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PREFACE 

This manual describes the Integrated Solutions VME-68K20 processor board. The text provided in this 
manual includes a product overview, specifications, configuration information, and programming 
information. The manual is divided into four sections and two appendixes: 

SECTION 1: This section describes the general features and architecture of the VME-68K20. 

SECTION 2: This section lists the VME-68K20 specifications. 

SECTION 3: This section provides the VME-68K20 switch and jumper configuration options. 

SECTION 4: This section provides VME-68K20 programming and operations information. 

APPENDIX A: This appendix provides VME-68K20 compatibility information. 

APPENDIX B: This appendix provides application notes for the Signetic 2681 DUART. 
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VME-68K20 Integrated Solutions VME-68K20 

SECTION 1: INTRODUCTION 

The VME-68K20 CPU board is a high-performance systems-oriented CPU on a standard dual-size VME 
board. Maximizing the perfonnance available from the Motorola MC6802O, the VME-68K20 combines 
the processing speed, large instruction space, and powerful instruction set of the MC68020 processor with 
the second-generation industry standard VME bus. 

Integrated into the VME-68K2O board is the concept of a dual-bus architecture for maximum performance 
in both single processor and multiprocessor environments. The VME-68K20 also provides the additional 
features necessary to support multiple processors on a single VME bus. 

t.l Features 

Using the latest in VLSI technology, the VME-68K20 offers the following features: 

• 16.67 MHz 68020 CPU 

• Dual 32-bit buses (VME bus and HSMEM bus) 

• YME bus four-level arbiter 

• HSMEM bus arbiter 

• Support for interprocessor interrupts 

• Memory Management Unit featuring an ultra-high-speed translation.buffer 

• Supports 256-Mbyte virtual address space and 256-Mbyte physical address space 

• Support for an MC68881 floating point processor with independent clock 

• Two asynchronous serial ports 

t.2 Performance 

The YME-68K20 maximizes the performance available from the Motorola MC68020 processor. Several 
architectural features contribute to this optimized perfonnance: 

• Use of the HSMEM bus - Maximum performance is realized when all memory is present on the_ 
HSMEM bus, and the VME bus is used strictly for 110 operations. At 16.67 MHz the 68020 operates 
with one wait state on reads and no wait states on writes. In addition, no VME bus cycles occur when 
the 68020 operates over the HSMEM bus, leaving the entire VME bus bandwidth available for 
peripheral operations. 

• Ultra-high-speed translation buffer - The 68020 processor board uses a very high-speed single level 
translation buffer that translates virtual to physical addresses in less than 35 nanoseconds (ns). 

• The Motorola MC68020 is a full 32-bit processor with 32-bit registers, data paths, and addressing. The 
processor's design enables the VME-68K20 to approach maximum perfonnance without exotic 
hardware. The MC68020 always executes 32-bit instruction fetches resulting in almost a 50 percent 
decrease in the number of fetches required by 16-bit microprocessors. In addition, the MC68020 has a 
small internal instruction cache which further reduces the required number of external instruction 
fetches. The combination of these factors means that the one wait state on reads and no wait states on 
writes version of the 68020 operating at 16.67 MHz achieves between 90 and 92 percent of the 
maximum no wait state performance possible. 

1-1 Introduction 1-1 
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1.3 Architecture 

As illustrated in Figure 1-1, the major functional elements that compose the VME-68K20 are 

• MC68020 processor 

• VME bus and HSMEM bus interface logic 

• Memory Management Unit 

• Serial ports 

• EPROM 

• MC68881 Floating point processor 

1.3.1 MC68020 Processor 

The VME-68K20 uses the Motorola MC68020 processor as the CPU. The MC68020 is a 32-bit processor 
that offers virtual memory support, 18 addressing modes, a flexible co-processor interface, floating point 
processor support, memory mapped I/O, internal instruction cache, and pipeline instruction execution. As 
discussed previously, the processor's advanced design enables the VME-68K20 to approach maximum 
performance without the need for exotic support hardware. 

1.3.2 Bus Interfaces 

The VME-68K20 supports two buses, the VME bus and the HSMEM bus. The VME-68K20 dual-bus­
architecture provides maximum perfonnance in both single processor and multiprocessor environments. 

1.3.2.1 VME Bus 
The VME-68K20 has a 32-bit VME interface. The interface supports byte, word, and longword transfers. 
In 28-bit mode, the VME-68K20 conforms to VME 32-bit addressing with the top four address bits driven 
to O. The VME bus interface includes an interrupt handler for all seven interrupt levels and a four-level 
prioritized bus arbiter. 

Interrupt Handler 
The VME-68K20 can receive interrupts at any of the seven VME bus levels. In addition, any level can be 
independently disabled so that the 68020 does not respond to it. This is useful in multiprocessor 
environments where each processor handles a portion of the seven interrupt levels. 

Support for interprocessor interrupts is required for multiprocessing. The VME-68K20 provides an on­
board I/O port into which the 68020 can write to generate an interrupt at any of the seven VME bus levels. 
A programmable vector will then be driven onto the bus during the VME bus interrupt acknowledge cycle. 

VME Bus Arbiter 
The arbiter can be configured as a Release on Request or a Release When Done arbiter, and the 68020 
processor can be configured to request the bus at anyone of the four levels. Additionally, in 
multiprocessor environments where another processor is handling bus arbitration, the arbiter can be 
completely disabled. 

1.3.2.2 HSMEM Bus 
The HSMEM bus is a 32-bit bus implemented on the user defined pins of the VME-68K20 P2 connector in 
conjunction with connector J2. which supports HSMEM bus address Bits 27-24. The HSMEM bus 
provides access to a maximum of 256 Mbytes of physical memory with one wait state on reads and no wait 
states on writes at 16.67 MHz. No VME bus cycles occur when the 68020 operates over the HSMEM bus. 
The HSMEM bus signal lines are provided in Table 1-1. 
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27 

32 

9 

Address Lines: 

Data Lines: 

Control Lines: 

HSCYC· 

HSUDS* 
HSIDS* 

HSRW* 

HSLW* 

HSREF* 

HSVME* 

HSPARERR* 

HSDTACK* 

Table 1-1. HSMEM Bus Signals 

HSADD27-HSADDI 

HSDATII-HSDATO 

Used to start an HSMEM cycle 

Used as upper and lower data strobes on the HSMEM bus 

The read/write control line 

Used to signal 32-bit transfers 

Used to signal the start of a refresh cycle 

Used to signal the start of a VME access cycle 

The parity etror signal returned by the memory board JQ the 
CPU if parity error occurs 

Used as a cache hit signal to eliminate the one wait state 
normally inserted on all high-speed memory cycles. 

NOTE 

The use of an asterisk (*) following the signal ruune 
indicates that the signal is ttue when it is low. 

HSMEM Bus Arbiter 
The VME-68K20 is designed. around the concept of sharing HSMEM bus bandwidth (total bandwidth 
16.67 Mbytes/second) arnong the 68020 processor, the VME bus DMA requests, and the memory refresh 
circuitry. Few DMA devices can use the entire 16.67 Mbytes/second bandwidth of the HSMEM bus. 
Therefore, the HSMEM bus arbiter gives DMA devices highest priority, i.e., whatever percentage of the 
memory cycles they need, . and allocates the rest of the cycles to the 68020. The memory refresh circuitry 
utilizes one meJllOry cycle every 16 microseconds. This is a much more efficient strategy than other bus 
arbitration schemes where the DMA device retains control of the bus for a period of time, although it 
cannot perform transfers at a rate even approaching the bus bandwidth. Bus arbitration occurs every 60 ns. 
In order to avoid synchronizing delays in the 68020 access path, the entire arbiter operates synchronously 
with the 68020 clock.. 

1.3.3 Memory Management Unit 

The VME-68K20 has· a demand paged Memory Management Unit (MMU) that supports a 256-Mbyte 
virtual address space and a 256-Mbyte physical address space. The VME-68K20 MMU performs three 
functions that are necessary for efficient multiprogramming operating systems: 

• Translates from the 256-Mbyte virtual address space to the 256-Mbyte physical address space - The 
VME-68K20 demand paging subsystem is based on four-Kbyte pages. Consequently, 65,536 
translations are needed to map the 256-Mbyte virtual address space. These translations are kept in 
system physical memory in page translation tables (PITs). The high-speed translation buffer caches 
the most recently used translations. The hardware sequencer pulls required translations from the PTT 
area into the translation buffer without software intervention. 
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• Protects one user program in a multiprogramming environment from corrupting another user program 
or the operating system itself - The memory management unit has two bits in the PIT entry (PTTE) 
which are protection bits. These protection bits can be encoded for no access, read only access, or 
read/write access. If a user program attempts to execute a memory access that is not permitted by the 
protection bits, the MMU prevents the cycle from occurring and a bus error notifies the processor of the 
attempted access. 

• Provides demand-paged virtual memory support - In this role, the MMU supports two additional bits 
in the PTrE. These bits are the page accessed bit and the page modified bit. The two bits are 
automatically modified by the hardware under the following conditions: 

- Both bits should initially be 0 when the PITE is created in main memory by the operating system. 
This indicates that the user program has not modified the page from what was present on the disk. 
It also indicates that the page has not yet been accessed by the user program. 

- When a page is loaded into the translation buffer by the hardware sequencer, the page accessed and 
page modified bits are checked. If the page accessed bit is 0, it is updated to 1 by the hardware as is 
the memory-based PITE. (Central to the design concept of the VME-68K20 MMU is the concept 
that the memory-based PITEs are always updated by the hardware in order to ~l!lain identical to 
the translation buffer copy of the PITEs. Thus, any change in the translation buffer page accessed 
or page modified bits is immediately followed by an update cycle in which the memory-based 
PITE is updated.) 

- When a write operation occurs to a page which has a page modified bit value of 0, the page 
modified bit is updated to 1 both in the translation buffer and in the memory-based PITE. 

The major elements that compose the MMU include a page table pointer buffer, context register, hardware 
sequencer, and an ultra-high-speed translation buffer. 

1.3.3.1 Page Table Pointer Burrer 
The Page Table Pointer buffer (PTP buffer) contains eight contexts (0-7), each context consisting of 128 
twelve-bit Page Table Pointers (PTPs), see Figure 1-2. The PTP buffer can be thought of as an MMU that 
is used solely by the hardware sequencer. The PTP buffer is programmed by the system software for use 
by the hardware sequencer and it performs two functions: 

• It translates virtual addresses of PITs into physical addresses. 

• It provides an abort mechanism for references to user virtual spaces for which no PITEs exist. This 
allows better overall system performance by allowing large sections of virtual address spaces to be 
disabled very quickly and easily. 

Virtual Address Translations 
As mentioned previously. the PTP buffer contains eight contexts, the system context (0) and seven user 
contexts (1-7). As shown in Figure 1-2, it is the function of Bits 2-0 of the Context Register to provide an 
index into the PTP buffer to select one of the eight contexts. 

Within a particular context, one of the 128 PTPs is selected by Bits 27-21 of the system/user virtual 
address. Context Register Bits 2-0 plus virtual address Bits 27-21 form an index into the PTP buffer 
(selecting a particular PTP) as illustrated in Figure 1-3. 
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Each 12-bit PTP points to a two-Kbyte block in physical memory called a Page Translation Table (P'IT). 
As shown in Figure 1-2, each PIT contains 512 four-byte Page Table Entries (PITEs). Virtual address 
Bits 20-12 form an index into the PIT selecting one of the 512 P'ITEs. The 12-bitPIP appended to virtual 
address Bits 20-12 forms the physical address of a particular PITE as illustrated in Figure 1-4. 

PTP 

NOTE 

PITE physical addresses must be in the lower seven Mbytes on the 
HSMEM bus. The high order nine bits and low order two bits 
of the 32-bit physical address generated by the PIP are forced 
to 0 by the hardware. 

Set to 0 

bylwdware 

PlTE Physical Address 

1 27 ---- 23 122 -- 11 1 10 ----- 2 

112111 110 1 9 I 8 I 7 I 6 I 5 14 I 3 I 2 11 

System/User Virtual Address 

Figure 1-4. PITE Physical Address 

I 
Set to 0 

bybanlware 

0110-00 

Each PITE is one longword (32 bits) in length. The P'ITE format is shown in Figure 1-5 and Table 1-2 
provides bit definitions. PITE Bits 15-0 specify a page number in physical memory; the complete 
physical address is formed by appending virtual address Bits 11-0 which provide the offset into the page 
number specified by PITE Bits 15-0. 
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27 ---- 16 

Uuused 
Accessed bit 

Modified bit 

IS --- 0 

Page Number 

Protection bit 
Protec:tioD bit 

0111-00 

Figure 1-5. PITE Fonnat 

Table 1-2. PITE Bit Definititms 
Name Descrij)tion 

Protection Bit When 0, this bit indicates that the PITE is invalid. When 1. 
the bit indicates a valid entry. When a translation through an 
invalid enuy in the translation buffer is attempted, the cycle 
is blocked and the cycle is terminated in a bus error as a 
protection violation. 

