin9 Pin25 TXC RxC  Pin9 Pin25  Mode Baud Rate

. . Selection
0000 E E TxC RxC 1000 E E XSYNC'! RxC/TxC  sync
0001 E 1 TxC 1X 1001 E 1 TxC  BKDET ' async
0010 3 E 1% RXC 1010 | E XSYNC'  RxC sync
0011 I I 1X 1X 1011 I i 1% BKDET  async Seé¢ baud rates in’
0100 E E TXC RXC 1100 E E XSYNC! RxC/TxC  sync Table 1
0101 E I TXC 16X 1101 E | TxC .. BKDET = async
0110 1 E 16X RxC 1110 | E XSYNC! ~ RxC sync
0111 I b 18X 16X 1111 | 1 16X BKDET ' async

" NOTES: :
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Table 7. Command Register (CR)

CR7 CRé CRS CR4 CR3 CR2 CR1 CRO
Receive Data Transmit
Operating Mode .?:qs"::; ::::: :z":: Control Terminal Control
Y (RXEN) Ready (TXEN)
00 = Normal operation 0 =Force RTS 0 =Normal Async:
01 = Async: output high 1= Reset Force break
Automatic one clock time error flags 0 = Normal 0 =Disable [0=Force DTR |0 = Disable
echo mode after TxSR in status register |1 = Force break |1 = Enable output high |1 =Enable
Sync: SYN and/or serialization (FE, OE, PE/DLE 1 =Force DTR
DLE stripping mode 1 =Force RTS detect.) output low
10 = Local loopback output low Sync Not applica-
11 = Remote loopback Send DLE ble in
0 = Normal
1 = SendDLE
Table 8. Status Register (SR)
SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
Data Set Data Carrier FE/SYN PE/DLE TxEMT
Ready Detect Detect Overrun Detect DSCHG RxRDY TxRDY
0=DSR input | 0 =DCD input | Async: 0 = Normal Async:
is high is high 0 = Normal 1=0Overrun |0 = Normal 0 = Normal 0 = Receive 0 = Transmit
1=DSR input | 1 =DCD input {1 = Framing error 1= Parity error |1 =Change in holding holding
is low is low error DSR or register register
DCD, or empty busy
Sync: Sync: transmit shift | 1 = Receive 1 = Transmit
0 = Normal 0 = Normal register is holding holding
1=S8YN 1 = Parity error empty register register
detected or DLE has data empty
received

Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23,
MR22, MR21 and MR20 control the frequen-
cy of the internal baud rate generator (BRG).
Sixteen rates are selectable for each EPCI
version (-1, -2, -3). Versions 1 and 2 specify
a 4.9152MHz TTL input at BRCLK (pin 20);
version 3 specifies a 5.0688MHz input which
is identical to the Signetics 2651. MR23 - 20
are don't cares if external clocks are selected
(MR25 - MR24 = 0). The individual rates are
given in Table 1.

MR24 — MR27 select the receive and transmit
clock source (either the BRG or an external
input) and the function at Pins 9 and 25. Refer
to Table 6.

Command Register (CR)

Table 7 illustrates the command register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. A O-to-1 transition of CR2 forces start
bit search (async mode) or hunt mode (sync
mode) on the second RxC rising edge. Dis-
abling the receiver causes RxRDY to go high
(inactive). If the transmitter is disabled, it will
complete the transmission of the character in
the transmit shift register (if any) prior to
terminating operation. The TxD output will
then remain in the marking state (high) while
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TxRDY and TXEMT will go high (inactive). If
the receiver is disabled, it will terminate
operation immediately. Any character being
assembled will be neglected. A 0 to 1 transi-
tion of CR2 will initiate start bit $earch (async)
or hunt mode (sync).

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data at the outputs
are the logical complement of the register
data.

In asynchronous mode, setting CR3 will force
and hold the TxD output low (spacing condi-
tion) at the end of the current transmitted
character. Normal operation resumes when
CR3 is cleared. The TxD line will go high for
at least one bit time before beginning trans-
mission of the next character in the transmit
data holding register. In synchronous mode,
setting CR3 causes the transmission of the
DLE register contents prior to sending the
character in the transmit data holding regis-
ter. Since this is a one time command, CR3
does not have to be reset by software. CR3
should be set when entering and exiting
transparent mode and for all DLE - non-DLE
character sequences.

Setting CR4 causes the error flags in the
status register (SR3, SR4, and SR5) to be
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cleared. This is a one time command. There
is no internal latch for this bit.

When CR5 (RTS) is set, the RTS pin is forced
low. A 1-to-0 transition of CR5 will cause RTS
to go high (inactive) one TxC time after the
last serial bit has been transmitted. If a 1-to-0
transition of CR5 occurs while data is being
transmitted, RTS will remain low (active) until
both the THR and the transmit shift register
are empty and then go high (inactive) one
TxC time later.

The EPCI can operate in one of four sub-
modes within each major mode (synchronous
or asynchronous). The operational sub-mode
is determined by CR7 and CR6. CR7 -
CR6 = 00 is the normal mode, with the trans-
mitter and receiver operating independently in
accordance with the mode and status register
instructions.

In asynchronous mode, CR7 -CR6 = 01
places the EPCI in the automatic echo mode.
Clocked, regenerated received data are auto-
matically directed to the TxD line while nor-
mal receiver operation continues. The receiv-
er must be enabled (CR2 = 1), but the trans-
mitter need not be enabled. CPU to receiver
communications continues normally, but the
CPU to transmitter link is disabled. Only the
first character of a break condition is echoed.

ol
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Table 9. SCN2661 EPCI vs SCN2651 PCI

DLE - SYN1
3. Reset of SR3,
DLE detect
or CR4=1
4. Send DLE-CR3 [One time command

5. DLE stuffing in
transparent mode

FEATURE EPCI PCI

1. MR2 Bit 6, 7 Control pins 9, 25 Not used

2. DLE detect— SR3 =0 for DLE-DLE, SR3 =1 for DLE-DLE,
SR3

Second character after
DLE, or receiver disable,

Automatic DLE stuffing when
DLE is loaded except if

DLE - SYN1
Receiver disable, or CR4 = 1

Reset via CR3 on next
TxRDY
None

CR3=1
6. SYN1 stripping All SYN1 First SYN1 of pair
in double sync
non-transparent
mode
7. Baud rate Three One
versions
8. Terminate ASYNC |Reset CR5 in response to Reset CRO when TXEMT
transmission TXEMT changing from 1 to 0 |goes from 1 to 0. Then reset
(drop RTS) CR5 when TXEMT goes from
1t00
9. Break detect Pin 25' FE and null character
10. Stop bit searched [One Two
11. External jam sync |Pin 92 No
12. Data bus timing Improved over 2651 —
13. Data bus drivers |Sink 2.2mA Sink 1.6mA
Source 400pA Source 100pA
NOTES:

1. Internal BRG used for RxC.
2. Internal BRG used for TxC.

The TxD output will go high until the next valid
start is detected. The following conditions are
true while in automatic echo mode:

1. Data assembled by the receiver are auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. TxRDY output=1.

4. The TXEMT/DSCHG pin will reflect only
the data set change condition.

5. The TxEN command (CRO) is ignored.

In synchronous mode, CR7 -CR6 =01

places the EPCI in the automatic SYN/DLE

stripping mode. The exact action taken de-
pends on the setting of bits MR17 and MR16:

1. In the non-transparent, single SYN mode
(MR17 -MR16 = 10), characters in the
data stream matching SYN1 are not
transferred to the receive data holding
register (RHR).

2. In the non-transparent, double SYN
mode (MR17 - MR16 = 00), characters in
the data stream matching SYN1, or
SYN2 if immediately preceded by SYN1,
are not transferred to the RHR.
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3. In transparent mode (MR16 = 1), charac-
ters in the data stream matching DLE, or
SYN1 if immediately preceded by DLE,
are not transferred to the RHR. However,
only the first DLE of a DLE-DLE pair is
stripped.

Note that automatic stripping mode does not
affect the setting of the DLE detect and SYN
detect status bits (SR3 and SR5).

Two diagnostic sub-modes can also be con-

figured. In local loopback mode (CR7 -

CR6 = 10), the following loops are connected

internally:

1. The transmitter output is connected to
the receiver input.

2. DTR is connected to DCD and RTS is
connected to CTS.

3. The receiver is clocked by the transmit
clock.

4. The DTR, RTS and TxD outputs are held
high.

5. The CTS, DCD, DSR and RxD inputs are
ignored.

Additional requirements to operate in the
local loopback mode are that CRO (TxEN),
CR1 (DTR), and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the EPCI.
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The second diagnostic mode is the remote
loopback mode (CR7-CR6=11). In this
mode:

1. Data assembled by the receiver are auto-
matically placed in the transmit holding
register and retransmitted by the trans-
mitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. No data are sent to the local CPU, but the
error status conditions (PE, FE) are set.

4. The RxRDY, TxRDY, and TxEMT/
DSCHG outputs are held high.

5. CRO (TxEN) is ignored.
6. All other signals operate normally.

Status Register

The data contained in the status register (as
shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO is the transmitter ready (TxRDY) status
bit. It, and its corresponding output, are valid
only when the transmitter is enabled. If equal
to 0, it indicates that the transmit data holding
register has been loaded by the CPU and the
data has not been transferred to the transmit
shift register. If set equal to 1, it indicates that
the holding register is ready to accept data
from the CPU. This bit is initially set when the
transmitter is enabled by CRO, unless a
character has previously been loaded into the
holding register. It is not set when the auto-
matic echo or remote loopback modes are
programmed. When this bit is set, the TXRDY
output pin is low. In the automatic echo and
remote loopback modes, the output is held
high.

SR1, the receiver ready (RxRDY) status bit,
indicates the condition of the receive data
holding register. If set, it indicates that a
character has been loaded into the holding
register from the receive shift register and is
ready to be read by the CPU. If equal to zero,
there is no new character in the holding
register. This bit is cleared when the CPU
reads the receive data holding register or
when the receiver is disabled by CR2. When
set, the RxRDY output is low.

The TxEMT/DSCHG bit, SR2, when set,
indicates either a change of state of the DSR
or DCD inputs (when CR2 or CRO = 1) or that
the transmit shift register has completed
transmission of a character and no new
character has been loaded into the transmit
data holding register. Note that in synchro-
nous mode this bit will be set even though the
appropriate "fill'" character is transmitted.
TXEMT will not go active until at least one
character has been transmitted. It is cleared
by loading the transmit data holding register.
The DSCHG condition is enabled when
TxEN = 1 or RXEN = 1. It is cleared when the
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status register is read by the CPU. If the
status register is read twice and SR2 =1
while SR6 and SR7 remain unchanged, then
a TxEMT condition exists. When SR2 is set,
the TXEMT/DSCHG output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a charac-
ter matching DLE register was received and
the present character is neither SYN1 nor
DLE. This bit is cleared when the next charac-
ter following the above sequence is loaded
into RHR, when the receiver is disabled, or by
a reset error command, CR4.

ABSOLUTE MAXIMUM RATINGS'

The overrun error status bit, SR4, indicates
that the previous character loaded into the
receive holding register was not read by the
CPU at the time a new received character
was transferred into it. This bit is cleared
when the receiver is disabled or by the reset
error command, CR4.

In asynchronous mode, bit SR5 signifies that
the received character was not framed by a
stop bit; i.e., only the first stop bit is checked.
If RHR = 0 when SR5 = 1, a break condition
is present. In synchronous nontransparent
mode (MR16 = 0), it indicates receipt of the
SYN1 character in single SYN mode or the
SYN1 - SYN2 pair in double SYN mode. In

SYMBOL PARAMETER RATING UNIT

Ta Operating ambient temperature? Note 4 °C

Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground® -0.5 to +6.0 \

DC ELECTRICAL CHARACTERISTICS* 5 6

synchronous transparent mode (MR16 = 1),
this bit is set upon detection of the initial
synchronizing characters (SYN1 or SYN1 -
SYN2) and, after synchronization has been
achieved, when a DLE -SYN1 pair is re-
ceived. The bit is reset when the receiver is
disabled, when the reset error command is
given in asynchronous mode, or when the
status register is read by the CPU in the
synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs, respectively. A low
input sets its corresponding status bit, and a
high input clears it.

LIMITS

SYMBOL PARAMETER TEST CONDITIONS UNIT

Min I Typ | Max
Input voltage
ViL Low 0.8 v
V|H High 2
Output voltage
VoL Low loL = 2.2mA 0.4 v
Vou? High loH = -400uA 24
i Input leakage current Vin=0 to 55V 10 MA
3-State output leakage current
ILn Data bus high Vo =4V 10 WA
Ie Data bus low Vo =0.45V 10
lcc Power supply current 150 mA

CAPACITANCE T, =25°C, Vg =0V
LIMITS

SYMBOL PARAMETER TEST CONDITIONS UNIT

Min [ Typ I Max
Capacitance
Cin Input 20
Cout Output fc = 1MHz 20 pF
Ciio Input/Output Unmeasured pins tied to ground 20
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AC ELECTRICAL CHARACTERISTICS* 5 &

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typ ‘ Max
Pulse width
tReS Reset 1000 ns
tce Chip enable 250
Setup and hold time
tas Address setup 10
tAH Address hold 10
tcs R/W control setup 10
toH R/W control hold 10 ns
tos Data setup for write 150
toH Data hold for write 10
tRxs RX data setup 300
tRXH RX data hold 350
top Data delay time for read Cp = 150pF 200
tor Data bus floating time for read CL = 150pF 100 ns
tcep CE to CE delay 600 )
Input clock frequency
fBRG Baud rate generator (2661A, B) ‘ 1 4.9152 | 4.9202
feRG Baud rate generator (2661C) 1 5.0688 | 5.0738 | MHz
trr'© TXC or RxC DC 1
Clock width
tarn® Baud rate high (2661A, B) 75
teRH’ Baud rate high (2661C) 70
tgaL® Baud rate low (2661A, B) 75 ns
[ Baud rate low (2661C) 70
tR/TH E or RxC high 480
trmL° TXC or RxC low . 480
trxp TxD delay from falling edge of TxC CL = 150pF 650
tres Skew between TxD changing and falling Cp = 150pF (] ns
edge of TxC output® .

NOTES:
. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation
of the device at these or at any other condition above those indicated in the operation section of this specification is not implied.

2. For operating at el d p , the device must be derated based on +150°C i junction temperatt

3. This product includes circuitry specifically designed for the protection of its internal devices from the ing effects of ive static charge. Nonetheless, it
is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for licabl P range and op
supply range.

5. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tary and tgr|) and at 0.8V and 2V for outputs.
Input levels swing betw een 0.4V and 2.4V, with a transition time of 20ns maximum.

Typical values are at +20°C, typical supply ges and typical p g p

INTR, TXRDY, RXRDY and TXEMT/DSCHG outputs are open drain.

Parameter applies when internal transmitter clock is used.

Under test conditions of 5.0688MHz fgrg (2661C) and 4.9152MHz fgrg (2661A,B), tgry and tggr. measured at Viy and Vi, respectively.

In asynchronous local loopback mode, using 1X clock, the following parameters apply: fr/t = 0.83MHz max and tr/TL = 700ns min.

SoePNO®

-
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TIMING DIAGRAMS

—TBRH |~ tBRL —*|

*— tRTH— | tRITL —
Reser —7 IL BRCLK, 1 \ 4 \
-~ thes — TAC, AXG e N/

1itgra
gy

WF021508

Reset Clock

1BIT TIME
(1, 16, OR 84 CLOCK PERIODS) ;|

-ea-\_

P
N e e o o e e e e e o - I RXS tRXH
trxp |=— —= trx0 —
RXC (1X)
. ~— trcs WF021708
TxC .
(OUTPUT)

TxC
(INPUT)

'WF022408
Transmit Receive
N 7 -
L3 tceD
rt——————————
Ao Ay
X ) S
tas -— tap—| I—
L e A ——————— ~
Aw
- avad e e o ——
tcs aa tech—= I~—
. °3'°7 —————m
M‘TE)———- b - e - ————
~—tps—| I~ ton
Dg-Dy BUS 8US
*READ) _rLoATING m DATA VALID FLOATING
~—top toF

WF02190S

Read and Write
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TIMING DIAGRAMS (Continued)

TXC (1%)
( 1,2,8,4,5,1,2,3,4,5,1,2,3,4,5,1,2,3,4,5,1,2,3,4,5,
™0 | oatar | oataz | oatas | swwi | oaras |
T
| | [ | |
a8 men 1 1 | ] |
] [ [ | |
g | | | | |
2 ( Txmov | L\ | | F I :
. -
« |
2 '— T
a TxEMT i ) ) — e — _____:l
CEFO
o 1¢ &
OFTHR patA1 DATAZ - DATA3 DATA4
<—D~AL‘,21L4sacAULzaAsIBCAH,z 3,4,5,B Ce—D—»A 1,2,
T*D I I DATA1 ] [ I DATA 2 J I I DATA3 | l I I DATA 4 S
| | | | |
w
3 TXEN l 1 | | | |
H [ 1 I : I
“g’ | | | | |
Z ( TxRDY | |
e IT——J\ —l:\- L
x
Q
b [— )
H \ ’ )
<
CE FOR:
wmqy N 4 L
OF ma
DATA 2 DATA 3 DATA 4
N 'WF02530S
NOTES:
A = Start bit
B = Stop bit 1
C = Stop bit 2
D = TxD marking condition
TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.
TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode})
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TIMING DIAGRAMS (Continued)

e ] | L
S

XSYNC e J

tes = XSYNC SETUP TIME = 300ns
th = XSYNC HOLD TIME = ONE RxC

1 G &R ED ED ED ED §
L

V

CHARACTER ASSEMBLY

WF025405.

External Synchronization With XSYNC

Rx CHARACTER = 5 BITS, NO PARITY

RxC +16 OR 64 I |

LOOK FOR ST:ART BIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION)

RxD —_I [— FALSé START BIT CHECK MADE (RxD LOW)
1
]

STOP BIT f
*
DETECTED SET FE BIT 1st DATA BIT MISSING STOP BIT DETECTED, SET FE BIT.
SAMPLED ™ 0 — RHR, ACTIVATE RxRDY. SET BKDET PIN
RxD INPUT —+=RxSR UNTIL A MARK TO SPACE
TRANSITION OCCURS.

S

WF025508

NOTE:
* If the stop bit is present, the start bit search will commence immediately.

Break Detection Timing
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TIMING DIAGRAMS (Continued)

AxC
L 1123345913 2)334;5,1,2,3,4,5,1,2,;3,4y5, 1,233,453 1,213,435, |
RxD [ SYN1 [ DATA 1, DATA2 DATA3 DATA4 ] DATAS l
w T
8 - IGNORED
Z | RxEN [
123
>
e SYNDET
© | sTATUS BIT (
T
o
g P o]
% | RxRDY \ \\
CE S 7 S| ‘5 [
CEFOR
A | Ly’ Ly Ly = L
READ READ READ RHR READ RHR READ RHR READ RHR
STATUS STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
<> A142,31415184C Ay1,2,3,;4)5,8)Cj—)0y=— Ay 1,2;3,4)5;8)C Ay1,2;3)
|
RxD 1 [ oaras J 1| DATA2 ! { DATA3 | | oatas
. |
o | Rxen l
H
123
4 ]
2 / ”xroY
z L
« B
% | OVERRUN : ;
z |sTatus BIT
£
3 < ./
s 17 17
READ -
READ RHR READ RHR
(DATA 1) (DATA 3)
'WF02560S
NOTES:
A = Start bit
B = Stop bit 1
C = Stop bit 2
D = TxD marking condition
Only one stop bit is detected.
RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])
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TYPICAL APPLICATIONS

ADDRESSBUS - ]
CONTROL BUS ]
DATA BUS ] ]
r=——=—-= q
RxD

<  @avomnL :

| CONVERT
TxD p——| (OPT) —
SCN2661 [, 1 /

BAUD RATE CLOCK CRT
BRCLK OSCILLATOR TERMINAL
AF00910S

Asynchronous Interface to CRT Terminal

ADDRESS BUS {
LI CONTROL BUS \
( DATA BUS \
AxD
™
— PHONE
OsR ASYNC LINE
DTR o—1 MODEM INTERFACE
scNzesr  CTS O+
ATS fo——

560 foe—r

BRCLK BAUD RATE CLOCK I
OSCILLATOR
TELEPHONE
LINE

AF00920S

Asynchronous Interface to Telephone Lines
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SCN2661/SCN68661

TYPICAL APPLICATIONS (Continued)

\ ADDRESS BUS

il

CONTROL BUS

DATA BUS

1]
UL

|

TxD

—_ SYNCHRONOUS
RxC TERMINAL OR

SCN2661 —_— PERIPHERAL
TxC DEVICE

AF00930S

Synchronous Interface to Terminal or Peripheral Device

( ADDRESS BUS

|

CONTROL BUS

DATA BUS

1T
U0

TxD

RxC

TxC

SYNC

scNzgs1  DOD[O+—]  MOOEM
CTs o
RTS Oo—>1
DSRjo~——o
oTRjo———

PHONE
LINE
INTERFACE
TELEPHONE
LINE
AF009408.

Synchronous Interface to Telephone Lines
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Microprocessor Products

DESCRIPTION

The Signetics SCN2671 Programmable
Keyboard and Communications Control-
ler (PKCC) is a MOS LSI device which
provides a versatile keyboard encoder
and an independent full-duplex asyn-
chronous communications controller. It
is intended for use in microprocessor
based systems and provides an 8-bit
data bus interface.

The keyboard encoder handles the
scanning, debounce, and encoding of a
keyboard matrix with a maximum of 128
keys. It provides four levels of key en-
coding corresponding to the separate
SHIFT and CONTROL input combina-
tions. Four keyboard rollover modes can
be programmed including provisions for
up to 16 latched keys. Control outputs

are provided for interfacing with contact .

or capacitive keyboards. An 8-bit key-
- board status register provides status
information to the CPU.

The receiver section of the communica-
tions controller accepts serial data from
the RxD pin and converts it to parallel
data characters. Simultaneously, the
transmitter section accepts parallel data
from the data bus and outputs serialized
data onto the TxD pin. Received data is
checked for parity and framing errors,
and break conditions are flagged. Char-
acter lengths can be programmed as 5,
6, 7, or 8 bits not including parity, start or
stop bits. An internal baud rate genera-
tor (BRG) with 16 divider ratios can be
used to derive the receive and/or trans-
mit clocks. The BRG can accept an
external clock or operate directly from a
crystal. An 8-bit communications status
register provides status information to
the CPU.

December 12, 1986

SCN2671

Programmable Keyboard and
Communication Controller

(PKCC)

Product Specification

FEATURES
o Keyboard Interface
- Contact or capacitive keyboard
- Up to 128 keys on an 8 X 16
matrix

- Encoded or unencoded
operation

- Four code levels per key

- Latched key option — separate
depress and release codes

- Programmable scan rate and
debounce time

- Programmable rollover modes

- Programmable auto-repeat for
selected keys

- Tone output — two frequencies

e Asynchronous communication
interface

- Internal baud rate generator —
16 rates

- Full duplex operation

- Detection of start and end of
break

- Programmable break generation

- Programmable character
parameters

- Auto-echo and maintenance
loopback modes
o Polled or interrupt operation
® Interrupt priority controller and
vector generator

o Operates directly from crystal or
external clocks

o TTL compatible
o Single +5V power supply

APPLICATIONS

o CRT terminals

e Hard copy terminals

o Word processing systems
e Data entry terminals

o Small business computers
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PIN CONFIGURATIONS

TOP VIEW

CDO0171S
=
p 29
TOP VIEW

CD0044PS.

Pin  Function Pin  Function

1 NC 23 XINTR

2 HYS 24 INTR

3 KDRES 25 D4

4 KOLK 26 D5

5 KC3 27 D6

6  KC2 28 D7

7 KC1 29 INTA

8  KCo 30 WR

9  KR2 31 RD

10 KR1 32 CTE

11 KRO 33 A0

12 NC 34 NC

13 REPEAT 35 A1

14 I 36 A2

15 Iy 37 TxC

16 TONE 38 RxC

17 KRET 39 XTAL1

18 DO 40 XTAL2/BRCLK

19 D1 41 TxD

20 D2 42 RxD

21 D3 43 NC

22 Vgs 44 Vo

853-1071 86883
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Programmable Keyboard and

Communication Controller (PKCC) SCN2671

ORDERING INFORMATION

PACKAGES Vec=+5V £5%, To=0°C to +70°C
Ceramic DIP SCN2671AC1140
Plastic DIP SCN2671AC1N40
Plastic LCC SCN2671AC1A44
DATA e
0B0-DB7 C:) BUS BUFFER KEYBOARD ENCODER EPEA
———————————
[ Ko
t MODE & TIMING |————— XDRES
CONTROL
HYS
_ OPERATION CONTROL
Frj—
_ CMR
WR
- K R E— T
CE ———= KEYBOARD
SR N v SCANNER & KRET
KSR ENCODER/ *
A0-A2 DECODER
v
COMMANI ] KRO-KR2
l of 0 DECODER >
4x128x8 SHIFT
READ-ONLY I
MEMORY CONTROL
XINTR ——————> INTERUPT CONTROL ——
— VECTOR GENERATOR N
INTA ——————=4
INTR - KEYBOARD
IMR v DATA
REGISTER
Voo —— KEY HOLDING
GND —— REGISTER
TONE
TIMING GENERATOR TONE
BAUD RATE
GENERATOR
™
AXC -] BAUD RATE
CONTROL
REGISTER TRANSMITTER
N TRANSMIT
— HOLDING REGISTER
TRANSMIT
I — SHIFT REGISTER %0
XTAL1/BRCLK .
XTAL2
f— RECEIVER
LN
INTERRUPTS RECEIVE
TIMING HOLDING REGISTER
ECEIVE
CONTROLS SHIFT REGISTER RxD
B8D00120S
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Programmable Keyboard and
Communication Controller (PKCC) SCN2671

PIN DESCRIPTION

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP PLCC

DO-D7 16-19,| 18-21, | I/0 | Data Bus: 8-bit 3-State bidirectional data bus. All data, command and status transfers are

23-26| 25-28 made using this bus. DO is the least significant bit; D7 is the most significant bit.

A0 -A2 31-33 | 33, 35, | Address Lines: Used to select internal PKCC registers or commands.

36

RD 29 31 | Read Strobe: When low, gates the selected PKCC register onto the data bus if CE is also
low.

WR 28 30 | Write Strobe: When low, gates the contents of the data bus into the selected PKCC register
if CE is also low.

CE 30 32 1 Chip Enable: When high, places the DO - D7 output drivers in a 3-State condition. If CEis
low, data transfers are enabled in conjunction with the RD and WR inputs.

INTR 22 24 (o] Interrupt Request: Several conditions may be programmed to request an interrupt to the
CPU. It is an active low open-drain output. This pin will be inactive after power on reset or a
master reset command.

INTA 27 29 I Interrupt Acknowledge: Used to indicate that an interrupt request has been accepted by
the CPU. When INTA goes low, the PKCC outputs an 8-bit address vector on DO - D7
corresponding to the highest priority interrupt currently active.

XINT 21 23 | External Interrupt: An active low external interrupt input to the PKCC interrupt priority
resolver.

TxC 34 37 1/0 Transmitter Clock: The function of this pin depends on bit 7 of the baud rate control register
(BRR?). If external transmitter clock is selected (BRR7 = 0), it is an input for the transmitter
clock. If internal transmitter clock is selected (BRR7 = 1), this pin is an output which is a
multiple of the actual baud rate (1<, 16X ) as selected by BRR5. The data is transmitted on
the falling edge of TxC. It is an input after power on and after master reset or

- | communications reset commands.

RxC 35 38 1/0 | Receiver Clock: The function of this pin depends on BRR6. If external receiver clock is
selected (BRR6 = 0), it is an input for the receiver clock. If internal receiver clock is selected
(BRR6 = 1), this pin is an output which is a multiple of the actual baud rate (1X, 16X ) as
selected by BRR4. The received data is sampled on the rising edge of RxC. It is an input
after power on and after master reset or communications reset commands.

TxD 38 41 (o] Transmitter Data: This output is the transmitted serial data; the least significant bit is
transmitted first. This pin is high after power on reset or a reset command that affects the
transmitter.

RxD 39 42 I Receiver Data: This input is the serial data input to the receiver. The least significant bit is
received first.

XTAL1, 36, 37 39, 40 | Connections for Crystal: Provides an on-chip clock generator for the internal baud rate

XTAL2/BRCLK generator and the keyboard interface logic. If an external clock is provided, use XTAL2 as
the clock input. See Figures 20 and 21. All timing parameters such as keyboard scan time,
tone frequency, and baud rate assume a clock input at the specified BRG input frequency. If
this frequency is different the timing parameters will vary proportionately.

KRO -~ KR2 10-8 11-9 (o] Keyboard Row Scan: Decoded externally; selects one of eight rows.

KCO0-KC3 7-4 8- o Keyboard Column Scan: Decoded externally; selects one of 16 columns.

KRET 15 17 | Key Return: An active high-level indicates that the key being scanned is closed.

SHIFT 12 14 1| SHIFT Key: Active low input from the SHIFT key. The combination of SHIFT and CONTROI
inputs select one of four possible codes from the internal key encoding ROM.

CONTROL 13 15 | CONTROL Key: Active low input from the CONTROL key. The combination of SHIFT and
CONTROL inputs select one of four possible codes from the internal key encoding ROM.

REPEA 11 13 | REPEAT Key: Active low input from the REPEAT key. Causes the key depression currently
active to be repeated at a rate of approximately 15 times per second.

KCLK 3 4 (0] Keyboard Clock: High frequency (approximately 400kHz) output used to scan capacitive
keyboards.

KDRES 2 3 (o] Key Detect Reset: Resets the analog detector before scanning a key. Used for capacitive
keyboards.

HYS 1 2 (0] Hysteresis Output: Sent to the analog detector for capacitive keyboard applications. A low
indicates the key currently being scanned has been recognized on previous scan cycles.

TONE 14 16 (o] Square Wave Output: Used for tone generation.

Vee 40 44 | Power Supply: +5V.

Vss 20 22 I Ground.
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Programmable Keyboard and
Communication Controller (PKCC)

SCN2671

The PKCC has an interrupt mask register to
selectively enable certain keyboard and com-
munications status bits to generate interrupts.
Priority encoded interrupt vectoring is avail-
able. Upon receipt of an interrupt acknowl-
edge, an interrupt vector will be output on
DO - D7 reflecting the source of the interrupt.
The interrupt source can also be read from an
interrupt status register.

FUNCTIONAL DESCRIPTION

The PKCC consists of six major sections (see
block diagram). These are the transmitter,
receiver, timing, operation control, keyboard
encoder, and a priority encoded interrupt
control unit. These sections communicate
with each other via an internal data bus and
an internal control bus. The internal data bus
interfaces to the microprocessor data bus via
a bidirectional data bus buffer.

Operation Control

This functional block stores configuration and
operation commands from the CPU and gen-
erates appropriate signals to various internal
sections to control the overall device opera-
tion. It contains read and write circuits to
permit communications with the microproces-
sor via the data bus and contains mode
registers KMR and CMR, the command de-
coder, and status registers KSR and CSR.
Details of operating modes and status infor-
mation are presented in the Operation sec-
tion of this data sheet. The register address-
ing is specified in Table 1.

Timing .

The PKCC contains a baud rate generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 baud rates,
any of which can be selected for full duplex
operation. The external clock to the baud rate
generator can be applied directly to the
XTAL2 input (see Figure 21) or can be
generated internally by connecting a crystal
across the XTAL1, XTAL2 input pins. The
clock input is also utilized by the keyboard
encoder section. Thus, a clock must be
provided even if external transmitter and
receiver clocks are used.

Receiver

The receiver accepts serial data on the RxD
pin, converts this serial input to parallel for-
mat, checks for break conditions, framing and
parity errors, and loads an 'assembled"
character in the receive holding register for
access by the CPU.