Protection Bit If Bit 30 is a I, the accessed page is read only. If Bit 30 is 0, 
the accessed page is read/write. An attempt to write on a 
read only page results in a protection violation. A protection 
violation results in the cycle being blocked and terminated 
with a bus error to notify the processor of the violation. 

Page Modified Bit This bit is changed from 0 to 1 on the first write access to 
this page. The hardware sequencer is responsible for 
keeping the memory PITE synchronized with the translation 
buffer entry. 

Page Accessed Bit This bit is changed from 0 to 1 on the first access to this 
page. This first access normally occurs the first time the 
page is pulled from the P1Ts into the translation buffer. 
Again, the hardware sequencer is responsible for keeping the 
memory-based P'ITE synchronized with the translation 
buffer entry. 

- Unused by hardware. 

Page Number The least significant twelve bits of the virtual address (page 
offset) are appended to these sixteen bits (page) to form the 
28-bit physical memory address. 
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Figure 1-6 presents a summary view of the virtual-to-pbysical address translation. System/user virtual 
address Bits 31-28 determine which context in the PrP buffer is selected: 

• 0000 is user mode and the context is Context Register Bits 2-0. 

• 0001 is system mode and the context is 0 regardless of the Context Register contents. 

• 0010 is system mode and the context is Context Register Bits 2-0. 

The context with virtual address Bits 27-21 appended provide an index into the PrP buffer selecting a 
particular 12-bit PrP. The 12-bit PTP appended to virtual address Bits 20-12 produce the pbysical address 
of the PITE in physical memory. PITE Bits 15-0 appended to virtual address Bits 11-0 form the 28-bit 
physical address of the four-Kbyte page in physical memmy. 

NOTE 

The high order four bits of the 32-bit VME address are zeroes. 

Abort Mechanism 
The PTP buffer performs a special function to assist the operating system. Since most user processes are 
considerably less than 256 Mbytes in size, it would be inefficient for the operating system to maintain all 
65,536 translations necessary to translate a 256-Mbyte virtual address space. With most processes, almost 
all of the translations would contain the no-access protection code. Therefore, the PTP buffer provides an 
abort mechanism for detecting references to user virtual space for whicb no PITEs exist If all of the 
upper four bits of the PTP are 1s, it indicates that the PIT for this range of the virtual address space is not 
allocated The hardware sequencer, upon encountering this situation, blocks the ttanslation buffer from 
being updated and terminates the cycle in a bus error. The operating system, upon seeing the bus error, can 
determine whether the reference was a valid reference that should be paged in from disk or an illegal user 
access. 

It is worth noting how PrPs are written and read by the processCX' as compared to their use by the bardware 
sequencer. As shown in Figure 1-7, when the processor is writing or reading a PTP, Data Bits 0-10 
correspond to the 11 most significant bits (MSB) of the 12-bit PrP. The least significant bit (LSB) of the 
PrP corresponds to Data Bit 20. When the PI'P is used to produce the pbysical address of the P'ITE, the 
LSB of the PTP corresponds to the P'ITE Physical Address Bit 11. The MSB of the PrP corresponds to 
PITE Physical Address Bit 22. 

1.3.3.2 Hardware Sequencer 
The hardware sequencer provides two main functions. It fetches PITEs from the memmy-based PITs 
whenever the necessary PITE is not present in the translation buffer and it updates the contents of the 
memory-based PTIEs so they always agree with their cached counterparts. The hardware sequencer runs 
synchronously with the 68020 clock, taking five clock cycles (300 nanoseconds) to fetch a PITE from 
physical memory or to update a PITE in physical memory. 

It is important to note with regard to MMU operation that in system mode it is possible to directly access 
physical memory without going through the translation buffer. The non-ttanslated address select logic 
detects this range of virtual address which is to pass around the MMU and inhibits the MMU during these 
cycles. 
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Figure 1-6. Virtual-to-Physical Address Translation Summary 
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PrP 1~1!1~19181716IsI4 31211 
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YITE Physical Address 

0121-00 

Figure 1-7. Reading and Writing PTPs 

1.3.3.3 Translation BuITer 
The translation buffer is made up of 1,024 by 28 bits of very high-speed static RAM. In the translation 
buffer, 512 entries are allocated to caching system translations and 512 entries to caching user translations. 
The hardware sequencer fetches the necessary PITEs from the PIT area into the translation buffer. 
However, if translation buffer Bits 26-20 match virtual address Bits 27-21 and the valid bit is 1 
(translation buffer Bit 31), a cache hit bas occurred and no hardware sequencer assistance is required. 
Each entry in the translation buffer consists of 28 bits as shown in Figure l-S. 

1.3.4 Serial Ports 

Match bits 
Valid Entry bit 

Accessed bit 
Modified bit 

Protection bit 
Protection bit 

15 ----- 0 

Page frame number 
Unused 

0113-00 

Figure 1-8. Translation Buffer Entry Format 

The VME-6SK20 supports two asynchronous serial ports with software controlled baud rate. The serial 
ports may operate ilt speeds from 300 baud to 3S.4 kilobaud. 
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1.3.5 EPROM 

The EPROM contains self-test diagnostics, MMU initialization logic, and the UNIX bootstrap loader. 

1.3.6 Floating Point Processor 

The VME-68K20 has an optional on-board floating point processor (FPP). The FPP (an MC68881) 
operates as a co-processor. The FPP has its own oscillator so it can operate at a clock rate independent of 
the CPU. 

1.4 Interrupts 

The VME-68K20 uses the seven-level interrupt scheme of the 68020 to service three general categories of 
interrupts. These three categories of interrupts include 

• Off-board interrupts 

• On-board interrupts 

• Interprocessor interrupts 

1.4.1 Off·Board Interrupts 

The VME-68K20 interrupt handler receives interrupt requests of up to seven different priority levels over 
the VME bus (see Figure 1-9). As the figure shows, the interrupt handler may receive all, some, or none of 
the VME INTERRUPT REQUEST signals as a function of configuration jumpers. 

In a single processor environment, the interrupt handler would typically be configured to receive all seven 
levels of interrupts which it would handle in accordance with VME specifications. However, in 
multiprocessor environments, each VME-68K20 may be configured to handle only a portion of the 
jpterrupt requests on the VME bus, with the only restriction being that no two VME-68K2Os may be 
configured to handle the same interrupt level. 

-
IRQl 

IRQ2 

V IRQ3 IPU 
M 
E 

IRQ4 

B 

PRIORITY IPLl 
MC68020 

ENCODER 

u IRQ5 IPLO 

S 
IRQ6 

IRQ7 

0114-00 

Figure 1-9. VME-68K20 Interrupt Handler 
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lA.2 On-Board Interrupts 

The VME-68K20 on-board interrupts include DARTINT* (on-board serial ports), CI'CINT* (60 Hz clock 
generator), and NMllNT (non-maskable inteITUpt is generated when either an AC power failure or high­
speed memory parity error occurs). The serial ports inteITUpt at Level S, while the 60 Hz clock generator 
interrupts at Level 6. 

1.4.3 Interprocessor Interrupts 

In a multiprocessor environment, there are multiple processor boards, each of which is capable of receiving 
and handling inteITUpts from other processor boards, as well as generating and sending interrupts to other 
processor boards. 

There are two methods for one processor to inteITUpt another. The first method is for the inteITUpting 
processor to place a particular address (interproceSsor interrupt address) on the VME bus. In a 
multiprocessor environment, each VME-68K20 must be configured to have a unique interprocessor 
interrupt address. When this address is placed on the VME bus, an on-board interrupt at Level 4 or Level 7 
(jumper conttolled) is forced on the processor board that was addressed. The on-board inteITUpt results in 
an autovector to an interrupt handling routine. This first type of interprocessor interrupt is the auto­
vectored inter processor inte"upt. 

The second type of interprocessor inteITUpt is accomplished by sending an inteITUpt out on the VME bus 
over one of the INTERRUPI' REQUEST lines IRQ3-IRQ6. When the interrupt acknowledge cycle occurs 
on the VME bus, the inteITUpting processor drives a programmable vector (the contents of the 
Interprocessor Interrupt Vector Register, an 8-bit on-board I/O register located at address SCOOOOOO) on 
the bus to acknowledge the inteITUpt. This is the vectored inter processor inte"upt. 

1.5 Software 

The VME-68K20 is available with UNIX 4.2BSD (Berkeley Software Distribution). For those users that 
desire a full virtual memory implementation and a high level of file system performance, Berkeley UNIX is 
the software system of choice. Berkeley UNIX 4.2 now runs on almost all the Digital Equipment 
Corporation VAX systems that run UNIX. The Integrated Solutions' implementation provides the same 
VAX operating environment. 
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SECTION 2: SPECIFICATIONS 

This section provides performance specifications and operating requirements for the VME-68K20 
processor board. 

2.1 Processor 

The VME-68K20 employs the Motorola MC68020 processor operating at 16.67 MHz and supports an 
optiona112.S MHz MC68881 floating point processor. 

2.2 Form Factor 

The VME-68K20 form factor is standard VME double-size - l60mm x 233.33mm. 

2.3 System Bus 

The system bus of the VME-68K20 is the VME bus as defined in the VMEbus Specification, Motorola part 
number MVMEBSID1. The VME bus is implemented on VME bus connector PI and th.e center row of 
pins on connector P2. 

Connector PI provides fun support for the VME bus including all seven intemlpt levels and full four level 
bus arbitration logic. The VME-68K20 can generate either 24-bit or 32-bit addresses on the VME bus. 
The VME-68K20 can generate either 24-bit or 32-bit addresses by using the extended addressing pins on 
the center row of the P2 connector. The PI connector pin assignments and signal mnemonics are given in 
Table 2-1. 

NOTE 

With 32-bit addresses, the four bigh-order address bits are driven to O. 

2.4 High-Speed Memory Bus 

The High-Speed Memory bus (HSMEM bus) is implemented on the user-defined I/O pins of the VME 
connector P2. Table 2-2 provides the HSMEM bus signal mnemonics and pin assignments for connector 
P2. 

The concept of the HSMEM bus is central to realizing the full performance of the 68020 processor. The 
bus is 32-bit, semi-synchronous, with a very simple handshake sequence. All, part, <r none of the bigb­
speed memory is accessible from the VME bus depending on the configuration of a series of on-board 
jumpers. The HSMEM bus enables the 68020 processor to operate with one wait state. on reads and no 
wait states on writes at 16.67 MHz. 

The HSMEM bus bas the following three groups of signal lines: 

• Address lines HSADD 1 througb HSADD27 

• Data lines HSDATO through HSDATII 

• Nine control lines 

2-1 

In addition to the P2 connector, which supports most of the HSMEM bus signals, VME-68K20 
connector J2 supports high-speed address Bits 27-24 to enable the VME-68K20 to support up to 256 
Mbytes of physical memory on the HSMEM bus. The J2 connector pin assignments and signal 
mnemonics are given in Table 2-3. 
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2.5 Bus Arbitration Timing 

The bus arbitration latency is defined as the amount of time it takes to be granted the bus when the arbiter 
is in the idle state. For the VME-68K20, this amount of time varies from a minimum of 60 os to a 
maximum of 120 os due to the asynchronous nature of bus requests with respect to the arbiter which is a 
synchronous implementation. The average latency is 90 os. These times are for the 16.67 MHz VME-
6SK20. P2 implements the HSMEM bus on the user-defined 110 pins (A and C rows) supporting a 16-
Mbyte address space. The B row of pins implements 32-bit VME bus data transfers and the extended 
addressing bits discussed already. 

Table 2-1. VME Bus Connector PI Pin Assignments 
Row A RowB RowC 

Pin Signal Signal Signal 
Number Mnemonic Mnemonic Mnemonic 

1 VMEDO BBUSyr VMED8 
2 VMEDI BCLR· VMED9 
3 VMED2 ACFAll.· VMEDI0 
4 VMED3 BooIN· VMEDII 
5 VMED4 BGOOUT· VMED12 
6 VMED5 BOlIN· VMED13 
7 VMED6 BOI0UT· VMED14 
8 VMED7 B02IN· VMEDIS 
9 OND B020UT· OND 

10 SYSCLK B03IN· SYSFAll.·t 
11 OND B030UT· VMEBERR· 
12 VMEDSl· BRO· SYSRESET· 
13 VMEDSO· BRl· LWRD· 
14 VMEWR· BR2· VMEAMS 
15 OND BR3· VADD23 
16 VMEDTACK· VMEAMO VADD22 
17 OND VMEAMI VADD21 
IS VMEAS· VMEAM2 VADD20 
19 OND VMEAM3t VADD19 
20 VMEIACK· OND VADD18 
21 IACKIN· SERCLK~ VADDl7 
22 IACKOUT* SERDAT VADD16 
23 VMEAM4 OND VADD15 
24 VADD7 IRQ7· VADDl4 
2S VADD6 IRQ6· VADD13 
26 VADDS IRQS· VADD12 
27 VADD4 IRQ4· VADDll 
28 VADD3 IRQ3· VADDI0 
29 VADD2 IRQ2· VADD9 
30 VADDI IRQI· VADDS 
31 -12V +SVSTDByt +12V 
32 +SV +SV +SV 

t Not implemented 011 the VME-68K20. 
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Table 2-2. HSMEM Bus Connector P2 Pin Assignments 
Row A RowB RowC 

Pin Signal Signal Signal 
Number Mnemonic Mnemonic Mnemonic 

1 HSDA17 +5 Volts HSDAT15 
2 HSDAT6 GND HSDATl4 
3 HSDAT5 RESERVED HSDAT13 
4 HSDAT4 VADD31 HSDAT12 
5 HSDAT3 VADD30 HSDAT11 
6 HSDAT2 VADD29 HSDATlO 
7 HSDATl VADD28 HSDAT9 
8 HSDATO VADD27 HSDATS 
9 VMECYC· VADD26 HSADD23 

10 HSADDI VADD25 HSADD22 
11 HSADD2 VADD24 HSADD21 
12 HSADD3 GND HSADD20 
13 HSADD4 +5 Volts HSADD19 
14 HSADD5 VMED16 HSADD18 
15 HSADD6 VMED17 HSADD17 
16 HSADD7 VMED18 HSADD16 
17 HSADD8 VMED19 HSADD15 
18 HSADD9 VMED20 HSADD14 
19 HSADDI0 VMED21 HSADD13 
20 HSADD11 VMED22 HSADD12 
21 HSDAT31 VMED23 HSCYC· 
22 HSDAT30 GND HSLDS* 
23 HSDAT29 VMED24 HSLW* 
24 HSDAT28 VMED2S HSUDS* 
25 HSDAT27 VMED26 HSDTACK* 
26 HSDAT26 VMED27 HSPARERR* 
27 HSDAT25 VMED28 HSDAT19 
28 HSDAT24 VMED29 HSDAT18 
29 HSDAT23 VMED30 HSDATl7 
30 HSDAT22 VMED31 HSREF* 
31 HSDAT21 GND HSWRI1E* 
32 HSDAT20 +5 Volts HSDATl6 
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Table 2-3. Connector J2 Pin Assignments 
Pin Signal Signal 

Number Mnemonic Name 
1 - Unassigned 
2 GND Ground 
3 HSADD27 High-Speed Bus Address 27 
4 GND Ground 
S HSADD26 High-Speed Bus Address 26 
6 GND Ground 
7 HSADD2S High-Speed Bus Address 25 
8 GND Ground 
9 HSADD24 High-Speed Bus Address 24 

10 GND Ground 

2.6 Serial Ports 

The two serial ports on the VME-68K20 board both support asynchronous communication with 
programmable baud rates of 300 to 19.2 kilobaud. Both serial ports exit the VME-68K20 board through a 
single ten-pin ribbon cable connector, 11, which is bn*en into two ports with an optional breakout panel. 
Table 2-4 provides the serial port signal mnemonics and 11 connector pin assignments. 

Table 2-4. Serial Port Connector 11 Pin Assignments 
Pin Signal Signal 

Direction t Number Mnemonic Name 
I TXDO Transmit data (Channel 0) Out 
2 RXDO Receive data (Channel 0) In 
3 - Unassigned 
4 - Unassigned 
S GND Ground 
6 GND Ground 
7 TXDI Transmit data (Channell) Out 
8 RXDl Receive data (Channell) In 
9 - Unassigned 

10 - Unassigned 

2.7 EPROM Socket 

The EPROM socket is jumper configurable (jumpers E4{}-E42) for a single 2764,27128,27256, or 27512 
EPROM. 

t Out means the line is driven by the VME-68K20. In means the line is driven into the VME-6SK20 by some external device. 
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2.8 Indicators 

There are three LED indicators on the VME-68K20 board: OS 1, OS2, and OS3. Table 2-5 provides a brief 
functional description of these indicators. 

Table 2-5. VME-68K20 Indicators 
Indicator 

OSI 

OS2 

Description 
OS 1 is the VME bus Control 
Indicator. The LED lights when the 
VME-68K20 has control of the VME 
bus. OSI extinguishes when another 
OMA device takes control of the bus 
a when the bus arbiter is in the idle 
state with no device in control of the 
VMEbus. 

OS2 is the Run Indicator. The LED 
lights when the 68020 on the VME-
68K20 board is executing 
instructions. 

OS3 OS3 is reserved for diagnostic use. 

2.9 Power Requirements 

The VME-68K20 power requirements are 

• +5 volts at 6.4 amps 

• + 12 volts at 0.05 amp 

• -12 volts at 0.05 amp 

2.10 Environmental Requirements 

OS3 corresponds to context register 
Bit 7. When Bit 7 is 1 the LEO is 
off, when Bit 7 is 0 the LED is on. 
The LED is on during system 
power-up and is extinguished by the 
bootstrap EPROM after the power­
on diagnostics have been 
successfully completed. 

The VME-68K20 environmental requirements are as follows 

• Temperature: ooe to 500 e (operating), -4Q°e to 65°C (non-operating). 

• Humidity: 10% to 85% (non-condensing). 
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SECTION 3: CONFIGURATION 

The VME-68K20 board has 45 sets of jumpers and one 100bit switch bank (Sl) which allow considerable 
configuration versatility. The jumpers are arranged into a number of logical groupings in accordance with 
the functions they perform. The physical locations of these functional groups of jumpers and Sl are shown 
in Figure 3-1. The jumper configuration descriptions and switch settings are provided in the paragraphs 
that follow. 

3.1 MC68881 Floating Point Co-processor Clock (E5) 

Jumper E5 controls the MC6888 1 floating point CO-JX'OCessor clock frequency. The jumper configurations 
are given in Table 3-1. The default clock frequency is 12.5 MHz. 

12.5 MHz ES-l toE5-2 

3.2 VME Bus Arbitration Jumpers 

The VME-68K20 on-board arbiter has 22 jumper posts associated with iL These 22 jumper positions can 
be divided into three logical groups. The groups include the following: 

• VME-68K20 bus request level (E7-EI0 and E12) 

• Bus arbiter enable/disable and bus grant control (El-E4 and E6) 

• Bus master type (Ell) 

3.2.1 Request Level (E7-EIO and Ell) 

Jumpers E7-E10 and E12 control the VME bus request level of the on-board requester. The VME-68K20 
board contains full four-level bus arbitration logic, and the on-board 68020 must request the bus at one of 
these four levels. E12 is the common jumper and must be connected to one of the other four jumpers 
according to Table 3-2. 

Note that the function of these jumpers is the same whether the on-board bus arbiter is used or an external 
off-board arbiter is used. 

Table 3·l. VME-68K20 Bus Request Level Jumper Configurations 
Jumpers Bus ReQuest Level 
E12-E7 Level 0 
E12-E9 Levell 
E12-E8 Level 2 
EI2-EIO Level 3 

The processor must be connected to request the bus at only one level at anyone time for reliable operation. 
In addition, this level must be the same level at which the VME-68K20 is inserted into the Bus Grant daisy 
chain. The factory default is E7-EI2. 
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3.2.2 Arbitration (EI-E4 and E6) 

Jumpers EI-E4 and E6 are used in conjunction with the E7-EIO and El2jumper configuration to control 
the bus grant daisy chains and to tum the bus arbiter on or off. The VME bus is a multiprocessor bus, but it 
has centralized bus arbitration. This means that when multiple VME-68K20 or other VME processor 
boards are simultaneously present on the bus, only one bus arbiter can be enabled. To explain the proper 
configuration of the jumpers, the signal present on each jumper pin must be considered. These pin 
assignments are given in Table 3-3. 

Table 3-3. VME Bus Arbitration Jumper Pin Signals 
Pin Signal Name 

EI-I VME BUS GRANT IN Level 0 
E2-1 VME BUS GRANT IN Levell 
E3-1 VME BUS GRANT IN Level 2 
E4-1 VME BUS GRANT IN Level 3 
EI-2 VME BUS GRANT OUT Level 0 
E2-2 VME BUS GRANT OUT Levell 
E3-2 VME BUS GRANT OUT Level 2 
E4-2 VME BUS GRANT OUT Level 3 
EI-3 Arbiter BUS GRANT OUT Level 0 
E2-3 Arbiter BUS GRANT OUT Level I 
E3-3 Arbiter BUS GRANT OUT Level 2 
E4-3 Arbiter BUS GRANT OUT Level 3 
E6-1 68020 BUS GRANT OUT 
E6-2 68020 BUS GRANT IN 

The VME BUS GRANT IN Levels 0-3 are inputs from the bus grant daisy chain when an external arbiter 
is used These jumpers are not used when the on-board arbiter is used because the on-board arbiter serves 
as the start of the daisy-chain. 

The VME BUS GRANT OUT Levels 0-3 are the bus grant daisy chain outputs that go on to the next VME 
board in the daisy chain. In the case where an external arbiter is used, three of these lines are tied straight 
through from VME BUS GRANT IN to VME BUS GRANT OUT. The one line which is not tied through 
passes through the on-board requester. In the case where the on-board arbiter is used, three of these lines 
are tied straight through from Arbiter BUS GRANT OUT to VME BUS GRANT OUT to start the daisy 
chain. Again the Arbiter BUS GRANT OUT/VME BUS GRANT OUT pair (which is not tied straight 
through) passes through the on-board requester and is the pair corresponding to the level at which the 
requester is currently jurnpered to request the bus. 

The Arbiter BUS GRANT OUT Levels 0-3 are the four outputs of the VME on-board arbiter and start the 
bus grant daisy chain. Not connecting these four lines effectively disables the on-board arbiter. 

The explanation of the bus arbitration signals has given indications of the proper way to connect the 
jumpers for various possible arbiter/requester configurations. The following two examples further clarify 
the jumper configurations. 
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Example One 
In the factory default configuration for the VME-68K20 board, the on-board miter is active and the on­
board requester is requesting and being granted use of the VME bus at Level 0, the lowest of the four 
priority levels. Jumpers E2-3 and E2-2, E3-3 and E3-2, and E4-3 and E4-2 are connected together to 
aiginate the bus grant daisy chains for Levels 1, 2, and 3 respectively (see Figure 3-2). Jumper El-3, 
which originates the daisy chain for Level 0 is tied to E6-2 which is the on-board requester BUS 
GRANT IN pin. Jumper E6-1, the on-board requester BUS GRANT OUT pin, is tied to E 1-2, the VME 
BUS GRANT OUT pin. In this manner, the Level 0 bus grant originates on the VME-68K20 board, 
passes through the on-board requester, and then is driven out onto the VME bus. 

NOTE 

This configuration is used for the server node in a clustered system or workstation. 
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Figure 3-2. Example One: On-Board Arbiter Active 
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Example Two 
In this case, an off-board arbiter is used and the on-board requester is requesting and being granted use 
of the VME bus at Level 3, the highest level. In this configuration, jumpers El-2 and El-l, E2-2 and 
E2-1, and E3-2 and E3-1 are connected to pass the bus grant daisy chains at Levels 0, 1 and 2 straight 
through the board (see Figure 3-3). Jumper E4-1, the VME BUS GRANT IN at Level 3 is tied to E6-2, 
the on-board requester BUS GRANT IN pin and jumper E6-1, the on-board requester BUS GRANT 
OUT pin is tied to E4-2, the VME BUS GRANT OUT pin at Level 3. In this manner, the Level 3 bus 
grant daisy chain passes through the on-board requester and the other 3 levels of bus grant pass straight 
through the board. 

NOTE 
This configuration is used for the various cluster nodes in a clustered system or workstation. 
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Figure 3-3. Example Two: Off-Board Arbiter Active 
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3.2.3 Bus Master Type (Ell) 

The jumper Ell conttols whether the VME-68K20 is a Release on Request (ROR) or a Release When 
Done (RWD) bus master. If the jumper is inserted from Ell-l to Ell-2, the VME-68K20 becomes a ROR 
bus master (factory default). This means that once it becomes bus master. it remains bus master until 
another bus request is present on the bus. Note that any level of bus request causes any level of bus master 
to release the bus. This is the appropriate jumper positioning for most single processor applications or for 
the server node in a clustered system ex' workstation. 

If the jumper is inserted from Ell-l to EU-3. then the VME-68K20 becomes a RWD bus master. This 
means that the processor gets off the bus after completing each VME bus cycle and must again request the 
bus before it can do another VME bus ttansfer. This may be the appropriate configuration for a 
multiprocessor situation where the process<X'S execute mosdy from the HSMEM bus and only occasionally 
require access to the VME bus (cluster node in a clustered system or workstation). 

Note that both the ROR and the RWD configurations are completely implemented in hardware and are 
completely ttansparent to the 68020. No code is required to either acquire or relinquish the bus in either 
case. . 

3.3 EPROM Socket Configuration (E4O-E42) 

Jumpers E4o-E42 configure the VME-68K20 EPROM socket (board location U48. see Figure 3-1) for 
either a 2764. 27128. 27256. or a 27512 EPROM. The jumper configurations are given in Table 3-4. 