Transmitter

The transmitter accepts parallel data loaded
by the CPU into the transmit holding register
and converts it to a serial bit stream framed
by the start bit, calculated parity bit (if speci-
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Table 1. Register Addressing

CE | A2 | A1 | A0 | RD/WR FUNCTION
1 X X X X 3-State data bus
0 0 0 0 WR Reset command (see Table 6)
0 0 0 0 RD Read interrupt status register (ISR)
0 0 0 1 RD, WR |Read/write communications mode. register (CMR)
0 0 1 0 WR Write transmit holding register (TxHR)
0 0 1 0 RD Read receiver holding register (RxHR)
0 0 1 1 WR Write baud rate mode register (BRR)
0 0 1 1 RD Read communications status register (CSR)
0 1 0 0 RD, WR |Read/write interrupt mask register (IMR)
(] 1 0 1 RD, WR |Read/write keyboard mode register (KMR)
0 1 1 0 RD Read keyboard holding register (KHR)
0 1 1 1 RD Read keyboard status register (KSR)
0 1 1 1 WR Miscellaneous commands (see Description)
NOTE:
X = don't care.

fied), and stop bit(s). The composite serial
stream of data is transmitted on the TxD
output pin.

Keyboard Encoder

The keyboard encoder provides encoded
scanning signals for a matrix keyboard. Key
depressions are detected on the KRET input.
The debounced and verified key codes (or
matrix addresses) are loaded into the key
holding register for access by the CPU. Fig-
ures 1 and 2 illustrate the PKCC interface to
contact and capacitive keyboards, respec-
tively.

Interrupt Control

The interrupt controller unit contains a soft-
ware-programmable interrupt mask register
which selectively enables status conditions
from the keyboard encoder and communica-
tion controller to generate interrupts. The
interrupts are priority encoded and individual-
ly generate an eight bit vector which is output
on the data bus in response to a CPU
interrupt acknowledge on the INTA input pin.

OPERATION

Keyboard Encoder

The keyboard is continuously scanned by
KCO-KC3 and KRO-KR2 which are de-
coded externally to handle 128 possible keys

(see Figures 1 and 2). KCO - KC3 select one

of 16 columns and KRO - KR2 multiplex the
eight row return lines into the KRET pin.
Debouncing is accomplished by remembering
a 1 state at the KRET pin when a key is being
addressed and verifying it one scan later.
Once the key is verified, a key code is loaded
into the keyboard data register (KDR). If the
keyboard holding register (KHR) is empty, the
contents of the KDR will be transferred to the
KHR immediately; if the KHR is full (i.e., the
CPU has not read the previous key cods), the
transfer will be held off until the KHR is read.
The data transfer to the KHR causes key-
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board data ready (KRDY) to be set in the
keyboard status register.

For capacitive keyboards, the high frequency
output KCLK can be used to gate the column
scan to the keyboard (see Figure 2). The key
detector reset (KDRES) output resets the
analog detector prior to scanning each key
location. The output from the analog multi-
plexer is sensed and then latched in the
analog detector. The HYS output controls the
sense level. A 0 will lower the sense level
causing hysteresis, and a 1 will raise the
sense level with no hysteresis.

The REPEAT input enables the keyboard
logic to recognize any key repeatedly, 15
times per second. Additionally, certain keys
can be programmed to repeat automatically if
depressed, for more than one-half second.

A square wave is output on the TONE pin
when the CPU issues a ring tone command to
the PKCC.

Keyboard Mode Register
Operating modes are selected by program-
ming the keyboard mode register (KMR), see
Figure 3. Bit KMR7 is used for testing the
device. For normal operation, this bit should
always be written to a 0. Bits KMR6 - KMR5
select the rollover modes for keyboard pro-
cessing:

N-key Rollover: In this mode, the code
corresponding to each key depression is
loaded into the KDR as soon as that key is
debounced, independent of the release of
other keys. Two or more closures occurring
within one scan cycle are considered to be
simultaneous, which will set keyboard error in
the keyboard status register (KSR1). As soon
as the keyboard holding register is empty, the
code in the KDR is transferred to the KHR
and the KRDY status bit is set (KSRO).

N-Key Rollover With Latched Keys: This
mode is the same as regular N-key rollover,
except that the keys which are assigned to
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KRET
|
KR2-KRO — ::)I DIGITAL MULTIPLEXER ]
8 ROWS
PKCC
e F——J10F 16 16
KCa-kcol Dscoozl COLUMNS \
I
CONTACT
KEYBOARD
MATRIX
'AF00280S
Figure 1. Contact Keyboard Interface
ANALOG
DETECTOR
KRET
Wvs
KDRES
N
KR2-KRO T)I ANALOG MULTIPLEXER I
PKCC 8 ROWS
KCLK
10F 16
pEcoDE | 16 COLUMNS
Ke3-kco [ jj)
CAPACITIVE
KEYBOARD
MATRIX
Figure 2. Capacitive Keyboard Interface
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row 0 of the keyboard matrix (KR2 - KRO =
000) produce a code both when depressed
and when released. The codes are indepen-
dent of the states of the inputs at SHIFT and
CTONTROL. If one or more of the latched keys
are depressed when the keyboard is enabled
(after a keyboard reset), the corresponding
codes will be sent out as the keys are
scanned and debounced. Note that simulta-
neous latched keys will not set KERR (KSR1)
and that latched keys will not be auto-repeat
and will not be affected by the REPEAT input.

Two-Key Rollover: The first key code is
loaded into the KDR immediately and the
second code is loaded only after the first key
is released. Simultaneous keys will set KERR
(KSR1), if three or more keys remain closed
at any given time, the KERR bit will also be
set. All keys must then be released before the
next KRET will be processed.

Two-Key Inhibit: All keys must be released
between keystrokes; otherwise, KERR
(KSR1) will be set.

Bit KMR4 specifies the key encoding mode.
Each key is assigned four 8-bit codes, corre-
sponding to the states of the SHIFT and
CONTROL inputs. If the encoded mode is
programmed, the row/column address of the
detected key is used to load one of the four
key codes into the KDR. See Table 2 for key
code assignments. If the non-encoded mode
is programmed, the row/column address is
loaded directly into the KDR with the follow-
ing format:

L7 5]4!3 2 | l
éxmxno

KC3, KC2, KC1, KCO

“0” for y keys

“1" for latched keys release

“0" for latched keys depress
AAF00300S

Ino|
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Table 2. Standard Key Codes (HEX)

COLUMN ROW (KR2 - KR0)
(Kes-Kco) 0 1 2 3 4 5 6 7
EO co 1B ESC 09 HT 1F us 1A SuB 30 0 28 +
0 FO | DO 1B ESC 09 HT 1F us 1A suB 30 0 3B B
EO Cco 1B ESC 09 * HT 1F us 5A z 30 ) 2B +
FO DO 1B ESC 09 * HT 1F us 7A z 30 0 3B ;
E1 c1 21 ! 1 DC1 o1 SOH 18 CAN 3D = 2A .
1 F1 D1 31 1 11 DC1 01 SOH 18 CAN 2D - 3A
E1 c1 21 ! 51 Q 41 A 58 X 3 * = 2A *
F1 D1 31 7 q 61 a 78 X 20 * - 3A :
E2 G2 22 " 17 ETB 13 DC3 03 ETX 1E RS iF us
2 F2 D2 32 2 17 ETB 13 DC3 03 ETX 1E RS 1F us
E2 c2 22 " 57 w 53 s 43 Cc 7E ~ 7F * DEL
F2 D2 32 2 77 w 73 s 63 c 5E T 5F * —
E3 c3 23 # 05 ENQ 04 EOT 16 SYN 1C FS 1B ESC
3 F3 D3 33 3 05 ENQ 04 EOT 16 SYN 1C FS 1B ESC
E3 Cc3 23 # 45 E 44 D 56 \ 7C B 78 {
- F3 D3 33 3 65 ] 64 d 76 v . |8C \ 58 {
E4 C4 24 $ 12 DC2 06 ACK 02 STX 08 8BS 10 GS
4 F4 D4 34 4 12 DC2 06 ACK 02 STX 08 BS 1D GS
E4 C4 24 $ 52 R 46 F 42 B 08 * BS 7D }
F4 D4 34 4 72 r 66 f 62 b 08 * BS 5D ]
E5 C5 25 % 14 DC4 07 BEL OE SO 10 DLE 08 BS
5 F§ D5 35 5 14 DC4 07 BEL OE SO 10 DLE 08 BS
E5 Cc5 25 % 54 T 47 G 4E N 50 P 08 BS
F5 D5 35 5 74 t 67 g 6E n 70 P 08 * BS
E6 Ccé 26 & 19 EM 08 oD CR 00 NUL 09 HT
6 F6 D6 36 6 19 EM 08 BS oD CR 00 NUL 09 HT
E6 C6 26 & 59 Y 48 H 4D M 60 ‘ 09 * HT
Fé Dé 36 6 79 y 68 h 6D m 40 @ 09 * HT
E7 c7 27 ’ 15 NAK 0A LF 3C < 7F DEL 20 sP
7 F7 D7 37 7 15 NAK 0A LF 2C f 7F DEL 20 SP.
E7 [e74 27 ’ 55 V) 4A J 3C < 7F DEL 20 * SP
F7 D7 37 7 75 u 6A i 2C , 7F DEL 20 * SP
E8 ) 28 ( 09 HT 0B vT 3E > 0A LF 0B vT
8 F8 D8 38 8 09 HT 0B vT 2E 0A LF 08 vT
E8 cs8 28 ( 49 | 4B K 3E > 0A LF 0B * VT
F8 D8 38 8 69 i 6B k 2E . 0A LF - [oB * VT
E9 co 29 ) OF Si [[e] FF 3F ? oD CR 0A LF
9 F9 D9 39 9 OF St ocC FF 2F / 0D CR 0A LF
E9 c9 29 ) 4F [e) 4C L 3F ? oD CR OA * LF
F9 D9 39 9 6F -] 6C | 2F / 0D CR 0A * LF
EA CA 37 7 34 4 31 1 30 0 A0 A6
A FA DA 37 7 34 4 31 1 30 0o BO B6
EA CA 37 7 34 4 31 1 30 0 A0 A6
FA DA 37 7 34 4 31 1 30 0 BO B6
EB cB 38 8 35 5 32 2 2E Al A7
B FB DB 38 8 35 5 32 2 2E B1 B7
EB CB 38 8 35 5 32 2 2E Al A7
FB DB 38 8 35 5 32 2 2E B1 B7
EC cC 39 9 36 6 33 3 BF A2 A8
c FC DC 39 9 36 8 33 3 AF B2 B8
EC CcC 39 9 36 6 33 3 9oF A2 A8
FC DC 39 9 38 6 33 3 8F B2 B8
ED CcD 90 93 82 95 A3 A9
D FD DD 90 93 82 95 B3 B9
ED CcD 90 93 82 * 95 A3 * A9
FD DD 920 93 82 * 95 B3 * B9 *
EE CE 91 80 84 81 Ad AA
E FE DE 91 80 84 81 B4 BA
EE CE 91 80 * 84 81 * A4 AA "
FE DE 91 80 * 84 81 * B4 * BA *
EF CF 92 94 83 96 A5 AB
E FF DF 92 94 83 96 B5 BB
EF CF 92 94 83 * 96 A5 * AB *
FF DF 92 94 83 * 96 B5 * BB *
TONTROL —-t: XX YYy SHIFT (Pin 12 = 0)
This row contains the (Pin 13 = 0) ’;i . ;;: l Latched key cods for rele
< Latcl ey code for release
tatched keys when that XX . YYY |« Latched key code for depress
mode is selected
(KMR6, KMR5 = 00) —ﬁ} w
Key codes in hex ASCIi equivalent (if any)
M Auto-Repeat keys
| TB00320S
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0=ENCODED

0=1 kHz
1=2 kHz

2 1 0
I__
TONE SELECT

MATRIX SCAN

KMR2

KMR1

- =200

128 10ms
128 25ms
80 64 ms
80 16ms

—_“-o =0

1=NON ENCODED

1=ENABLE

Figure 3. Keyboard Mode Register Format

AUTO REPEAT
0=DISABLE

AF003108

Bit KMR3 enables the auto-repeat mode. In
this mode, if a key that is programmed for
auto-repeat is depressed for longer than one-
half second, the key code will be loaded into
the KDR approximately 15 times per second
until that key is released. Only the non-control
key codes will auto-repeat, i.e. CONTROL
= 1. Table 2 specifies the auto-repeat keys.

KMR2 and KMR1 select the key matrix size
and debounce time (scan rate). The keyboard
row outputs (KR2, KR1, KRO) always scan
from 0 to 7. The column outputs (KC3, KC2,
KC1, KCO) scan from 0 to 15 for a 128 key
matrix and from O to 9 for an 80 key matrix.

KMRO selects between a 1kHz and 2kHz
frequency to be output on the TONE pin in
response to a ring tone command.

Keyboard Status Register

The keyboard status register (KSR) provides
operational feedback to the CPU. Its format is
illustrated in Figure 4.

KSR7, 6 and 4 reflect the state of the inputs
at the corresponding pins. CONTROL and
SHIFT are latched at the time the key is
accepted. As the verified codes are loaded
into the KDR, the corresponding states of
CONTROL and SHIFT are loaded into the
KSR. REPEAT is updated on every matrix
sample. The status bits are the complements
of the input levels.
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SHIFT LOCK

REPEAT

Figure 4. Keyboard Status Register Format

AF00321S

KSR5 reflects the state of the internal shift
lock flag which is controlled by the set/reset
shift lock commands.

KSR3 indicates that the keyboard controller is
enabled. It is controlied by the set/clear
keyboard enable command.

Keyboard overrun (KSR2) is set when both
the KHR and KDR are full and a third key is
validated. The original content of the KHR is
preserved and the content of the KDR is
overwritten with the new key code. This bit
can be specified (by IMR1) to generate an
interrupt and is cleared by the reset com-
mand with D2 = 1.
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Keyboard error (KSR1) is set when the opera-
tor depresses more keys than are allowed in
the selected rollover mode, or when keys are
depressed simultaneously (within one scan
cycle). This bit can be specified (by IMR3) to
generate an interrupt and is cleared by the
reset command with D1 =1,

Keyboard data ready (KSRO) is set when the
key code or address is transferred from the
KDR to the KHR. This bit can be specified (by
IMR2) to generate an interrupt. It is cleared
when the CPU reads the KHR.
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Communications Controller

The communications controller section of the
PKCC comprises a full duplex asynchronous
receiver/transmitter (UART) with a baud rate
generator. Registers associated with these
elements are the communications mode reg-
ister (CMR), the baud rate control register
(BRR), and the communications status regis-
ter (CSR).

Receiver

The receiver accepts serial data on the RxD
pin, converts the serial input to parallel for-
mat, checks for start bit, stop bit, parity bit (if
any), or break condition, and presents the
assembled character to the CPU. The receiv-
er looks for a high to low (mark to space)
transition of the start bit on the RxD input pin.
If a transition is detected, the state of the RxD
pin is sampled again after a delay of one half
of the bit time. If RxD is then high, the start bit
is invalid and the search for a valid start bit
begins again. If RxD is still low, a valid start bit
is assumed and the receiver continues to
sample the input at one bit time intervals at
the theoretical center of the bit, until the
proper number of data bits and the parity bit
(if any) have been assembled, and one stop
bit has been detected. The least significant
bit is received first. The data is then trans-
ferred to the receive holding register (RxHR)
and the RxRDY bit in the CSR is setto a 1. If
the character length is less than eight bits,
the most significant unused bits in the RxHR
are set to zero.

After the stop bit is detected, the receiver will
immediately look for the next start bit. Howev-
er, if a non-zero character was received
without a stop bit (i.e. framing error) and RxD
remains low for one half of the bit period after
the stop bit was sampled, then the space is
interpreted as a start bit.

The parity error, framing error and overrun
error (if any) are strobed into the CSR at the
received character boundary. If a break con-
dition is detected (RxD is low for the entire
character including the stop bit) only one
character consisting of all zeros will be trans-
ferred to the RxHR and the received break bit
in the CSR is set to 1 (RxRDY is not set when
a break is received). The RxD input must
return to a high condition for one bit time
before a search for the next start bit begins.

Transmitter

The transmitter accepts parallel data from the
CPU and converts it to a serial bit stream on
the TxD output pin. It automatically sends a
start bit followed by the data bits, an optional
parity bit, and the programmed number of
stop bits. The least significant bit is sent first.
Following the transmission of the stop bits, if
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CMR]| 7 6 5 4

3 2 1 0o

Parity
0 = Odd/force 0
1 = Even/force 1

— — —
Operating mode—-‘ L—Character length
00 = Normal 00 =8
01 = Auto echo 01=5
10 = Local loopback 10=6
11 = Remote loopback 1M=7

Figure 5. Communications Mode Register Format

0 = Two stop bits
1 = One stop bit

Parity mode
00 = With parity
01 = Force parity

10 = No parity
11 = Not allowed
AAF00330S

a new character is not available in the trans-
mit holding register (TxHR), the TxD output
remains high and the TXEMT bit in the CSR
will be set to 1. Transmission resumes and
the TXEMT bit is cleared when the CPU loads
a new character into the TxHR. The transmit-
ter can be forced to send a continuous low
condition by a transmit break command.

If the transmitter is disabled, it continues
operating until the character currently being
transmitted is completely sent out.

Communication Mode Register
Figure 5 illustrates the bit format of the CMR,
which controls the operational mode of the
communications controller and the character
parameters.

Bits CMR1 - CMRO select a character length
of 5, 6, 7, or 8 bits. The character length does
not include the parity, start, or stop bits.

CMR2 selects the transmitted character fram-
ing as one or two stop bits. The receiver
always checks for one stop bit.

The parity format is selected by bits CMR4
and CMRB. If parity or force parity is selected,
a parity bit is added to the transmitted charac-
ter and the receiver performs a parity check
on incoming data. CMRS5 selects odd or even
parity and determines the polarity of the parity
bit in the force parity mode.

The bits in the mode register affecting char-
acter assembly and disassembly

(CMRS5 — CMRO) can be changed dynamically
and affect the characters currently being
assembled in RxSR and transmitted by TxSR.
To affect assembly of a received character,
the CMR must be updated within n—1 bit times
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of the receipt of that character's start bit. To
affect a transmitted character, the CMR must
be updated within n-1 bit times of transmitting
that character's start bit. (n = the smaller of
the new and old character lengths).

The UART can operate in one of four modes,
as illustrated in Figure 6. The operating
modes are selected by bits CMR7 and CMR6,
which should only be changed when both the
transmitter and receiver are disabled. CMR7-
CMR6 = 00 is the normal mode, with the
transmitter and receiver operating indepen-
dently. CMR7-CMR6 = 01 places the UART
in the automatic echo mode, which automati-
cally retransmits the received data. The fol-
lowing conditions are true while in automatic
echo mode:

1. Data assembled by the receiver is auto-
matically placed in the transmit holding
register and retransmitted on the TxD
output.

2. The receive clock is used for the trans-
mitter.

3. The receiver must be enabled, but the
transmitter need not be enabled.

4. Status bit TxRDY is not set. TXxEMT
operates normally.

5. The receiver parity is checked, but is not
regenerated for transmission, i.e., trans-
mitted parity bit is as received.

6. Only the first character of a break condi-
tion is echoed; the TxD output will go high
until the next received character is as-
sembled.

7. CPU to receiver communication contin-
ues normally, but the CPU to transmitter
link is disabled.
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TRANSMITTER

NOTES:

(a) Normal operating mode.
(b) Automatic echo mode.
(c) Local loopback mode.
(d) Remote loopback mode.

c:oﬁﬂ?'sa / i ’\\ EXTERNAL
SYSTEM \ / DEVICE
[~ recever jo]
(a)
TRansmiTTer | |
MICRO-
EXTERNAL
cg;a:#r:a \ > DEVICE
RECEIVER 4
'
]
(b)
| _»] TRANSMITTER
cc;‘n:%ﬁ(r)én EXTERNAL
SYSTEM DEVICE
[~ recever
(c)
TRansmITTER ||
ct;ﬂgﬁ?‘zn \ EXTERNAL
SYSTEM / DEVICE
RECEWVER |+
(d)

PFO0170S.

Figure 6. Operating Modes of the 2671 UART
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Two diagnostic modes can also be config-

ured. In local loopback mode (CMR7 -

CMR6 = 10):

1. The transmitter output is internally con-
nected to the receiver input.

2. The transmit clock is used for the
receiver.

3. The TxD output is held high.
. The RxD input is ignored.
5. The transmitter must be enabled, but the
receiver need not be enabled.
6. CPU to transmitter and receiver commu-
nications continue normally.

The second diagnostic mode is the remote
loopback mode (CMR7 - CMR6 = 11). In this
mode:

1. Data assembled by the receiver is auto-
matically placed in the transmit holding
register and retransmitted on the TxD
output.

2. The receive clock is used for the trans-
mitter.

3. No data is sent to the local CPU, but the
error status conditions (parity and fram-
ing) are set if required.

4. The received parity is checked, but is not
regenerated for transmission, i.e., trans-
mitted parity bit is as received.

5. The receiver must be enabled, but the
transmitter need not be enabled.

Baud Rate Control Register

The baud rate control register (BRR) controls
the frequency generated by the baud rate
generator (BRG) and the clock source used
by the receiver and transmitter. its format is
illustrated in Figure 7.

BRR3 - BRRO select one of sixteen frequen-
cies to be generated by the BRG. See Table
3.

BRR7 and BRR6 select the source of the
transmit and receive clocks. If external clocks
are chosen, (BRR7 =0 or BRR6 = 0), then
the clock rate factor is determined by BRR5
and BRR4. The external clock input(s) should
be the desired baud rate multiplied by the
clock rate factor.

If internal clock(s) are specified, (BRR7 = 1 or
BRR6 = 1), the clock is supplied by the inter-
nal baud rate generator at the selected baud
rate. The clock rate factor for internally gener-
ated clocks is always 16. Pins 35 and 34
become outputs for transmit or receive
clocks, respectively. See Table 4 for the
description and selection of these outputs.
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BRR 7 6 5 4 3 2 1 o

N e/ N e’

Tx Clock source l————— Baud rate select—See Table 3

0 = External
1 = Internal (BRG)
Rx Clock source Clock rate factor for external
0 = External clocks
1 = Internal (BRG) 00 = 16x
01 = 32x
10 = 64%

11 = 1x
For internal clacks these
bits specify the output
frequency on pin 34 and
pin 35. See Table 4.

AF00341S
Figure 7. Baud Rate Control Register Format
Table 3. Baud Rate Generator Characteristics (BRCLK = 4.9152MHz)
ACTUAL
BRR3-0 ppnd FREQUENCY eieull DIVISOR
16X CLOCK
0000 50 08 kHz - 6144
0001 110 1.7598 -0.01 2793
0010 1345 2,152 - 2284
0011 150 24 - 2048
0100 200 3.2 - 1536
0101 300 48 - 1024
0110 600 9.6 - 512
o111 1050 16.8329 +0.20 292
1000 1200 19.2 - 256
1001 1800 28.7438 -0.20 171
1010 2000 31.9168 -0.26 154
1011 2400 384 - 128
1100 4800 76.8 - ' 64
1101 9600 153.6 - 32
1110 19200 307.2 - 16
1111 38400 - 614.4 - 8
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Table 4. Baud Rate Control Register

CLOCK SOURCE PIN FUNCTIONS
BRR7 - BRR3 - BRRO
BRR4 >C RxC PIN PIN BAUD RATE SELECTION
34 35
00** E E TxC RxC The baud rates are
o1** E I TxC 11X listed in Table 3.
10** | E 16X RxC
1100 | | 1X 1X
1101 | | 1X 16X
1110 | | 16X 1X
111 | | 16X 16X
NOTES:
1. ** =Clock rate factor for external clocks: 00 = 16X
01 =32X
10=64X
1M1=1X

2. E=External clock.
3. I = Internal clock (BRG).

4. 1X and 16X are clock outputs at 1 or 16 times the actual baud rate. For receive, the 1X output is the actual data sample clock.
5. BRR7 -BRR6 =01 or 10 not permitted in automatic echo or remote loopback modes uniess BRR5 - BRR4 = 00.

Communications Status Register
Figure 8 illustrates the bit format of the
communications status register (CSR), which
provides UART status to the CPU.

Receiver ready (CSRO0) indicates that a re-
ceived character is assembled and trans-
ferred to the RxHR and is ready to be read by
the CPU. This bit can be specified (by IMRO)
to generate an interrupt and is reset by
reading the RxHR.

Transmitter ready (CSR1) indicates that the
TxHR is empty and ready to be loaded with a
character. This bit will be cleared when the
TxHR is loaded and has not yet transferred
the character to the transmit shift register
(TxSR). TxRDY is reset when the transmitter
is disabled. It will be set when the transmitter
is enabled, provided that no data was loaded
into the TxHR during the time the transmitter
was disabled. This bit can be specified (by
IMR?) to generate an interrupt.

Transmitter empty (CSR2) indicates that the
transmitter has underrun, i.e., both the TxHR
and TxSR are empty. This bit can only be set
after transmission of at least one character,
and is cleared when the TxHR is loaded by
the CPU. TXEMT is reset when the transmitter
is disabled. This bit can be specified (by
IMR6) to generate an interrupt.

CSR3 will be set when the PKCC receives a
command to transmit a break. This bit will be
cleared after the break is completed.

Received break (CSR4) indicates that an all
zero character of the programmed length has
been received without a stop bit. Breaks
originating in the middle of a received charac-
ter can be detected. This bit is cleared when
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CSR 7 6 5 4

3 2 1 o]

Parity efror—J

Framing error

Overrun error

l— RxRDY

TxRDY

TxEMT

Received break

Figure 8. Communications Status Register Format

Transmit break
AF00350S

RxD returns to a high state for at least one bit
time.

Receiver overrun (CSR5) indicates that the
previous character in the RxHR has not been
read by the CPU and that a new character
has been loaded into the RxHR. This bit is
cleared by a reset command with D3 = 1.

Framing error (CSR6) indicates that the stop
bit has not been detected. The stop bit check
is made in the middle of the first stop bit
position. This bit is cleared by a reset com-
mand with D3 =1.

Parity error (CSR7) indicates that a character
was received with incorrect parity when ‘with
parity' or 'force parity' is enabled. This bit is
cleared by a reset command with D3 = 1.

“Interrupt Controller

The SCN2671 contains a maskable interrupt
status register (ISR) which can be enabled to
generate an active low interrupt request on
the INTR output. The eight interrupt condi-
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tions in the ISR are individually enabled by
writing a 1 into the corresponding bit of the
interrupt mask register (IMR).

Each of the interrupt conditions is assigned a
priority and a vector. When an enabled ISR
bit is set, the SCN2671 asserts the INTR
output. If the CPU activates the INTA input,
the SCN2671 responds by placing the corre-
sponding 8-bit vector on the data bus
(D7 - DO). If multiple interrupts are pending,
the vector corresponds to the condition with
the highest priority. The interrupt will persist
until all pending interrupt conditions are
cleared.

The ISR can also be polled by reading at
address A2 — A0 = 000. All pending interrupt
conditions which are enabled by the IMR will
be read independent of priority.

The bit assignments of the ISR and IMR and
corresponding vectors and priorities are listed
in Table 5.
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Table 5. Interrupt Mask Register (IMR) and Interrupt Status Register (ISR)

VECTOR ON D7 - DO

IhBl'I;r/IISNH g'gﬁg::}l’g; PRIORITY CONDITION RESET BY:

BINARY HEX

IMRO/ISRO RxRDY 1 11001111 CF Read RxHR
IMR1/ISR1 KOVR 2 11010111 D7 Reset CMD (D2 = 1)
IMR2/ISR2 KRDY 3 11011111 DF Read KHR
IMR3/ISR3 KERR 4 11100111 £7 Reset CMD (D1 = 1)
IMRA4/ISR4 XINT' 5 11101111 EF | External
IMR5/ISR5 ABREAK? 6 11110111 F7 Reset CMD (D4 = 1)
IMR6/ISR6 TXEMT 7 11000111 c7 Load TxHR
IMR7/ISR7 TxRDY 8 11000111 o7 Load TxHR

NOTES:

1. XINT is an input from an external interrupt source, active low (pin 21).
2. ABREAK refers to the change of a received break condition.

6 5 . 4 3 2 1 0

010=SET RxE

011=RESET RxE

100=SET TxE

101=RESET TxE

110=SET TxE AND RxE
111=COMMUNICATIONS RESET

BREAK DETECT CHANGE

00X=NO EFFECT ——————-———J

I_‘ KEYBOARD RESET

KERR RESET

KOVR RESET

COMMUNICATIONS ERROR

RESET

Figure 9. Reset Command Format

RESET
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COMMANDS

In addition to the control exercised by pro-
gramming of the PKCC control registers,
several functions can be performed by exe-
cuting command operations. There are two
classes of commands which are initiated by
writing to the SCN2671 at address
A2 - A0 = 000 (reset command) and address
A2-A0 =111 (miscellaneous commands).
Individual commands are specified by the bit
pattern on the data bus (D7 - DO).

Reset Commands

The reset command bit format is illustrated in
Figure 9 and the detail command descriptions
are given in Table 6.
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A reset command with D7 - DO = 111XXXX1
is a master reset for the SCN2671. This
command must be given following a power on
condition to release the internal power on
reset latch which deactivates the SCN2671
on power-up.

Miscellaneous Commands
The miscellaneous command format is illus-
trated in Figure 10.

The transmit break commands force a break
(steady low output) on the TxD pin immedi-
ately or after the character in the TxSR (if
any) is transmitted. A timed break lasts for
approximately 200ms, and a character break
lasts for one character time including parity
and stop bit time. In either case, TxRDY
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(CSR1) will be set at the beginning of the
break which can be extended indefinitely (by
200ms or one character time increments) by
reasserting the command in response to
TxRDY. Note that these commands reset
TxRDY. When a transmit break command is
asserted, CSR3 will be set. The bit will be
cleared after the break is completed.

The ring tone commands cause the tone
generator to output a square wave on the
TONE output. The tone durations are speci-
fied by the commands:

Ring tone short =25ms

Ring tone long = 100ms

The tone frequency is either 1kHz or 2kHz, as
specified by KMRO.
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Table 6. Reset Command Description

COMMAND RESETS COMMENTS
Keyboard reset KMR7 - KMRO The keyboard controller is reset, ignoring the
KSR5, KSR3 - KSRO input at KRET.
IMR3 - IMR1
KERR reset KSR1 Keyboard error status bit reset.
KOVR reset KSR2 Keyboard overrun status bit reset.
Communications error reset CSR7 - CSR5 Resets the receiver overrun, parity, and framing
error status- bits.
Break detect change reset ISR5 Resets the break detect change bit in the
interrupt status register.
Set RxE See note Enables receiver operation.
Reset RxE CSR7 - CSR4, CSRoO Disables the receiver.
See note
Set TxE See note Enables transmitter operation.
Reset TxE CSR3-CSR1 Disables the transmitter. Sets the TxD output to
See note a 1 after transmitting the character in TxSR.

Communications reset

CMR, CSR, BRR,

TxE, RxE, IMR7 - IMR5, IMRO

Resets the communication controller. The RxD
input is ignored and the TxD output is set
to a 1.

Master reset .

CMR, CSR, BRR,
TxE, RxE, KMR,
KSR5, KSR3 - KSRO,
IMR7 - IMRO

Releases the internally latched

power on reset.

Resets the keyboard and communication control-
lers. Inputs at KRET ana RxD are ignored and
the TxD output is set to a 1.

NOTE:
Command does not affect the CMR or the BRR.

7 6 5 4

0

Clear keyboard enable

Set keyboard enable

Clear shift lock

|

l— Transmit character break
Transmit timed break

Ring tone short

Set shift lock

Ring tone long
AF00370S

Figure 10. Miscell:

Format

The set/clear shift lock commands control
the state of the internal shift lock flip-flop.
When shift lock is set, the keyboard controller
encodes all key depressions as if the SHIFT
input was asserted. The state of the shift lock
flip-flop is reflected in KSR5.

The set keyboard enable command enables
the keyboard controller and sets KSR3 in the
keyboard status register. The clear keyboard
enable command resets KSR3 and disables
key processing at the KRET input. The key-
board controller is not reset by this command,
and the current state of the keyboard (key
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depressions and latched key states) is pre-
served internally. When the keyboard is sub-
sequently enabled, key processing resumes,
old and new keys are debounced, and
latched keys are encoded if there has been a
change in their state.

MASK-PROGRAMMABLE
OPTIONS

Characteristics of certain portions of the
PKCC are internally programmed by means of
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a read only memory. The items which can be
programmed are:

® Key codes

® Auto-repeat keys

® Scan times, tone frequency, and tone
duration

® Baud rates

® Interrupt vectors

Consult your local Signetics representative
for costs, minimum quantities, and data sub-
mission requirements for customized versions
of the PKCC.
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground® -0.5 to +6.0 ;
DC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Vgg = +5V +5%* 5 €
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
: Min Typ Max
Vi Input low voltage 0.8 Vv
ViH Input high voltage
XTAL1, XTAL2/BRCLK 4 \
All other inputs 2 \
VoL Output low voltage loL =1.6mA 0.4 \
VoH Output high voltage (except INTR) lon =-100pA 2.4 \
e Input leakage current (except XTAL1, Vin=0 to Vg -10 10 MA
XTAL2/BRCLK)
IxTL Input low current ViN=0
XTAL1 -80 -30 MA
XTAL2/BRCLK’ -4 -15 mA
IXTLIH Input high current Vin=Vce
XTAL1 30 80 A
XTAL2/BRCLK’ 0.2 1 mA
L Data bus 3-State leakage current Vo=0 to Vgc -10 10 pA
lcc Power supply current 150 mA
AC ELECTRICAL CHARACTERISTICS T,=0°C to +70°C, Vgc = +5V +5%* 5 6
’ ' LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typ l Max
Read timing (see Figure 11)
tas Address setup to RD 50 ns
tcs CE setup to RD 50 ns.
trw RD pulse width 250 ns
tan Address hold from RD 20 ns
toH CE hold from RD C = 150pF 0 ns
top Data delay for read 200 ns
tor Data bus floating time for read Cr = 150pF 10 100 ns
taD1 Access delay from any read to next read or write 250 ns
Write timing (see Figure 12)
tas Address setup to WR 50 ns
tcs CE setup to WR 50 ns
tew WR pulse width 250 ns
tan Address hold from WR 20 ns
ton CE hold from WR 0 ns
tps Data setup 100 ns
toH Data hold 10 ns
taD2 Access delay from any write to next read or write 250 ns
Access delay from reset command to next read or 1 MS
write
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AC ELECTRICAL CHARACTERISTICS (Continued)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min i Typ | Max
Interrupt acknowledge timing (see Figure 13)
towi INTA pulse width 300 ns
topi Data delay time for interrupt vector Cy = 150pF 250 ns
toF) Data bus floating time after INTA CyL = 150pF 10 100 ns
tap! INTA to INTA access delay 300 ns
INTR reset timing (see Figure 14)
Ry INTR delay from:
Read RxHR (RxRDY) 400 ns
Read KHR (KRDY) 400 ns
Reset commands (KOVR, KERR, BREAK) 450 ns
Load TxHR (TxEMT, TxRDY) 400 ns
Mask bit reset 300 ns
Keyboard timing (see Figures 15 and 16)
fkoLk KCLK frequency 409 kHz
tkeD KR;KC; to KRET sample delay:
FAST SCAN 12 us
.SLOW SCAN 55 uS
tros Scan time per matrix position:
FAST SCAN 20 us
SLOW SCAN 80 us
tkRD KDRES delay from KCLK Cy = 150pF 400 ns
tkRH KDRES hold from KLCK C, = 150pF 400 ns
tHysp HYS delay from KCLK CL = 150pF 600 ns
trco KR;,KC; delay from KLCK Cp = 150pF 400 ns
UART timing (see Figures 17, 18, 19)
trxs RxD setup time 200 ns
tRxH RxD hold time 200 ns
trxD TxD delay from falling edge of TxC C = 150pF 300 ns
trcs Skew between TxD transition
and falling edge of TxC ou\put C = 150pF 0 ns
tBRH XTAL1 clock hagh 70 ns
teRL XTAL1 clock low® 70 ns
fsra BRG input frequency 1 4.9152 5.075 MHz
fr/T TxC or RxC input frequency Clock rate factor
=16X, 32X, 64X 13 MHz
Clock rate factor
=1X 1 MHz
tR/TH TxC or RxC clock high : 350 ns
tR/TL TxC or RxC clock low 350 ns
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operation section of this specification is not nmphed
2. For operating on , the device must be operated based on +150°C i function temp
3. This product includes circuitry specrhcally desngned for the protection of its internal devices from damaging effects of i stat-c charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.
4. Parameters are valid over operating temperature range unless otherwise specified.
5. All voltage measurements are referenced to ground (Vss). All input signals swing between 0.4V and 2.4V with a transition time of 20ns maximum and time
are d at input voltages of 0.8V, 2V and at output voltages of 0.8V, 2V as appropriate, unless otherwise specified.
6. Typical values are at +25°C, typical supply voltages and typical processing parameters.
7. XTAL2 input currents are measured with XTAL grounded.
8. See Figures 20 and 21 for XTAL1, WTAL2 connections for driving XTAL2 with an external clock. Input levels for XTAL1 and XTAL2 are Vi < 0.8V, Vi = 4.0V,

and tgg. and tgpy are measured at these levels.
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Figure 11. Read Timing
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Figure 12. Write Timing
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Figure 13. Interrupt Acknowledge Timing
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ViH

tRi

WF00850S.

Figure 14. Interrupt Reset Timing
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KCO-KC3 A X
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KRET, SHIFT n

CONTROL & REPEAT
SAMPLE TIME
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NOTE:
Scan timing shown is for fast scan (KMR1 = 1).
For slow scan (KMR1=0) all signals except KCLK run at s the shown rates.

Figure 15. Keyboard Scan Timing
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Figure 16. Keyboard Timing
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Figure 17

December 12, 1986 2-105

Il



Product Specification

Programmable Keyboard and : SCN2671
Communication Controller (PKCC) CN2s

TxC
=0 ——» 2 B C A 8C -——D——a A B C «D»

>0 1 [ oaras 1 DATA2 | LI oams T

TxEN

CE FOR
WRITE OF
THR
TxRDY
(CSR1) J | S,
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TXEN .71
CEFOR

BREAK
COMMAND
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A=START BIT B=1stSTOPBIT C=2ndSTOPBIT D =MARK

IF NO WRITE OF THR

WF007208

Figure 18. Transmitter Timing
(5-Bit Characters, No Parity, 2 Stop Bits)
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Figure 19. Receiver Timing
(5-Bit Characters, No Parity, 2 Stop Bits)
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Communication Controller (PKCC)
Table 7. Register Format Summary
I S O P O P P
Test Mode Rollover modes Keyboard  Auto repeat Tone select
Key
1 =Enable | 00=N-key with latched keys | O =Encoded | 0= Disable Matrix | Scan | 0 = 1kHz
KMR2|KMR1| Size |Time
KMR 0 = Disable 01 = N-key 1=Nonen- | 1=Enable 0 0 128 [10ms| 1 = 2kHz
: 10 = Two keys coded 0 1 128 |2.5ms|
11 =Two key inhibit 1 0 80 |6.4ms|
1 1 80 |[1.6ms|
KSR CONTROL SHIFT SHIFT REPEAT Keyboard KOVR KERR KRDY
LOCK Enabled
Operating Mode Parity Parity Mode Stop Bits Character Length
00 = Normal 0 =0dd/ 00 = With parity 0="Two 00=8
CMR 01 = Auto echo force 0 | 01 =Force parity 01=5
10 = Local loopback 10 = No parity 1=0ne 10=6
11 = Remote loopback 1=Even/ 11 = Not allowed 1M1=7
force 1
Tx Clock Rx Clock Clock rate factor
source source for external clocks Baud rate select (BRR3 - BRRO in hex)
0 = External | 0 = External | 00 = 16X 0=50 4 =200 8 = 1200 C = 4800
01 =32X% 1=110 5 =300 9 = 1800 D = 9600
1=Internal | 1 =Internal | 10 =64X 2=1345 6 =600 A = 2000 E = 19200
BRR (BRG) (BRG) 11 =1X 3 =150 7=1050 B = 2400 F = 38400
For internal clocks these
bits specify the output .
frequency on pins 34 (BRCLK = 4.9152MHz)
and 35 (Table 4).
CSR Parity error Framing Overrun Received Transmit TXEMT TxRDY RxRDY
error error break break
IMR/ISR TxRDY TXEMT BREAK XINT KERR KRDY KOVR RxRDY
CHANGE
00X = No -effect 101 = Reset TxE Break detect | Communi- KOVR reset | KERR reset Keyboard
change cations reset
Reset 010 = Set RxE 110 = Set TxE reset error reset
Command 011 = Reset RxE and RxE
Format 100 = Set TxE 111 = Communica-
tions reset
Miscellaneous Clear Set Clear Set Ring Ring Transmit Transmit
Commands keyboard keyboard shift shift tone tone timed character
Format enable enable lock lock long short break break

December 12, 1986
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Microprocessor Products

DESCRIPTION

The Signetics SCN2672 Programmable
Video Timing Controller (PVTC) is a
programmable device designed for use
in CRT terminals and display systems
that employ raster scan techniques. The
PVTC generates the vertical and hori-
zontal timing signals necessary for the
display of interlaced or non-interlaced
data on a CRT monitor. It provides
consecutive addressing to a user-speci-
fied display buffer memory domain and
controls the CPU-display buffer interface
for various buffer configuration modes. A
variety of operating modes, display for-
mats, and timing profiles can be imple-
mented by programming the control reg-
isters in the PVTC.

A minimum CRT terminal system config-
uration consists of a PVTC, an SCN2671
Keyboard and Communication Controller
(PKCC), an SCN2670 Display Character
and Graphics Generator (DCGG), an
SCB2673/2677 Video and Attributes
Controller (VAC), a single-chip micro-
computer such as the 8048, a display
buffer RAM, and a small amount of TTL
for miscellaneous address decoding, in-
terface, and control. Typically, the pack-
age count for a minimum system is
between 15 and 20 devices; . system
complexity can be enhanced by upgrad-
ing the microprocessor and expanding
via the system address and data buses.
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SCN2672

Programmable Video Timing
Controller (PVIC)

Product Specification

FEATURES

® 4MHz and 2.7MHz character rate
versions

e Up to 256 characters per row

e 1 to 16 raster lines per character
row

e Up to 128 character rows per
frame

o Programmable horizontal and
vertical sync generators

o Interlaced or non-interlaced
operation

e Up to 16k RAM addressing for
multiple page operation

e Automatic wraparound of RAM

e Addressable incrementable and
readable cursor

e Programmable cursor size,
position, and blink

e Split screen and horizontal scroll
capability

e Light pen register

e Selectable buffer interface modes
e Dynamic RAM refresh

e Completely TTL compatible

o Single +5V power supply

e Power-on reset circuit

APPLICATIONS

o CRT terminals

o Word processing systems
e Small business computers
o Home computers
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PIN CONFIGURATIONS

RO [7] %) vee
CE [7] 3] A2
WR [3] 3] A1
cTRL [4] [37] A0
cTRL2 [E] Lps
crrLs (€] [%] INTR
CURSOR [7] [34] DADDO
00 [8] [33] DADDY
o1 [9] [%2] DADD2
02 [io] [37) DADDAILI
03 [1] [30] DADD4/LAD
04 32} [29) DADDSILAY
0s [13] 28] DADDG/LA2
06 [74} DADD7/LA3

o7 [ig] [26] DADDBILNZ
[25] DADDO/LPL
[24] pADD1OWUL
[23]0ADD11/BLINK
[22] DADD12/0DD
[21) DADDINLL

TOP VIEW
CDO0740S
INDEX
CORNER R , ©
7 o h 39
PLCC
7 29
8 28
TOP VIEW
CDO044PS
Pin  Function Pin  Function
1 NC 23 NC
2 24  DADD13/LL
3 CE 25 DADD12/0DD
4 WR 26 DADD11/BLINK
5 CTRL1 27  DADD10/UL
6 CTRL2 28  DADDS/LPL
7 CTRL3 29 DADDB/LNZ
8 CURSOR 30 DADD7/LA3
9 DO 31 DADD6/LA2
10 D1 32 DADD5/LA1
1 D2 33 DADD4/LAO
12 NC 34 NC
13 D3 35 DADD3/LI
14 D4 36 DADD2
15 D5 37 DADD1
16 D6 38 DADDO
17 D7 39 INTR
18 40 LPS
19 BLANK 41 A0
20 VSYNC/CSYNC 42 A1
21 HSYNC 43 A2
22 GND 44 Ve

853-1072 86883

ol
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Programmable Video Timing Controller (PVIC)

SCN2672

ORDERING INFORMATION

FUNCTIONAL DESCRIPTION

N N As shown on the block diagram, the PVTC
PACKAGES Vg =+5V £5%, Tp =0°C to +70°C contains the following major blocks:
4MHz 2.7MHz ©® Data bus buffer
® Interface Logic
Geramic DIP SCN2672BC4140 SCN2672BC3140 ace Log
Plastic DIP SCN2672BC4N40 SCN2672BC3N40 © Operation Control
Plastic LCC SCN2672BC4A44 SCN2672BC3A44 ® Timing
© Display Control
o Buffer Control
BLOCK DIAGRAM
3 INTERFACE CONTROL
= DISPLAY CTALY
RD READ! INITIALIZATION| MEMORY CTRL2
WR . WRITE AND HANDSHAKE
7| eontroy REGISTERS tosic ST
LOGIC
L[ commanD
————]| becooe
LOGIC
AQ-:
ﬁ> INTERRUPT DISPLAY ADDO3
: ‘aND. | Aoomess 2
STATUS TIMING
AEGISTER MULTIPLEXERS| 14
iNTR 1 CURSOR, LIGHT PEN STROBE
POINTER AND
LIGHT PEN
REGISTERS
DATA CURSOR CURSOR
D0-7 BUS . A4 N AND
(:i DRIVERS [ | compare
8 it LOGIC
Vee
GND
AV HSYNC
CCLK cLoCK T"“'“‘g‘ g""" VSYNCICSYNC
BUFFER DECODE LOGIC BLANK
TIMING
BDO00580S
Data Bus Driver Table 1. PVTC Addressing
The data bus buffer provides the interface | A2 A1 A0 READ (RD =0) WRITE (WR =0)
between the external and internal data bus- 0 0 O |Interrupt register Initialization registers'
ses. It is controlled by the operation control 0 0 1 |Status register Command register
block to allow read and write operations to 0 1 O [ Screen start address lower register | Screen start address lower reg.
take place between the controlling CPU and 0 1 1 | Screen start address upper register | Screen start address upper reg.
the PVTC. 1 0 O [ Cursor address lower register Cursor address lower register
1 0 1 | Cursor address upper register Cursor address upper register
'nte."ace |-°9'° . 1 1 0 | Light pen address lower register Display pointer address lower reg.
The interface logic contains address decod- 1 1 1 | Light pen address upper register Display pointer address upper reg.
ing and read and write circuits to permit NOTE:
communications with the microprocessor via 1 There are 11 initialization registers which are d sequentially via a single address. The PVTC
the data bus buffer. The functions performed maintains an internal pointer to these regi which is inci after each write at this address until

by the CPU read and write operations are as
shown in Table 1.
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the last register (IR10, the split screen register) is accessed. The pointer then continues to point to the split
screen register. Upon power-up or a master reset command, the internal pointer is reset to point to the first
register (IR0) of the initialization register group. The internal pointer can also be preset to any register of
the group via the 'load IR address pointer' command.
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PIN DESCRIPTION

MNEMONIC

PIN NO.

DIP

PLCC

TYPE

NAME AND FUNCTION

A0 -A2

D0 -D7

CCLK

HSYNC

VSYNC/CSYNC

BLANK

CURSOR

z
=
By

LPS

CTRL1

CTRL2

CTRL3

37-39

8-15

16

19

17

35

36

41-43

9-11,
13-17

18

21

20

19

39

40

1/0

1/0

Address Lines: Used to select PVTC internal registers for read/write
operations and for commands.

8-Bit Bidirectional 3-State Data Bus: Bit 0 is the LSB and bit 7 is the
MSB. All data, command, and status transfers between the CPU and the
PVTC take place over this bus. The direction of the transfer is_controlled
by the RD and WR inputs when the CE input is low. When the CE input is
high, the data bus is in the 3-State condition.

Read Strobe: Active low input. A low on this pin while CE is low causes
the contents of the register selected by A0 - A2 to be placed on the data
bus. The read cycle begins on the leading (falling) edge of RD.

Write Strobe: Active low input. A low on this pin while CE is also low
causes the contents of the data bus to be transferred to the register
selected by A0 -A2. The transfer occurs on the trailing (rising) edge of
WR.

Chip Enable: Active low input. When low, data transfers between the CPU
and the PVTC are enabled on DO - D7 as controlled by the WR, RD, and
AO - A2 inputs. When CE is high, the PVTC is effectively isolated from the
data bus and DO - D7 are placed in the 3-State condition.

Character Clock: Timing signal derived from the video dot clock which is
used to synchronize the PVTC's timing functions.

Horizontal Sync: Active high output which provides video horizontal sync
pulses. The timing parameters are programmable.

Vertical Sync/Composite Sync: A control bit selects either vertical or
composite sync pulses on this active high output. When CSYNC is
selected, equalization pulses are included. The timing parameters are
programmable.

Blank: This active high output defines the horizontal and vertical borders
of the display. Display control signals which are output on DADD3 through
DADD13 are valid on the trailing edge of BLANK.

Cursor Gate: This active high output becomes active for a specified
number of scan lines when the address contained in the cursor registers
match the address output on DADDO through DADD13. The first and last
lines of the cursor and a blink option are programmable.

Interrupt Request: Open drain output which supplies an active low
interrupt request from any of five maskable sources. This pin is inactive
after power-on reset or a master reset command.

Light Pen Strobe: Positive edge-triggered input indicating a light pen hit.
Causes the current value of the display address to be strobed into the light
pen register.

Handshake Control 1: In independent mode, provides an active low write
data buffer (WDB) output which strobes data from the interface latch into
the display memory. In transparent and shared modes, this is an active low
processor bus request (PBREQ) input which indicates that the CPU
desires to access the display memory. This pin must be tied high when
operating in row buffer mode.

Handshake Control 2: In independent mode, provides an active low read
data buffer (RDB) output which strobes data from the display memory into
the interface latch. In transparent and shared modes, this is an active low
bus external enable (BEXT) output which indicates that the PVTC has
relinquished control of the display memory (DADDO - DADD13 are in the
3-State condition) in response to a CPU bus request. BEXT also goes low
in response to a 'display off and float DADD' command. In row buffer
mode, it is an active low bus request (BREQ) output which halts the CPU
during a line DMA.

Handshake Control 3: In independent mode, provides the active low
buffer chip enable (BCE) signal to the display memory. In transparent and
shared modes provides an active low bus acknowledge (BACK) output
which serves as a ready signal to the CPU in response to a processor bus

request. In row buffer mode, this is an active high memory bus control
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PIN DESCRIPTION (Continued)

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP PLCC

(MBC) output which configures the system for the DMA transfer of one row
of character codes from system memory to the row display buffer.

DADDO - DADD13 34-21 38-35 [e] Display Address: Used by the PVTC to address up to 16k of display

33-24 memory. These outputs are floated at various times depending on the

buffer mode. Various control signals are multiplexed on DADD3 thru
DADD13 and are valid at the trailing edge of BLANK. These control signals
are:
DADD3/LI .
Line Interlace: Replaces DADD4/LAO as the least significant line address
for the interlaced sync and video applications. A low indicates an even row
of an even field or an odd row of an odd field.
DADD4 - DADD7/LAO - LA3
Line Address: Provides the number of the current scan line within each
character row.
DADDS8/LNZ
Line Zero: Asserted before the first scan line in each character row.
DADDY/LPL
Light Pen Line: Asserted before the scan line which matches the
programmed light pen line position (line 3, 5, 7, or 9).
DADD10/UL
Underline: Asserted before the scan line which matches the programmed
underline position (lines 0 thru 15).
DADD11/BLINK
Blink frequency: Provides an output divided down from the vertical sync
rate.
DADD12/0DD
0Odd Field: Active high signal which is asserted before each scan line of
the odd field when interlace is specified.
DADD13/LL .
Last Line: Asserted before the last scan line of each character row.

Vee 40 44 | Power Supply: +5V £5% power input.

GND 20 22 | Ground: Signal and power ground input.

Operation Control

The operation control section decodes con-
figuration and operation commands from the
CPU and generates appropriate signals to
other internal sections to control the overall
device operation. It contains the timing and
display registers which configure the display
format and operating mode, the interrupt
logic, and the status register which provides
operational feedback to the CPU.

Timing

The timing section contains the counters and
decoding logic necessary to generate the
monitor timing outputs and to control the
display format. These timing parameters are
selected by programming of the initialization
registers.

Display Control

The display control section generates linear
addressing for up to 16k bytes of display
memory. Internal comparators limit the por-
tion of the memory which is displayed to
programmed values. Additional functions per-
formed in this section include cursor position-
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ing, storage of light pen 'hit' location, and
address comparisons required for generation
of timing signals and the split screen interrupt.

Buffer Control

The buffer control section generates three
signals which control the transfer of data
between the CPU and the display buffer
memory. Four system configurations requiring
four different 'handshaking' schemes are
supported. These are described below.

SYSTEM CONFIGURATIONS
Figure 1 illustrates the block diagram of a
typical display terminal using the Signetics
2670, 2671, 2672, and 2673/2677 CRT termi-
nal devices. In this system, the CPU exam-
ines inputs from the data communications line
and the keyboard and places the data to be
displayed in the display buffer memory. This
buffer is typically a RAM which holds the data
for a single or multiple screenload (page) or
for a single character row.
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The PVTC supports four common system
configurations of display buffer memory: the
independent, transparent, shared, and row
buffer modes. The first three modes utilize a
single or multiple page RAM and differ primar-
ily in the means used to transfer display data
between the RAM and the CPU. The row
buffer mode makes use of a single row buffer
(which can be a shift register or a small RAM)
that is updated in real-time to contain the
appropriate display data.

The user programs bits 0 and 1 of IR0 to
select the mode best suited for the system
environment. The CNTRL1 -3 outputs per-
form different functions for each mode and
are named accordingly in the description of
each mode.

Independent Mode

The CPU to RAM interface configuration for
this mode is illustrated in Figure 2. Transfer of
data between the CPU and display memory is
accomplished via a bidirectional latched port
and is controlled by the signals read data
buffer (RDB), write data buffer (WDB), and
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2673/2677
A a S
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A
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PROGRAM DATA KEYBOARD| | DATA COM
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LINE DRIVERS |1
KEYBOARD & RECEIVERS ] MODEM DATA C( ATIONS LINE
BD00591S
Figure 1. CRT Terminal Block Diagram

buffer chip enable (BCE). This mode provides
a non-contention type of operation that does
not require address multiplexers. The CPU
does not address the memory directly — the
read or write operation is performed at the
address contained in the cursor address reg-
ister or the pointer address register as speci-
fied by the CPU. The PVTC enacts the data
transfers during blanking intervals in order to
prevent visual disturbances of the displayed
data.

For a data buffer write command, the WDB
signal will go active on the rising edge of
character clock (CCLK) and will remain so
until the next CCLK rising edge. BCE is
always in the active state except before and
after a WDB command. When a write has
been executed, BCE becomes inactive on the
falling edge of CCLK. When the write occurs
(WDB active) on the next rising edge, BCE
also becomes active. BCE and WDB both
become inactive on the rising edge of CCLK.
BCE will then return to the active state on the
next falling edge if there is no other write
command to be executed.

The CPU manages the data transfers by
supplying commands to the PVTC. The com-
mands used are:

1. Read/Wirite at pointer address.
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2672
PVTC
DADD DISPLAY ADDRESS,
BCE —
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>
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Y

Figure 2. Independent Buffer Mode Configuration

T0
DISPLAY DATA BUS VIDEO
Logic
T\[ (
Y
7
AF012108

2. Read/Write at cursor address (with op-
tional increment of address).

3. Write from cursor address to pointer
address.

The operational sequence for a write opera-
tion is:
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1. CPU checks RDFLG status bit to assure
that any previous operation has been
completed.

2. CPU loads data to be written to display

memory into the interface latch.

3. CPU writes address into cursor or pointer

registers.
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Figure 3. Read/Write at Cursor/Pointer Command Timing
(Command Received During Active Display Window)

4. CPU issues 'write at cursor with/without
increment' or 'write at pointer' command.

5. PVTC generates control signals and out-
puts specified address to perform re-
quested operation. Data is copied from
the interface latch into the memory.

6. PVTC sets RDFLG status to indicate that
the write is completed.

Similarly, a read operation proceeds as fol-

lows:

1. Steps 1 and 3 as above.

2. CPU issues 'read at cursor with/without
increment' or 'read at pointer' command.

3. PVTC generates control signals and out-
puts specified address to perform re-
quested operation. Data is copied from
memory to the interface latch and PVTC
sets RDFLG status to indicate that the
read is completed.

4. CPU checks RDFLG status to see if
operation is completed.

5. CPU reads data from interface latch.

Loading the same data into a block of display
memory is accomplished via the 'write from
cursor to pointer' command:

1. CPU checks RDFLG status bit to assure
that any previous operation has been
completed.

2. CPU loads data to be written to display
memory into the interface latch.
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3. CPU writes beginning address of memory
block into cursor address register and
ending address of block into pointer ad-
dress register.
issues 'write from cursor to pointer' com-
mand.

5. PVTC generates control signals and out-
puts block addresses to copy data from
the interface latch into the specified
block of memory.

6. PVTC sets RDFLG status to indicate that
the block write is completed.

Similar sequences can be implemented on an
interrupt driven basis using the READY inter-
rupt output to advise the CPU that a previous-
ly requested command has been completed.

Two timing sequences are possible for the
'read/write at cursor/pointer’ commands. If
the command is given during the active dis-
play window (defined as first scan line of the
first character row to the last scan line of the
last character row), the operation takes place
during the next horizontal blanking interval, as
illustrated in Figure 3. If the command is given
during the vertical blanking interval, or while
the display has been commanded blanked,
the operation takes place immediately. In the
latter case, the execution time for the com-
mand is approximately one microsecond plus
six (6) character clocks (see Figure 4).
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Timing for the 'write from cursor to pointer'
operation is shown in Figure 5. The BLANK
output is asserted automatically and remains
asserted until the horizontal retrace interval
following completion of the command. The
memory is filled at a rate of one location per
two character times, plus a small amount of
overhead.

Shared And Transparent Buffer
Modes

In these modes the display buffer RAM is a
part of the CPU memory domain and is
addressed directly by the CPU. Both modes
use the same hardware configuration with the
CPU accessing the display buffer via 3-State
drivers (see Figure 6). The processor bus
request (PBREQ) control signal informs the
PVTC that the CPU is requesting access to
the display buffer. In response to this request,
the PVTC raises bus acknowledge (BACK)
until its bus external (BEXT) output has freed
the display address and data busses for CPU
access. BACK, which can be used as a 'hold'
input to the CPU, is then lowered to indicate
that the CPU can access the buffer.

In transparent mode, the PVTC delays the
granting of the buffer to the CPU until a
vertical or horizontal blanking interval, there-
by causing minimum disturbance of the dis-
play. In shared mode, the PVTC will blank the
display and grant immediate access to the
CPU. Timing for these modes is illustrated in
Figures 7, 8, and 9.
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Figure 4. Read/Write at Cursor/Pointer Command Timing (Command Recelved While Display is Blanked)
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Figure 5. Write From Cursor to Pointer Command Timing
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Figure 6. PVTC Shared or Transparent Buffer Modes
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NOTES:
1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period.
2. If PBREQ is negated after the next to last K of the horizontal blanking interval, the next scan line will also be blanked.

Figure 7. Transparent Buffer Mode Timing
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NOTE:
1. It PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked.
Figure 8. Shared Buffer Mode Timing
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Figure 9. Shared and Transparent Mode Timing
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Row Buffer Mode

Figures 10 and 11 show the timing and a
typical hardware implementation for the row
buffer mode. During the first scan line (line 0)
of each character row, the PVTC halts the
CPU and DMAs the next row of character
data from the system memory to the row
buffer memory. The PVTC then releases the
CPU and displays the row buffer data for the
programmed number of scan lines. The bus
request control (BREQ) signal informs the
CPU that character addresses and the mem-
ory bus control (MBC) signal will start at the
next falling edge of BLANK. The CPU must
release the address and data buses before
this time to prevent bus contention. After the
row of character data is transferred to the row
buffer RAM, BREQ returns high to grant
memory control back to the CPU.

OPERATION

After power is applied, the PVTC will be in an
inactive state. Two consecutive 'master re-
set' commands are necessary to release this
circuitry and ready the PVTC for operation.
Two register groups exist within the PVTC:
the initialization registers and the display
control registers. The initialization registers
select the system configuration, monitor tim-
ing, cursor shape, display memory domain,
and screen format. These are loaded first and
normally require no modification except for
certain special visual effects. The display
control registers specify the memory address
of the base character (upper left corner of
screen), the cursor position, and the pointer
address for independent memory access
mode. These usually require modification dur-
ing operation.

After initial loading of the two register groups,
the PVTC is ready to control the monitor
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screen. Prior to executing the PVTC com-
mands which turn on the display and cursor,
the user should load the display memory with
the first data to be displayed. During opera-
tion, the PVTC will sequentially address the
display memory within the limits programmed
into its registers. The memory outputs charac-
ter codes to the system character and graph-
ics generation logic, where they are convert-
ed to the serial video stream necessary to
display the data on the CRT. The user effects
changes to the display by modifying the
contents of the display memory, the PVTC
display control and command registers, and
the initialization registers, if required. Inter-
rupts and status conditions generated by the
PVTC supply the 'handshaking' information
necessary for the CPU to effect the display
changes in the proper time frame.

Initialization Registers

There are 11 initialization registers
(IRO - IR10) which are accessed sequentially
via a single address. The PVTC maintains an
internal pointer to these registers which is
incremented after each write at this address
until the last register (IR10, the split screen
register) is accessed. The pointer then contin-
ues to point to the split screen register. Upon
power-up or a master reset command, the
internal pointer is reset to point to the first
register (IRO) of the initialization register
group. The internal pointer can also be preset
to any register of the group via the 'load IR
address pointer' command. These registers
are write only and are used to specify param-
eters such as the system configuration, dis-
play format, cursor shape, and monitor timing.
Register formats are shown in Table 2.