Tabl 3-4 EPROM S ket C nfi 'on e . oc o Igurau 
EPROM Jumper Configuration 

2764 E40-1 toE41 
E41 to E42-1 

27128 E40-1 toE41 
E41 to E42-1 

27256 E40-1 toE41 
E42-1 to E42-2 

27512 E40-1 to E40-2 
E42-1 to E42-2 

The factory default configuration is set for a 27128. 

3.4 MC68020 Instruction Cacbe EnabJelDisabJe (E32) 

Jumper E32 determines whether or not the MC68020 internal insttuction cache is enabled. The cache 
should always be enabled (no jumper inserted). 

3.5 RAS Precbarge Time Compensation (E34) 

Jumper E34 detemiines the number of dead cycles that are inserted between high-speed memory cycles to 
compensate for RAS precharge time (current memory technology requires 90 to lOOns RAS precharge 
time). If E34-1 and E34-2 are not jumpered, one dead cycle is inserted between high-speed memory 
cycles. With a jumper installed between E34-1 and E34-2 (the faCtory default). two dead cycles are 
inserted (E34-1 andE34-2 should always remainjumpered). 
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3.6 Interrupts 

The VME-68K20 has three groups of jumpers that are associated with three broad categories of interrupts. 
The three categories of interrupts include the following: 

• Off-board interrupts 

• On-board interrupts 

• Interprocessor interrupts 

3.6.1 Off·Board Interrupts (E17-E23) 

The VME-68K20's interrupt handler may handle an. some, or none of the seven levels of VME Interrupt 
Requests (IRQI-IRQ7). Jumpers EI7-E23 determine which VME bus (or off-board) interrupt requests 
will be handled by a VME-68K20's interrupt handler. 

In a single-processor environment, the single VME-68K20 will have the only interrupt handler on the VME 
bus, and consequently, it will handle all levels of off-board interrupts. In this case, jumpers E17-E23 will 
be installed (see Figure 3-4). 
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Figure 3-4. Off-Board Interrupt Jumper Configuration (Single-processor) 

In multiprocessor environments, interrupt handlers on multiple processor boards may be configured to 
handle any portion of the seven levels of off-board interrupts, although no two interrupt handlers may 
handle identical interrupt levels. In Figure 3-5 for example, processor A's interrupt handler is configured 
to handle interrupts Levels 4-7, while processor B handles interrupt Levels 1-3. 
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Figure 3-5. Off-Board Interrupt Jumper Configurations (Multiprocessor) 
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3.6.2 On-Board Interrupts (E13 and E14) 

There are two on-board interrupt lines, DARTJNT4' and CfCINT*, that have associated configuration 
jumpers (E13 and E14. respectively). E13 must be tied to E19-2 (intenupt LevelS) and El4 must be tied 
to EIS-2 (interrupt Level 6). 

3.6.3 Interprocessor Interrupts (ElS, E16, E33, and E35-E37) 

In a multiprocessor environment, there are multiple processor boards, each of which is capable of receiving 
and handling interrupts from other processor boards, as well as generating and sending interrupts to other 
processor boards. The proper configuration of jumpers EIS, E16, E33, and E35-E37 enables this 
interpcocessor interrupt scheme to operate properly. 

There are two methods for one processor to interrupt another. The first method is for the interrupting 
processor to place a particular address (interprOCessor interrupt address) on the VME bus. In a multi­
processor environment, each VME-68K20 must be configured to have a unique inteIprocessor interrupt 
address. When this address is placed on the VME bus, an on-board interrupt is generated on the processor 
board that was addressed. The on-board interrupt results in an autovecur to an interrupt handling routine. 
This first type of interprocessor interrupt is the auto-vectored interprocessor interrupt. 

The second type of interprocessor interrupt is accomplished by sending an interrupt out on the VME bus 
over one of the IN1ERRUPI' REQUEST lines. When the interrupt acknowledge cycle occurs on the VME 
bus, the interrupting processor drives a programmable vector on the bus to acknowledge the interrupt. This 
is the vectored inlt!rprocessor interrupt. 

3.6.3.1 Auto-Vectored Interprocessor Interrupt Address (E35) 
One processor board may interrupt another by writing to a particular address located in the interprocessor 
interrupt space (short 110 space). Since there may be as many as eight different processors on the VME 
bus, each must have a unique address within the interprocessor interrupt space in order to recognize which 
processor is being interrupted. Establishing this unique address is the function of jumper E3S and two 
programmable bits in the Context Register (Bits 6 and S which are LevI and Lev2, respectively). The E3S, 
Lev!, and Lev2 bit configurations are provided in Table 3-S. 

Table 3-S. Auto-Vectored Interprocessor Interrupt Addresses 
InteIprocessor 

Interrupt Address E3S LevI Lev2 Processor 
COOO in in in Server 
COO2 in in out Cluster 1 
COO4 in out in Cluster 2 
c006 in out out Cluster 3 
COOS out in in Cluster 4 
COOA out in out 
COOC out out in 
COOE out out out 

3.6.3.2 Auto-Vectored Interprocessor Interrupt Priority (EIS and E33) 
When one VME-68K20 places the auto-vectored interprocessor interrupt address of another processor on 
the VME bus, an on-board interprocessor interrupt is generated on the board that received the interrupt, i.e., 
the ONBDINT* signal is asserted. The priority of this interrupt is controlled by jumpers EIS and E33. 
The interrupt priority may be set at either Level 4 or Level 7 (see Table 3-6). 
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Table 3-6. Auto-Vectored Inte sor Interru t Priority 
Jum Priori Level 

4 
7 

EIS to E20-2 with E33 installed 
EIS to E17-2 with E33 out 

3.6.3.3 Vectored Interprocessor Interrupts (E16, E36, and E37) 

VME-68K20 

When using vectored inteIprOcessor interrupts, the interrupting VME-68K20 must send an interprocessor 
interrupt out over the VME bus on one of the INTERRUPT REQUEST lines IRQ3-IRQ6. Jumper EI6 
may be tied to Pin I of anyone of these IN1ERRUPT REQUEST line jumpers (BI8-E21) in order to send 
interprocessor interrupts to another interrupt handler at a selected priority level. For example, in Figure 3-6 
the vectored interprocess(X' interrupt is sent out at priority Level 6. In addition to jumper E16, jumpers E36 
and E37 must be configured as shown in Table 3-7. 
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Figure 3·6. Off-Board Interprocessor Interrupt Jumpers 

Configuration 

MC68020 

0119-00 

3-10 



VME-68K20 Integrated Solutions VME-68K20 

Table 3 7 Y, red In .. ecta terprocessor In terrupt Jumpers 
Interrupt Jumper 

Level El6 to .... E36 E37 
3 E21-1 in in 
4 E20-1 in out 
S E19-1 out in 
6 E18-1 out out 

3.7 Board Status Register (E24-E31) 

Jumpers E24-E3l set values in a byte register, the Board Status Register (BSR), which are associated with 
on-board PROM or operating system functions. Jumpers E24 and E2S correspond to BSR Bits 7 and 6, 
respectively. These jumpers determine the power-up baud rate for the on-board serial ports as shown in 
Table 3-8. 

Table 3·8. Baud Rate Jumpers 
Baud Rate E24 E2S 

300 in in 
1200 in out 

19200 out in 
9600 out out 

NOTE 

These jumpers are read by the 68020. The baud rate setting is a software function. 

Jumpers E28-E3l (BSR Bits 3--0, respectively) set the processor number for a particular VME-68K20 
processor board. The processor number for the VME-68K20 in a single-processor system is O. In 
multiprocessor clustered systems and workstations, the server node (master) VME-68K20 is processor 0, 
while each additional cluster node (slave) is incremented by one. The jumpers provide a four-bit binary 
coded processor number with jumper E3l corresponding to the least significant bit and E28 the most. 
significant bit. Table 3-9 provides the currently valid processor numbers and their corresponding jumper 
configurations. Jumpers E26 and E27 (BSR Bits S and 4, respectively) are reserved for future use. 

a e .. ocessor T bl 39 Pr u er N mb J umpers 
Processor Processor 
Number E28 E29 E30 E3l Implementation 

ot in in in in Single-processor or 
server node 

I out out out in Cluster I 
2 out out in out Cluster 2 
3 out out in in Cluster 3 
4 out in out out Cluster 4 

t The binary value IS is mapped to a value d O. 

3-11 Configuration 3-11 



VME-68K20 Integrated Solutions VME-68K20 

3.8 On-Board VO Cycle Length (E44) 

Jumper E44 determines the length of on-board 110 cycles for the DUART, context register, error register, 
and PROMs. The jumper configurations and corresponding 110 cycle lengths for VME-68K2Os running at 
16.67 MHz are given in Table 3-10. 

T bl 3 10 110 C I Len th Confi ·on a e - . yce ~gt gurati 
110 Cycle Jumper 
Length Configuration 

SOOnanoseconds E44-1 to E44-3 

1 microsecond E44-1 to E44-2 t 

3.9 VME-68K20 Access to VME Bus Memory (SI) 

Using regular addressing, the VME-68K20 supports up to 16 Mbytes of physical memory. This memory 
may be present on either the VME bus or the HSMEM bus. Switch SI (ten-bit switch) is used to set the 
address boundary below which all references to memory are to the HSMEM bus and above which all 
memory references are to the VME bus. 

NOTE 

S 1 is functional only when using translated addresses. 

Using regular addressing, SI bit switches 1 through 4 must always remain open. Bit switches S through 10 
are then set to determine the address boundary between VME bus and HSMEM bus memory references 
(see Table 3-11). 

Table 3-11. SI Switch Settings (Regular Addressing) 
VMEBus HSMEMBus 

SI Bit Settings t Memory Address Memory Address 
Ran2e Ran2e 1-4 S 6 7 8 9 10 

FCOOOO-FFFFFF o-FBFFFF 0 C C C C C C 
FSOOOO-FFFFFF o-F7FFFF 0 C C C C 0 C 
FOOOOG-FFFFFF G-EFFFFF 0 C C C 0 0 C 
EOOOOO-FFFFFF o-DFFFFF 0 C C 0 0 0 C 
COOOOO-FFFFFF o-BFFFFF 0 C 0 0 0 0 C 
S~rrFrrF o-7FFFFF 0 0 0 0 0 0 C 
o-FFFFFF None 0 0 0 0 0 0 0 

NOTE 

The factory default is printed in bold-face type. 

t This jumper configuratiOD is reserved for future use with faster versiODs of the processor. With increased clock speed. the liD 
cycle length will change from the currently specified value. 
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When using extended addressing, SI bit switches 1,2,3, and 4 correspond to address bits 27, 26, 25, and 
24, respectively. The SI bit settings for extended addressing are shown in Table 3-12. 

T hI 3 12 SI S . h S· (E ded Addres· ) a e • . Wltc ettJ.ngs xten SlOg 
VMEBus HSMEMBus 

Memory Address Memory Address SI Bit Settings 
Range Range 1 2 3 4 S 6 7 8 9 10 

FFCOOOO-rrrFFFF o-FFBFFFF C C C C C C C C C C 
FF80000-FFFFFFF o-FF7FFFF C C C C C C C C 0 C 
FFOOOOD-FFFFFFF o-FEFFFFF C C C C C C C 0 0 C 
FEOOOOD-FrrFFFF o-FDFFFFF C C C C C C 0 0 0 C 
FCOOOOD-FFFFFFF o-FBFFFFF C C C C C 0 0 0 0 C 
FSOOOOD-FFFFFFF o-F7FFFFF C C C C 0 0 0 0 0 C 
FOOOOOO-FFFFFrr o-EFFFFFF C C C C 0 0 0 0 0 0 
EOooooo-FFFFFFF o-DFFFFFF C C C 0 0 0 0 0 0 0 
COOOOOO-FFFFFFF o-BFFFFFF C C 0 0 0 0 0 0 0 0 
8~FFFFFFF o-7FFFFFF C 0 0 0 0 0 0 0 0 0 
O·..:rrFFFFF None 0 0 0 0 0 0 0 0 0 0 

3.10 VME Bus Access to HSMEM Bus Memory (E38 and E39) 

Jumpers E38 and E39 control the VME bus window in HSMEM bus memory. There are four possible 
settings which include the following: 

• For use with the Optimum V Systems (both with and without graphics capabilities) 

• For use with a cluster file server (master) processor 

• For use with a cluster node (slave) processor 

• For use with extended memory systems (greater than 16 Mbytes of high-speed memory) 

The jumper configurations for E38 and E39 are provided in Table 3-13. 

Table 3·13. Jumper E38 and E39 Configurations 
VME Bus Window 

Into HSMEM Memory E39 E38 Product Supported 
(}-DFFFFE in out Optimum V Systems and WorkStations 
(}-7FFFFE out out Cluster server (master) 
no VME bus window in in Cluster node (slave) 
o-bf'FFrrE out in Extended memory systems 

t In this table the bit switch settings are represented by the letten C or 0, which mean clCllled (on) or open (off), respectively. 
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3.11 Non-Translated Address Boundary (E43) 

In non-translated virtual address space, a different mechanism is used to control the boundary between 
HSMEM bus accesses and VME bus accesses. Currently, a single jumper (E43) is used to control this 
boundary. Table 3-14 provides the E43 jumper configurations. 