(LINE 0 ONLY)
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Programmable Video Timing Controller (PVIC) SCN2672
Table 2. Initialization Register Bit Formats
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
SCAN LINES PER CHARACTER ROW SYNC BUFFER MODE
NON-INTERLACED INTERLACED SELECT SELECT
0000 =1 LINE 0000 = UNDEFINED 0= VSYNC 00 = INDEPENDENT
0001 = 2 LINES 0001 =5 LINES 1=CSYNC 01 = TRANSPARENT
1RO NOT 0010 =3 LINES 0010 =7 LINES 10 = SHARED
USED . . 11 =ROW
. L]
1110 = 15 LINES 1110 = 31 LINES
1111 = 16 LINES 1111 = UNDEFINED
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
INTERLACE EQUALIZING CONSTANT
ENABLE 00000000 = 1 CCLK
00000001 =2 CCLK CALCULATED FROM:
: .
A1 0= NON-INT . EC = 0.5(Hact + Hep + Hsyne + Har) - 2(Hsyno)
1= INTER. 11111110 = 127 GOLK
11111111 = 128 CCLK
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
HORIZONTAL SYNC WIDTH HORIZONTAL BACK PORCH
0000 = 2 CCLK 000 = 1 CCLK
0001 = 4 CCLK 001 =5 CCLK
NOT .
- IR2 USED .
1110 = 30 CCLK 110 = 25 CCLK
1111 = 32 CCLK 111 = 29 CCLK
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
VERTICAL FRONT PORCH VERTICAL BACK PORCH
000 =4 SCAN LINES 00000 = 4 SCAN LINES
001 =8 SCAN LINES 00001 =6 SCAN LINES
IR3 : .
110 = 28 SCAN LINES 11110 = 64 SCAN LINES
111 = 32 SCAN LINES 11111 = 66 SCAN LINES
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
CHARACTER ACTIVE CHARACTER ROWS PER SCREEN  (NOTE 1)
:‘;:;‘g 00000000 = 1 ROW
00000001 = 2 ROWS
1R4 0=1/16 :
o 11111110 = 127 ROWS
VSYNG 11111111 = 128 ROWS
NOTE:

In interlace mode with odd total character rows per screen the last character row will be the programmed scan lines per character row minus one.
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Table 2. Initialization Register Bit Formats (Continued)
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ACTIVE CHARACTERS PER ROW
00000010 = 3 CHARACTERS
00000011 = 4 CHARACTERS
IRS :
11111110 = 255 CHARACTERS
11111111 = 256 CHARACTERS
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
FIRST LINE OF CURSOR LAST LINE OF CURSOR
0000 = SCAN LINE 0 0000 = SCAN LINE 0
0001 = SCAN LINE 1 0001 = SCAN LINE 1
IR6 . :
1110 = SCAN LINE 14 1110 = SCAN LINE 14
1111 = SCAN LINE 15 1111 = SCAN LINE 15
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
LIGHT PEN LINE CURSOR DOUBLE UNDERLINE POSITION
BLINK ot 0000 = SCAN LINE 0
00 = SCAN LINE 3 d 0001 = SCAN LINE 1
01=SCAN LINE 5 .
IR7 10 = SCAN LINE 7 0=NO 0=NO .
11 = SCAN LINE 9 1=YES 1=YES e
1111 = SCAN LINE 15
BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DISPLAY BUFFER FIRST ADDRESS LSB'S
H'000"' =0
H'001" =1
RS . NOTE: MSB'S ARE IN
. IR9[3:0]
H'FFE’ = 4,004
H'FFF' = 4,095
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DISPLAY BUFFER LAST ADDRESS DISPLAY BUFFER FIRST ADDRESS MSB'S
0000 = 1,023
0001 = 2,047
IR9 : SEE IR8
1110 = 15,359
1111 =16,383
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
CURSOR SPLIT SCREEN INTERRUPT ROW
P 00000000 = ROW 0
IR10 00000001 = ROW 1
0=1/16
1"27,52 11111110 = ROW 126
VSYNG 11111111 = ROW 127
December 12, 1986 2-120
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IR0[6:3] — Scan Lines Per Character
Row

Both interlaced and non-interlaced scanning
are supported by the PVTC. For interlaced
mode, two different formats can be imple-
mented, depending on the interconnection
between the PVTC and the character genera-
tor (see IR1[7]). This field defines the number
of scan lines used to compose a character
row for each technique. As scanning occurs,
the scan line count is output on the LAO - LA3
and LI pins.

IRO[2] — VS/CS Enable

This bit selects either vertical sync pulses or
composite sync pulses on the VSYNC/
CSYNC output (pin 18). The composite sync
waveform conforms to EIA RS170 standards,
with the vertical interval composed of six
equalizing pulses, six vertical sync pulses,
and six more equalizing pulses.

IRO[ 1:0] — Buffer Mode Select

Four buffer memory modes may be selective-
ly enabled to accommodate the desired sys-
tem configuration. See System Configura-
tions.

IR1[7] — Interface Enable

Specifies interlaced or noninterlaced timing

operation. Two modes of interlaced operation

are available, depending on whether
. LAO - LA3 or LI, LAO-LA2 are used as the

line address for the character generator. The

resulting displays are shown in Figure 12.

For 'interlaced sync' operation, the same
information is displayed in both odd and even
fields, resulting in enhanced readability. The
PVTC outputs successive line numbers in
ascending order on the LAO - LA3 lines, one
per scan line for each field.

The ‘interlaced sync and video' format dou-
bles the character density on the screen. The
PVTC outputs successive line numbers in
ascending order on the LI, LAO~LA2 lines,
one per scan line for each field, but alternates
beginning the count with even and odd line
numbers. In the interlaced sync and video
mode, the number of scan lines per character
row is always odd. Assume that the first
character row is row O (even). When in the
odd field, the scan line numbers being dis-
played are even for even character rows and
odd for odd character rows. When in the even
field, the scan line numbers being displayed
are odd for even character rows and even for
odd character rows (see Figure 12¢). This
provides balanced beam currents in the odd
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and even fields, thus minimizing character
variations due to different loading of the CRT
anode supply between fields.

IR1[6:0] — Equalizing Constant
This field indirectly defines the horizontal
front porch and is used internally to generate
the equalizing pulses for the RS170 compati-
ble CSYNC. The value for this field is the total
number of character clocks (CCLK) during a
horizontal line period divided by two, minus
two times the number of character clocks in
the hgizontal'_‘sync ’gulsez "
+ + +

c= AcT + HFp : SYNC BP. ~ 2(Hsyno)
The definition of the individual parameters is
illustrated in Figure 13. The minimum value of
Hrp is two character clocks.

Note that when using the 2673/2677 VAC,
the blank pulse is delayed three CCLKs
relative to the HSYNC pulse. Because of this
delay, the actual HFP and HBP values will be
different from the values programmed into the
PVTC. The actual HFP will be decreased by 3
character clocks. The actual HBP will be
increased by 3 character clocks.

IR2[6:3] — Horizontal Sync Pulse Width
This field specifies the width of the HSYNC
pulse in CCLK periods.

IR2[2:0] — Horizontal Back Porch

This field defines the number of CCLKs
between the trailing edge of HSYNC and the
trailing edge of BLANK.

IR3[7:5] — Vertical Front Porch

Programs the number of scan line periods
between the rising edges of BLANK and
VSYNC during a vertical retrace interval. The
width of the VSYNC pulse is fixed at three
scan lines.

IR3[4:0] — Vertical Back Porch

This field determines the number of scan line
periods between the falling edges of the
VSYNC and BLANK outputs.

IR4[7] — Character Blink Rate

Specifies the frequency for the character
blink attribute timing. The blink rate can be
specified as Y16 or ¥a2 of the vertical field
rate. The timing signal has a duty cycle of
75% and is multiplexed onto the DADD11/
BLINK output at the falling edge of each
BLANK.

IR4[6:0] — Character Rows Per Screen
This field defines the number of character
rows to be displayed. This value multiplied by
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the scan lines per character row, plus the
vertical front and back porch values, and the
vertical sync pulse width (three scan lines) is
the vertical scan period in scan lines.

IR5[7:0] — Active Characters Per Row
This field determines the number of charac-
ters to be displayed on each row of the CRT
screen. The sum of this value, the horizontal
front porch, the horizontal sync width, and the
horizontal back porch is the horizontal scan
period in CCLKs.

IR6[7:4], IR6[3:0] — First and Last Scan
Line of Cursor

These two fields specify the height and posi-
tion of the cursor on the character block. The
‘first' line is the topmost line when scanning
from the top to the bottom of the screen. The
value of the first line of cursor must be less
than the last line of cursor value.

IR7[7:6] — Light Pen Line Position

This field defines which of four scan lines of
the character row will be used for the light
pen strike-through attribute by the 2673/2677
VAC. The timing signal is multiplexed onto the
DADDS/LPL output during the falling edge of
BLANK.

IR7[5] — Cursor Blink Enable

This bit controls whether or not the cursor
output pin will be blinked at the selected rate
(IR10[7]). The blink duty cycle for the cursor
is 50%.

IR7[4] — Double Height Character Row
Enable

If enabled, the scan line count will be repeat-
ed twice in succession, causing the height of
the character row to double. This bit can be
changed at any time but will only become
effective at the beginning of the character
row following the time it is changed. This
allows selected character rows to be of
double height. The split screen interrupt can
be used to notify the CPU when to effectuate
changes to this bit. For each double height
row which replaces a normal row, one row
count should be subtracted from the 'charac-
ter rows per screen’ field (IR4) to maintain the
same total number of scan lines per field.

IR7[3:0] — Underline Position

This field defines which scan line of the
character row will be used for the underiine
attribute by the 2673/2677 VAC. The timing
signal is multiplexed onto the DADD10/UL
output during the falling edge of BLANK.

N
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1R9[3:0], IR8[7:0] — Display Buffer First
Address

IR9[7:4] — Display Buffer Last Address

These two fields define the area within the.
buffer memory where the display data will
reside. When the data at the 'display buffer
last address' is displayed, the PVTC will
wraparound and obtain the data to be dis-
played at the next screen position from the
‘display buffer first address'. If 'last address'
is the end of a character row and a new
screen start address has been:loaded into
the screen start register, or if 'last address' is
the last character position of the screen, the
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next data is obtained from the address con-
tained in the screen start register.

Note that there is no restriction in displaying
data from other areas of the addressable
memory. Normally, the area between these
two bounds is used for data which can be
overwritten (e.g., as a result of scrolling),
while data that is not to be overwritten would
be contained outside these bounds and ac-
cessed by means of the split screen interrupt
feature of the PVTC.

IR10[7] — Cursor Blink Rate

The cursor blink rate can be spécified at V16
or ¥a2 of the vertical scan frequency. Blink is
effective only if blink is enabled by IR7[5].

2-122

IR10[6:0] — Split Screen Interrupt

The split screen interrupt can be used to
provide special screen éffects such as a row
of double height characters or to change the
normal addressing sequence of the display
memory. The contents of this field are com-
pared, in real-time, to the current character
row number. Upon a match, the PVTC sets
the split screen status bit, and issues an
interrupt request if so programmed. The sta-
tus change/interrupt request is made at the
beginning of scan line zero of the split screen
character row.
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Timing Considerations

Normally, the contents of the initialization
registers are not changed during operation.
However, this may be necessary to imple-
ment special display features such as multiple
cursors, smooth scrolling, horizontal scrolling,
and double height character rows. Table 3
describes timing details for these registers
which should be considered when implement-
ing these features.

Display Control Registers

There are nine registers in this group, each
with an individual address. Their formats are
illustrated in Table 4. The command register
is used to invoke one of 16 possible PVTC
commands as described in the COMMANDS
section of this data sheet. The remaining
registers in the group store address values
which specify the cursor and buffer pointer
locations, the location of the first character to
be displayed on the screen, and the location
of a light pen 'hit'. With the exception of the
light pen register, the user initializes these
registers after powering on the system and
changes their values to control the data
which is displayed.

Screen Start Registers

The screen start registers contain the ad-
dress of the first character of the first row
(upper left corner of the active display). At the
beginning of the first scan line of the first row,
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Table 3. Timing Considerations

PARAMETER

TIMING CONSIDERATIONS

First line of cursor
Last line of cursor
Light pen line
Underline

These parameters must be established at a
minimum of two character times prior to their
occurrence.

Double height characters

Set/reset during the character row prior to
the affected row.

Cursor blink
Cursor blink rate
Character blank rate

New values become effective within one field
after values are changed

Split screen interrupt row

Change anytime prior to line zero
of desired row

Character rows per screen

Change only during vertical blanking period

Vertical front porch

Change prior to first line of Vep

Vertical back porch

Change prior to fourth line after Vsync

Screen start register

Change prior to the horizontal blanking inter-
val of the last line of character row prior to the
affected row.

this address is transferred to the row start
register (RSR) and into the memory address
counter (MAC). The counter is then advanced
sequentially at the character rate the number
of times programmed into the active charac-
ters per row register (IR5), thus reaching the
address of the last character of the row plus
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one. At the beginning of each subsequent
scan line of the first row, the MAC is reloaded
from the RSR and the above sequence is
repeated. At the end of the last scan line of
the first row, the contents of the MAC are
loaded into the RSR to serve as the starting
memory address for the second character
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row. This process is repeated for the pro-
grammed number of rows per screen. Thus,
the data in the display memory is displayed
sequentially starting from the address con-
tained in the screen start register. After the
ensuing vertical retrace interval the contents
of the screen registers are reloaded into the
RSR and MAC and the process is repeated.

The sequential operation described above will
be modified upon the occurrence of either of
two events. First, if during the incrementing of
the memory address counter the 'display
buffer last address' (IR9[7:4]) is reached, the
MAC will be loaded from the 'display buffer
first address’ register (IR9[3:0], IR8[7:0)), at
the next character clock. Sequential opera-
tion will then resume starting from this ad-
dress. This wraparound operation allows por-
tions of the display buffer to be used for
purposes other than storage of displayable
data and is completely automatic without any
CPU intervention (see Figure 14a).

Second, the sequential row to row addressing
can also be modified under CPU control. If
the contents of the screen start register
(upper, lower, or both) are changed during
any character row (say row 'n'), the starting
address of the next character row (row
'n +1') will be the new value of the screen
start register and addressing will continue
sequentially from there. This allows features
such as split screen operation, partial scroll,
or status line display to be implemented. The
split screen interrupt feature of the PVTC is
useful in controlling this type of operation.
Note that in order to obtain the correct screen
display, the screen start register must be
reloaded with the original value prior to the
end of the vertical retrace. See Figure 14b.

Refresh Addressing

During vertical blanking the address counter
‘operation is modified by stopping the auto-
matic load of the contents of the RSR into the

counter, thereby allowing the address outputs
to free-run. This allows dynamic memory
refresh to occur during the vertical retrace
interval. The refresh addressing starts at the
last address displayed on the screen and
increments by one for each character clock
during the retrace interval. If the display buffer
last address is encountered, wraparound will
occur and refreshing will continue from the
display buffer first address.

Cursor Address Registers

The contents of these registers define the
buffer memory address of the cursor. If en-
abled, the cursor output will be asserted
when the memory address counter (MAC)
matches the value of the cursor address
registers. The cursor address registers may
be read or written by the CPU or incremented
via the 'increment cursor address' command.
In independent buffer mode, these registers
define a buffer memory address for PVTC
controlled access in response to 'read/write
at cursor with/without increment' commands,
or the first address to be used in executing
the 'write from cursor to pointer' command.

Display Pointer Address Registers
These registers define a buffer memory ad-
dress for PVTC controlled accesses in re-
sponse to 'read/write at pointer’ commands.
They also define the last buffer memory
address to be written for the 'write from
cursor to pointer' command.

Light Pen Address Registers

If the light pen input is enabled, these regis-
ters are used to store the current character
address upon receipt of a light pen strobe
input. Several sources of delay between the
display of a character upon the screen and
the receipt of a light pen hit can be expected
to exist in a system environment. These
delays include address pipelining in the char-
acter generation circuits, delays in the video
generation circuits, and delays in the light

detection circuitry itself. These delays cause
the value stored in the light pen register to
differ from the actual address of the character
at which the light pen hit actually was de-
tected. Software must be used to correct this
condition.

Interrupt/Status Registers

The interrupt and status registers provide
information to the CPU to allow it to interact
with the PVTC to effect desired changes to
implement various display operations. The
interrupt register-provides information on five
possible interrupting conditions, as shown in
Table 5. These conditions may be selectively
enabled or disabled (masked) from causing
interrupts by certain PVTC commands. An
interrupt condition which is enabled (mask bit
equal to one) will cause the INTR output to be
asserted and will cause the corresponding bit
in the interrupt register to be set-upon occur-
rence of the interrupting condition. An inter-
rupt condition which is disabled (mask bit
equal to zero) has no effect on either the
INTR output or the interrupt register.

The status register provides six bits of status
information: the five possible interrupting con-
ditions plus the RDFLG bit. For this register,
however, the contents are not affected by the
state of the mask bits.

Descriptions of each interrupt/status register
bit follow. Unless otherwise indicated, a bit,
once set, will remain set until reset by the
CPU by issuing a 'reset interrupt/status bits'
command. The bits are also reset by a
‘master reset' command and upon power-up.
This bit is set to a one upon a master reset.

SR[5] — RDFLG

This bit is present in the status register only.
A zero indicates that the PVTC is currently
executing the previously issued command. A
one indicates that the PVTC is ready to
accept a new command.

Table 4. Display Control Register Formats

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
COMMAND CODE
See COMMAND section for command codes
COMMAND REGISTER (Write only)
BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BITO BIT 7 BIT 6 BIT § BIT 4 BIT 3 BIT 2 BIT 1 BIT O
UPPER REGISTER ) . LOWER REGISTER (LSBs)
H'0000" = 0
H'0001" =1
Note: MSBs are in
Not used MsBs Upper Register [5:0]

H'3FFE' = 16,382
H'3FFF' = 16,383

SCREEN START REGISTERS (READ AND WRITE)

CURSOR ADDRESS REGISTERS (READ AND WRITE)

POINTER ADDRESS REGISTER (WRITE ONLY)

LIGHT PEN ADDRESS REGISTER (READ ONLY)

December 12, 1986 2-124



Product Specification

Programmable Video Timing Controller (PVIC)

SCN2672

Table 5. Interrupt and Status Register Format

BIT 7 BIT 6

BIT 5

BIT 4

BIT 3

BIT 2

BIT 1

BIT 0

RDFLG

VBLANK

LINE
ZERO

SPLIT
SCREEN

READY

LIGHT
PEN

Not used
always read as 0

0 = Busy

0=No
1=Yes

0=No
1=Yes

0=No
1=Yes

0 = Busy
1 = Ready

0=No
1=VYes

1 = Ready

NOTE:

“Status register only. Aiways 0 when reading interrupt register.

1/SR[4] — VBLANK

Indicates the beginning of a vertical blanking
interval. Is set to a one at the beginning of the
first scan line of the vertical front porch.

1/SR[3] — Line Zero
Is set to a one at the beginning of the first
scan line (line 0) of each active character row.

I/SR[2] — Split Screen

This bit is set when a match occurs between
the current character row number and the
value contained in the split screen interrupts
register, IR10[6:0). The equality condition is
only checked at the beginning of line zero of
each character row. This bit is reset when
either of the screen start registers is loaded
by the CPU.

1/SR[1] — Ready

Certain PVTC commands affect the display
and may require the PVTC to wait for a
blanking interval before enacting the com-
mand. This bit is set to one when execution of
the command has been completed. No com-
mand should be invoked until the prior com-
mand is completed. This bit is set to a zero
upon a master reset.

1/SR[0] — Light Pen

A one indicates that a light pen hit has
occurred and that the contents of the light
pen register have been updated. This bit will
be reset when either of the light pen registers
is read.

COMMANDS

The PVTC commands are divided into two
classes: the instantaneous commands, which
are executed immediately after they are in-
voked, and the delayed commands which
may need to wait for a blanking interval prior
to their execution. Command formats are
shown in Table 6. The commands are as-
serted by performing a write operation to the
command register with the appropriate bit
pattern as the data byte.

Instantaneous Commands

The instantaneous commands are executed
immediately after the trailing edge of the WR
pulse during which the command is issued.
These commands do not affect the state of
the RDFLG or READY interrupt/status bits.
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However, a command should not be invoked
if the RDFLG bit is low.

Master Reset

This command initializes the PVTC and may
be invoked at any time to return the PVTC to
its initial state. Upon power-up, two succes-
sive master reset commands must be applied
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to release the PVTC's internal power on

circuits. In transparent and shared buffer

modes, the CNTRL1 input must be high when

the command is issued. The command caus-

es the following:

1. VSYNC and HSYNC are driven low for
the duration of RESET and BLANK goes
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high. BLANK remains high until a 'display
on' command is received.

2. The interrupt and status bits and masks
are set to zero, except for the RDFLG
flag which is set to a one.

3. The transparent mode, cursor off, display
off, and light pen disable states are set.

4. The initialization register pointer is set to
address IRO.

Load IR Address

This command is used to preset the initializa-
tion register pointer with the value 'V' defined
by D3 -DO0. Allowable values are 0 to 10.

Enable Light Pen

After invoking this command, receipt of a light
pen strobe input will cause the light pen
register to be loaded with the current buffer
memory address and the corresponding inter-
rupt and status flag to be set. Once loaded,
further loads are inhibited until either one of
the light pen registers are read or a reset
function is performed.

Disable Light Pen
Light pen hits will not be recognized.

Display Off :

Asserts the BLANK output. The DADDO
through DADD13 display address bus outputs
may be optionally placed in the 3-State condi-
tion by setting bit 2 to a '1' when invoking the
command.

Display On

Restores normal blanking operation either at
the beginning of the next field (bit 2 = 1) or at
the beginning of the next scan line (bit 2 = 0).
Also returns the DADDO-DADD13 drivers to
their active state.

Cursor Off
Disables cursor operation. Cursor output is
placed in the low state.

Cursor On
Enables normal cursor operation.

Reset Interrupt/Status Bits

This command resets the designated bits in
the interrupt and status registers. The bit
positions correspond to the bit positions in
the registers:

Bit 0 - Light pen

Bit 1-Ready
Table 6. PVTC Command Formats
D7 D6 D5D4D3D2D1D0 COMMAND
Instantaneous Commands:
000O0OOOQOO Master reset
0001VVVYV Load IR pointer with value V (V=0 to 10)
001ddd1o0! Disable light pen
001ddd11? Enable light pen
001d1NGdO Display off. Float DADD bus if N=1
001d1NGd?12 Display on: Next field (N = 1) or scan line (N =0)
0011dddo Cursor off
0011ddd1? Cursor on
01 0NNNNN Reset interrupt/status: Bit reset where N =1
1 00 NNNNN Disable interrupt: Disable where N =1
011 NNNNN Enable interrupt: Enables interrupts and resets
VLSRARL the corresponding interrupt/status bits where
N=1
BZSDP :

Delayed Commands: Hex

10100100| A4 Read at pointer address

101000 10| A2 Write at pointer address
10101001 A9 Increment cursor address
10101100]| AC Read at cursor address

101010 10| AA Write at cursor address
10101101} AD Read at cursor address and increment address
1010101 1] AB Write at cursor address and increment address
1011101 1| BB |Write from cursor address to pointer address

NOTES:

1. Any combination of these three commands is valid.
2. Any combination of these three commands is valid.

3. d=Don't care.
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Bit 2 - Split screen
Bit 3 - Line zero
Bit 4 - Vertical blank

Disable Interrupts

Sets the interrupt mask to zeros for the
designated conditions, thus disabling these
conditions from asserting the INTR output. Bit
position correspondence is as above.

Enable Interrupts

Resets the selected interrupt and status reg-
ister bits and writes the associated interrupt
mask bits to a one. This enables the corre-
sponding conditions to assert the INTR out-
put. Bit position correspondence is as above.

Delayed Commands

This group of commands is utilized for the
independent buffer mode of operation, al-
though the 'increment cursor' command can
also be used in other modes. With the excep-
tion of the 'write from cursor to pointer' and
‘increment cursor' commands, all-the com-
mands of this type will be executed immedi-
ately or will be delayed depending on when
the command is invoked. If invoked during the
active screen time, the command is executed
at the next horizontal blanking interval. If
invoked during a vertical retrace interval or a
'display off' state, the command is executed
immediately.

The 'increment cursor' and 'write from cursor
to pointer' commands are executed immedi-
ately after they are issued. 'Increment cursor'
requires approximately three CCLK periods
for completion. 'Write from cursor to pointer'
asserts the BLANK output during its execu-
tion. BLANK will not be released until the
beginning of the horizontal blanking interval
following the last write operation. This will
allow more than one 'write from cursor to
pointer' command to be executed during one
frame and will blank the screen for the time
required to execute the command.

In all cases, the PVTC will assert the READY/
RDFLG status to signify completion of the
command. No other commands should be
given until the current command is complet-
ed. Therefore, the READY interrupt or
RDYFLG status flag should be used for
handshaking control between the PVTC and
CPU when using these commands.

Read/Write at Pointer

Transfers data between the display buffer the
bus interface latch using the address con-
tained in the pointer register.
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Read/Write at Cursor

Transfers data between the display buffer
and the bus interface latch using the address
contained in the cursor register.

Increment Cursor
Adds one (modulo 16k) to the cursor address
register.

ABSOLUTE MAXIMUM RATINGS'

Read/Write at Cursor and Increment
Transfers data between the display buffer
and the bus interface latch using the address
contained in the cursor register and then
adds one (modulo 16k) to the cursor address
register.

SYMBOL PARAMETER RATING UNIT

Ta Operating ambient temperature2 0to +70 °C

Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground® -0.5to +6 \"

Write from Cursor to Pointer

Writes the data contained in the bus interface
latch into the block of display memory desig-
nated by the cursor address and pointer
address registers, inclusive. After completion
of the command, the pointer address will be
unchanged, but the cursor register contents
will be equal to the pointer address.

DC ELECTRICAL CHARACTERISTICS T =0°C to +70°C, Voo = +5.0V +5%%* 5 &

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
ViL Input low voltage 0.8 \
Vi Input high voltage 0.2 \
VoL Output low voltage loL = 2.4mA 0.4 \
VoH Output high voltage lon = -200pA 24 \
(except INTR output)
I Input leakage current ViN=0 to Vgo -10 10 HA
I Data bus 3-State leakage current Vo=0 to Vo -10 10 MA
lop NTR open drain output leakage current Vo=0 to V¢ 10 HA
lcc Power supply current 160 mA
NOTES:

-

. Stresses above those listed under Absolute Maximum Rating may cause permanent damage to the device. This is a stress rating only and functional operation of

the device at these or at any other condition above those in the operation section of this specification is not implied.

w N

. For operating at elevated temperatures, the device must be derated based on +150°C
This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. Nonetheless, it is

junction p

suggested that conventional precautions be taken to avoid applying voltages greater than the rated maxima:

All voltage its are

No oA

Parameters are valid over specified temperature range.

f d to ground (GND).
Typical values are at +25°C, typical processing parameters.
For testing, all input signals swing between 0.4V and 2.4V with a transition time of 20ns maximum. All time measurements are referenced at input voltages of 0.8V

and 2V and output voltages of 0.8V and 2V as appropriate.

L4

Test condition for outputs: C; = 150pF.

©

referenced to falling and rising edges of CE.

10. This specification requires that the TE input be negated (high) between read and/or write cycles.
11. BCE, WDB,and RDB delays track each other within 10ns. Also, these output delays will tend to follow direction (min/max) of DADDO - 13 delays.
12. These values were measured with a capacitance load of 150pF. To adjust the output delay,use the following correction factor: 50pF < C; < 150pF: -0.15ns/pF.
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Timing is illustrated and specified to WR and RD inputs. Device may also be operated with CE as the 'strobing' input. In this case, all timing specifications apply
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AC ELECTRICAL CHARACTERISTICS T =0 to +70°C, Voc = +5.0V +5%* 5 6. 7.8

LIMITS
SYMBOL PARAMETER TEST 2.7MHz 4.0MHz UNIT
CONDITIONS . .
Min Max Min Max

Bus timing (Figure 15)°
tas A0 - A2 setup time to WR,RD low 30 30 ns
taH A0 -A2 hold time from WR,RD high 0 0 ns
tcs CE setup time to WR,RD low 0 0 ns
tcH CE hold time from WR,RD high 0 0 ns
taw WR,RD pulse width 250 250 ns
top Data valid after RD low 200 200 ns
tor Data bus floating after RD high 100 100 ns
tos Data setup time to WR high 150 . 150 ns
oH Data hold time from WR high 10 5 ns
toc High time from CE to CE'®

Consecutive commands 600 600 ns

Other accesses 300 300 ns
CCLK timing (Figures 16 and 17)
tcep CCLK period 370 250 ns
tcoH CCLK high time 125 100 ns
tcoL CCLK low time 125 100 ns

Output delay from CCLK edge'? ns
teepr DADDO-13,MBC 40 175 40 150 ns
tcep2 BLANK,HSYNC,VSYNC/CSYNC, 40 225 40 200 ns

CURSOR, BEXT,BREQ,BACK,

BCE,WDB, RDB"'
Other timings (Figures 17 and 18)
tRoL READY/RDFLG low from WR high® tccp +30 tccp +30| ns
teak BACK high from PBREQ low 225 200 ns
teexT BEXT high from PBREQ high 225 200 ns
tips Light pen strobe setup time to CCLK low 120 120 ns
tLrH Light pen strobe hold time from CCLK -10 -10 ns

low
tiRL INTR low from CCLK low 225 200 ns
tRH INTR high from WR,RD high® 600 600 ns
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Figure 15. Bus Timing
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NOTES:

1. DADDO - DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK.
2. BCE changes state on both TCLK edges — (see Figures 3 and 4).

Figure 16. CCLK Timing

tcep
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CCLK ’ \
tceot, ‘-'ch-—l
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(NOTE 1)
tccoz
OUTPUTS __
DB, RDB, BCE
WF035308
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Figure 17. Other Timings
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Figure 18. Other Timings
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EVEN FIELD

LAST DISPLAYED FIRST DISPLAYED SCAN
SCAN OF OF EVEN FIELD
‘ VERTH VERTICAL BACK
PREVIOUS FIELD [+ VERTICAL FRONT PORCH ———I;vsarml.svuc Pm.ss-{—— ERTICAL BAC roucu—-‘ WORIZONT.

SYNC

covwe] \_LJLﬂ_ﬂ_ﬂ_JLﬂJUWUTﬂﬂﬂJULﬂ_ﬂJULJLM“
OLANK—‘-_JL ® - BLANKING INTERVAL !._,_I_

ODD FIELD

FIRST DISPLAYED
LAST DISPLAYED SCAN OF
SCAN OF VERTICAL FRONT PORCH+1/2 H VERTICAL SYNC PULSE vsrmcu. BACK Poncn+m H ODD FIELD
EVEN nem eH —] /
csv"°_ﬂ__ﬂ_¢,_FI_ﬂ_Jl_IULﬂ_JLJ'LI"LI'U"U'LﬂJl LI Il IL,.ﬂ I
112 HORIZONTAL SYNC —=} |- |-———-}— HPERIOD

BLANK_J—-L_'I_ VERTICAL BLANKING INTERVAL 1 /I | I |

HORIZONTAL BLANKING INTERVAL
WF02660S|

NOTES:
1. In non-interlaced operation the even field is repeated continuously, and the odd field is not.
2. In interlaced operation the even field alternates with the odd field.

Figure 19. Composite Sync Timing
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DESCRIPTION

The Signetics 2673A and 2673B Video
Attributes Controllers (VAC) are bipolar
LSI devices designed for CRT terminals
and display systems that employ raster
scan techniques. Each contains a high-
speed video shift register, field and char-
acter attributes logic, aftribute latch, cur-
sor format logic and half-dot shift con-
trol.

The VAC provides control of visual attri-
butes on a field or character-by-charac-
ter. Internal logic preserves field attri-
bute data from character row to charac-
ter row so that an attribute byte is not
required at the beginning of each row.
The 2673B provides for reverse video,
blank (non-display), blink, underline and
highlight attributes and a graphics mode
attribute to work in conjunction with the
Signetics 2670 Display Character and
Graphics Generator (DCGG). The 2673A
substitutes a light pen (strike-through)
attribute for the graphics attribute.

The horizontal dot frequency is the basic
timing input to the VAC. Internally, this
clock is divided down to provide a char-
acter clock output for system synchroni-
zation. Up to ten bits of video dot data
are parallel loaded into the video shift
register on each character boundary.
The video data is shifted out on three
outputs at the dot frequency. On the
VIDEO output, the data is presented as
a three level signal representing low,
medium and high intensities. The three
intensities are also encoded on two TTL
compatible video outputs. Light or dark
screen background can be selected.

December 12, 1986
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Video Aftributes Controller

(VAC)

Product Specification

FEATURES
o 18 and 25MHz video dot rates
o Three-level current-driven video
output
o Three level-encoded TTL video
outputs
e Character/field attribute logic:
- Reverse video
- Character blank
- Character blink
- Underline
- Highlight
- Light pen strike-through or
graphics control

¢ Field attributes extend from row
to row

o Light or dark field
e Cursor reverse video logic
e Up to 10 dots per character

e Composite blanking for light field
retrace

e Optional field graphics control
output

o High-speed bipolar design

e TTL compatible

e Compatible with Signetics' 2672
PVTC and 2670 DCGG

APPLICATIONS
o CRT terminals
o Word processing systems
# Small business computers
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PIN CONFIGURATION

Ves [7]
037}

04 [3]

08 [7]

e [£]

o7 [&]

08 [7]

o0 [7]
RESET 3]
BKGND [10]
Aco [17]
AmoDE [72]
AFLG [13]
CURSOR 4]

BLANK [15
UL {16
BLINK [17

e [z}

LPLIGMD [19]
GND [20

TOP VIEW
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ORDERING INFORMATION

ATTRIBUTE AND

Vec=+5V £5%, To=0°C to +70°C
PACKAGES Graphics Attribute Light Pen Attribute
25MHz 18MHz 25MHz 18MHz
Ceramic DIP SCB2673BC5140 | SCB2673BC8140 | SCB2673AC5140 | SCB2673AC8140
Plastic DIP SCB2673BC5N40 | SCB2673BC8N40 | SCB2673AC5N40 | SCB2673AC8N40
BLOCK DIAGRAM
cco —— = cHaracTER .
cct —————— eIk
€62 ——————=1  COUNTER
DCLK H \ 1
2 VIDEG SHIFT HATA
o DATA|
D0-09 REGISTER — e b= vioeo
—128ITS— VIDEO
AND TIL TTLVIDY
HDOT ATTRIBUTE |—={DRIVERS}— tTyviD2
S HIERARCHY
CURSOR — LoGIC
ARVID ——————»]
ABLANK ————————+ e BKGND
ABLINK —————+ fe———————c8
AHLT ————] :> LANK
AUL ]

ALTPEN/AGM ——————————u] CURSOR CONTROL

L BLANK

AFLG ———————]  LOGIC AND
AMODE —————eeeetr] PIPELINE RESET
ACD ———— «~————Vge

Vg

<+——————— GND

BD00450S

PIN DESCRIPTION

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP

DCLK 32 I Dot Clock: Dot frequency input. Video shift output rate.

CCLK 36 [e] Character Clock: A submultiple of DCLK. The frequency ranges from one sixth to one twelfth of
DCLK, as determined by the state of the CCO-CC2 inputs.

CC2-CCo 33-35 I Ch Clock Control: The logic state on these three static inputs determine the internal
divide factor for the CCLK output rate. Character clock rates of 6 through 12 dots per character
may be specified.

DO -D9 37-39, Dot Data Input: These are parallel inputs corresponding to the character graphic symbol dot

2-8 data for a given scan line. These inputs are strobed into the video shift register on the falling
edge of each character clock.

HDOT 27 | Half-Dot Shift: When this input is high, the serial video output is delayed by one half-dot time.
This input is latched on the falling edge of each character clock.

CURSOR 14 | Cursor Timing: This input provides the timing for the cursor video. When high, effectively
reverses the intensities of the video and attributes. Cursor position, shape, and blink rate are
controlled by this input.

BKGND 10 | Background Intensity: Specifies light or dark video during BLANK and character fields. Affects
the intensities of all attributes.

BLANK 15 1 Screen Blank: When high, this input forces the video ouputs to the level specified by the
BKGND input (either high or low intensity). Not effective when CBLANK is high.
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2-133

ol



Product Specification

Video Atftributes Controller (VAC) SCB2673

PIN DESCRIPTION (Continued)

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP

CBLANK 31 | Composite Blank: Used with the TTL video outputs only. When high, this input forces the video
outputs to a low intensity state for retrace blanking. When BKGND input is low, or when using
video outputs, this input may be tied low.

ARVID 22 | Reverse Video Attribute: The intensity of the associated character or field video is reversed. All
other attributes are effectively reversed.

AHILT 23 | Highlight Attribute: All dot video (including underline) of the associated character or field is
highlighted with respect to the BKGND input and the reverse video attribute.

ABLANK 26 I Blank Attribute: Generates a blank space in the associated character or field. The blank space
intensity is determined by the BKGND input, the reverse video attribute, and the CURSOR input.

ABLINK 25 | Blink Attribute: The associated character or field video is driven to the intensity determined by
BKGND and the reverse video attribute when the BLINK input is high.

AUL 24 | Underline Attribute: Specifies a line to be displayed on the character or field. The line is
specified by the UL input. All other attributes apply to the underline video.

ALTPEN/ 21 | Light Pen Attribute (2673A): Specifies a highlighted line to be displayed on the character or

AGM field. The line is specified by the LPL input.

| Attribute Graphics Mode (2673B): This input is latched and synchronized to provide a field
GMD output for the 2670 DCGG.

AMODE 12 | Attribute Mode: Specifies character (AMODE = 0) or field (AMODE = 1) attributes mode.

AFLG 13 | Attributes Flag: The VAC samples and latches the attributes inputs when this input is high. If
field attributes are specified (AMODE = 1), the attributes are double buffered on a row basis.
Thus, each scan line of every character row will start with the attributes that were valid at the
end of the previous row.

ACD 1" | Attributes Control Display: In field attributes mode (AMODE = 1), if ACD = 0, the first character
in each new attribute field (the attribute control character) will be suppressed and only the
attributes will be displayed. If ACD = 1, the first character and the attributes are displayed. This
input has no effect in character mode (AMODE = 0).

BLINK 17 | Blink: This input is sampled on the falling edge of BLANK to-provide the blink rate for the
character blink attribute. It should be a submultiple of the frame rate.

UL 16 | Underline: Indicates the scan line(s) for the underline attribute. Latched on the falling edge of
BLANK:

LPL/GMD 19 | Light Pen Line (2673A): Indicates the scan line(s) for the light pen strike-through attribute.
Latched on the falling edge of BLANK.

o Graphics Mode (2673B): This output provides a synchronized, latched, field graphics mode
corresponding to the AGM input. This output can be used to control the GM input on the 2670
DCGG.

LL 18 | Last Line: Indicates the last scan line of each character row. Used internally to extend field
attributes across row boundaries. Latched on the falling edge of BLANK. This input has no
effect in character mode (AMODE = 0).

VIDEO 28 o Video: A three-level serial video output which corresponds to the composite dot pattern of
characters, attributes and cursor.

TTLVID1 30 o TTL Video 1: This output corresponds to the serial, non-highlighted video dot pattern.

TTLVID2 29 o TTL Video 2: This output corresponds to the highlighted serial video dot pattern. Should be
used with TTLVID1 to decode a composite video of three intensities.

RESET 9 | Manual Reset: This active high input initializes the internal logic and resets the attribute latches.

Vee 40 | Power Supply: +5V +5%

Ves 1 ] Bias Supply: See Figure 13.

GND 20 | Ground: OV reference
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FUNCTIONAL DESCRIPTION

The VAC consists of four major sections (see
block diagram). The high-speed dot clock
input is divided internally to provide a charac-
ter clock for system timing. The parallel dot
data is loaded into the video shift register on
each character boundary and shifted into the
video logic block at the dot rate. The six
attribute inputs are latched 'internally and
combined with the serial dot data to provide a
three level video source for the monitor.

A separate BLANK input defines the active
screen area. When BLANK =0, the video
levels are derived internally by the combina-
tions of dot data, attributes, cursor, and the
state of the BKGND input. Either black or
white background can be selected. Symbols
(dot data) are normally gray and can be
highlighted to white or black as shown in
Figure 1.

During the inactive screen area (BLANK = 1),
the video level produced by the TTL outputs
is either white, (BKGND = 1) or black
(BKGND = 0). A separate composite blank
(CBLANK) input is provided to suppress ras-
ter retrace video when white background is
specified. During the inactive screen area
(BLANK = 1), the video level produced by the
VIDEO output is either black (BKGND = 1) or
white (BKGND = 0).

For the latter case, raster retrace video sup-
pression is accomplished by raising the
BKGND input during horizontal and vertical
retrace intervals. For black background, tie
BKGND high. Tie CBLANK input low for both
cases.

Since BLANK is delayed by 3 CCLKs internal-
ly, CBLANK must be sync'ed with the internal
BLANK signal to avoid active scan data from
being suppressed. A CBLANK transition must
occur at least 15ns before the rising edge of
DCLK in order to be latched into the 2673
(see Figure 8).
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Table 1. Clock Control Inputs

CCLK
cc2 CcC1 cco Dots/Character Duty Cycle*
0 0 0 6 3/3
0 [4] 1 6 3/3
0 1 0 7 4/3
0 1 1 8 4/4
1 0 0 9 5/4
1 0 1 10 5/5
1 1 0 1" 6/5
1 1 1 12 6/6
NOTE:
* High/low

Character Clock Counter

The character clock counter divides the fre-
quency on the DCLK input to generate the
character clock (CCLK). The divide factor is
specified by the clock control inputs
(CC0-CC2) as shown in Table 1.

Video Shift Register

On each character boundary, the parallel
data (DO - D9) is loaded into the video shift
register. The data is shifted out least signifi-
cant bit first (DO) by the DCLK. If 11 or 12
dots/character are specified (CC2-CC0 =
110 or 111), a O (blank dot) is always shifted
out before DO. For 12 dots/character, a 0 is
also shifted out after D9. The serial dot data
is shifted into the video logic where it is
combined with the cursor and attributes to
encode three levels of video.

Attribute and Cursor Control

The VAC visual attributes capabilities include:
reverse video, character blank, blink, under-
line, highlight, and light pen strike-through.
The six attributes and the three attribute
control inputs (AMODE, AFLG, and ACD) are
clocked into the VAC on the falling edge of
CCLK. If AFLG is high, the attributes are
latched internally and are effective for either
one character time (AMODE =0) or until
another set of attributes is latched
(AMODE = 1). The attributes set is double
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buffered on a row-by-row basis internally.
Using this technique, field attributes can ex-
tend across character row boundaries, there-
by eliminating the necessity of starting each
row with an attribute set.

When field attribute mode is selected,
(AMODE = 1), the VAC will accommodate
two attribute storage configurations. In one
configuration, the attribute control data is
stored in the refresh RAM, taking the place of
the first character code in the field to be
affected. For this mode, the ACD input is tied
low and blank characters will be displayed in
the screen positions occupied by the attribute
data (see Figure 11). In the second configura-
tion, (ACD = 1), the character codes and
attribute data are presented to the VAC in
parallel. In this mode, dot data is displayed at
each character position (see Figure 12).

The CURSOR and the attribute input signals
are pipelined internally to allow for system
propagations (one CCLK for refresh RAM,
one CCLK for dot generator). The attribute
timing signals BLINK, UL, LPL and LL are
clocked into the VAC at the beginning of each
scan line by the falling edge of the BLANK
input. Thus, these signals must be in their
proper state at the falling edge of BLANK
preceding the scan line at which they are to
be active (see Figure 4).
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GRAY ON BLACK WHITE ON BLACK GRAY ON WHITE BLACK ON WHITE
'WF025808
W = Whie
G = Gray
B = Black
Figure 1. Encoded Video Outputs
Video Logic Table 2. Video Output
The serial dot data and the pipelined cursor TTLVID2 TTLVID1 INTENSITY
and attributes are combined to generate the
three level current source on the VIDEO 0 0 Black (or CBLANK)
output. The three levels (white, gray, and 0 1 Gray (on black surround)
black) are also encoded on the two TTL 1 0 Gray (on white surround)
compatible outputs TTLVID1 and TTLVID2. 1 1 White
The three levels are encoded as shown in  NOTE:
Table 2. The TTLVID1 output can be used independently to generate a two-level ighlighted video.

The video is normally shifted out on the
leading edge of the DCLK. When the HDOT
input is asserted, the corresponding dot data
is delayed by one-half DCLK. This half-dot
shifting, when used on selected lines of
character video, can be used to effect char-
acter rounding as shown in Figure 2.

Attribute Hierarchy
The video of each character block consists of
four components as shown in Figure 3.
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Symbol video is generated from the dot data
inputs DO - D9.

Underline video is enabled by the AUL attri-
bute and is generated when the UL timing
input is active. Underline and symbol video
are always the same intensity.

Strike-through video is enabled by the
ALTPEN attribute and is generated when the
LPL timing input is active. This video is always
highlighted and takes precedence over the
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symbol and underline video. This feature
applies to the 2673A only.

Surround video is the absence of symbol,
underline and strike-through video or the
presence of the non-display attributes
(ABLANK or ABLINK e BLINK).

The relative intensities of the four. video
components are determined by the remaining
attributes (AHILT, ABLANK, ABLINK, ARVID)
and the BKGND and CURSOR inputs as
illustrated in Table 3.
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N \
RN N O N
. . VIDEO Q
. 0000 LI 0000 § SURROUND
- O O O . O O O \ VIDEO
|0 o o »n|O O O \
. O O 0] . O O (@) STRIKE THRU
VIDEO——»
“lo o o O GRSl | P ey 8 <
| o ooo | o ooo N
o w] O \
0000 0000 UNDERLINE N\
VIDEO
H=LINES SHIFTED A .
DFO00%S oFo0t00s
Figure 2. "AT" Symbol With and Without Half-Dot Shifting Figure 3. Video Components of Character Block
Table 3. Attributes Hierarchy
ATTRIBUTES AND CONTROL INPUTS RELATIVE VIDEO INTENSITIES
d =Don't Care W = White, B = Black, G = Gray
Symbol Or
BKGND® Reverse! Non-Display? AHILT Strike-Through | "y yeriine Surround
Video Vi deoa, 4 Video
0 0 0 0 w G B
0 0 0 1 w w B
0 0 1 d B B B
0 1 0 0 B G w
0 1 0 1 B B w
0 1 1 d W w w
1 (] 0 0 B G w
1 0 0 1 B B w
1 0 1 d w w w
1 1 [ 0 w G B
1 1 0 1 W w B
1 1 1 d B B B
NOTES:
1. Reverse = ARVID « CURSOR + ARVID « CURSOR
2. Non-display = ABLANK + ABLINK « BLINK
3. See Figure 3.
4. Symbol and underline video are always the same intensity.
5.

Reverse sense for VIDEO output.
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ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATING UNIT
TA Operating ambient temperature? range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground -0.5 to +6.0 v
DC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Vgg = +5V +5%, Vgg = see Figure 14> 4 5
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vi Input low voltage . 0.8 v
Vik Input high voltage 2 \
Voo Output low voltage loL = 4mA 0.4 Vv
(except VIDEO)
Von Output high voitage lon = -400pA 24 \
(except VIDEO)
Vs VIDEO black level RL = 15082 to GND 0 v
Ve VIDEO gray level RL = 15082 to GND 0.45 \
Vw VIDEO white level RL = 15082 to GND 0.90 Vv
he Input low current Vin = 0.4V -400/ MA
-800°
™ Input high current ViN= 2.4V 20/40% MA
Icc Ve supply current Vin =0V, Vgg = Max 80 mA
Igg Vgg supply current Vgs = Max 120 mA
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the operation section of this specification is not implied.
2. For operating at el d p the device must be derated based on +150°C i p
3. Parameters are valid over operating temperature range unless otherwise specified.
4. Alivoltage are ref d to ground (Vsg). All input signals swing between 0.4V and 2.4V. All time are ref d at input voltags
of 0.8V, 2V and at output voltages of 0.8V, 2V as appropriate.
5. Typical values are at +25°C, typical supply voltages and typical processing parameters.
6. For DCLK input.
7. Cy less than 150pF minimum could be faster.
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AC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Vgc =+5V £5%, Vgg = see Figure 14% 4 5

LIMITS
TEST 25MHz 18MHz
SYmBoL PARAMETER CONDITIONS Version version | UMIT
Min Max Min Max

Dot clock (see Figure 10)
fq Frequency (HDOT = 0) 25 18 MHz

(HDOT = 1) 18 18 | MHz
toH High 15 22 ns
toL Low 15 22 ns
Setup times to CCLK (see Figures 4, 5, 6 and 10)
tas BLANK 50 50 ns
tsc BLINK, UL, LPL, LL (ref to BLANK) 20 20 ns
tsa Attributes 45 55 ns
tsp Dot data DO-D9 70 70 ns
tsk CURSOR . 50 50 ns
trs AFLG, AMODE 50 65 ns
tsH HDOT 45 55 ns
Hold times from CCLK (see Figures 4, 5, 6 and 10)
the BLINK, UL, LPL, LL (ref to BLANK) 20 20 ns
tHA Attributes 20 20 ns
tHp Dot data DO-D9 30 30 ns
tHK CURSOR 20 20 ns
trH AFLG, AMODE 30 30 ns
tHH HDOT 20 20 ns
Setup times to DCLK (see Figure 9)
tsa BKGND 15 15 ns
tse CBLANK 15 15 ns
tos CCo-cc2 30° 35 ns
Hold times from DCLK (see Figure 9) '
tha BKGND : 15 15 ns
tHe CBLANK 15 15 ns
tcH CCo0-CC2 20 20 ns
Delay times (see Figures 6 and 7)
toam GMD from DCLK 65 65 ns
toc CCIK from DCLK €, = 1500F 65 65 ns
tov’ TTLVID1 and TTLVID2 from DCLK L P 75 80 ns
tov VIDEO from DCLK 240 240 ns
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tsc twe
BLINK, UL
LPLLL
A - tHA

aTrainures’ Con \_cian )

00T DATA?
00-D9
3 2 Tat 2nd === LAST—1 LAST 2
VIDEO BKGND CHAR CHAR CHAR | BKGND
AR - —

WF025908

NOTES:

1. Attributes include: ABLINK, ABLANK, ARVID, AUL, AHILT, and ALTPEN.

2. One TCLK delay for dot data (obtained from defay through character generator).
3. See Figure 7 for detail timing -of VIDEO, TTLVID1, TTLVID2.

4. Non-active scan time. VIDEO reverts to polarity selected by the BKGND input.

Figure 4. VAC Pipeline Timing

tSK—e] tHK
Vin
CURSOR \
S N S/ -

CHARACTER
WITH CURSOR

Figure 5. Cursor Pipeline Timing
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e _| L1 U L_I_I [ 1 1 [ I O
'Fs-—| 'Fu
AFLG 1

o \m %

BLANK CMARACT ERIF

aworES [ | WWWWW AN
|
o) [ |

1. GMD output in 2673B version only. See Figure 7 for detail timing.
Figure 6. Character (AMODE =0), Field (AMODE = 1), and GMD Attribute Timing

WF026108

fe—1ip —»{ —>| toH le—  —=| DL |=—
w—) LT LT T L4 |
— tpc )
[
Vou
Vou
‘ —i «— tOV
VIDEO LAST -1 LAST 18t 2nd X
TTLVIDY, 2 PIXEL PIXEL PIXEL PIXEL
CHARACTER N-1 —L CHARACTER N
——!r—-'neu
amp’ Z
(AMODE = 1)

NOTE:
1. GMD output in 2673B version only.

Figure 7. Video and GMD Pipeline Timing

o —1 | [ I I

—
.

cco-cc2 X x

Figure 8. Character Clock Counter Timing
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~ L L L L L L LT
i 1 N

2

2

CBLANK /I
VIDEO GRAY \ BLACK ’ GRAY \\ BLACK ’

Figure 9. BKGND and CBLANK Timing During Inactive Scan Time (Blank = 1)

le——————— CHARACTERN |
cCLK vo..j: - I
VoL —_—— —
tsH |e—ete—s] thy

Vin

I
143

WF028408

HDOT

LD G G G G G G A G G G & D |
LASTPlXEL___/

LAST PIXEL

CHARN-1 . CHARN
FIRST PIXEL

CHAR N FIRST PIXEL

CHARN+1

WF026508

NOTE:
Half-dot shift feature 18MHz maximum.

Figure 10. Half-Dot Shift Timing
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_]—— TO CRT CONTROLLER

o — E
2 CoiK
H —|BLANK DCLK ﬂ
il ~——| BLINK

" o —u

i T PAGEN | —=jt

g | 2673

< REFRESH | ! 2670

RAM |18 7 10
i cA0 Do Do
2Kx8 M N N
paGE1 |/ CcAs D9 09 I vioEo
| J' GMD GMD
7 —a| AGM
/ N —| ARVID Vee
/I V| —|aHr
—={AuL 1K
RAM BYTE FORMAT: —=| aBLINK
7 0 —={ABLANK AMODE
[o] _craRcooE ] cuamacren svre e AP Armmures ovre
1 0 BE DISPLAYED
GT TTT T ]armevresvre = AS A BLANK CHARACTER.
AFLG Lmn
NOT USED ARVID
ABLINK AHILT
ABLANK AuL

80005208

Figure 11. System Block Diagram of the 2673 in Field Attribute Mode Using the Narrow RAM (8 Wide) Configuration

—— NOT USED

NOTES:

1. For operation in character attribute mode, tie AFLG high.
2. In character attribute mode, AGM output from RAM should be connected directly to the 2670 GMD input.

Figure 12. System Block Diagram of the 2673 in Field or Character Attribute Mode Using the Wide RAM Configuration

CHARACTER CODE
I TO CRT CONTROLLER
0 Z
BYTE
& —={BLANK DCLK
PAGEN_ | —>] BLINK
I [PAGEN" ) BL
< REFRESH | ! 2670 —u
RAM : 7 10 2673
L[ om0 / NLEL
2Kx8 — 7 ) I : 7 ) B = viDEO
|' 7/ V| cas 09| / v'{os
PAGE 1 J GND NOTE 2 GMD Veo
—1 AGM 1Ke
—=] ARVID
_____ —={ AHILT ACD FIELD ATTRIBUTES
BRGEN" 1 [— R P
[ —={ ABLINK
ATTRIBUTE | ABLANK ¥
RAM | , —) arLg? AMODE —OS\
2K x8 : / b
* £ = CHARACTER
| 7 ATTRIBUTES
PAGE1 |-
7 0
BYTE
wot usep —4 ] t L aom
AFLG1 ARVID
ABLINK AHILT
ABLANK AuL
BD00530S
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750

T
DRIVER

8 4 &
o 8
8 8 3
2 > E
E
2= 1500
L 1500
- TCO0390S
Figure 13. Video Output Stages of the 2673
Vee
Vee bl
‘: 37.4 ohms,
VAC T 1%, W
1
Vs
:EO.I;‘F
TC00400S
Figure 14. Test Diagram
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DESCRIPTION

The Signetics SCN2674 Advanced Vid-
eo Display Controller (AVDC) is a pro-
grammable device designed for use in
CRT terminals and display systems that
employ raster scan techniques. The
AVDC generates the vertical and hori-
zontal timing signals necessary for the
display of interlaced or non-interlaced
data on a CRT monitor. It provides
consecutive addressing to a user-speci-
fied display buffer memory domain and
controls the CPU display buffer interface
for various buffer configuration modes. A
variety of operating modes, display for-
mats, and timing profiles can be imple-
mented by programming the control reg-
isters in the AVDC.

A minimum CRT terminal system config-
uration consists of an AVDC, an
SCN2671 Keyboard and Communication
Controller (PKCC), an SCN2670 Display
Character and Graphics Generator
(DCGG), an SCB2675 Color/Mono-
chrome Attributes Controller (CMAC), a
single-chip microcomputer such as the
8048, a display buffer RAM, and a small
amount of TTL for miscellaneous ad-
dress decoding, interface, and control.
Typically, the package count for a mini-
mum system is between 15 and 20
devices; system complexity can be en-
hanced by upgrading the microproces-
sor and expanding via the system ad-
dress and data buses.
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SCN2674

Advanced Video Display
Controller (AVDC)

Product Specification

FEATURES

e 2.7MHz and 4MHz character rates

o 1 to 256 characters per row

e 1 to 16 raster lines per character
row

e 1 to 128 character rows per
frame

e Bit-mapped graphics mode

e Programmable horizontal and
vertical sync generators
~ RS-170 compatible sync

o Interlaced or non-interlaced
operation

e Up to 64k RAM addressing for
multiple page operation

o Readable, writable and
incrementable cursor

- Programmable cursor size and
blink

e AC line lock
e Automatic wraparound of RAM
e Automatic split screen

o Automatic bidirectional soft
scrolling

- Programmable scan line
increment

e Row table addressing mode

e Double height tops and bottoms
e Double width control output

e Selectable buffer interface modes
e Dynamic RAM refresh

o Completely TTL compatible

o Single +5V power supply

e Power-on reset circuit

APPLICATIONS

e CRT terminals

e Word processing systems
o Small business computers
o Home computers
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PIN CONFIGURATIONS

76 [7] [40] Vee
6 5] A2
wr 2] 58] A1
cTRL1 (4] [37] A0
ctrLz2 5] 3] AcLL
CTRL3 [] [35] INTR
CURSOR [7] [34] pADDOILG
DADDY/
oo €] 33 pADD14
DADD2/
o1 [9] 2| pap015
02 [ig 31] DADD3ILR
03 [i7] DIP [30] DADDA/LAD
pa[32 25] DADDS/LA1
o5 i3] 28] DADDSILA2
06 [14 27] DADD7/LA3
o7 [is 26] DADDBIFL
CCIK [1¢] [25) DADDS/IOW
BLANK [17 24] DADDOIUL
VSYNC/ DADD11/
csyne (& 73] BRRK
HsYNC i 22] DADD12/0DD
GND [20] [21] DADD13LL
TOP VIEW
CDO0500S
INDEX
CORNER S ©
7 o b 39
PLCC
” b 29
8 2
TOP VIEW
CD0044PS
Pin Function Pin Function Pin Function
1 NC 17 D7 31 DADD6/LA2
2 RD 18 CCLK 32 DADDS5/LA1
3 CE 19 BLANK 33 DADD4/LAO
4 WR 20 VSYNC 34 NC
5 CTRL1 CSYNC/ 35 DADD3/LR
6 CTRL2 21 HSYNC 36 DADD2/
7 CTRL3 22 GND DADD15
8 CURSOR 23 NC 37 DADD1/
9 DO 24 DADD13/LL DADD14
10 D1 25 DADD12/ 38 DADDO/LG
11 D2 0oDD 39 INTR
12 NC 26 DADD11/ 40 ACLL
13 D3 BLINK 41 A0
14 D4 27 DADD1O/UL 42 A1
15 D5 28 DADDS/DW 43 A2
16 D6 29 DADDS/FL 44 Vo

30 DADD7/LA3

853-1074 86883
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ORDERING INFORMATION

Vee =+5V £5%, Tpo=0°C to +70°C
PACKAGES
4MHz 2.7MHz
Ceramic DIP SCN2674BC4140 SCN2674BC3140
Plastic DIP SCN2674BC4N40 SCN2674BC3N40
Plastic LCC SCN2674BC4A44 SCN2674BC3A44
BLOCK DIAGRAM
E INTERFACE CONTROL
CTRL1
DISPLAY
- | Ao s - T
WR WRITE AND ’ —/ LOGIC
—_— CONTROL DISPLAY CTRL3
LOGIC REGISTERS . —
L::') commao | KT
DECODE
LoGIC DISPLAY
Ao2 SCROLL AND
ADDRESS DOUBLE HEIGHT
[is> DECODER INTERRUPT Logic DPADDO13
LOGIC N
seae > —y
REGISTER 14
ADDRESS
TIMING
MULTIPLEXERS
INTR ﬁ
CURSOR AND
SCREEN START
REGISTERS
oo7 DATA < AV > CURSOR
BUS
T DRIVERS CURSOR
{\ AND
COMPARE
LoGIC
Vee
GND
—_—
< 5
L AcLL
CeTk cLocK TIMING CHAIN HSYNC
— " AN VSYNCICSYNC
BUFFER DECODE LOGIC ——
BLANK
TIMING

BD00410S
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PIN DESCRIPTION

PIN NO.

MNEMONIC

DIP

PLCC

TYPE

NAME AND FUNCTION

A0 - A2

Do -D7

CCLK

HSYNC

VSYNC/
CSYNC
BLANK

CURSOR

ACLL

CTRL1

CTRL2

37-39

35

36

41-43

9-11,
13-17

18

21

20

19

39

40

1/0

170

Address Lines: Used to select AVDC internal registers for read/write operations and for
commands.

8-Bit Bidirectional Three-State Data Bus: Bit 0 is the LSB and bit 7 is the MSB. All data,
command, and status transfers between the CPU and the AVDC take place over this bus.
The direction of the transfer is controlled by the RD and WR inputs when the CE input is low.
When the CE input is high, the data bus is in the 3-State condition.

Read Strobe: Active low input. A low on this pin while CE is low causes the contents of the
register selected by A0 - A2 to be placed on the data bus. The read cycle begins on the
leading (falling) edge of RD.

Write Strobe: Active low input. A low on this pin while CE is also low causes the contents of
the data bus to be transferred to the register selected by AO - A2. The transfer occurs on the
trailing (rising) edge -of WR. .

Chip Enable: Active low input. When low, data transfers between the CPU and the AVDC are
enabled on DO -D7 as controlled by the WR, RD, and AO - A2 inputs. When CE is high,
effectively, the AVDC is isolated from the data bus and DO - D7 are placed in the 3-State
condition.

Character Clock: Timing signal derived from the video dot clock which is used to
synchronize the AVDC's timing functions.

Horizontal Sync: Active high output which provides video horizontal sync pulses. The timing
parameters are programmable.

Vertical Sync/Composite Sync: A control selects either vertical or composite sync pulses
on this active high output. When CSYNC is selected, equalization pulses are included. The
timing par ters are prog ble.

Blank: This active high output defines the horizontal and vertical borders of the display.
Display control signals which are output on DADDO through DADD13 are valid on the trailing
edge of BLANK.

Cursor Gate: This output becomes active for a specified number of scan lines when the
address contained in the cursor register matches the address output on DADDO through
DADD13 for displayable character addresses. The first and last lines of the cursor and a
blink option are programmable. When the row table addressing mode is enabled, this output
is active for a portion of the blanking interval prior to the first scan line of a character row,
while the AVDC is fetching the starting address for that row.

Interrupt Request: Open drain output which supplies an active low interrupt request from
any of five maskable sources. This pin is inactive after a power on reset or a master reset
command.

AC Line Lock: If this input is low after the programmed vertical front porch interval, the
vertical front porch will be lengthened by increments of horizontal scan line times until this
input goes high. This input should be pulled high if not being used.

Handshake Control 1: In independent mode, provides an active low write data buffer (WDB)
output which strobes data from the interface latch into the display memory. In transparent
and shared modes, this is an active low processor bus request (PBREQ) input which
indicates that the CPU desires to access the display memory.

Handshake Control 2: In independent mode, provides an active low read data buffer (RDB)
output which strobes data from the display memory into the interface latch. In transparent
and shared modes, this is an active low bus external enable (BEXT) output which indicates
that the AVDC has relinquished control of the display memory (DADDO — DADD13 are in the
3-State condition) in response to a CPU bus request. BEXT also goes low in response to a
'display off and float DADD' command. In row buffer mode, it is an active low bus request
(BREQ) output which halts the CPU during a line DMA.
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PIN DESCRIPTION (Continued)

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP PLCC

CTRL3 6 7 O |Handshake Control 3: In independent mode, provides the active low buffer chip enable
(BCE) signal to the display memory. In transparent and shared modes, provides an active low
bus acknowledge (BACK) output which serves as a ready signal to the CPU in response to a
processor bus request. In row buffer mode, this is an active high memory bus control (MBC)
output which configures the system for the DMA transfer of one row of character codes from
system memory to the row display buffer.

DADDO - 34-21 | 38-35, O |Display Address: Used by the AVDC to address up to 16k of display memory directly, or up

DADD13 33-24 to 64k of memory by demultiplexing DADD14 and DADD15. These outputs are floated at
various times depending on the buffer mode. Various control signals are multiplexed on
DADDO through DADD13 and are valid at the trailing edge of BLANK. These control signals
are:
DADDO/LG
Line Graphics: Output which denotes bit-mapped graphic mode.
DADD1/DADD14 .
Display Address 14: Multiplexed address bit used to extend addressing to 64k.
DADD2/DADD15
Display Address 15: Multiplexed address bit used to extend addressing to 64k.
DADD3/LR
Last Row: Output which indicates the last active character row of each field.
DADD4 - DADD7/LAO~LA3 .
Line Address: Provides the number of the current scan line count for each character row.
DADDS/FL
First Line: Asserted during the blanking interval just prior to the first scan line of each
character row.
DADD9/DW
Double Width: Output which denotes a double width character row.
DADD10/UL
Underline: Asserted during the blanking interval just prior to the scan line which matches the
programmed underline position (lines 0 through 15).
DADD11/BLINK
Blink Frequency: Provides an output divided down from the vertical sync rate.
DADD12/0DD
0Odd Field: Active high signal which is asserted before each scan line of the odd field when
interlace is specified. Replaces DADD4/LAO as the least significant line address for
interlaced sync and video applications.
DADD13/LL
Last Line: Asserted during the blanking interval just prior to the last scan line of each
character row.