Table 3·14. Non-Translated Address Boundary Jumper 
VME Bus Memory HSMEM Bus Memory 

Jumper Address Range Address Range Products 
E43-1 to EOOOOO-FFFFFE ~DFFFFE Opnmum V Systems 
E43-2 and WorkStations 
E43-2to 8~FFFFFF ~1FFFFE Cluster server (master) 
E43-3 Cluster node (slave) 

NOTE 

With the current PAL (U37), all extended accesses (above 16 Mbytes) in 
non-translated virtual address space always go out on the VME bus. 
Contact Integrated Solutions if you have special requirements. 

3.11 Static VME Bus VO Sizing (E49) 

Jumper E49 controls whether the VME bus I/O space (E()()()()()-FFFFFE) is treated as a 16-bit addressable 
entity (E49 is in) or a 32-bit addressable entity (E49 is out). 
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SECTION 4: OPERATIONIPROGRAMMING 

The VME-68K20 logical address space from 3000000016 to 6FFFFFFF16 is dedicated to on-board IIO. The 
on-board I/O addresses do not pass through the MMU nor are they protected by it However, on-board I/O 
space is only accessible when the MC68020 is in system mode. An attempt to access on-board I/O space 
while in user mode results in a bus-trap error. The on-board IIO address space is subdivided into four 
address areas which are allocated as shown in Table 4-1. 

T bl 4-1 On B ard I/O Addre S a e . - 0 ss >pace 
Address Area Base Address (hex) 

System Translation Buffer 30000000 
User Translation Buffer 40000000 
Byte I/O Space 50000000 
PTPBuffer 600000OO 

4.1 Translation Burrer 

The translation buffer is made up of 1,024 by 28 bits of very high-speed static RAM. There are 512 entries 
for system translations (base address 30000000) and 512 entries for user translations (base address 
40000000). 

The translation buffer increments in quantities of four Kbytes (IOOO1J. Since the system and user 
translation buffer address areas each have 512 entries, the space actually used for system and user 
translations is indicated by the address ranges given in Table 4-2. 

Tab Ie 4-2. System and User Translation Buffer Address R 
Buffer Address Range (hex) 

System Translation Buffer 30000000-301FFOOO 
User Translation Buffer 4()()()()00()-401FFOOO 

The translation buffer entry format is discussed in Section I. 

4.2 Byte I/O Space 

anges 

The byte 110 space is a small portion of space accessible in system mode used for access to or 
programming of the following: 

• EPROM 

• DUART (serial port chip) 

• Error Source Register (ESR) 

• Interprocessor Interrupt Vector Register (IVR) 

• Board Status Register (BSR) 

• Context Register (CTX) 
The base addresses for the members resident in the byte IIO space are provided in Table 4-3. 
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Table 4-3. Byte 110 Space Address Areas 
Register/Chip Base Address (hex) 

EPROM S4000000 
DUART 58000000 
ESR (read only) SCOOOOOO 
IVR (write only) SCOOOOOO 
BSR (read only) SOOOOOOO 
crx (write only) SOOOOOOO 

4.2.1 DUART (Serial Ports) 

The VME-68K20 has two asynchronous serial ports with software controlled baud rate. The serial ports 
are implemented with aSignetics SCN2681 dual asynchronous receiver/transmitter (DUART). 

The operation of the DUART is controlled by writing control words into appropriate control registers. The 
CPU moriitors status by reading the channel status registers. The control and status register addresses are 
provided in Table 4-4. For detailed programming information, refer to Appendix B DUART Application 
Notes. 

Table 4-4. DUART Register Addresses 
Address Register Type Description 

58000000 MRIAlMR2A ReadlWrite Mode Registers Al and A2 
58000002 SRA Read Status Register A 
58000002 CSRA Write Oock Select Register A 
58000004 CRA Write Command Register A 
58000006 RHRA Read Receiver Holding Register A 
58000006 THRA Write Transmitter Holding Register A 
58000008 IPCR Read Input Port Change Register 
58000008 ACR Write Auxiliary Control Register 
5800000A ISR Read Interrupt Status Register 
5800000A 1MR Write Interrupt Mask Register 
5800000c CTU Read CounterlTimer Upper 
5800000E en. Read CounterlTimer Lower 
58000010 MRIBIMR2B ReadlWrite Mode Registers Bland B2 
58000012 SRB Read Status Register B 
58000012 CSRB Write Oock Select Register B 
58000014 CRB Write Command Register B 
58000016 RHRB Read Receiver Holding Register B 
58000016 THRB Write Transmitter Holding Register B 
58000018 OPCR Write Output Port Configuration Register 
58000018 INP Read Input Port 
5800001C SOPBC Write Set Output Port Bits Command 
5800001C STARTC Read Start Counter Command 
580000 IE ROPBC Write Reset Output Port Bits Command 
580000 IE STOPC Read Stop Counter Command 
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The DUART is typically initialized with a short program that resets the control registers. The VME-68K20 
EPROM-resident SIO port initialization program is as follows: 

1* 
* Initialize SIO ports 
*1 

movb #CR _ CMD _ RST _MR,S2681_ W _ CR _ A 
movb #CR _ CMD _ RST _ MR,S2681_ W _ CR _ B 
movb #CR _ CMD _ RST _ RX,S2681_ W _ CR _A 
movb #CR _ CMD _RST _ RX,S268 1_ W _ CR_B 
movb #CR _ CMD _RST _ TX,S2681_ W _ CR _A 
movb #CR _ CMD _ RST _ TX,S2681_ W _ CR _ B 
movb #CR _ CMD _ RST _ERR,S2681_ W _ CR _A 
movb #CR _ CMD _ RST _ ERR,S2681_ W _ CR _ B 
movb #CR _ CMD _ RST _ BRK,S2681_ W _ CR _A 
movb #CR _ CMD _RST _ BRK,S2681_ W _ CR _ B 
movb #(MRI_PAR _NONEIMR1_ 8 _ BIT),S2681_ MRI_ A 
movb #(MR1_PAR_NONEIMRl_8_BIT),S2681_MR1_B 
movb #MR2 _1_ STOP,S2681_ MR2 _A 
movb #MR2 _1_ STOP,S2681_ MR2_B 
movb #OxBB,S2681 W CSR A 1* baud rates 9600*/ 
movb #OxBB,S268 (W=CSR=B 
movb #(CR _ENABLE _ TXICR _ENABLE _ RX),S2681..:W _ CR_A 
movb #(CR_ENABLE_TX/CR_ENABLE_RX},S2681_ W _CR_B 

4.2.2 Error Source Register 

The ESR is a read-only byte register located at address SCOOOOOO. The bit definitions for the ESR are 
given in Table 4-S. 

Table 4-5. ESR Bit Definitions 
Bit Mnemonic Description 
0 ABORT In the case of a bus error, if Bit 0 is 0 and 

Bit 3 (PROTERR) is 0, the PI'P was 
aborted. If Bit 0 is 1 and Bit 3 is 0 then a 
protection violation occurred. 

1 VMEBERR In the case of a bus error, if Bit I is 0, a 
VME bus error occurred. 

2 ILLADDR In the case of a bus error, if Bit 2 is 0, an 
illegal address error occurred. 

3 PROTERR In the case of a bus error, if Bit 3 is 0 and 
Bit 0 is I, a protection violation occurred. 

4 ACFAll.. In the case of an NMI, if Bit 4 is 0, an AC 
power failure occurred. 

S PARITY In the case of an NMI, if Bit 5 is 0, a parity 
error occurred on the HSMEM bus. 
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4.2.3 Board Status Register 

The BSR is a read-only byte register located at address 50000000. The bit values in the BSR are set by 
VME-68K20 board jumpers E24-E31. Refer to Section 3 for the BSR jumper configurations and 
corresponding bit definitions. 

4.2.4 Co~text Register 

The CTX is a write-only byte register located at address 50000000. The bit functions of the CTX are 
described in Table 4-6. 

Table 4-6. CTX Bit Definitions 
Bit Description 
7 Bit 7 is used for diagnostic purposes. Bit 7 is 0 

during system power-up. Upon successful 
completion of the power-on diagnostics, the 
bootstrap EPROM sets Bit 7 to 1. The condition 
of Bit 7 may be monitored by watching VME-
68K20 board indicator (LED) OS3. When Bit 7 
is 1 DS3 is off, when Bit 7 is 0 OS3 is 011. 

6-5 CTX Bits 6 and 5 in conjunction with jumper 
E35 determine the auto-vectored interprocessor 
interrupt address in short I/O space for a 
particular VME-68K20 processor. Refer to 
Section 3 for the jumper and bit configurations 
and their COITeSpo11ding auto-vectored 
interprocessor interrupt addresses. 

4 If a 1 is written to Bit 4, the 60 Hz clock interrupt 
is enabled. A 0 value for Bit 4 disables the 60 Hz 
clock inteIrupL 

3 If a 1 is written to Bit 3, parity checking is 
enabled. A 0 value for Bit 3 disables parity 
checking. 

2-0 Bits 2-0 determines the context in the PTP 
buffer. A binary 0 value for the three bits is the 
system context, while binary bit codes of one 
through seven conespond to the seven user 
contexts. Bit 0 is the low order bit for the context 
number. 

4.3 Page Table Pointer Butrer 

The PTP buffer stores the current context of 128 twelve-bit Page Table Pointer (PTPs). The PTP buffer's 
base address is 60000000. Since the PTP buffer is incremented in two-Mbyte increments, the 128 PTPs are 
stored within the address range of 600000OO to 6FEOOOOO. The format of the PTPs is discussed in Section 
1. 
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APPENDIX A: VME-68K20 BOARD COMPATmILITY 

The VME-68K20 processor board may be installed into any of the Optimum V family products. In order 
to ensure compatibility with other printed circuit boards in the system or workstation, Table A-I provides 
the part numbers and revision levels for the printed circuit boards that are compatible with the VME-
68K20. 

Table A·I. Compatible Printed Circuit Boards 
Product Part Number Description 

VME-SCSI 590026-03 Rev. D Disk conttoller 

VME-HSMEM 590031 Rev. D High-speed memory 

VME .. ;JCP8 590042-01 Rev. B Intelligent Communications Processor (8 ports) 

VME-ICPI6 590042-02 Rev. A Intelligent Communications ProcessOr (16 ports) 

VME-QIC2JRTC 590045-03 Rev. A Cartridge Tape Coottoller 

Monochrome display 590082 Rev. B Monochrome display memory 
memory board 

VME-GIP (monochrome) 590081 Rev. B Monochome display conttoller 

Color display 590086 Color display memory 
memory board 

VME-GIP (color) 590077 Rev. B Color display conttoller 

VME-TCSO 590064 Rev. A Half-inch tape conttoller 

VME-EC 630027 Ethernet conttoller 

VME-SMD 630034 SMD disk conttoller 

A-I Board Compatibility A-I 
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APPENDIX B: DUART APPLICATION NOTES 

The two asynchronous serial ports on the VME-68K20 processor board are implemented with Signetics' 
SCN2681 DUART. The pages that follow provide detailed teclmical and programming information 
regarding the 2681. Section 2 of this manual provides the serial port connector pin assignment, while 
Section 4 provides the DUART control register addresses. 
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MICROPROCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

'N"""d-"t 
DESCRIPTION 
The Signetics SCN2681 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) Is a single chip M05-LSI com· 
munications device that provides two in· 
dependent full-duplex asynchronous 
receiverltransmltter channels in a single 
package. It Interfaces directly with micro· 
processore and may be used In a polled or 
Interrupt driven system. 

The operating mode and data format of 
.. ch channel can be programmed inde· 
pendently. Additionally, each receiver and 
transmitter can select Its operating speed 
a. one of eighteen fixed baud rates, a 16x 
clock derived from a programmable 
counterltimer, or an external 1lc or 16x 
clock. The baud rate generator and 
counter/limer can operate directly from a 
crystal or from external clock inputs. The 
ability to independently program the 
operating speed of the receiver and trans· 
mltter make the DUART particularly attrec· 
tive for dual-speed channel applications 
.uch as clustered terminal systems. 

Each receiver Is quadruply buffered to 
minimize the potential of receiver overrun 
or to reduce interrupt overhead in inter· 
rupt driven systems. In eddition, a flow 
control capability is provided to disable a 
remote DUART transmitter when the buf· 
fer of the receiving device is full. 

Also provided on the SCN2681 are a multi­
purpose 7-bit Input port and a multlpur· 
pose B-bit output port. These can be used 
as general purpose 110 ports or can be 
assigned specifiC functions (suCh as clock 
inputs or statuslinterrupt outputS) under 
program control. 

The SCN2681 is available in three package 
versions to satisfy various system require· 
ments: 4O-pin and 28·pin. both 0.6· wide 
DIPs, and a compact 24-pin, 0.4· wide, 
DIP. 

ORDERING CODE 

FEATURES 
o Dual full-cluplex .. ynchronoua .-Iverl 

tranamlter 
o Quadruple buffered ...... r data ..-gIl­

t .. 
o Programmable data format 
-s to • data blta plua parity 
-Odd, even, no parity or. force parity 
-1, 1.5 or 2 atop bits programmable In 

1MI bit Incrementa 
o Programmable baud me for .. ch reo 

ceIYer and tranamlter uleetabla from: 
-1' fixed rataa: 50 to 3IAK baud 
-One UHr defined rat. cIerfvId from 

programmable timar/count.r 
-Extemel1x or 11x clock 

o Parity, framing, and overrun .rror detec· 
tion 

o Fala. atart bit deteetlon 
• Lin. break detection .nd generation 
• Programmable chIInnel mod. 

-Normal (full duplex) 
-Automatic echo 
-Local ioopback 
-Remot.loopback 

• MultI-function programmable.1l-blt 
counter/timer 

• MultI-function 7-blt Input port 
-C.n urve aa ctock or controllnputa 
-Chang. of atat. datection On four 

Inputa 
o MultI-function 8-blt output port 

-Individual bit """"t capability 
-Outputa can be programmed to be 

atal"allnterrupt algnela 
o Varutlla Interrupt ayatem 

-SIngle Interrupt output with eight 
malkabl. Interrupting condltlonl 

-Output port can be configured to pro­
wIcII a tot.1 of up to alx upar.te wlrl­
OR'abl. Int.rrupt outPUtl 

• Maximum data tranaf.r: 1X - 1M8laec, 
16X - 125KBIlee 

• Automatic wsk.up mod. for multidrop 
applicatlonl 

• Start .. nd break Int.rruptllt.tUI 
o D.tects break which orlelnet .. In thl 

mlddl. of a charact.r 
o On-chip crystal oscillator 

• nL compatible 
• Singi' + SV power lupply 

PACKAGES 
Vcc .. SV :t:S%, T,. .. ooCto 70°C 

Ceramic DIP 
Plaslic DIP 

'600 mil wid. DIP 

2eoo mIl wlClo DIP 
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24 Pin' 

NOI available 
SCN2681AC1N24 

21 Pln2 40 Pin2 

SCN2681 AC 1128 SCN2681AC1140 
SCN2681AC1N28 SCN2681AC1N40 

SiQ'1etics 
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PIN CONFIGURATION 

ON 
opr 

D, 

DJ 

Of 

laND 

IIXOI 

TOP VIEWS 

vec 

"4 
IPI 

TXD,. 

vcc 

X1ICLK 

IIXDA 
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'm"i,""·lIj 
PIN DESIGNATION 

IINEIIONIC 
APPLICAILE 

TYPE NAIIE AND FUNCTION • 21 24 

00-07 X X X 110 Deta I ... : Bidirectional ktate data bus used to transfer commands, data and statu. betw"n 
the OUAAT and the CPU. DO II the .... t .Ignlflcant bit. 

CEN X X X I Chip Ellllble: Active low Input .Ignal. When low, data transfers betw"n the CPU and the 
DUART .,. enablld on 00-07 _ controlled by the WRN, RON and AO-A3lnputl. When high, 
pieces the 00-07 tinea In the ktate condition. 

WRN X X X I Write Strobe: When low and CEN I. atao low, the content. of the data bu. Is loaded into the 
IddrHHd ragilter. The tranlfer occur. on the rl.ing Idge of the lignal. 

RON X X X I ReeclStrobe: When low and CEN I. al.o low, caUHI the content. of the addressed regl.ter to 
be preHnted on the data bus. The read cycla begin. on the falling edge of RON. 

AO-A3 X X X I Add .... Input&: Sellct the DUAAT Intarlllli ragllte,. and port. for read/write operations. 

RESET X X X I ReHt: A high level clear. intarnal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
in the high ltata, .top. the counter/timar, and put. channel. A and B in the inactive state, 
with tha TxDA and TxOB output. In the mark Chlgh) Itate. 

INTRN X X X 0 InterNpt Requalt: Active low, open drain, output which Ilgnlls the CPU that one or more of 
tha alght mukabla Interrupting condltionl era true. 

Xl/ClK X X X I Crptall: Cry.tal or axternal clock Input. A crystal o. clock of the specified limits must be 
supplied at all times. When a crystal i. uled, a capacitor must be connected from this pin to 
ground CHe figure 5). 

X2 X X 0 Cryltal 2: Connection for other Iide of the crystal. Should be connected to ground If a 
crystal Is not uled. When a crptal i. uHd, a capacitor must be connected from this pin to 
ground CS" figure 5). 

RxOA X X X I Channal A RacalYar SerIal Data Input: The laut lignlficant bit is received first. 'Mark' is high, 
'Ipeee' is low. 

RxOB X X X I Channel I Racalver SerIal Deta Input: The .... t significant bit il received first. 'Mark' is high, 
'spice' is low. 

TxOA X X X 0 Channel A Trallllmltt., SerIal Data Output The least Ilgnlflcant bit is transmitted first. This 
output II held In the 'mark' condition whan tha transmitter is dlaabled, Idle, or when operat· 
ing In localloopback mode. 'Mark' II high, 'Ipace' illow. 

TxOB X X X 0 Channal I Tranlmltter SerIal Data Output: The lea.t lignificant bit is transmitted first. This 
output il held In the 'mark' condition when the transmitter Is diaabled, idle, or when operat· 
ing in localloopback mode. 'Mark' is high, 'Ipace' is low. 

OPO X X 0 Output 0: General purpoH output, or channel A request to Hnd (RTSAN, active low). Can be 
deactivated on receive or transmit. 

OP1 X X 0 Output 1: General PUrpoH output, or channal B requast to Hnd (RTSBN, active low). Can be 
deactivated on receive or transmit. 

OP2 X 0 Output 2: General purpOH output, or channel A transmitter 1X or 16X clock output, or chan· 
nel A receiver lX clock output. 

OP3 X 0 Output 3: General purpole output, or open drain, active low counter/timer output, or channel 
B transmitter lX clock output, or channel B receiver lX clock output. 

OP" X 0 Output 4: General purpoH output, or channel A open drain, active low, RxROY AlFFUlLA out· 
put. 

OPS X 0 Output 5: General purpose output, or channel B open drain, active low, RxROYB/FFUllB out· 
put. 

OPS X 0 Output I: General purpose output, or channel A open drain, active low, TxROYA output. 

OP7 X 0 Output 7: General purpOH output, or channel B open drain, active low, TxROYB output. 

IPO X I Input 0: General purpose Input, or channel A clear to send active low input (CTSAN). 

IP1 X I Input 1: General purpose input, or channel B clear to send active low input (CTSBN). 

IP2 X X I Input 2: General purpose Input, or counterltimer external clock Input. 

IP3 X I Input 3: General purpose Input, or channel A transmitter external clock input (TxCA). When 
the external clock is used by the transmitter, the transmitted data is clocked on the falling 
edge of the clock. 

1-70 Sigletics 

B-4 DUART B-4 



VME-68K20 Integrated Solutions VME-68K20 

MICROPROCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

PIN DESIGNATION (Continued) 

APPLICABLE 
~NEMONIC TYPE NAME AND FUNCTION 

40 21 2~ 

IP~ X I Input 4: Gener.1 purpose Input, or ch.nnel A receiver extern.1 clock input (RxCA). When the 
extem.1 clock ia und by the receiver, thl received d.t. la .. mpled on the riaing edge of the 
clock. 

IPS X I Input 5: Gener.1 purpoae Input, or channel B tr.nlmltter extem.1 clock Input (TxCB). When 
the extern.1 clock Is uaed by the transmitter, thl tr.nsmltted d.t. Is clocked on the f.lling 
edge of the clock. 

IP6 X I Input S: Gener.1 purpose Input or channel B receiver extern.1 clock input (RxCB). When the 
external clock is und by the receiver, the received data is sampled on the rising edge of the 
clock. 

Vee X X X I Power Supply: + 5V supply Input 

GNO X X X I Ground 

BLOCK DIAGRAM 
The 2881 OUART conlists of thl following 
eight major HCtlons: data bus buffer, 
operation control, Interrupt control, tim· 
lng, communicatlonl channels A and B, in· 
put port .nd output port. Refer to the 
block diagram. 

Dltl Bus Buffer 
Tile data bUI buffer provides the interface 
between the external .nd internal data 
bulses. It Is controlled by thl operation 
control block to allow read and write 
operations to take place between the con· 
trolling CPU .nd the OUART. 

Operation Control 
The operation control logic receives 
operation commands from the CPU and 
generates appropri.te signals to intern.1 
eectlons to control device operation. It 
contains addre .. decoding .nd read .nd 
write circuits to permit communications 
with the microprocessor via the data bus 
buller. 

Interrupt Control 
A lingle active low interrupt output 
(INTRN) Is provided which i •• ctlv.ted 
upon the occurence of .ny of eight inter· 
nel event •. Associ.ted with the Interrupt 
.Yltem are the interrupt mask register 
(IMR) .nd the interrupt Itatus register 
(ISR). The IMR may be progr.mmed to 
lelect only certain conditions to cause 
INTRN to be .... rted. ThilSR can be read 
by thl CPU to determine .11 currently ac· 
tlve Interrupting conditions. 

Outputs 0P3-0P7 can be programmed to 
proyide discrete interrupt outputs for the 
transmitters, receiyers, .nd counterltimer. 

B-5 

Timing Circuits 
The timing block conlists of a crystal 
o.cill.tor, • beud rate generator, • pro· 
grammable l&obit counterltimer, and four 
clock selectors. The crystal oscillator 
operates directly from a 3.6864MHz crys· 
tal connected .cross the XlICLK .nd X2 
inputs. If .n external clock of the .ppropri· 
ate frequency is ayallable, It may be con· 
nected to XlICLK. The clock serves as the 
basic timing reference for the baud rate 
generator (BRG), the counterltimer, .nd 
other internal Circuits. A clock signal 
within the limits speCified in the specifica· 
tions section of this d.ta Iheet must 
always be supplied to the OUART. 

The baud rate generator operates from the 
olcillator or externel Clock input and Is 
capable of generating 18 commonly used 
data communications baud rates ranging 
from 50 to 38.4K baud. The clock outputs 
from the BRG are at 16X the actual baud 
rate. The counterltimer can be used as a 
timer to produce a 16X clock for .ny other 
baud rate by count in\; down the crystal 
clock or an external clock. The four clock 
eelectors .1I0w thl independent nlection, 
for each receiver and transmitter, of any of 
these baud rates or an external timing sig· 
n.1. 
The counterltimer (Cm can be program· 
med to use one of seYeral timing sources 
as its input. The output of the CfT il ayail· 
.ble to the clock selectors and can allo be 
programmed to be output at OP3. In the 
cou nter mode, the contents of the CIT can 
be read by the CPU and it can be stopped 
and started under program control. In the 
timer mode, the CIT .cts as • program· 
mabie divider. 

Sigletics 

DUART 

Communlcltlons Chlnnels 
Alnd B 
Each communlc.tions channel of the 2881 
comprises a full duplex asynchronous r. 
ceiverltransmitter (UART). The operating 
frequency for each receiYer and transmit· 
ter can be selected independently from 
the baud rate gener.tor, the counter timer, 
or from .n external input. 

The transmitter .ccepts parallel data from 
the CPU, conyerts it to a serial bit stream, 
Inlertl the appropriate It.rt, stop, .nd op· 
tional parity bits and outputs a composite 
leri.1 It ream of data on the TxO output 
pin. The receiver accepts leri.1 data on 
the RxO pin, converts this serial input to 
parallel format, checks for start bit, stop 
bit, parity bit (if .ny), or break condition 
and sends .n assembled character to the 
CPU. 

Input Port 
The inputs to this unlatched 7·bit port can 
be read by the CPU by performinll a read 
operation .t .ddress 016, A high input r. 
lults in • logic 1 while a low input resultl 
in a logic O. 0 7 will always be read as a 
logic I. The pins of this port can also serve 
as auxiliary Inputs to certain portions of 
the OUART logic. 

Four change·of·state detectors are pro­
vided which are associated with inputs 
IP3, IP2, IP1, and IPO. A high·to·low or low· 
to-high transition of these inputs laSting 
longer than 25-50ps will set the corre· 
Iponding bit In the input port will change 
register. The bits are cleared when the 
register Is read by the CP,U. Any change of 
state can also be programmed to generate 
an interrupt to the CPU. 
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'am """u.lij 
Output Port 
The B-bit multi-purpose outpul port can be 
used as a general purpose oulpul port, In 
which case Ihe oulpuls are the comple­
menls 01 the outpul port register (OPR)_ 
OPR!nl = 1 results in OP[nl = low and Yice­
versa. BilS 01 Ihe OPR can be individually 
HI and reset. A bit Is let by performing a 
write operation at addrels E" wllh the ac­
companying data specifying the bitl to be 
sel (1 = sel, 0= no change). Likewise, a bit 
Is reset by a write al address F,. wllh lhe 
accompanying dala specifying the bits to 
beresel (1 = resel, o. no change). 