Vee 40 44 | Power Supply: +5V power input.

GND 20 22 I Ground: Signal and power ground input.

FUNCTIONAL DESCRIPTION .
As shown in the block diagram, the AVDC
contains the following major blocks:

- Data bus buffer

- Interface Logic

- Operation Control

- Timing

- Display Control

- Buffer Control
Data Bus Buffer

The data bus buffer provides the interface
between the external and internal data buses.
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Itis controlled by the operation control block  Operation Control

to allow read and write operations to take
place between the controlling CPU and the
AVDC.

Interface Logic

The interface logic contains address decod-
ing and read and write circuits to permit
communications with the microprocessor via
the data bus buffer. The functions performed
by the CPU read and write operations are
shown in Table 1.
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The operation control section decodes con-
figuration and operation commands from the
CPU and generates appropriate signals to
other internal sections to control the overall
device operation. It contains the timing and
display registers which configure the display
format and operating mode, the interrupt
logic, and the status register which provides
operational feedback to the CPU.

Timing .
The timing section contains the counters and
decoding logic necessary to generate the
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monitor timing outputs and to control the
display format. These timing parameters are
selected by programming of the initialization
registers.

Display Control

The display control section generates linear
addressing for up to 16k bytes of display
memory. Internal comparators limit the por-
tion of the memory which is displayed to
programmed values. Additional functions per-
formed in this section include cursor position-
ing and address comparisons required for
generation of timing signals, double-height
tops and bottoms, smooth scrolling, and the
split screen interrupts.

Buffer Control

The buffer control section generates three
signals which control the transfer of data
between the CPU and the display buffer
memory. Four system configurations requiring
four different 'handshaking' schemes are
supported. These are described below.

SYSTEM CONFIGURATIONS
Figure 1 illustrates the block diagram of a
typical display terminal using the Signetics
SCN2670, SCN2671, SCN2674, and
SCB2675 CRT terminal devices. In this sys-
tem, the CPU examines inputs from the data
* communications line and the keyboard and
places the data to be displayed in the display
buffer memory. This buffer is typically a RAM
which holds the data for a single or multiple
screenload (page) or for a single character
row.

The AVDC supports four common system
configurations of display buffer memory: the
independent, transparent, shared, and row
buffer modes. The first three modes utilize a
single or multiple page RAM and differ primar-
ily in the means used to transfer display data
between the RAM and the CPU. The row
buffer mode makes use of a single row buffer
(which can be a shift register or a small RAM)
that is updated in real time to contain the
appropriate display data.

The user programs bits 0 and 1 of IRO to
select the mode best suited for the system
environment. The CNTRL1 -3 outputs per-
form different functions for each mode and
are named accordingly in the description of
each mode.

Independent Mode

The CPU to RAM interface configuration for
this mode is illustrated in Figure 2. Transfer of
data between the CPU and display memory is
accomplished via a bidirectional latched port
and is controlled by read data buffer (RDB),
write data buffer (WDB), and buffer chip
enable (BCE). This mode provides a noncon-
tention type of operation that does not require
address multiplexers. The CPU does not
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Table 1. AVDC Addressing

A2 A1 A0 READ (RD =0) WRITE (WR =0)

0 0 0 Interrupt register Initialization registers'

(] 0 1 Status register Command register

0 1 0 Screen start 1 lower register Screen start 1 lower register

0 1 1 Screen start 1 upper register Screen start 1 upper register

1 0 0 Cursor address lower register Cursor address lower register

1 0 1 Cursor address upper register Cursor address upper register

1 1 0 Screen start 2 lower register Screen start 2 lower register

1 1 1 Screen start 2 upper register Screen start 2 upper register
NOTE:

1. There are 15 initialization registers which are accessed sequentially via a single address. The AVDC

maintains an internal pointer to these regi:

which is i

d after each write at this address until

the last register (IR14) is accessed. The pointer then continues to point to IR14 for additional accesses.
Upon a power-on or a master reset command, the internal pointer is reset to point to the first register (IR0)
of the initialization register group. The internal pointer can also be preset to any register of the group via

the 'load IR address pointer' command.

address the memory directly — the read or
write operation is performed at the address
contained in the cursor address register or
the pointer address register as specified by
the CPU. The AVDC enacts the data transfers
during blanking intervals in order to prevent
visual disturbances of the displayed data.

The CPU manages the data transfers by

supplying commands to the AVDC. The com-

mands used are:

1. Read/write at pointer address.

2. Read/write at cursor address (with op-
tional increment of address).

3. Read/write from cursor address to
pointer address.

The operational sequence for a write opera-

tion is:

1. CPU checks RDFLG status bit to assure
that any delayed commands have been
completed.

2. CPU loads data to be written to display
memory into the interface latch.

3. CPU writes address into cursor or pointer
registers.

4. CPU issues 'write at cursor with/without
increment’ or 'write at pointer' command.

5. AVDC generates control signals and out-
puts specified address to perform re-
quested operation. Data is copied from
the interface latch into the memory.

6. AVDC sets RDFLG status to indicate that
the write is completed.

Similarly, a read operation proceeds as fol-

lows:

1. Steps 1 and 3 as above.

2. . CPU issues 'read at cursor with/without
increment’ or 'read at pointer' command.

3. AVDC generates control signals and out-
puts specified address to perform re-
quested operation. Data is copied from
memory to the interface latch and AVDC
sets RDFLG status to indicate that the
read is completed.
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4. CPU checks RDFLG status to see if
operation is completed.

5. CPU reads data from interface latch.

Loading the same data into a block of display
memory is accomplished via the 'write from
cursor to pointer' command:

1. CPU checks RDFLG status bit to assure
that any delayed commands have been
completed.

2. CPU loads data to be written to display
memory into the interface latch.

3. CPU writes beginning address of memory
block into cursor address register and
ending address of block into pointer ad-
dress register. .

4. CPU issues "write from cursor to pointer'
command.

5. AVDC generates control signals and out-
puts block addresses to copy data from
the interface latch into the specified
block of memory.

6. AVDC sets RDFLG status to indicate that
the block write is completed.

Similar sequences can be implemented on an
interrupt driven basis using the READY inter-
rupt output to advise the CPU that a previous-
ly asserted delayed command has been com-
pleted.

Two timing sequences are possible for the
‘read/write at cursor/pointer' commands. If
the command is given during the active dis-
play window (defined as first scan line of the
first character row to the last scan line of the
last character row), the operation takes place
during the next horizontal blanking interval, as
illustrated in Figure 3. If the command is given
during the vertical blanking interval, or while
the display has been commanded blanked,
the operation takes place immediately. In the
latter case, the execution time for the com-
mand is approximately five character clocks
(see Figure 4).
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Figure 2. Independent Buffer Mode Configuration
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Timing for the 'read/write from cursor to
pointer' operation is shown in Figure 5. The
memory is filled at a rate of one location per
two character times. The command will exe-
cute only during blanking intervals and may
require many horizontal or vertical blanking
intervals to complete. Additional delayed
commands can be asserted immediately after
this command has completed.

Immediate commands can be asserted at any
time regardless of the state of the ready
status/interrupt.

Shared and Transparent Buffer
Modes

In these modes, the display buffer RAM is a
part of the CPU memory domain and is
addressed directly by the CPU. Both modes
use the same hardware configuration with the
CPU accessing the display buffer via 3-State
drivers (see Figure 6). The processor bus
request (PBREQ) control signal informs the
AVDC that the CPU is requesting access to
the display buffer. In response to this request,
the AVDC raises bus acknowledge (BACK)
until its bus external (BEXT) output has freed
the display address and data buses for CPU
access. BACK, which can be used as a 'hold’
input to the CPU, is then lowered to indicate
that the CPU can access the buffer.

In transparent mode, the AVDC delays the
granting of the buffer to the CPU until a
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vertical or horizontal blanking interval, there-
by causing minimum disturbance of the dis-
play. In shared mode, the AVDC will blank the
display and grant immediate access to the
CPU. Timing for these modes is illustrated in
Figures 7, 8, and 9.

Row Buffer Mode

Figures 10 and 11 show the timing and a
typical hardware implementation for the row
buffer mode. During the first scan line (line 0)
of each character row, the AVDC halts the
CPU and DMAs the next row of character
data from the system memory to the row
buffer memory. The AVDC then releases the
CPU and displays the row buffer data for the
programmed number of scan lines. The con-
trol signal BREQ informs the CPU that char-
acter addresses and the MBC signal will start
at the next falling edge of BLANK. The CPU
must release the address and data buses
before this time to prevent bus contention.
After the row of character data is transferred
to the row buffer RAM, BREQ returns high to
grant memory control back to the CPU.

Row Table Addressing Mode

In this mode, each character row in the
screen image memory has a unique starting
address. This provides greater flexibility with
respect to screen operations, such as editing,
than the sequential addressing mode. The
row table, Figure 12, is a list of starting
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addresses for each character row and may
reside anywhere in the AVDC's addressable
memory space. Each entry in the table con-
sists of two bytes: the first byte contains the 8
LSBs of the row starting address and the
second byte contains, in its 6 least significant
bits, the 6 MSBs of the row starting address.
The function of the two MSBs of the second
byte is selected by programming IR0[7]. They
may be used either as row attribute bits to
control double width and double height for
that character row, or as an additional two
address bits to extend the usable display
memory to 64k.

The first address of the row table is designat-
ed in screen start register two (SSR2). If row
table addressing is enabled via IR2[7], and
the display is on, the AVDC fetches the next
row's starting address from the table during
the blanking interval prior to the first scan line
of each character row, while simultaneously
incrementing the contents of SSR2 by two so
as to point to the next table entry. The
fetching of the row starting address from the
row table is indicated by the assertion of the
CURSOR output during BLANK. The address
read from the table by the AVDC is loaded
into screen start register 1 (SSR1) for use
internally. Since the contents of SSR2 chang-
es as the table entries are fetched, it must be
re-initialized to point to the first table entry
during each vertical retrace interval.
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Figure 11. Row Buffer Mode Timing
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Row table addressing is intended primarily for

use in conjunction with the row buffer mode
of operation and requires no additional circuit-
ry in that case. It may also be used with the
independent and transparent buffer modes,
but circuitry must be added to route the data
from the display memory to the data bus
inputs of the AVDC. Additionally, when not
operating in row buffer mode, care must be
taken to assure that the CPU does not
attempt to access the AVDC while it is
reading the row table. One way of preventing
this is to latch the last line output which is
multiplexed on DADD13 and to test this latch
prior to reading or writing the AVDC. The
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AVDC should only be accessed if the latch is
low, indicating that the last line of the row is
not active. ’

Figure 13 illustrates a typical hardware imple-
mentation for use in conjunction with inde-
pendent and transparent modes, and Figure
14 shows the timing for row table operation.

OPERATION

After power is applied, the AVDC will be in an
inactive state. Two consecutive 'master re-
set' commands are necessary to release this
circuitry and ready the AVDC for operation.
Two register groups exist within the AVDC:
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the initialization registers and the display
control registers. The initialization registers
select the system configuration, monitor tim-
ing, cursor shape, display memory domain,
pointer address, scrolling region, double
height and width condition, and screen for-
mat. These are loaded first and normally
require no modification except for certain
special visual effects. The display control
registers specify the memory address of the
base character (upper left corner of screen),
the cursor position, and the split screen
addresses associated with the scrolling area
or an alternate memory. These may require
modification during operation.



Product Specification

Advanced Video Display Controller (AVDC)

SCN2674

|

ROW TABLE
IN MEMORY

mimiojojol>

15t CHAR
2nd CHAR
THIRD o
DATA ROW o
[}
LAST CHAR

st CHAR
2nd CHAR
FIRST o
DATA ROW o
o
LAST CHAR

1st CHAR
2nd CHAR
SECOND ]
DATA ROW o
o
LAST CHAR

PF00430S

Figure 12. Row Table Address Format

After initial loading of the two register groups,
the AVDC is ready to control the monitor
screen. Prior to executing the AVDC com-
mands which turn on the display and cursor,
the user should load the display memory with
the first data to be displayed. During opera-
tion, the AVDC will sequentially address the
display memory within the limits programmed
into its registers. The memory outputs charac-
ter codes to the system character and graph-
ics generation logic, where they are convert-
ed to the serial video stream necessary to
display the data on the CRT. The user effects
changes to the display by modifying the
contents of the display memory, the AVDC
display control and command registers, and
the initialization registers, if required. Inter-
rupts and status conditions generated by the
AVDC supply the 'handshaking' information
necessary for the CPU to effect real-time
display changes in the proper time frame if
required.
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Initialization Registers

There are 15 initialization registers
(IRO - IR14) which are accessed sequentially
via a single address. The AVDC maintains an
internal pointer to these registers which is
incremented after each write at this address
until the last register (IR14) is accessed. The
pointer then continues to point to IR14 for
further accesses. Upon a power-on or a
master reset command, the internal pointer is
reset to point to the first register (IR0) of the
initialization register group. The internal point-
er can also be preset to any register of the
group via the 'load IR address pointer' com-
mand. These registers are write only and are
used to specify parameters such as the
system configuration, display format, cursor
shape, and monitor timing. Register formats
are shown in Table 2.

IRO[7] — Double Height/Width Enable
When this bit is set, the value in IR14[7:6] is
used to control the double height and width
conditions of each character row. Assertion
of this bit also allows IR14[7:6] to be pro-
grammed in two ways:

1. By the CPU writing to IR14 directly.

2. When the contents of screen start regis-
ter 1 (SSR1) upper are changed, either
by the CPU writing to this register or by
the automatic loading of SSR1 when
operating in row table mode, the two
MSBs of SSR1 upper are copied into
IR14[7:6]. Thus, the MSBs of each row
table entry can be used to control double
height and double width attributes on a
row by row basis.

"IR14[5:4] are not active when this bit is set.

When this bit is reset, the double height and
width attributes operate as described in
IR[14].

IRO[6:3] — Scan Lines Per Character
Row

Both interlaced and non-interlaced scanning
are supported by the AVDC. For interlaced
mode, two different formats can be imple-
mented, depending on the interconnection
between the AVDC and the character genera-
tor (see IR1[7]). This field defines the number
of scan lines used to compose a character
row for each technique. As scanning occurs,
the scan line count is output on the LAO - LA3
and ODD pins.

IRO[2] — VSYNC/CSYNC Enable

This bit selects either vertical sync pulses or
composite sync pulses on the VSYNC/
CSYNC output (pin 18). The composite sync
waveform conforms to EIA RS-170 stan-
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dards, with the vertical interval composed of
six equalizing pulses, six vertical sync pulses,
and six more equalizing pulses.

IRO[1:0] — Buffer Mode Select

Four buffer memory modes may be selective-
ly enabled to accommodate the desired sys-
tem configuration. (See System Configura-
tions).

IR1[7] — Interlace Enable

Specifies interlaced or non-interlaced timing
operation. Two modes of interlaced operation
are available, depending on whether
LAO - LA3 or ODD, LAO - LA2 are used as
the line address for the character generator.
The resulting displays are shown in Figure 15.

For ‘interlaced sync' operation, the same
information is displayed in both odd and even
fields, resulting in enhanced readability. The
AVDC outputs successive line numbers in
ascending order on the LAO - LA3 lines, one
per scan line for each fieid.

The 'interlaced sync and video' format dou-
bles the character density on the screen. The
AVDC outputs successive line numbers in
ascending order on the ODD and LAO - LA2
lines, one per scan line for each field. The
number of scan lines per character row is
always even. Assume that the first character
row is row 0 (even). When scanning through
the odd field, the scan line numbers being
displayed are odd for both the even and odd
character rows. When scanning through the
even field, the scan line numbers being dis-
played are even for both even and odd
character rows (see Figure 15).

IR1[6:0] — Equalizing Constant

This field indirectly defines the horizontal
front porch and is used internally to generate
the equalizing pulses for the RS-170 compati-
ble CSYNC. The value for this field is the total
number of character clocks (CCLKs) during a
horizontal line period divided by two, minus
two times the number of character clocks in
the hoHrizontali_‘sync Pi:ulse: "

+ + +
EC = ACT FP SYNC BP —2(Hgyng)

2

The definition of the individual parameters is
illustrated in Figure 16. The minimum value of
Hep is three character clocks, four CCLKs for
row table addressing. Note that when using
the 2675 CMAC, it will delay the blank pulse
three CCLKs relative to the HSYNC pulse.
Because of this delay, the actual HFP and
HBP values will be different from the values
programmed into the AVDC. The actual HFP
will be decreased by 3 character clocks. The
actual HBP will be increased by 3 character
clocks.
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IR2[7] — Row Table Mode Enable

Assertion/negation of this bit causes the
AVDC to begin/terminate operating in row
table mode starting at the next character row.
See Row Table Addressing Mode section. By
using the split interrupt capability of the
AVDC, this mode can be enabled and dis-
abled on a particular character row. This
allows a combination of row table and se-
quential addressing to be utilized to provide
maximum flexibility in generating the display.

IR2[6:3] — Horlzontal Sync Pulse Width
This field specifies the width of the HSYNC
pulse in CCLK periods.

IR2[2:0] — Horizontal Back Porch

This field defines the number of TCLKs
between the trailing edge of HSYNC and the
trailing edge of BLANK.

IR3[7:5] — Vertical Front Porch

Specifies the number of scan line periods
between the rising edges of BLANK and
VSYNC during the vertical retrace interval.
The vertical front porch will be extended in
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increments of scan lines if the ACLL input is
low at the end of the programmed value.

IR3[4:0] — Vertical Back Porch

This field determines the number of scan line
periods between the falling edges of the
VSYNC and BLANK outputs.

IR4[7] — Character Blink Rate

Specifies the frequency for the character
blink attribute timing. The blink rate can be
specified as Y64 or Y128 of the vertical field
rate. The timing signal has a duty cycle of
50% and is multiplexed onto the DADD11/
BLINK output at the falling edge of each
BLANK.

IR4[6:0] — Character Rows Per Screen
This field defines the number of character
rows to be displayed. This value multiplied by
the scan lines per character row, plus the
vertical front porch, the vertical back porch
values, and the vertical sync pulse width is
the vertical scan period in scan lines.
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IR5[7:0] — Active Characters Per Row
This field determines the number of charac-
ters to be displayed on each row of the CRT
screen. The sum of this value, the horizontal
front porch, the horizontal sync width, and the
horizontal back porch is the horizontal scan
period in CCLKs.

IR6[7:4], IR6[3:0] — First and Last Scan
Line of Cursor

These two fields specify the height and posi-
tion of the cursor on the character block. The
'first' line is the topmost line when scanning
from the top to the bottom of the screen. The
value of the 'first line of cursor' must be less
than the 'last line of cursor' value.

IR7[7:6] — Vertical Sync Pulse Width
This field specifies the width of the VSYNC
pulse in scan line periods.

IR7[5] — Cursor Blink Enable

This bit controls whether or not the cursor
output pin will be blinked at the selected rate
(IR7[4]). The blink duty cycle for the cursor is
50%.
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Table 2. Initialization Register Bit Formats
BIT 7 BIT 6 BITS5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DOUBLE SCAN LINES PER CHARACTER ROW SYNC BUFFER MODE
HT/WD . NON-INTERLACED INTERLACED SELECT SELECT
0000 =1 LINE 0000 = 2 LINES
0001 = 2 LINES 0001 =4 LINES
1RO 0=OFF 0010 = 3 LINES 0010 = 6 LINES 0=VSYNC 00 = INDEPENDENT
1=0ON . . 1=CSYNC 01= TRANSPARENT
. . 10 = SHARED
1110 = 15 LINES 1110 = 30 LINES 11=ROW
1111 = 16 LINES 1111 = UNDEFINED
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
INTERLACE EQUALIZING CONSTANT
ENABLE 1™ 55000000 = 1 COLK
00000001 = 2 CCLK CALCULATED FROM:
IR1 .
0 = NON-INT . EC = 0.5(Hact + Hpp + Hgync + Hpp) - 2(Hsync)
1=INTER 11111110 = 127 CCLK
11111111 = 128 CCLK
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ROW " HORIZONTAL SYNC WIDTH HORIZONTAL BACK PORCH
TABLE 0000 =2 CCLK 000 = NOT ALLOWED
0001=4 CCLK 001=3 CCLK
IR2 0=OFF . .
1=0ON 1110 = 30 CCLK 110 =23 CCLK
1111 =32 CCLK 111=27 CCLK
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
VERTICAL FRONT PORCH VERTICAL BACK PORCH
000 = 4 SCAN LINES . 00000 = 4 SCAN LINES
001=8 SCAN LINES

00001 =6 SCAN LINES

.

IR3 °
110 = 28 SCAN LINES 11110 = 64 SCAN LINES
111 =32 SCAN LINES 11111 =66 SCAN LINES

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
CHARACTER ACTIVE CHARACTER ROWS PER SCREEN
:LAI"::E( 00000000 = 1 ROW
00000001 = 2 ROWS
IR4 0=1/64 .
VSYNC .
1=1/128 11111110 = 127 ROWS
VSYNC 11111111 = 128 ROWS
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Table 2. Initialization Register Bit Formats (Continued)
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ACTIVE CHARACTERS PER ROW
00000010 = 3 CHARACTERS
00000011 = 4 CHARACTERS
IRS N
11111110 = 255 CHARACTERS
11111111 = 256 CHARACTERS
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
FIRST LINE OF CURSOR LAST LINE OF CURSOR
0000 = SCAN LINE 0 0000 = SCAN LINE 0
0001 = SCAN LINE 1 0001 = SCAN LINE 1
IR6 : .
1110 = SCAN LINE 14 1110 = SCAN LINE 14
1111 =SCAN LINE 15 1111 = SCAN LINE 15
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
VSYNC WIDTH CURSOR CURSOR UNDERLINE POSITION
BLINK. RATE 0000 = SCAN LINE 0
00=3 SCAN LN 0001 = SCAN LINE 1
- 01=1 SCAN LN .
10=5 SCAN LN 0= OFF 0="Ys2 .
11=7 SCAN LN 1=0ON 1="Ye4 1110 = SCAN LINE 14
1111 = SCAN LINE 15
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DISPLAY BUFFER FIRST ADDRESS LSB'S
H'000 =0
H'001=1
IR8 . NOTE: MSB'S ARE IN
. IR9[3:0]
H'FFE = 4,094
H'FFF = 4,005
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DISPLAY BUFFER LAST ADDRESS DISPLAY BUFFER FIRST ADDRESS MSB'S
0000 = 1,023
0001 = 2,047
IR9 SEE IR8
1110 = 15,359
1111 = 16,383
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Table 2. Initialization Register Bit Formats (Continued)
BIT 7 BIT 6 BIT § BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DISPLAY POINTER ADDRESS LOWER
SEE IR11
IR10
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
LZ DOWN LZ UP DISPLAY POINTER ADDRESS UPPER
0=OFF 0= OFF H'0000' = 0
1=ON 1=0N H'0001" = 1
IR11 .
H'3FFF' = 16,383
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
SCROLL SPLIT REGISTER 1
START
00000000 = ROW 1
0= OFF 00000001 = ROW 2
IR12 1=0ON .
11111111 = ROW 128
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
SCROLL SPLIT REGISTER 2
END 00000000 = ROW 1
0=OFF 00000001 = ROW 2
IR13 1=0N .
11111111 = ROW 128
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DOUBLE 1 DOUBLE 2 LINES TO SCROLL
00 = NORMAL 00 = NORMAL 0000 = 1 SCAN LINE 0
01=DOUBLE WIDTH 01=DOUBLE WIDTH 0001=2 SCAN LINE 1
IR14 10=DB WD & TOPS 10=DB WD & TOPS . .
11=DB WD & BOTS 11=DB WD & BOTS . .
1110=15 SCAN LINE 14
1111=16 SCAN LINE 15
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Figure 15. Interlaced Display Modes

IR7[4] — Cursor Blink Rate

The cursor blink rate can be specified at Y32
or Ye4 of the vertical scan frequency. Blink is
effective only if blink is enabled by IR7[5].

IR7[3:0] — Underline Position

This field defines which scan line of the
character row will be used for the underline
attribute by the 2675 CMAC. The timing signal
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is multiplexed onto the DADD10/UL output
during the falling edge of BLANK.

IR9[3:0], IR8[7:0] — Display Buffer First
Address

IR9[7:4] — Display Buffer Last Address

These two fields define the area within the
buffer memory where the display data will
reside. When the data at the 'display buffer
last address' is displayed, the AVDC will
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wraparound and obtain the data to be dis-
played at the next screen position from the
‘display buffer first address'. If 'last address'
is the end of a character row and a new
screen start address has been loaded into
the screen start register, or if 'last address' is
the last character position of the screen, the
next data is obtained from the address con-
tained in the screen start register.
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Note that there is no restriction in displaying
data from other areas of the addressable
memory. Normally, the area between these
two bounds is used for data which can be
overwritten (e.g., as a result of scrolling),
while data that is not to be overwritten would
be contained outside these bounds and ac-
cessed by means of the automatic split
screen or split screen interrupt feature of the
AVDC.

IR10[7:0] — Display Pointer Address,
Lower

IR11[5:0] — Display Pointer Address,
Upper

These two fields define a buffer memory
address for AVDC controlled accesses in
response to 'read/write at pointer' com-
mands. They also define the last buffer mem-
ory address to be written for the 'write from
cursor to pointer' command.

In the independent mode, the RDFLG bit of
the status register should be checked for the
ready state (bit 5 equal to a logic one) before
writing to the display pointer address regis-
ters. Checking the status register will prevent
the pointer address from being changed while
a delayed command (e.g. write from cursor to
pointer) is still being executed.
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IR11[7] — Scan Line Zero During Scroll
Down

During a scroll down operation, the new
character row will appear at the top of the
scrolling region. If this bit is set (logic one),
the scan line count pins (LAO through LA3)
will be forced to zero for every scan line of
the partial row. If the character generator
provides blanks for scan line zero, the new
row being scrolled into the screen will be
blanked. This feature can be used to blank
the new row to give the CPU time to load the
new data in the display buffer. When this bit is
set to a logic zero, the new data will be
displayed.

IR11[6] — Scan Line Zero During Scroll
Up

During a scroll up operation, the new charac-
ter row will appear at the bottom of the
scrolling region. If this bit is set (logic one),
the scan line count pins (LAO through LA3)
will be forced to zero for every scan line of
the partial row. If the character generator
provides blanks for scan line zero, the new
row being scrolled into the screen will be
blanked. This feature can be used to blank
the new row to give the CPU time to load the
new data in the display buffer. When this bit is
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set to a logic zero, the new data will be
displayed.

IR12[7] — Scroll Start

This bit is asserted when soft scroll is to take
place. The scrolling area begins at the row
specified in split register 1 (IR12[6:0]). If set,
the first row to scroll scan line count will be
reduced by the value in the lines to scroll
register (IR14[3:0]). The scan line count of
this row will start at the programmed offset
value. When this bit is asserted, scroll end
IR13[7] must be set before split 2.

IR12[6:0] — Split Register 1

Split register 1 can be used to provide special
screen effects such as soft (scan line by scan
line) scrolling, double height/width rows, or to
change the normal addressing sequence of
the display memory. The contents of this field
are compared, in real time, to the current row
number. Upon a match, the AVDC sets the
split screen 1 status bit, and issues an inter-
rupt request if so programmed. The status
change/interrupt request is made at the be-
ginning of scan line zero of the split screen
character row. If enabled by the SPL1 bit of
screen start register 2, an automatic split
screen to the address specified in screen
start register 2 will be made for the designat-
ed character row. During a scroll operation,
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this field defines the first character row of the
scrolling area.

IR13[7] — Scroll End

This field specifies that the row programmed
in split register 2 (IR13[6:0]) is to be the last
scrolling row of the scrolling area. Note that
this bit must be asserted for a valid row only
when the scroll start bit IR12[7] is also
asserted.

IR13[6:0] — Split Register 2

This field is similar to the split register 1 field

except for the following:

1. Split screen 2 status bit is set.

2. During a scroll operation, this field de-
fines the last character row of the scroll-
ing area. This row will be followed by a
partial row. The LTSR (IR14) value re-
places the normal scan lines/row value
for the partial row, thus keeping the total
scan lines/screen the same.

3. If enabled by the SPL2 bit of screen start
register 2, an automatic split to the ad-
dress contained in screen start register 2
will occur in one of two ways: a) If not
scrolling an automatic split will occur for
the next character row. b) If scrolling, the
automatic split will occur after the partial
row being scrolled onto or off the screen.

4. The specified double width and height
conditions (IR14) are also asserted in two
possible ways: a) Automatic split will
assert the programmed condition for the
current row. b) During soft scroll opera-
tion the programmed conditions are as-
serted for the partial row scrolling onto or
off the screen.

IR14[7:6] — Double 1

This field specifies the conditions (double
width/height or normal) of the row designated
in split register 1 (IR12[6:0]). When double
height tops or bottoms have been specified,
the AVDC will automatically toggle between
tops and bottoms until another split 1 or 2
occurs which changes the double height/
width condition. If a double height top row is
specified, the scan line count will start at zero
and increment the scan line count every other
scan line. If a double height bottom row is
specified, the AVDC will start at one-half the
normal scan line total. If double width is
specified, the AVDC will assert the DADD9/
DW output at the falling edge of blank. This
condition will also remain active until the next
split 1 or 2. When IRO[7] =1, the values
written into bits 7 and 6 of screen start 1
upper will also be written into IR14[7:6] and
the automatic toggling between tops and
bottoms is disabled.

The AVDC still addresses the RAMs on a
single width character basis. The clock rate of
the AVDC does not change. The display
RAMs must have data as if two single-wide
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characters are to be displayed. The first data
bits addressed by the AVDC will specify the
double wide character. The next data bits
addressed are not displayed. The 2675
CMAC will ignore the second clock cycle data
when the ADOUBLE pin is high.

1R14[5:4] — Double 2

This field specifies the conditions (double
width/height or normal) of the row designated
in split register 2 (IR13[6:0]). Not used when
IRO[7] = 1.

IR14[3:0] — Lines To Scroli

This field defines the scan line increment to
be used during a soft scroll operation. These
4 bits control the scroll rate. When smooth
scrolling up by scan line increments of one,
the initial value is 0000 (scan line 0) and is
increased every vertical frame according to
the number of lines per character row. When
smooth scrolling down by scan line incre-
ments of one, the initial value is 1110 hex
(scan line 14, assuming 15 scan lines per
character row) and is decreased by one every
vertical frame. This value will only be used
when scroll start (IR12[7]) and scroll end
(IR13[7]) are enabled.

Timing Considerations

Normally, the contents of the initialization
registers are not changed during normal oper-
ation. However, this may be necessary to
implement special display features such as
multiple cursors and horizontal scrolling. Ta-
ble 3 describes timing details for these regis-
ters which should be considered when imple-
menting these features.

Display Control Registers

There are seven registers in this group, each
with an individual address. Their formats are
illustrated in Table 4. The command register
is used to invoke one of 19 possible AVDC
commands as described in the COMMANDS
section of this data sheet. The remaining
registers in the group store address values
which specify the cursor location, the location
of the first character to be displayed on the
screen, and any split screen address loca-
tions. The user initializes these registers after
powering on the system and changes their
values to control the data which is displayed.