Outputs can be also individually assigned 
Ipecific lunctions by approprlale pro­
gramming 01 the channel A mode regislers 
(MR1A, MR2A), Ihe channel B mode regis­
ters (MRIB, MR2B), and Ihe oulput porI 
configuration regisler (OPCR). 

OPERATION 

Trensmltter 
The 2681 II conditioned to transmit data 
when Ihe Iransmiller is enabled through 
the command register. The 2681 Indicates 
to the CPU that it Is ready 10 accepl a 
character by selling the TxRDY bit In the 
sIal us register. This condition can be pro­
grammed to generate an interrupt request 
at OP6 or OP7 and INTRN. When a charac­
ter Is loaded Inlo the transmit holding reg­
ister (THR), Ihe above conditions are 
negated. Data Is translerred from the hold­
Ing register 10 the transmit shift register 
when it is idle or has completed transmis­
lion ollhe previous characler. The TxRDY 
conditions are Ihen asserted again which 
means one lull characler time of buffering 
is provided. Characlerl cannot be loaded 
Into the THR while Ihe transmitler is dis· 
abled. 

The transmitter conyerts Ihe parallel dala 
Irom the CPU to a lerlal bll stream on the 
TlID outpul pin. It automatically sends a 
lIart bil lollowed by the programmed 
number 01 dala bits, an oplional parity bit, 
and the programmed number 01 SlOP blls. 
The least slgnificanl bit is senl lirsl. Fol­
lowing the Iransmission 01 the slop bits, if 
a new characler Is nol available in the 
THR, the TxD outpul remains high and Ihe 
TxEMT bit In the slalus regisler (SR) will 
be sello 1. Transmission resumes and Ihe . 
TxEMT bit Is cleared when the CPU loads a 
new character Into the THR. " the trans­
mitter is disabled, It continues operating 
until the characler currently being trans­
mitted II complelely sent out. The trans­
mlttercan be lorced to send a continuous 

1-72 

B-6 

low condition by Ilsuing a send break 
command. 

The transmiller can be reset through a 
software command .. " it Is reset, operation 
ceases Immediately and the t_mllter 
must be enabled through the command 
register belore resuming operation. If CTS 
operation II enabled, the CTSN Input must 
be low in order for the character to be 
transmitted. if It goal high In the middle 01 
a transmission, the character In the .... Ift 
register is transmitted and TxDA then f. 
mains in the marking state until' CTSN 
goas low. The transmitter can also control 
the deactivation 01 the RTSN output. If 
programmed, the RTSN output will be r. 
sel one bit time after the character In the 
transmit shifl register and transmit hold­
Ing reglsler (if any) are completely trans­
milled, if the transmitter has been dis­
abled. 

Receiver 
The 2681 Is conditioned to receive dala 
when enabled through the command reg­
Ister. The receiver looks for a high to low 
(mark to space) Iransillon 01 Ihe start bit 
on the RxD inpul pin. If a transition Is d. 
tecled, Ihe stale ollhe RxD pin Is sampled 
each 16X clock lor 7-1/2 clocks (16X clock 
mode) or al the nellt rising edge of the bit 
lime clock (IX clock model. If RxD is 
lampled high, the start bit II Invalid and 
the learch for a valid start bit beglnl 
again. if RlID is slililow, a valid slart bit II 
assumed and Ihe receiver continues 10 
lample Ihe Input ill one bit time Intervals 
at lhe theoretical cenler of the bll, until 
the proper number 01 dala bits and the 
parity bit (if any) have been assembled, 
and one slop bit has been delected. The 
leasl slgilleanl bit is received first. The 
dala is then translerred 10 the receive 
holding register (RHR) and the RxRDY bit 
in the SR Is sel to a 1. This condition can 
be programmed to generale an Inlerrupt at 
OP4 or OP5 and INTRN. If the character 
lenglh is less than eight bits, the most 
Ilgnlficanl unused bits In the RHR are leI 
to zero. 

After the slop bit is detected, the recelYer 
will Immediately look lor Ihe next slart bit. 
However, il a non-zero characler was re­
ceived withoul a ItOP bit (framing error) 
and RxD remains low lor one hIli 01 Ihe bit 
period alter the stop bit was lampled, 
then the receiver operates as If a new start 
bit transition had been detected al Ihal 
point (on.hall bit lime after the SlOp bit 
was sampled). 

The parity error, Iraming error, overrun er­
ror and received break Itale (If any) are 

DUART 

Itrobed Into the SR at the received charac­
ter boundary, belore lhe RxRDY stalus bit 
Is let. " a break condition Is detected 
(RxD is tow for the entire character In­
cluding the IIOp bit), a character con­
sisting 01 all zeros will be loaded Inlo the 
RHR and the racelved break bit In Ihe SR 
Is leI to 1. The RxD Input must reI urn to. 
high condition for al leest one-half bit lime 
belore a search lor the nexl start bit 
beglnl. 

The RHR consllts 01 a first-In-firsl-out 
(FIFO) stack with a capacity 01 three char­
acters. Data is loaded from the receive 
.... lft register Into the topmost empty posi­
tion 01 Ihe FIFO. The .RxRDY bit In the 
slalus register is set whenever one or 
more charactars are avaltable to be read, 
and a FFULL Itatus bit II let If all three 
Itack poSitions are filled with data. Either 
01 these bits can be lelecled to cause an 
Interrupt. A read 01 the RHR outputs the 
data at the top of the FIFO. Alter the read 
cycle, the data FIFO and Itl associlled 
Italus bits (see below) are 'popped' thus 
emptying a FIFO polltion lor new data. 

In addition to the data word, three slalus 
bits (parity error, framing error, and re­
ceived break) are also appended to each 
data charaCler In the FIFO (overrun Is nol). 
Status can be provided In two ways, as 
programmed by the error mode control bit 
In lhe mode reglsler. In the 'characler' 
mode, status Is provided on a charlcter­
by-characler basis: the slatus Ipplles only 
10 the character at Ihe top 01 the FIFO. In 
the 'block' mode, the status provided In 
the SR for Ihese three bits Is the logical 
OR ollhe status for all characlers coming 
to the lop 01 the FIFO Since the lasl 'reset 
error' command was Issued. In either 
mode reading the SR does nol allecl Ihe 
FIFO. The FIFO Is 'popped' only when Ihe 
RHR Is read. Therefore Ihe slat us regisler 
Ihould be read prior to reading the FIFO. 

If the FIFO Is full when a n_ character II 
received, that character Is held In the re­
ceive Ihlft register until I FIFO polltion Is 
available. If an additional character Is re­
calved while thil Ilale exits, the conlents 
of the FIFO ara not affecled: the characler 
previously in Ihe shi!t register Is losl and 
the overrun error stalus bit (SR[4D will be 
let upon receipt of the start bit 01 the new 
(overrunlngl character. 

The receiver can conlrol the deactivation 
01 RTS. " programmed to operaie in this 
mode, the RTSN output will be negaled 
when I vllld Itart bit was received and the 
FIFO Is lull. When a FIFO pOSition be· 
comes available, the RTSN outpul will be 
,.asserted aulometlcally. This lealure 
can be used to prevent an overrun, In the 
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receiver, by connecting the RTSN output 
to the CTSN input 01 the transmitting 
device. 

It the receiver is disabled .. the FiFO char· 
acters can be read. However, no additional 
characters can be received until the re­
ceiver is enabled again. It the receiver is 
reset, the FIFO and all 01 the receiver 
status, and the corresponding output 
ports and interrupt are reset. No addi­
tional characters can be received until the 
receiver is enabled again. 

Multidrop Mode 
The DUART is equipped with a wake up 
mode used for multidrop applications. 
This mode is selected by programming 
bits MRIA(4:3] or MRIB[4:3] to 'II' lor 
channels A and B respectively. In this 
mode 01 operation, a 'master' station 
transmits an address character lollowed 
by data characters lor the addressed 
'slave' station. The slave stations, with 
receivers that are normally disabled, ex· 
amine the received data stream and ·wake· 
up' the CPU (by set ling RxRDy) only upon 
receipt of an address character. The CPU 
compares the received address to Its sta· 
tion address and enables the receiver if it 
wishes to receive the subsequent data 
characters. Upon receipt 01 another ad· 
dress character, the CPU may disable the 
receiver to initiate the process again. 

A transmitted character consists 01 a start 
bit. the programmed number 01 data bits, 
an address/data (AID) bit, and the pro­
grammed number 01 stop bits. The polarity 
01 the transmitted AID bit is selected by 
the CPU by programming bit MR1A[2]1 
MRIB[2]. MRIA(2VMRIBI2] = 0 transmits a 
zero in the AID bit position, which iden­
tilies the corresponding data bits as data, 
while MRIA[2VMRIB[2}= t transmits a 
one in the AID bit position. which identi· 
lies the corresponding data bits as an ad· 
dress. The CPU shouid program the mode 
register prior to loading the corresponding 
data bits into the THR. 

In this mode, the receiver continuously 
looks at the received data stream, whether 
it is enabled or disabled. If disabled, it 
sets the RxRDY status bit and loads the 
character into the RHA FIFO if the reo 
ceived AID bit is a one (address tag). bul 
discards the received character II the 
received AID bit is a zero (data tag). If 
enabled, all received characters are trans­
ferred to the CPU via the RHA. In either 
case, the data bits are loaded into the data 
FIFO while the AID bit is loaded into the 
status FIFO position normally used for 
parity error (SRA[5) or SRB[5]). Framing 
error, overrun error, and break detect oper· 
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ate normally whether or not the receiver Is 
enabled. 

PROGRAMMING 
The operation of the DUART Is program­
med by writing control words Into the ap· 
propriate registers. Operational leedback 
is provided via status registers which can 
be read by the CPU. The addressing of the 
registers Is described In table I. 

The contents 01 certain control registers 
are initialized to zero on RESET. Care 
should be exercised il the contents 01 a 
register are changed during operation, 
Since certain changes may cause opera· 
tional problems. For example, changing 
the number 01 bits per character while the 
transmitter is active may cause the trans· 
mission of an incorrect character. In gen· 
eral, the contents 01 the MR, the CSR, and 
the OPCR shOuld only be changed while 
the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the CfT Is 
stopped. 

Mode registers 1 and 2 01 each channel are 
accessed via independent auxiliary point· 
ers. The pointer is set to MRh by RESET 
or by issuing a 'reset pointer' command 
via the corresponding command register. 
Any read or write of the mode register 
while the pointer is at MRtx switches the 
pointer to MR2x. The pointer then remains 
at MA2x, so that subsequent accesses are 
always to MA2x unless the pOinter Is reset 
to MRlx as described above. 

Mode, command, clock select, and status 
registers are duplicated lor each channel 
to provide total independent operation 
and control. Reier to table 2 lor register bit 
descriptions. 

MR1A - Channel A Mode 
Register 1 
MRIA is accessed when the channel A MR 
pointer points to MR1. The pointer is lIet 
to MRI by RESET or by a 'sat pointer' com­
mand applied via CRA. After reading or 
writing MRIA, the pointer will point to 
MR2A. 

MR1A(7J - ChanMI A Recal.ar Requa.t· 
to-S.nd Control - This bit controls the 
deacllvation 01 the RTSAN output (OPO) by 
the receiver. This output Is normally 
asserted by setting OPR[OI and negated by 
resetting OPR[O]. MRIA[7] = I causes 
RTSAN to be negated-upon receipt 01 a 
valid start bit II the channel A FIFO is lull. 
However, OPR[O]Is not reset and RTSAN 
will be asserted again when an empty 
FIFO pOSition is available. This feature 
can be used lor flow control to prevent 
overrun In the receiver by using the 
RTSAN output signal to control the CTSN 

_Input 01 the transmitting device. 

MRI",8) - Channal A Recalvar IntarNpt 
Selacl - This bit selects either the chan· 
nel A receiver ready status (RXRDY) or the 
channel A FIFO lull status (FFULL) to be 
used lor CPU Interrupts. It also causes the 
seiected bit to be output on OP4 if It Is 
programmed as an Interrupt output via the 
OPCR. 