Screen Start Registers 1 and 2

The screen start 1 registers contain the
address of the first character of the first row
(upper left corner of the active display). At the
beginning of the first scan line of the first row,
this address is transferred to the row start
register (RSR) and into the memory address
counter (MAC). The counter is then advanced
sequentially at the character clock rate for the
number of times programmed into the active
characters per row register (IR5), thus reach-
ing the address of the last character of the
row plus one. At the beginning of each
subsequent scan line of the first row, the
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MAC is reloaded from the RSR and the above
sequence is repeated. At the end of the last
scan line of the first row, the contents of the
MAC are loaded into the RSR to serve as the
starting memory address for the second char-
acter row. This process is repeated for the
programmed number of rows per screen.
Thus, the data in the display memory is
displayed sequentially starting from the ad-
dress contained in the screen start register.
After the ensuing vertical retrace interval, the
contents of the screen start registers are
reloaded into the RSR and MAC, and the
process is repeated.

During vertical blanking, the address counter
operation is modified by stopping the auto-
matic load of the contents of the RSR into the
counter, thereby allowing the address outputs
to free-run. This allows dynamic memory
refresh to occur during the vertical retrace
interval. The refresh addressing starts at the
last address displayed on the screen and
increments by one for each character clock
during the retrace interval. If the display buffer
last address is encountered, wraparound will
occur. Refreshing will continue from the dis-
play buffer first address. In the independent
mode, the refresh addressing will occur if no
delayed commands are being executed. In
the transparent and shared modes, refresh
will occur during the blanking interval unless
the CPU has control of the display address
bus. In the row buffer mode, refresh will occur
during all blanking intervals except for the first
character clock time in the BLANK after the
first scan line (scan line 0) of a character row.

The sequential addressing operation de-

scribed above will be modified upon the

occurrence of the following:

1. After reaching the 'display buffer last
address.'

2. Rewriting the contents of the screen start
1 registers.

3. Setting the split register 1 or split register
2 bits of screen start register 2 upper.

4. Enabling the row table addressing mode.

First, if during the incrementing of the memo-
ry address counter the 'display buffer last
address' (IR9[7:4]) is reached, the MAC will
be loaded from the 'display buffer first ad-
dress' register (IR9[3:0] and IR8[7:0]) at the
next character clock. Sequential operation
will then resume starting from this address.
This wraparound operation allows portions of
the display buffer to be used for purposes
other than storage of displayable data and is
completely automatic without any CPU inter-
vention (see Figure 17a).

Second, if the contents of screen start regis-
ter 1 (upper, lower, or both) are changed
during any character row (e.g., row 'n'), the
starting address of the next character row

2
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(row 'n+1') will be the new value of the
screen start register and addressing will con-
tinue sequentially from there. This allows
features such as split screen operation, par-
tial scroll, or status line display to be imple-
mented. The split screen interrupt feature of
the AVDC is useful in controlling the CPU
initiated operations. Note that in order to
obtain the correct screen display, screen start
register 1 must be reloaded with the original
(origin of display) value prior to the end of the
vertical retrace. See Figure 17b.

The screen start two registers contain a 14-bit
display address. The SSR2 address is imple-
mented on the occurrence of item 3 above. If
bit 6 of SSR2 upper is set, the SSR2 contents
will be automatically loaded into the RSR at
the beginning of the first scan line of the row
designated by split register 1 (IR12[6:0)). If bit
7 of SSR2 upper is set, the SSR2 contents
will be automatically loaded into the RSR at
the beginning of the first scan line of the row
specified by split register 2 (IR13[6:0]). SPL1
and SPL2 are write only bits and will read as
zero when reading screen start register 2. If
these bits are not used, they should be set to
zeros after power-up.

In order to avoid screen start register 1 and 2
(SSR1, SSR2) writing sequence conflict, after
SSR1 and/or SSR2 are loaded with new
values, SSR2 Value needs to be checked. If
SSR2 value is incorrect, multiple SSR2 re-
writes may be necessary.

Lastly, when row table addressing mode is
enabled, the first address of the row table is
designated in SSR2. The AVDC fetches the
next row's starting address from the table
during the blanking interval prior to the first
scan line of each character row and loads it
into SSR1 for use as the starting address of
the next row. Since the contents of SSR2
change as the table entries are fetched, it
must be re-initialized to point to the first table
entry during each vertical retrace interval.

The values in the two MSBs of SSR1 upper
are multiplexed onto the DADD1/DADD14
and DADD2/DADD15 outputs during the fall-
ing edge of BLANK. If IRO[7] =0, these two
bits act as memory page select bits which
may be used to extend the display memory
addressing range of the AVDC up to 64k. In
that case, these two bits act as a two-bit
counter which is incremented each time that
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Table 3. Timing Considerations

PARAMETER

TIMING CONSIDERATIONS

First line of cursor
Last line of cursor
Underline line

These parameters must be established at a
minimum of two character times prior to their
occurrence

Double height character rows
Double width character rows
Rows to scroll

Set/reset prior to the row specified in split 1
or 2 registers

Cursor blink
Cursor blink rate
Character blink rate

New values become effective within one field
after values are changed

Split register 1

Split register 2 row

Change anytime prior to line zero of desired

Character rows per screen

Change only during vertical blanking period

Vertical front porch

Change prior to first line of VFP

Vertical back porch

Change prior to fourth line after VSYNC

Screen start register 1
Row table mode enable

Change prior to the horizontal blanking
interval of the last line of character row
before row where new value is to be used

‘wraparound' occurs (see above). Note that
the counter is incremented at the falling edge
of BLANK and that for proper display opera-
tion the wraparound address should be pro-
grammed to occur at the last character posi-
tion of a row. Also, the first address accessed
in the new page will be the address contained
in the display buffer first address register
(IR9[3:0] and IR8[7:0]). DADD14 and
DADD15 should only be used in the bit-
mapped graphics mode.

Cursor Address Registers

The contents of these registers define the
buffer memory address of the cursor. The
cursor output will be asserted when the
memory address counter matches the value
of the cursor address registers for the scan
lines specified in IR6. The cursor address
registers can be read or written by the CPU or
incremented via the ‘increment cursor ad-
dress’ command. In independent buffer
mode, these registers define a buffer memory
address for AVDC controlled access in re-
sponse to 'read/write at cursor with/without
increment' commands, or the first address to
be used in executing the 'write from cursor to
pointer' command.

In the independent mode, the RDFLG bit of
the status register should be checked for the
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ready state (bit 5 equal to a logic one) before
writing to the cursor address registers.
Checking the status register will prevent the
cursor address from being changed while a
cursor delayed command (e.g., write from
cursor to pointer) is still being executed.

Interrupt/Status Registers

The interrupt and status registers provide
information to the CPU to allow it to interact
with the AVDC to effect desired changes that
implement various display operations. The
interrupt register provides information on five
possible interrupting conditions, as shown in
Table 5. These conditions can be selectively
enabled or disabled (masked) from causing
interrupts by certain AVDC commands. An
interrupt condition which is enabled (mask bit
equal to one) will cause the INTR output to be
asserted and will cause the corresponding bit
in the interrupt register to be set-upon the
occurrence of the interrupting condition. An
interrupt condition which is disabled (mask bit
equal to zero) has no effect on either the
INTR output or the interrupt register.

The status register provides six bits of status
information: the five possible interrupting con-
ditions plus the RDFLG bit. For this register,
however, the contents are not affected by the
state of the mask bits.
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Table 4. Display Control Register Bit Formats
BIT 7 BIT 6 BIT 5BIT 4 BIT 3BIT 2BIT 1BIT 0
COMMAND CODE

SEE COMMANDS SECTION FOR COMMAND
CODES

COMMAND REGISTERS (WRITE ONLY)

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
UPPER REGISTER LOWER REGISTER (LSB)
H'0000" = 0
Not used MSBs H'0001' =1
Note: MSBs are Iin
THRU Upper Register
[5:0]

H'3FFE' = 16,382
H'3FFF' = 16,383

NOTE:
Bits 7 and 6 of upper register are not used in the cursor address register.

CURSOR ADDRESS REGISTERS (READ AND WRITE)

BIT7 BIT6 BITS5 BIT4 BIT3 BIT2 BIT1 BITO BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1BITO
UPPER REGISTER LOWER REGISTER (LSB)
H'0000' = 0 NOTE: MSBs ARE IN
DADD15 | DADD14 MSBs H'0001' = EJSIT(:’]ER REGISTER
THRU
H'3FFE' = 16,382
H'3FFF' = 16,383

SCREEN START 1 REGISTERS (READ AND WRITE)

NOTES:

1. Bits 7 and 6 of upper register are always zero when read by the CPU.

2. When IR0(7) = 1, the values written into bits 7 and 6 of screen start 1 upper will also be written into IR14(7:6) to control the double width and
double height attributes of the display as follows:

7 6 Atribute
0 0 None
0 1 Double width only
1 0 Double width and double
1 1 Double width and double
BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
UPPER REGISTER LOWER REGISTER
SPL2 SPL1 H'0000' =0 NOTE: MSBs ARE IN
0 = OFF 0= OFF H'0001' =1 UPPER REGISTER [5:0]
1=0N 1=0N MSBs THRU
H'3FFE' = 16,382
H'3FFF' = 16,383
SCREEN START 2 REGISTERS (READ AND WRITE)
NOTES:

1. Bit 7 and bit 6 are always zero when read by the CPU.
2. These bits should be set to zero after power-up by the user, even if SSR2 is not used.
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Figure 17. Display Addressing Operation
Table 5. Interrupt and Status Register Bit Formats
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
LINE
‘ RDFLG VBLANK ZERO SPLIT 1 READY SPLIT 2
NOT USED
ALWAYS READ AS 0 0 =BUSY 0=NO 0=NO 0=NO 0=BUSY 0=NO
1=READY 1=YES 1=YES 1=YES 1=READY 1=YES

NOTE:
* Status register only. Aiways 0 when reading interrupt register.
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Descriptions of each interrupt/status register
bit follow. Unless otherwise indicated, a bit,
once set, will remain set until reset by the
CPU by issuing a 'reset interrupt/status bits'
command. The bits are also reset by a
'master reset’ command and upon power-up.

Sr[5] — RDFLG

This bit is present in the status register only.
A zero indicates that the AVDC is currently
executing the previously issued delayed com-
mand. A one indicates that the AVDC is ready
to accept a new delayed command. This bit is
set to a one upon a master reset.

1/SR[4] — VBLANK

Indicates the beginning of a vertical blanking
interval. Set to one at the beginning of the
first scan line of the vertical front porch.

1/SR[3] — Line Zero

Set to one at the beginning of the first scan -

line (line 0) of each active character row.

1/SR[2] — Split Screen 1

This bit is set when a match occurs between
the current character row number and the
value contained in split register 1, IR12[6:0].
The equality condition is only checked at the
beginning of line zero of each character row.

1/SR[1] — Ready

The delayed commands affect the display
and may require the AVDC to wait for a
blanking interval before enacting the com-
mand. This bit is set to one when execution of
a delayed command has been completed. No
other delayed command should be invoked
until the prior delayed command is complet-

ed. This bit is set to a zero upon a master .

reset.

1/SR[0] — Split Screen 2

This bit is set when a match occurs between
the current character row number and the
value contained in split register 2 (IR13[6:0])
when you are not scrolling. It is set for the
value contained in (split screen register 2) + 1
when scrolling.

COMMANDS

The AVDC commands are divided into two
classes: the instantaneous commands which
are executed immediately after they are in-
voked, and the delayed commands which
may need to wait for a blanking interval prior
to their execution. (Command formats are
shown in Table 6). The commands are as-
serted by performing a write operation to the
command register with the appropriate bit
pattern as the data byte.

Instantaneous Commands

The instantaneous commands are executed
immediately after the trailing edge of the WR
pulse during which the command is issued.
These commands do not affect the state of
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the RDFLG or READY interrupt/status bits
and can be invoked at any time.

Master Reset
This command initializes the AVDC and can
be invoked at any time to return the AVDC to
its initial state. Upon power-up, two succes-
sive master reset commands must be applied
to release the AVDC's internal power-on
circuits. In transparent and shared buffer
modes, the CNTRL1 input must be high when
the command is issued. The command caus-
es the following:

1. VSYNC and HSYNC are driven low for
the duration of the command and BLANK
goes high. After command completion,
HSYNC and VSYNC will begin operation
and BLANK will remain high until a 'dis-
play on' command is received.

2. The interrupt and status bits and masks
are set to zero, except for the RDFLG
flag which is set to a one.

3. The row buffer mode, cursor off, display
off, and the line graphics disable states
are set.

4. The initialization register pointer is set to
address |RO.

5. IR2[7] is reset.

Load IR Address

This command is used to preset the initializa-
tion register pointer with the value 'V' defined
by D3 -DO0. Allowable values are 0 to 14.

Enable Graphics

After invoking this command, the AVDC will
increment the MAC to the next consecutive
memory address for each scan line even if
more than one scan line per row is pro-
grammed. In other words, each scan line
begins with a consecutive address from the
last displayed address of the previous scan
line. This mode can be used for bit-mapped
graphics where each location in the display
buffer within the defined area contains the bit
pattern to be displayed. The graphics mode
will be enabled on the next character row
after the 'graphics enable’ command has
been executed. This allows the user to enter
and exit graphics mode on character row
boundaries.

To perform split screen operations while in
graphics mode use SSR2 only.

DADDO/LG is asserted during the trailing
edge of BLANK for each scan line while this
mode is active.

The AVDC allows up to 128 character rows
(initialization register 4) by 256 characters
(initialization register 5). For a higher resolu-
tion bit mapped screen, the AVDC is pro-
grammed as if there are characters and
character rows. For example, screen size of
240 X 512 pixels is possible by programming
the AVDC for 20 rows with 12 scan lines per
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row by 64 characters with 8 dots per charac-
ter.

In the graphics mode, SSR1 should only be
updated during the last scan line of the
defined 'character row.'

The bit-mapped graphics mode will work only
in the independent and transparent modes.

Disable Graphics
Normal addressing resumes at the next row
boundary.

Display Off

Asserts the BLANK output. The DADDO
through DADD13 display address bus outputs
can be optionally placed in the 3-State condi-
tion by setting bit 2 to a '1' when invoking the
command.

Display On

Restores normal blanking operation either at
the beginning of the next field (bit 2 = 1) or at
the beginning of the next scan line (bit 2 = 0).
Also returns the DADDO — DADD13 drivers to
their active state.

Cursor Off
Disables cursor operation. Cursor output is
placed in the low state.

Cursor On
Enables normal cursor operation.

Reset Interrupt/Status Bits

This command resets the designated bits in
the interrupt and status registers. The bit
positions correspond to the bit positions in
the registers:

Bit 0 — Split 2
Bit 1 — Ready
Bit 2 — Split 1

Bit 3 — Line zero
Bit 4 — Vertical blank

Disable Interrupts

Sets the interrupt mask to zeros for the
designated conditions, thus disabling these
conditions from being set in the interrupt
register and asserting the INTR output. Bit
position correspondence is as above.

Enable Interrupts

This command writes the associated interrupt
mask bits to a one. This enables the corre-
sponding conditions to be set in the interrupt
register and asserts the INTR output. Bit
position correspondence is as above.

Delayed Commands

This group of commands is utilized for the
independent buffer mode of operation, al-
though the 'increment cursor' command can
also be used in other modes. With the excep-
tion of the 'write from cursor to pointer' and
‘increment cursor' commands, all the com-
mands of this type will be executed immedi-
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Table 6. AVDC Command Formats

D7 D6 D5 D4 D3 D2 D1 DO

COMMAND

Instantaneous Commands:

0 0 0 0 0 0 0 O
0 0 0 1 V V V V
0o 0o 1 d d d 1 0
0 0 1 d d d 1 1
0 0 1 d 1 N d o
0 0 1 d 1 N d 1
0o 0o 1 1 d d d o
0 0 1 1 d d d 12
0 1 0 N N N N N

Master reset

Load IR pointer with value V
(V=0 to 14)

Disable graphics

Enable graphics

Display off. Float DADD bus if N =1
Display on: Next field (N = 1) or scan
line (N=0)

Cursor off

Cursor on

Reset interrupt/status: Bit reset
where N =1

Disable interrupt: Disable where
N=1

Enable interrupt: Enables interrupts
where N =1

vV L 8 R 8§ Interrupt Bit
B Z P D P Assignments
1. Y 2
Delayed Commands: Hex

1 0 1 0 0 1 0 O | A4 |Read at pointer address
1 0o 1 0 O O 1 0 | A2 {Write at pointer address
1 0 1 0 1 0 0 1| A9 [Increment cursor address
1 o 1 o 1 1 0 O | AC [Read at cursor address
1 0O 1 0 1 0 1 0| AA |Write at cursor address
1 0 1 0 1 1 0 1 |AD |Read at cursor address and

increment address

Write at cursor address and
increment address

Write from cursor address to pointer
address

Read from cursor address to pointer
address

NOTES:

1. Any combination of these three commands is valid.
2. Any combination of these three commands is valid.

3. d=don't care.

4. No additional circuit required if read latch is implemented using 74LS374.

ately or will be delayed depending on when
the command is invoked. If invoked during the
active screen time, the command is executed
at the next horizontal blanking interval. If
invoked during a vertical retrace interval or a
'display off' state, the command is executed
immediately.
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The "increment cursor' command is executed
immediately after it is issued and requires
approximately three CCLK periods for com-
pletion. The 'write from cursor to pointer'
command executes during blanking intervals.
The AVDC will execute as many writes as
possible during each blanking interval. If the
command is not completed during the current
blanking interval, the command will be held in
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suspension during the next active portion of
the screen and continues during the next
blanking interval until the command is com-
pleted.

In all cases, the AVDC will assert the
READY/RDFLG status to signify completion
of the delayed command. No other delayed
command should be given until the previous
delayed command has completed. Therefore,
the READY interrupt or RDFLG status flag
should be used for handshaking control be-
tween the AVDC and CPU when using the
delayed commands.

Read/Write at Pointer

Transfers data between the display buffer
and the bus interface latch using the address
contained in the pointer registers.

Read/Write at Cursor

Transfers data between the display buffer
and the bus interface latch using the address
contained in the cursor registers.

Increment Cursor

Adds one (modulo 16k) to the cursor address
registers. Also note that in place of "Incre-
ment cursor'' command, ""Read/Write at cut-
sor and increment’' command may be used.

Read/Write at Cursor and Increment
Transfers data between the display buffer
and the bus interface latch using the address
contained in the cursor registers and then
adds one (modulo 16k) to the cursor address
registers.

Write from Cursor to Pointer

Writes the data contained in the bus interface
latch into the block of display memory desig-
nated by the cursor address and pointer
address registers, inclusive. After completion
of the command, the pointer address will be
unchanged, but the cursor register contents
will be equal to the pointer address.

Read from Cursor to Pointer

Writes the data from the block of display
memory designated by the cursor and pointer
addresses inclusive into the bus interface
latch. This command can be used for a DMA
dump of memory into RAM from the cursor
location to the pointer location. After comple-
tion of the command, the cursor register
contents will equal the pointer register con-
tents.
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ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? 0 to +70 °C
Tste Storage temperature range -65 to +150 °C
All voltages with respect to ground® -0.5 to +6.0 v
DC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Voo =+5.0V +5%% 5 €
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
ViL Input low voltage 0.8 Vv
ViH Input high voltage 2 \
Vou Output low voltage loL =2.4mA 0.4 \
VoH Output high voltage
(except INTR output) loH = -200uA 24 \"
e Input leakage current ViN=0 to Vcc -10 10 MA
TR Data bus 3-State
leakage current Vo=0 to Ve -10 10 MA
lob INTR open drain output
leakage current Vo =0 to Vcc 10 pA
lcc Power supply current 185 mA
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AC ELECTRICAL CHARACTERISTICS Tp=0°C to +70°C, Voo =+5.0V +5%* 5 67

SYMBOL PARAMETER TEST 27z e UNIT
AME’ 8
CONDITIONS Min Max Min Max

Bus timing (Figure 18)°
tas A0 - A2 setup time to WR, RD low 30 30 ns
taH A0 - A2 hold time from WR, RD high 0 0 ns
tcs CE setup time to WR, RD low 0 0 ns
toH CE hold time from WR, RD high 0 0 ns
taw WR, RD pulse width 250 200 ns
too Data valid after RD low 200 200 ns
tor Data bus floating after RD high 100 100 ns
tos Data setup time to WR high 150 150 ns
ton Data hold time from WR high 10 5 ns
tco High time from CE to CE

Consecutive commands tcep tcep ns

Other accesses 300 300 ns
CCLK timing (Figures 19, 20, 21)
tcop CCLK period 370 10,000 250 10,000 - ns
tecH CCLK high time 125 100 ns
tcoL CCLK low time 125 100 ns

Output delay from CCLK edge'’
tcopt DADDO - 13, MBC 40 175 40 150 ns
tcep2 BLANK, HSYNC, VSYNC/CSYNC, 40 225 40 200 ns

CURSOR, BEXT, BREQ, BACK,

BCE, WDB, RDB'?
Other timings (Figure 20)
troL READY/RDFLG low from WR high® teep + 30 tocp + 30 ns
tBAK BACK high from PBREQ low 225 200 ns
taxT BEXT high from PBREQ high 225 200 ns
tiRL INTR low from CCLK low 225 200 ns
tirn INTR high from WR, RD high? : 600 600 ns
tac ACLL from HSYNC 3 X toep 3 X tgep ns
Row table input timing (Figure 21)
tosmT Data setup time to CCLK low 100 60 ns
tDHRT Data hold time from CCLK low 60 60 ns

NOTES:

-

SN

NOoO oA

©®

10.
1.

. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation

of the device at these or at any conditions above those in the operation section of this specification is not implied.

For operating at elevated temperatures, the device must be derated based on +150°C i junction

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

Parameters are valid over specified temperature range.

All voltage measurements are referenced to ground (GND).

Typical values are at +25°C, typical supply voltages, and typical processing parameters.

For testing, all input signals swing between 0.4V and 2.4V with a transition time of 20ns i All time are reft d at input ges of 0.8V
and 2.0V and output voltages of 0.8V and 2.0V as appropriate.

Test condition for outputs: C_ = 150pF.

Timing is illustrated and specified referenced to WR and RD inputs. Device may also be operated with CE as the ‘strobing’ input. In this case, all timing
specifications apply referenced to falling and rising edges of CE.

BCE, WDB, and RDB delays track each other within 10ns. Also, these output delays will tend to follow direction (min/max) of DADDO - 13 delays.
These values were measured with a capacitance load of 150pF. To adjust the output delay, use the following correction factor: 50pF < C|_ < 150pF: -0.15ns/pF.
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- X

— us

7\

s

le— tpF

00-D7

(READ) FLOAT

NOT
VALID

VALID FLOAT

>ﬁ_L

[— tpg —»

- t._ ton

=_[ \_{

teeot

00-D7 VALID
(WRITE)
CE, RD, WR!
-—1cc
WF023708
NOTE:
1. Any two must be high for tcc.
Figure 18. Bus Timing
teep
- toCH —

[+ tcew ——I
=

'CCLZ >

NOTES:

OUTPUTS
(NOTE 1)
tcco2
—__ QUTPUTS
WDB, RDB, BCE x
WF02380S8

1. DADDO - DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK.
2. BCE changes state on both TCLK edges — (see Figures 3 and 4).

Figure 19. CCLK Timing
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= _ [\ \/ /L
BLANK / - VERTICAL
BLANKING

INTERVAL

18tHSYNC
HSYNC N OF VBLANK

¢
VBLANK
STATUS BIT

= [\ \J S S
| —~l tcco2
BLANK HORIZONTAL \

BLANKING INTERVAL

tccot ‘ ——l tcept

DADDO- MULTIPLEXED ADDRESS OF
DADD13 SIGNALS VALID Nl
LINE ZERO AND SPLIT
SCREEN STATUS BITS

o =

SRS | I

(3

BLANK ] Vep=nSCANLINES
NORMAL
VSYNC
(ACLL=1)
X2 - L—uc

AcLL > I

¢

DELAYED
VSYNC

2

L3
[ ———————Vgp = + 3 SCAN LINES ————————{

Figure 20. Other Timings
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WRFORA
DELAYED
COMMAND
tRoL
READY OR
RDFLG
STATUS BITS
PBREQ \ /
>
4

- ? l» tBxT
BACK /
BEXT —Qa——/

‘WRORRD

WHICH RESETS

INTERRUPT
INTR /

Figure 20. Other Timings (Continued)

WF02400S.

LATCH D0-D7 INTO LATCH D0-D7 INTO
SSR1 LOWER SSR1 UPPER

= | | I
BLANK ’
tccot—ei “—-
MBC /
iocnz-—-—‘ ‘.—
CURSOR / \
tecor—e|  fa—
DADD X SSR2 ADDRESS SSR2 ADDRESS + 1 X
Jiosar}=— tonaT —e=|={tosrr}=— tonar—e|
0o-07 ROW START ROW START
ADDRESS LOWER ADDRESS UPPER

WF024108

Figure 21. Row Table Fetch 1/0 Timing
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EVEN FIELD
FIRST DISPLAYED SCAN

LAST DISPLAYED '
PREVIONS ESF | ——— VERTICAL FRONT PORCH ——-l‘vtzancu. SYNC PULSE —I—-— VERTICAL BACK PORCH _"l oF FYen F.:it:nzounl.
3 / SYNC
conwc] IQJI_HJLH_U_ﬂﬂﬂfU‘erMJLn_ﬂ_nJL, oses

BLANKL VERTICAL BL INTERVAL l l I

CODFIELD FIRST DISPLAYED
LAST DISPLAYED SCAN OF
SCAN OF VERTICAL FRONT PORCH+-1/2 H VERTICAL SYNC PULSE vevmcu. BACK poncn-nrz H ODD FIELD
EVEN FIELD V2 n

JW\_ILJ_HJLHJLHJU'LFU'UWULHJULH L]l /_ﬂ_

1/2 HORIZONTAL SYNC ——I -

a3 4
BL‘NK_I—L_! VERTICAL BLANKING INTERVAL | I /I I I

HORIZONTAL BLANKING INTERVAL

'WF02660S
NOTES:
1. In non-interlaced operation the even field is repeated continuously.
2. In the even field with the odd field.

Figure 22. Composite Sync Timing
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DESCRIPTION

The Signetics SCB2675 Color/Mono-
chrome Attributes Controller (CMAC) is
a bipolar LSI device designed for CRT
terminals and display systems that em-
ploy raster scan techniques. It contains
a programmable dot clock divider to
generate a character clock; a high-
speed shift register to serialize input dot
data into a video stream; latches and
logic to apply visual attributes to the
resulting display; and logic to display a
cursor on the display.

The CMAC provides control of visual
attributes on a character-by-character
basis for two operating modes: mono-
chrome and color. The monochrome
mode provides reverse video, blank,
highlight and two general purpose user-
definable attributes. In this mode, the
display characters can be specified to
appear on either a light or dark screen
background. Retrace video suppression
can be automatically or externally con-
trolled. The color mode provides eight
colors for foreground (character) video
and eight colors for background video
together with a luminance output for
external color set selection, or to simul-
taneously drive a monochrome monitor.
Additionally, both modes provide. double
width, underline, blink, dot stretching
and dot width attributes. In monochrome
mode, the SCB2675 emulates the attri-
bute characteristics of Digital Equipment
Corporation's VT100 terminal.

The horizontal dot frequency is the basic
timing input to the CMAC. This clock is
divided internally to provide a character
clock output for system synchronization.
Up to nine bits of dot data are paraliel
loaded into the video shift register on
each character boundary. The two TTL
video data outputs in monochrome
mode are encoded to provide four video
intensities (black, gray, white and high-
light). The video data in color mode is
encoded to provide eight foreground
colors and shifted out on three TTL
outputs, together with the luminance
output.

December 12, 1986

SCB2675

Color/Monochrome Attributes
Controller (CMAC)

Product Specification

FEATURES

o 25MHz and 18MHz video dot rate
versions*

e Four video intensities encoded
on two TTL outputs (mono-
chrome mode)

o Eight foreground and background
colors encoded on three TTL
outputs (color mode)

o Internally latched character
attributes:

- Reverse video

- Blank

- Blink

- Underline

- Highlight

- Two general purpose

- Eight foreground colors

- Eight background colors

- Dot width control

- Double width characters
e VT100 compatible attributes

o Reverse video cursor with
optional white cursor in color
mode

e Up to 10 dots per character

o Light or dark background in
monochrome mode

- Automatic retrace blanking
e Programmable dot stretching

o Compatible with SCN2674 AVDC
and SCN2670 DCGG

o TTL compatible
e 40-pin dual-in-line package

APPLICATIONS
e CRT terminals
o Word processing systems
o Small business computers

*40MHz SCB2675T also available.
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PIN CONFIGURATIONS

8

CCLK

DCLK
0OTM

Mic
BLUE/TTLV2
8] RED/TTLVY
GREEN/GP1

uL
ADOUBLE
RESET

ABLINK
AGREENF/
BKGND
AGREENSB/
ARVID
AUL

GND

LUMIGP2
AREDF/AHILT

ADOTM

ABLUEF!
ABLANK

ABLUEB/AGP2
AREDB/AGP1

TOP VIEW
CD00430S.
INDEX
CORNER. s . ©
7 ° p 39
PLCC
17 b 29
18 28
TOP VIEW
CDOO44PS
Pin  Function Pin  Function
2 Ve 24 AREDB/AGP1
3 D 25 ABLUEB/AGP2
4 D3 26 ABLUEF/ABLANK
5 D5 27 ADOTM
6 D7 28 AREDF/AHILT
7 Ds 29 LUM/GP2
8 RBLANK 30 GREEN/GP1
9 CURSOR 31  RED/TTLV1
10 CMODE 32 BLUE/TTLV2
11 DOTS 33 M/C
13  BLINK 35 DOTM
14  BLANK 36 DCLK
15 UL 37 CCIK
16 ADOUBLE 38 Co
17 RESET 3 C1
18  ABLINK 40 D&
19 AGREENF/BKGND 41 D4
20 AGREENB/ARVID 42 D2
21 AUL 43 DO
22 GND 44 Vgo
853-1075 86883

Ino
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ORDERING INFORMATION

DOTS PER Vee = +5V +5%, 0°C to +70°C
PACKAGES | GHARACTER
25MHz 18MHz
Ceramic DIP SCB2675BC5140 SCB2675BC8140
Plastic DIP 7, 8,9 10 SCB2675BC5N40 SCB2675BC8N40
Plastic LCC SCB2675BC5A44 SCB2675BC8A44
Ceramic DIP SCB2675CC5140 SCB2675CC8140
Plastic DIP 6, 8, 9, 10 SCB2675CC5N40 SCB2675CC8N40
Plastic LCC SCB2675CC5A44 SCB2675CC8A44
BLOCK DIAGRAM
DCLK
c1 —»] DOUBLE
°"3.'.‘3§I“ WIDTH. ADOUBLE
co —»] COUNTER | LOGIC
VIDEO SHIFT [ poT DOT™
D0-D8 __ M  REGISTER MODULATION poTs
— 10 BITS — LOGIC E ADOTM
CCLK
uL —» = RBLANK
BLINK —] VIDEO
CURSOR —] AND
cMoDE —>f | ROME ATTRIBUTE | REDITTLVY
ABLINK —>} HIERARCHY T —» BLUE/TTLV2
AL —>] Arrasoe Loaie ORIVERS  |—» GREENIGP1
wc — AND L—» LumiGP2
ABLUEFIABLANK —|  CURSOR }
AGREENF/BKGND —] BLANK
AREDF/AHILT —- RESET
ABLUEBIAGP2 — - Vcc
AGREENB/ARVID —] -— Vg
AREDBIAGP1 —>} <«— GND
BD00340S
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PIN DESCRIPTION

PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP PLCC ’

Vee 40 44 | |Power supply: +5V +5%

Ves 1 2 | |Bias Supply: See Figure 5

GND 20 22 | |Ground: OV reference

DCLK 32 36 | |Dot Clock: Dot frequency input. Video output shift rate.

CCLK 33 37 O |Character Clock: An output which is a submultiple of DCLK. The period ranges from 6 to 10 DCLK
periods per cycle and is determined by the state of the CO, C1 inputs.

RED/TTLV1 28 31 O |Red/TTL Video 1: In color mode, this output provides the red gun serial video. In monochrome
mode, it should be used with the blue/TTL video 2 output to decode four video intensities.

BLUE/ 29 32 O |Blue/TTL Video 2: In color mode, this output provides the blue gun serial mode. In monochrome

TTLV2 mode, it should be used with the red/TTL video 1 output to decode four video intensities.

GREEN/ 27 30 O |Green/General Purpose 1: In color mode, this output provides the green gun serial video. In

GP1 monochrome mode, it is a general purpose TTL output which is asserted if the AREDB/AGP1 input
is asserted when the corresponding character dot data is loaded into the video shift register. GP1
can be active in either active scan or blank time.

LUM/GP2 26 29 O |Luminance/General Purpose 2: In color mode, this output is the logical-OR of the RGB
foreground video. It is low during a blanking interval and during the foreground portion of the cursor
display. In monochrome mode, it is a general purpose TTL output which is asserted if the ABLUEB/
AGP2 input is asserted when the corresponding character dot data is loaded into the video shift
register. GP2 can be active in either active scan or blank time.

uL 13 15 | {Underline Timing: Indicates the scan line(s) for the underline attribute. Latched on the falling edge
of BLANK. The underline will be displayed on the specified scan line for every character where
AUL=1.

BLINK 1 13 | |Blink Timing: This input is sampled on the falling edge of BLANK to provide the blink rate for the
blink attribute. Should be a submultiple of the frame rate.

BLANK 12 14 I |Screen Blank: When high, this input forces the video outputs to the specified background color in
color mode and to the level specified by the BKGND input (either black or gray) in monochrome
mode.

RBLANK 7 8 | Retrace Blank: This input is used to force the video outputs to a low during retrace periods. If
pulled high, it will automatically suppress video during the retrace periods when BLANK is high. The
user may also pulse this input while BLANK is high to selectively suppress raster video.

AGREENF/ 17 19 | |Green Foreground/Background Intensity: In color mode, this input activates the GREEN/GP1

BKGND output during the foreground (character video) portion of the associated character block. In
monochrome mode, this input specifies gray or black screen background.

ABLUEF/ 23 26 | |Blue Foreground/Blank Attribute: In color mode, this input activates the BLUE/TTLV2 output

ABLANK during the foreground (character video) portion of the associated character block. In monochrome
mode, this input generates a blank space for the associated character. The blank space intensity is
controlled by the AGREENF/BKGND input, the reverse video attribute and cursor input.

AREDF/ 25 28 | |Red Foreground/Highlight Attribute: In color mode, this input activates the RED/TTLV1 output

AHILT during the foreground (character video) portion of the associated character block. In monochrome
mode, this input highlights the associated character (including underline).

CURSOR 8 9 | |Cursor Timing: This input provides the timing for the cursor video. In color mode, with CURSOR
and CMODE high, the RGB outputs are driven high (white cursor). If CMODE is low, or in
monochrome mode, this input reverses the intensities of the video and attributes (the foreground
and background intensities are reversed). Cursor position, shape, and blink rate are controlled by
this input. :

CMODE 9 10 | |Cursor Mode: Used in color mode only. When CURSOR and CMODE are high, the RGB outputs
are driven high (white cursor). When CURSOR is high and CMODE is low, the RGB outputs are
logically ‘inverted (reverse video cursor).

AUL 19 21 | |Underline Attribute: Specifies a line to be displayed in the character block. The specific line(s) are
specified by the UL input. All other attributes apply to the underline video.

ABLINK 16 18 | |Blink Attribute: In color mode, this active high input will drive the foreground RGB combination to
the background RGB combination. In monochrome mode, the associated character or background
is driven to the intensity determined by BKGND, reverse video attribute and the cursor input.
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PIN DESCRIPTION (Continued)

NAME AND FUNCTION

PIN NO.
MNEMONIC TYPE
DIP PLCC
ADOUBLE 14 16 |
AREDB/ 21 24 |
AGP1
ABLUEB/ 22 25 [
AGP2
AGREENB/ 18 20 |
ARVID
D0 -D8 39, 2, | 43,3, [
38, 42, 4,

3,37, | 41,5

4, 36, |40, 6, 7

5 6
Co, Ci 34, 35 | 38, 39 1
RESET 15 17 |
M/C 30 33 I
ADOTM 24 27 I
DOT™M 31 35 I
DOTS 10 1 |

Double Width Attribute: This active high input causes the associated character video to be shifted
out of the serial shift register at one half the dot frequency (DCLK). The CCLK output is not affected.

Red Background/General Purpose Attribute 1: In color mode, this input activates the RED/
TTLV1 output during the background portion of the associated character block. In monochrome
mode, it activates the GREEN/GP1 output for the associated character block.

Blue Background/General Purpose Attribute 2: In color mode, this input activates the BLUE/
TTLV2 output during the background portion of the associated character block. In monochrome
mode, it activates the LUM/GP2 output for the associated character block.

Green Background/Reverse Video Attribute: In color mode, this input activates the GREEN/
GP1 output during the background portion of the associated character block. In monochrome
mode, it causes the associated character block video intensities to be reversed.

Dot Data Input: These are parallel inputs corresponding to the character/graphic symbol dot-data
for a given scan line. These inputs are strobed into the video shift register on the trailing (falling)
edge of each character clock (CCLK).

Character Clock Control: The states of these two static inputs determine the internal divide factor
for the CCLK output rate.

Reset: This active high input initializes the internal logic and resets the attribute latches.

Monochrome/Color Mode: This input selects whether the CMAC operates in monochrome or
color mode. A low selects color mode and a high selects monochrome mode.

Dot Modulation Attribute: When DOTM and this input are high, the active dot width of the
associated character video is one DCLK. When DOTM is high and this input is low, the active dot
width of the associated character video is two DCLKs.

Dot Width Modulation: When this input is high, two DCLKs are used for each dot shifted through
the shift register. When this input is low, one DCLK is used.

Dot Stretching: Sampled at the falling edge of BLANK. When this input is high, one extra dot is
appended to individual dots or groups of dots of the input parallel data and then transferred through
the shift register. When this input is low, normal transfer of input parallel data results.

FUNCTIONAL DESCRIPTION

Table 1. Monochrome Mode Attribute Characteristlcs

The CMAC consists of seven major sections
(see block diagram). The high-speed dot
clock input is applied to a programmable
divider to provide a character clock output for
system timing. Parallel dot data is loaded into
the video shift register on character bound-
aries and shifted into the video logic block at
the dot rate specified by the dot modulation
section. The appropriate attribute control in-
puts are selected by the mode select logic,
latched internally on character boundaries,
and combined with the serial dot data to

provide monochrome or color video outputs. -

The BLANK input defines the active screen
and retrace areas. In color mode, the video
outputs are forced to the specified back-
ground color when this signal is asserted; in
monochrome mode the video outputs are
forced to the states defined by the BKGND
input, i.e., black if dark background is select-
ed and gray if light background is selected. A
separate RBLANK input allows the user to
select the amount of border around the active
area when operating in color mode or in
monochrome mode with light background.
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1 2 FOREGROUND BACKGROUND
REV AHILT ABLINK VIDEO VIDEO

0 0 0 w B

0 0 1 W/G B
‘0 1 0 H B

0 1 1 H/W B

1 0 0 B G

1 0 1 B/W G/B

1 1 0 B w

1 1 1 B/H w/B

NOTES:

1. REV = (BKGND) XOR (ARVID): BKGND ARVID REV

0 0 0
[ 1 1
1 0 1
1 1 0

»

For blinking, the video outputs are shown as 0/1, where 0 and 1 are the blink timing input
states.

3. Foreground includes underline when underlining is specified by AUL = 1.

4. When ABLANK = 1, foreground p itk same as back d

BEAM INTENSITY

5. Codes for video outputs are as follows: CODE TTLV2 TTLV1
B 0 0 Black (B)
G (] 1 Gray (G)
w 1 0 White (W)
H 1 1 Highlight (H)
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This input can be tied high, in which case the
area outside the active area will be dark, or it
may be puised during BLANK periods to
externally control the border widths.

In color mode, eight colors for the character
(foreground) and eight colors for the back-
ground (area other than character) can be
selected by the attribute inputs. in mono-
chrome mode, the intensities of foreground
and background are a function of the attribute
and BKGND inputs, i.e., characters may be
black, gray, white, or highlight (very white)
while background may be black, gray, or
white (see Table 1).

Character Clock Counter

The character clock counter divides the
DCLK input to generate the character clock
(CCLK). The divide factor is specified by the
clock control inputs (C1, CO) as follows:

SCB2675B
C1 | CO | potes TCLK
Char. Duty Cycle*
0 0 10 5/5
0 1 7 3/4
1 0 8 4/4
1 1 9 4/5
NOTE:
* *High/low
SCB2675C
C1 | €O | potsy TCLK
Char. Duty Cycle*
0 1] 10 5/5
0 1 6 3/3
1 [ 8 4/4
1 1 9 4/5
NOTE:
*High/low

The number of dot clocks/character is nor-
mally the number of dots/character as listed
above. However, when dot width control is
specified, the DCLK input is divided by two
before it is applied to the character clock
counter resulting in the number of dot clocks/
character being double those listed above,
although the number of displayed dots/char-
acter remains the same. The number of dots
per character (C1, CO) can be dynamically
changed on either edge of the character
clock as shown in Figure 10 (See Dot Modu-
lation Logic).

Video Shift Register

On each character boundary, the paralle!
input dot data (DO-DB8) is loaded into the
video shift register. The data is shifted out
least significant bit first (DO) at the DCLK rate.
If 10 dots/character are specified (C1,
CO = 00), the tenth dot will be the same as
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D8. The serial dot data from the video shift
register is routed to the video logic where it is
combined with the cursor and attribute con-
trol bits to produce the video data outputs.

Mode Select, Attribute And
Cursor Control

The mode select logic multiplexes the mono-
chrome and color attribute inputs and outputs
as specified by the M/C input. The mono-
chrome mode provides blank, reverse video,
highlight and two general purpose attributes.
The latter may be used, with external logic, to
combine other attributes (e.g., overscore) into
the video stream. The color mode provides
RGB foreground and background color attri-
butes. Both modes provide double width
characters, blink, underline, dot width control
and dot stretching.

The cursor and attribute inputs are pipelined
internally to allow for system pipeline propa-
gations. The cursor input and the attribute
inputs are delayed for one CCLK to account
for the delay of the character data through
the character generator latches. The attribute
timing inputs (BLINK, UL and DOTS) are
clocked into the 2675 at the beginning of
each scan line time by the falling edge of
BLANK. Thus, these inputs must be in their
proper state at the falling edge of BLANK
preceding the scan line where they are re-
quired to be active. The BLANK signal itself is
also delayed internally to provide for the RAM
and character generator delays (see Figures
6 and 7). Internal delays cause the video
outputs to be delayed relative to CCLK as
illustrated in Figure 8.

Video Logic

Each character block consists of the three
components shown in Figure 1. Symbol video
is generated from the dot data inputs
DO - D8. Underline video is enabled by the
AUL attribute and is generated during the
scan lines for which the UL input is active.
Underline and symbol video are always the
same intensity or color, and other attributes
(e.g., ABLINK) apply to them equally. The
combination of underline and symbol video is
also referred to as foreground video. Back-
ground video is the area of the character
block corresponding to the absence of fore-
ground video. The assertion of the non-
display attribute in the monochrome mode
(ABLANK) causes the entire character block
to be displayed as background.

In monochrome mode, the serial dot data and
pipelined cursor and attributes are combined
to generate four video intensities (black, gray,
white and highlight) which are encoded on
the TTLV1 and TTLV2 outputs as follows:
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TTLV2 | TTLV1 | VIDEO INTENSITY
0 0 Black
0 1 Gray
1 0 White
1 1 Highlight

Table 1 describes the relationship between
attributes and video intensity of the fore-
ground and background components of the
character block in monochrome mode.

In color mode, the colors of the foreground
and background components are specified by
the corresponding attribute inputs; AREDF,
AGREENF and ABLUEF dictate the color of
the foreground component while AREDB,
AGREENB and ABLUEB do the same for the
background component. In this mode, the
serial dot data and pipelined cursor and
attributes are combined to generate four
video outputs. The RED, GREEN and BLUE
outputs separately contain the corresponding
foreground and background components.
The LUM output is the logical-OR of the
foreground colors ard can be used to drive a
separate monochrome monitor or to select a
different set of colors for the foreground.

Dot Modulation Logic

The dot modulation logic controls the video
shift register to supply dot stretching and dot
width control.

Dot stretching is controlled by the DOTS input
which is sampled by each scan line at the
trailing (falling) edge of BLANK. If DOTS is
asserted at that time, all characters on the
following scan line will have dot stretching
applied. Dot stretching causes an extra dot to
be added to individual dots or groups of dots
as shown in Figures 2 and 3. Dot stretching
also can be used to:

1. Compensate for low video bandwidth
monitors (since the minimum active dis-
played segment with dot stretching is two
DCLKs).

2. Assure crisp black characters when oper-
ating in white background mode.

3. Provide thick characters as a means of
distinguishing areas of the display.

SYMBOL

VIDEO
BACKGROUND
VIDEO

UNDERLINE
VIDEO

DF00010S,

Figure 1. Character Block Definition
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Dot width is controlled by the DOTM and
ADOTM inputs. DOTM is tied either high,
which enables the feature on the entire dis-
play, or low, which disables the feature. With
ADOTM high, the dot width of characters can
be selectively controlled by assertion of the
ADOTM attribute input. When operating in
this mode, the dot clock input is divided by
two before being applied to other circuits in
the CMAC. The CCLK output is also divided
by two.

The truth table for the possible combinations
of ADOTM and DOTM is as follows:

ADOTM DOTM OPERATION
0 0 Normal mode
0 1 Dot width control,
100% duty cycle
(DCLK+2, CCLK+2)
1 0 Not allowed
1 1 Dot width control,

50% duty cycle
(DCLK+2, CCLK+2)

When dot width control is enabled as above,
two DCLKs are used for each video dot
period. Asserting ADOTM for a particular
character will cause each active video dot of
the displayed character to be turned on for
one DCLK and off for the other DCLK, while if
ADOTM is negated for that character, the
active video dot for that character will be
turned on (black background) or off (white
background) for both DCLK times (see Fig-
ures 2 and 4). Only the character video
component of the character block is modulat-
ed. Underline video and background are not
affected by ontime modulation. Width control
can be used to:

1. Make horizontal lines and vertical lines
appear the same brightness on the dis-
play.

2. Provide two different brightness levels for
characters without requiring a monitor
with analog brightness inputs.

However, note that the effects produced by
this feature are highly dependent on the video
amplifier characteristics of the monitor used.

Double Width Logic

The double width logic controls the rate at
which dots are shifted through the video shift
register. When the ADOUBLE input is as-
serted, the associated character video will be
shifted at one half the DCLK rate, and the dot
information for the next character will be
loaded into the shift register two CCLKs later.
The character and attribute data that is pres-
ent on the first CCLK after the ADOUBLE
input is asserted will be ignored. The CCLK
output is not affected. If a double width
character is specified at the last location of a
character row, the second half of the double
width character (one CCLK) will extend into
the horizontal front porch.

DOT STRETCHING

eoreson [ MMM UL L L L

 —

—

NORMAL

STRETCHED

DOT CLOCK

]

DISPLAYED ON MONITOR

DOT WIDTH CONTROL

-

WF041108

WIDTH
ADOTM =0
DO‘I’S=0___I u

DISPLAYED ON MONITOR

Figure 2. Dot Modulation Timing

WF020008
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CHARACTER AS STORED ACTUAL CHARACTER DISPLAYED
IN CHARACTER GENERATOR WITH DOT STRETCHING EMPLOYED
C | =
o° Oo§ o O

Figure 3. Dot Stretching

ACTUAL CHARACTER DISPLAY
WITH WIDTH CONTROL

00000
000
00000

DF00040S DF00251S

Figure 4. Dot Width Control

NORMAL CHARACTER DISPLAY
WITHOUT WIDTH CONTROL

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATING UNIT

Ta Operating ambient temperature? range 0 to +70 °C

Tsta Storage temperature range -65 to +150 °C
All voltages with respect to ground3 -0.5 to +6.0 v

DC ELECTRICAL CHARACTERISTICS T4 =0°C to +70°C, Vog = +5V 5%, Vgg = Figure 5% 5

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max

ViL Input low voltage 0.8 v
ViH Input high voltage 2 v
VoL Output low voltage loL = 4mA 0.4 v
Vou Output high voltage lon = ~400uA 24 \"
M Input low current Vin=0.4V

DCLK -800 HA

All other inputs -400 MA
I Input high current Vin =24V

DCLK 40 A

All other inputs ) 20 MA
Icc Ve supply current ViN =0V, Vcc = Max 80 mA
s Vg supply current Figure 5 120 mA
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AC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Vog = +5V +5%, Vgg = Figure 5% 5

LIMITS
. TEST 25MHz 18MHz
SymsoL PARAMETER CONDITIONS Version version | UNIT
Min Max Min | Max
Dot clock timing (see Figure 8)
fo Frequency 25 18 MHz
toH High time 15 22 ns
toL Low time 15 22 ns
Setup times (see Figures 6, 7, 9, and 10) ’
tss BLANK to CCLK 40 50 ns
tsa Attributes to CCLK 40 50 ns
tsp DO -D9 to CCLK . 70 70 ns
tsk CURSOR to CCLK 40 50 ns
tsc Co, C1 to DCLK 30 35 ns
tsr RBLANK to DCLK 20 20 ns
tsm BLINK, UL, DOTS to BLANK 20 20 ns
Hold times (see Figures 6, 7, 9, and 10)
tus BLANK from CCLK 20 20 ns
tHA Attributes from CCLK 20 20 ns
tHp DO -D8 from CCLK 30 30 ns
tHk CURSOR from CCLK . 20 20 ns
the Co0, C1 from DCLK 20 20 ns
tHR RBLANK from DCLK 20 20 ns
tHm BLINK, UL, DOTS from BLANK 20 20 ns
Delay times (see Figure 8)
toc CCLK from DCLK G = 500F 55 70 ns
tov Other outputs from DCLK L=30p 60 70 ns
NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or at any conditions other than those described in the AC and DC Electrical Characteristics section of this specification is not implied.

2.For op at el d P the device must be derated based on +150°C juncti P

3. This product includes circuitry specifically designed for the protection of its internal devices from d: ing effects of ive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying voltages greater than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified.

5. All voltage are to ground. For testing, all input signals swing between 0.4V and 2.4V with a transition time of 3ns maximum and output
voltages are checked at 0.8V and 2V.

Vee
40
Vee
< 31.60
$ 1%, 112w
1
Ves
SR 0.1F
=

Figure 5. Recommended Vgg
Test Circuit
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(sa-o‘

W_l——ll—_ll—ll

5

ATTRIBUTES!
CHAR

DOT DATA2
00-08
18t 2nd o LAST -1 LAST 4
VIDEO3 BKGND4 CHAR l CHAR l CHAR _ CHAR CHAR 15'«5"0
VIDEO pn——
DOUBLE WIDTH BKGND* I 1st CHAR J 3rd CHAR I LAST —1 CHAR l BKGND?
ROW ——
WF02100S

NOTES:
1. Attributes include: ABLINK, ABLANK, ARVID, AUL, AHILT, ADOUBLE, ADOTM, two general purpose, and foreground/background colors.

2. One CCLK delay for dot data (obtained from delay through character generator).
3. See Figure 8 for detail timing of video outputs.
4. Non-active scan time. VIDEO reverts to polarity seiected by the BKGND input in monochrome mode.

L | L L

5K —o- {‘HK
GuRSoR \

S N S/ _—
CHARACTER __/

WITH CURSOR

WF02110S

Figure 7. Cursor Pipeline Timing
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j—1/1p —»] —] tOoH |e— — oL |

mllllllllllll

OTHER LAST - 1 LAST 18t 2nd
OUTPUTS PIXEL PIXEL PIXEL PIXEL
CHARACTERN — 1 —/L— CHARACTER N

Figure 8. Output Pipeline Timing

WF021208

MONOCHROME MODE

LML LML LML ML LM

VIDEO GRAY \ BLACK , GRAY }\ BLACK ’

WF021308)

Figure 9. RBLANK Timing During Inactive Scan Time
(Blank = 1)

N U A VY A Y A U VA VAV A Y A VY O WY Y A W
T\ r \

tsc ——‘ . —»l la—tsc '
co,ct T DON'T CARE [3 DON'T CARE X

—] a—tyc — }O—ch

NOTE:
1. The high and low times of CCLK may be controlied independently.
’ Figure 10. Clock Divider Timing
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DISPLAY ADDRESS

rL

CHARACTER
RAM

2670
CHARACTER
GENERATOR

—

ATTRIBUTE
RAM

»

DCLK

Seee8

2675
CMAC

ATTRIBUTE
INPUTS

—» R
—» G

8 MONITOR
— LUM

|—=» CRT CONTROLLER

BD003508

Figure 11. System Block Diagram of SCB2675 in Color Mode

s
7

F—N] cHaracTER cuA:engER

—/1 RAM GENERATOR
®
g 1
8
N
3 v
2 /
2 7

ATTRIBUTE
RAM

OCLK

geeeg

2675
CMAC

ATTRIBUTE
INPUTS

CCLK

— TTLV1
T‘H.VZ] MONITOR

GENERAL
'} PURPOSE
—J outputs

= CRT CONTROLLER

Figure 12. System Block Diagram of SCB2675 in Monochrome Mode
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DESCRIPTION

The Signetics SCB2675T Turbo Color/
Monochrome Attr ibutes Controller (Tur-
bo-CMAC) is a bipolar LSI device de-
signed for CRT terminals and display
systems that employ raster scan tech-
niques. It contains a programmable dot
clock divider to generate a character
clock, a high-speed shift register to seri-
alize input dot data into a video stream,
latches and logic to apply visual attri-
butes to the resulting display, and logic
to display a cursor on the display.

The Turbo-CMAC provides control of
visual attributes on a character by char-
acter basis for two operating modes:
monochrome and color. The mono-
chrome mode provides reverse video,
blank, highlight and two general purpose
user definable attributes. In this mode,
the display characters can be specified
to appear on either a light or dark screen
background. Retrace video suppression
can be automatically or externally con-
trolled. The color mode provides eight
colors for foreground (character) video
and eight colors for background video
together with a luminance output for
external color set selection or to simulta-
neously drive a monochrome monitor.
Additionally, both modes provide double
width, underline, blink, dot stretching
and dot width attributes. In monochrome
mode, the SCB2675T emulates the attri-
bute characteristics of Digital Equipment
Corporation's VT100 terminal.

The horizontal dot frequency is the basic
timing input to the Turbo-CMAC. This
clock is divided internally to provide a
character clock output for system syn-
chronization. Up to nine bits of dot data
are parallel loaded into the video shift
register on each character boundary.
The two TTL video data outputs in
monochrome mode are encoded to pro-
vide four video intensities (black, gray,
white and highlight). The video data in
color mode is encoded to provide eight
foreground colors and shifted out on
three TTL outputs, together with the
luminance output.

December 1986

SCB2675T1

Turbo Color/Monochrome
Aitributes Control

CMAC)

Preliminary Specification

FEATURES
o 40MHz video dot rate version

o Four video intensities encoded
on two TTL outputs (mono-
chrome mode)

o Eight foreground and background
colors encoded on three TTL
outputs (color mode)

o Internally latched character
attributes:

- Reverse video

- Blank

- Blink

- Underline

- Highlight

- Two general purpose

- Eight foreground colors

- Eight background colors

~ Dot width control

- Double width characters
e VT100 compatible attributes

o Reverse video cursor with
optional white cursor in color
mode

e Up to 10 dots per character

e Light or dark background in
monochrome mode

- Automatic retrace blanking
e Programmable dot stretching

o Compatible with SCN2674 AVDC
and SCN2670 DCGG

o TTL compatible
® 40-pin dual in-line package

APPLICATIONS
o CRT terminals

e Word processing systems
o Small business computers
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PIN CONFIGURATION

ler (Turbo-

uL
ADOUBLE
RESET

ABLINK
AGREENF/
BKGND
AGREENB/
ARVID
AuL

GND

0OTM

mic
BLUE/TTLV2
RED/TTLVY
GREEN/GP1
LUM/GP2
AREDF/AHILT

ADOTM

ABLUEF/
ABLANK

ABLUEB/AGP2
AREDB/AGP1
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ORDERING INFORMATION

= + ° °
PACKAGES DOTS PER Vce =5V £5%, 0°C to +70°C
CHARACTER 40MHz
Plastic DIP 7, 8,9 10 SCB2675TC4N40
BLOCK DIAGRAM
DCLK
C1 —>1 CHARACTER : DOUBLE
CLOCK WIDTH. ADOUBLE
co —] COUNTER LOGIC
VIDEO SHIFT Dot DOTM
D0-D8 __ M  REGISTER MODULATION DoTS
—10BITS — LOGIC ADOTM
CCLK
uL Ly RBLANK
BLINK — VIDEO
CURSOR —>
CMODE —>1 ATTRIBUTE — RED/TTLV1
ABLINK —-| MONOCHROME HIERARCHY m > BLUETTLV2
AND COLOR LOGIC
AUL —>1 ATTRIBUTE DRIVE | GREEN/GP1
mic — AND LUMIGP2
CURSOR
ABLUEF/ABLANK — oo f
AGREENF/BKGND — BLANK
AREDF/AHILT —3 RESET
ABLUEB/AGP2 —>] <— Vcc
AGREENB/ARVID —> ~— Vgg
AREDB/AGP1 — <— GND
BDO0340S
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PIN DESCRIPTION

MNEMONIC

PIN NO.

DIiP

TYPE

NAME AND FUNCTION

Vee
Ves
GND
DCLK
CCLK

RED/TTLV1
BLUE/TTLV2

GREEN/GP1

LUM/GP2

UL

BLINK
BLANK
RBLANK
AGREENF/
BKGND
ABLUEF/
ABLANK

AREDF/AHILT

CURSOR

CMODE

AUL

40
1
20
32
33

28

29

27

26

13

23

25

19

0O - - - -

_|intensities are reversed). Cursor position, shape, and blink rate are controlled by this input.

Power Supply: +5Vpc

Bias Supply: See Figure 5

Ground: OV reference

Dot Clock: Dot frequency input. Video output shift rate.

Character Clock: An output which is a submultiple of DCLK. The period ranges from 7 to 10 DCLK
periods per cycle and is determined by the state of the CO-C1 inputs.

Red/TTL Video 1: In color mode, this output provides the red gun serial video. In monochrome
mode, it should be used with the blue/TTL video 2 output to decode four video intensities.

Blue/TTL Video 2: In color mode, this output provides the blue gun serial video. In monochrome
mode, it should be used with the red/TTL video 1 output to decode four video intensities.

Green/General Purpose 1: In color mode, this output provides the green gun serial video. In
monochrome mode, it is a general purpose TTL output which is asserted if the AREDB/AGP1 input is
asserted when the corresponding character dot data is loaded into the video shift register. GP1 can
be active in either active scan or blank time.

Luminance/General Purpose 2: In color mode, this output is the logical-OR of the RGB foreground
video. It is low during a blanking interval and during the foreground portion of the cursor display. In
monochrome mode, it is a general purpose TTL output which is asserted if the ABLUEB/AGP2 input
is asserted when the corresponding character dot data is loaded into the video shift register. GP2
can be active in either active scan or blank time.

Underline Timing: Indicates the scan line(s) for the underline attribute. Latched on the falling edge
of BLANK. The underline will be displayed on the specified scan line for every character where
AUL = 1.

Blink Timing: This input is sampled on the falling edge of BLANK to provide the blink rate for the
blink attribute. Should be a submultiple of the frame rate.

Screen Blank: When high, this input forces the video outputs to the specified background color in
color mode and to the level specified by the BKGND input (either black or gray) in monochrome
mode.

Retrace Blank: This input is used to force the video outputs to a low during retrace periods. If pulled
high, it will automatically suppress video during the retrace periods when BLANK is high. The user
may also pulse this input while BLANK is high to selectively suppress raster video.

Green Foreground/Background Intensity: In color mode, this input activates the GREEN/GP1
output during the foreground (character video) portion of the associated character block. In
monochrome mode, this input specifies gray or black screen background.

Blue Foreground/Blank Attribute: In color mode, this input activates the BLUE/TTLV2 output
during the foreground (character video) portion of the associated character block. In monochrome
mode, this input generates a blank space for the associated character. The blank space intensity is
controlled by the AGREENF/BKGND input, the reverse video attribute and cursor input.

Red Foreground/Highlight Attribute: In color mode, this input activates the RED/TTLV1output
during the foreground (character video) portion of the associated character block. In monochrome
mode, this input highlights the associated character (including underline).

Cursor Timing: This input provides the timing for the cursor video. In color mode, with CURSOR and
CMODE high, the RGB outputs are driven high (white cursor). If CMODE is low, or in monochrome
mode, this input reverses the intensities of the video and attributes (the foreground and background

Cursor Mode: Used in color mode only. When CURSOR and CMODE are high, the RGB outputs are
driven high (white cursor). When CURSOR is high and CMODE is low, the RGB outputs are logically
inverted (reverse video cursor).

Underline Attribute: Specifies a line to be displayed in the character block. The specific line(s) are

specified by the UL input. All other attributes apply to the underline video.
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PIN DESCRIPTION (Continued)

PIN NO. 2
MNEMONIC TYPE NAME AND FUNCTION
DIP —

ABLINK 16 | Blink Attribute: In color mode, this active high input will drive the foreground RGB combination to
the background RGB combination. In monochrome mode, the associated character or background is
driven to the intensity determined by BKGND, reverse video attribute and the cursor input.

ADOUBLE 14 | Double Width Attribute: This active high input causes the associated character video to be shifted
out of the serial shift register at one half the dot frequency (DCLK). The CCLK output is not affected.

AREDB/AGP1 21 | Red Background/General Purpose Attribute 1: In color mode, this input activates the RED/TTLV1
output during the background portion of the associated character block. In monochrome mode, it
activates the GREEN/GP1 output for the associated character block.

ABLUEB/AGP2 22 | Blue Background/General Purpose Attribute 2: In color mode, this input activates the BLUE/
TTLV2 output during the background portion of the associated character block. In monochrome
mode, it activates the LUM/GP2 output for the associated character block.

AGREENB/ 18 | Green Background/Reverse Video Attribute: In color mode, this input activates the GREEN/GP1

ARVID output during the background portion of the associated character block. In monochrome mode, it
causes the associated character block video intensities to be reversed.

Do - D8 39, 2, | Dot Data Input: These are parallel inputs corresponding to the character/graphic symbol dot data

38, 3, for a given scan line. These inputs are strobed into the video shift register on the trailing (falling) edge
37, 4, of each character clock (CCLK).
36, 5, 6

Co, C1 34, 35 1 Character Clock Control: The states of these two static inputs determine the internal divide factor
for the CCLK output rate.

RESET 15 | Reset: This active high input initializes the internal logic and resets the attribute latches.

M/C 30 | Monochrome/Color Mode: This input selects whether the CMAC operates in monochrome or color
mode._A low selects color mode and a high selects monochrome mode.

ADOTM 24 | Dot Modulation Attribute: When DOTM and this input are high, the active dot width of the
associated character video is one DCLK. When DOTM is high and this input is low, the active dot
width of the associated character video is two DCLKs.

DOTM 31 | Dot Width Modulation: When this input is high, two DCLKs are used for each dot shifted through the
shift register. When this input is low, one DCLK is used.

DOTS 10 | Dot Stretching: Sampled at the falling edge of BLANK. When this input is high, one extra dot is
appended to individual dots or groups of dots of the input parallel data and then transferred through
the shift register. When this input is low, normal transfer of input parallel data results.

FUNCTIONAL DESCRIPTION monochrome mode with light background. SCB2675T
The Turbo-CMAC consists of seven major  This input can be tied high, in which case the

sections