MRIA[S) - Channel A Error Moda Salect 
- This bit selects the operating mode 01 
the three FIFOed status bits (FE, PE, re­
ceived break) for channel A. In the ·charac· 
ter' mode, status is provided on a charac· 
ter·by-character basis: the status applies 
only to the character at the top of the 
FIFO. In the 'block' mode, the status pro­
vided In the SR lor these bits Is the ec-

Table 1 2681 REGISTER ADDRESSING 

A3 A2 AI AO READ (RON., 0) WRITE (WRN .. 0) 

0 0 0 0 Mode Register A (MRIA, MR2A) Mode Register A (MRtA. MR2A) 
0 0 0 1 Status Register A (SRA) Clock Select Reg. A (CSRA) 
0 0 1 0 'Reserved' Command Register A (CRA) 
0 0 I I RX Holding Register A (RHRA) TX Holding Register A (THRA) 
0 I 0 0 Input Port Change Reg. (IPCR) Aux. Control Register (ACA) 
0 I 0 I Interrupt Status Reg. (ISR) Interrupt Mask Reg. (IMR) 
0 1 1 0 CounterfTimer Upper (CTU) CfT Upper Register (CTUR) 
0 1 1 1 CounterfTimer Lower (CTL) err Lower Register (CTLR) 
1 0 0 0 Mode Register B (MR1B, MR2B) Mode Register B (MRIB, MR2B) 
1 0 0 I Status Regisler B (SRB) Clock Select Reg. B (CSRB) 
1 0 I 0 'Reserved' Command Register B (CRB) 
1 0 1 I RX HOlding Register B (RHRB) TX Holding Register B (THRB) 
I I 0 0 'Reserved' 'Reserved' 
1 1 0 1 Input Port Output Port Coni. Reg. (OPCR) 
1 1 1 0 Start Counter Command Set Outpul Port Bits Command 
1 I I 1 Stop Counter Command Reset Output Port Bits Command • 
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MR1A 
MR11 

MR2A 
MR21 

CSRA 
CSRB 

eRA 
CR8 

SRA 
SRB 

OPCR 

ACR 

IPCR 
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Table 2 REGISTER BIT FORMATS 
81T7 8ITe 8ITS 81T4 81T3 81n 81T1 81T0 

RXRTS RXINT ERROR 
PARITY MODE 

PARITY 
8ITS PER CHAR. 

CONTROL SELECT MODE TYPE 

O=no O.AXRoy O-char 00= with parily 0= even 00 .. 5 
1_yes 1= FFULl 1. block 01 ... force parity l=odd 01=6 

10. no parily 10= 7 
11 .. multi·drop mode 11-8 

8m IITS IITS IIT4 81T3 81T2 81T1 81TO 

CHANNEL MODE TaRTS CTS STOP 81T LENGTH" CONTROL ENABLE Tx 

00 .. Normal O-no O=no 0 .. 0.583 4 .. 0.813 8 .. 1.583 C= 1.813 
01 ... Auto echo l&yes l.yes 1 =0.625 5=0.875 9= 1.625 0=1.875 
10= local loop 2= 0.688 6=0.938 10= 1.688 . E= 1.938 
11 .. Aemote loop 3=0.750 7=1.000 B= 1.750 F=2.000 

• AdCI o.!t to vllu" '''own for 0-7 If cbl:nnel IS programmed for S tufa/C .... '. 

81T7 81T8 IITS 81T4 BlTa BIT2 IITI 81TO 

RECEIVER CLOCK SELECT TAANSMI"ER CLOCK SELECT 

See lext See text 

81T7 8ITI 8ITS IIT4 81T3 81T2 81Tl BITO 

MISCELLANEOUS COMMANDS DISABLETx ENA8LE Tx DISABLE Rx ENABLE Rx 
not used-
must be 0 See lext O=no O=no O=no 0= no 

l=yes 1 = yes 1= yes 1 ... yes 

Bm BITI 8ITS 81T4 81Ta BIT2 BITI 81TO 

RECEIVED FRAMING PARITY OVERRUN 
TaEMT TaADY FFULL RxRDY 

8REAK ERROR ERROR ERROR 

O=no 0 .. no O-no O=no O=no O=no O=no O=no 
1 = yes I ayes 1.yes 1 = yes 1=yes l=yes I = yes I = yes . . . 

-Tnese status btlSare appendao to the eorre.pont,,"; Clata character ,n the receive FIFO A read of the status reg'lllr prOVides these bits (7.51 from the toe o! the FIFO 
IODIII"I" with bits ~:O. Thlae lUI. are c ... d by • • ..... t error statuS' command. In c .... ract.r mocte they are ch.Cllrded when the corre.ponClIng Cllt. charaCler is read 
from ,lie FIFO. 

IIT7 81TS BITS 81T4 81T3 81T2 BIT1 BITO 

OP7 OP6 OP5 OP4 OP3 OP2 

0= OPR[7J 0=OPR[6) 0=OPR(5) 0=OPR[4) OO=OPR[3j OO=OPR[2) 
I=TxRDYB 1 = TxAoYA 1 .. AxRoYI 1= RxAoYI 01 = CIT OUTPUT 01 = TxCA (16X) 

FFUllB FFULLA 10= TxCS (1X) 10= TxCA (IX) 
II = AxCS (IX) 1'= RxCA (IX) 

81T7 81Te BITS BIT4 81Ta BIT2 BiTt BITO 

IRG SET COUNTERITIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP31NT IP21NT IPI INT IPO INT 

0= setl See table 4 0=011 0= oft O=oft 0= oft 
1= set2 1 con 1 = on I =on 1 = on 

81T7 81TS BITS IIT4 BlTa Bin BITI BITO 

DELTA DELTA DELTA DELTA IP3 IP2 IPI IPO 
1P3 1P2 IPI IPO 

O=no 0= no O=no O=no O=low O=low O=low O=low 
1ayes 1 = yes 1& yes 1 = yes I = high I = high 1 = high 1 = high 
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Table 2 REGISTER BIT FORMATS (Continued) 

1lT7 11T8 

!SR 

INPUT 
DELTA 

PORT 
CHANGE 

BREAK B 

O=no 0= no 
h.yes 1=yes 

11T7 11T8 

IN. PORT DELTA 
CHANGE IREAK B 

IMR INT INT 

O=off O=ofl 
1 = on 1=on 

CTUR 

BIT7 BIT6 

CTT(7J CTTI61 

CTLR 

cumulation (logical OR) of the Itatus for 
ell characters coming to the top of the 
FIFO lince the lalt 'relet error' command 
for channel A was ilsued. 

MR1A(4:31 - Channal A Parity Mode 
Select - If 'with parity' or 'force parity' is 
lelected, a parity bit is added to the trans· 
mitted character and the receiver per. 
forms a parity check on incoming data. 
MR1A14:31 = 11 selects channel A to oper· 
ate In the special multidrop mode de­
scribed in the Operation section. 

MR1A(21 - Channel A Parity Type Select 
- This bit selects the parity type (odd or 
even) if the 'with parity' mode is program· 
med by MR1A(4:3), and the polarity of the 
forced parity bit if the 'force parity' mode 
is programmed. It has no effect if the 'no 
parity' mode is programmed. In the special 
multidrop mode it selects the polarity of 
the AID bit. 

MR1A(1:01- Channal A Bits par Character 
Salact - This· field selects the number of 
data bits per character to be transmitted 
and received. The character length does 
not include the start, parity, and stop bits. 
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IITS BIT4 11T3 

RxRDYI COUNTER TxRDYB 
FFULLB READY 

O=no O=no O=no 
1=yes ,eyes 1.yes 

IITS IIT4 IIT3 

RxRDYI 
TxRDYB 

COUNTER 
FFULLB INT READY 

INT INT 

O=off 0= off O.off 
1=on '=on 1=on 

BITS BIT4 BIT3 

CTT[SI CTT[41 CTT[31 

MR2A - Channel A Mode 
Register 2 
MR2A is accessed when the channel A MR 
pointer points to MR2, which occurs after 
any access to MR1A. Accesses to MR2A 
do not change the pointer. 

MR2A(7:61 - Channel A Mode Selact -
Each channel of the DUART can operate in 
one of four modes. MR2A(7:6)= 00 is the 
normal mode, with the transmitter and re­
ceiver operating independently. MR2A[7:6) 
= 01 places the channel in the automatic 
echo mode, which automatically retrans· 
mits the received data. The following con· 
ditions are true while in automatic echo 
mode: 

1. Received data is reclocked and retrans· 
milted on the TxDA 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. The channel A TxRDY and TxEMT 
status bits are inactive. 

S. The received parity is checked, but is 
not regenerated for transmission, i.e., 
transmitted parity bit is as received. 

Sigletics 
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BIT2 IIT1 BITO 

DELTA RxRDYI 
TxRDYA BREAK A FFULLA 

O=no O=no 0= no 
l=yes 1 =yes 1 = yes 

IIT2 BIT1 liTO 

DELTA RxRDYI 
TxRDYA IREAK A FFULLA 

INT tNT INT 

0= off O=off 0= off 
1=on l",on l=on 

BIT2 BITl BITO 

CTT[21 CTT[11 CITIOI 

6. Character framing is checked. but the 
stop bits are retransmitted as received. 

7. A received break is echoed as received 
until the next valid SIan bit is detected. 

8. CPU to receiver communication contln' 
ues normally. but the CPU to transmit· 
ter link is disabled. 

Two diagnostic modes can also be config· 
ured. MR2A[7:6)= 10 selects local loop· 
back mode. In this mode: 

1. The tranlmitter output is internally 
connected to the receiver input. 

2. The transmit clock is used for the reo 
ceiver. 

3. The TxDA output is held high. 
4. The RxDA input is ignored. 
S. The transmitter must be enabled, but 

the receiver need not be enabled. 
6. CPU to transmitter and receiver com· 

munications continue normally. 

The second diagnostic mode is the remote 
loopback mode, selected by MR2A(7:6) = 
11. In this mode: 

1. Received data is relocked and retrans· 
mitted on the TxDA output. 

2. The receive clock is used for the trans· 
mitter. 
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3. Received data Is not sent to the local 
CPU. and the error status conditions 
are Inactive. 

4. The received parity is not checked and 
is not regenerated for transmission. 
i.... transmitted· parity bit is as re­
ceived. 

S. The receiver must be enabled. 
•. Character framing II not checked. and 

the Itop bits are retransmitted a. re­
ceived. 

7. A received break II echoed as received 
until the next valid Itan bit il detected. 

The user mUlt exercise care when Iwltch· 
Ing into and out of the various modes. The 
lelected mode will be activated immedi· 
at.ly upon mode selection, even if this 0c­
curs In the middle of a received or trans­
mitted character. Likewise. if a mode is de· 
selected. the device will Iwltch out of the 
mode Immediately. An excaption to this is 
switChing out of autoecho or remote loop· 
back modes: If the d.selection occurs 
just after the receiver ha. sampled the 
stop bit (indicated In autoecho by asser· 
tlon of RxROY). and the transmitter is 
• nabled. the transmitter will remain In 
autoecho mode until the entire stop bit 
has been retranlmltted. 

MR2A(S) - Channel A Transmitter R. 
que.t·to-Send Control - This bit controls 
the deactivation of the RTSAN output 
(OPO) by the transmitter. This output is 
normally asserted by setting OPR[O] and 
negated by resetting OPR[Oj. MR2A{S) .. 1 
causes OPR[O) to be reset automatically 
one bit time after the characters in the 
channel A transmit shift register and In 
the THR. If any. are completely transmit· 
ted. including the programmed number of 
stop bits. If the transmitter is not enabled. 
This feature can be used to automatically 
terminate the transmission 01 a message 
88 follows: 

1. Program auto-reset mode: MR2A[S)= 1. 
2. Enable transmitter. 
3. Assert RTSAN: OPR[O]e 1. 
4. Send massege. 
S. Disable transmitter alter the last char· 

acter is loaded into the channel A THR. 
6. The last character will be transmitted 

and OPR[O) will be reset one bit time 
after the last stop bit. causing RTSAN 
to be negated. 

MR2A(4) - Channel A Clear· to-Send Con· 
trol - If this bit is O. CTSAN has no effect 
on the transmitter. If this bit is a 1. the 
transmitter checks the state of CTSAN 
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(IPO) each time It is ready to send a charac­
ter.1f IPO Is assened (low). the character Is 
transmitted. If It is negated (high). the 
TxDA output remains In the marking state 
and the transmission Is delayed until 
CTIAN goes low. Changes In CTSAN 
while a c.haracter Is being transmitted do 
not affect the transmission of that charac­
ter. 

MR2AI3:OJ - Channel A Stop lit Length 
Seteet - This field programs the length of 
the stop bit appended to the transmitted 
character. Stop bit lengths of 9/18 to 1 and 
1.f118 to 2 bits. In increments of 1/18 bit. 
can be programmed for character lengths 
of 8. 7. and 8 bits. For a character length of 
S bits. 1·1/16 to 2 stop bits can be pro­
grammed In incraments of 1116 bit. The re­
ceiver only checks for a 'mark' condition 
at the center of the first stop bit position 
(one bit time after the last data bit. or after 
the parity bit if parity is enabled) in all 
cases. 

If an external 1 X clock Is used for the 
transmitter. MR2A{3) '" 0 selects one stop 
bit and MR2A(3).' selects two stop bits 
to be transmitted . 

MR1 B - Chennel B Mode 
Register 1 
MRIB Is accessed when the channel B MR 
pointer points to MRI. The pointer is set 
to MRI by RESET or by a 'set pointer' com­
mand applied via CRB. After reading or 
writing MRIB. the pointer will point to 
MR2B. 

The bit definitions for this register are 
identical to the bit definitions for MRIA. 
except that all control actions apply to the 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

MR2B - Channel B Mode 
Register 2 
MR2B is accessed when the channel B MR 
pointer points to MR2. which occurs after 
any access to MRIB. Accesses to MR2B 
do not change the pointer. 

The bit definitions for this register are 
Identical to the bit definitions for MR2A. 
except that all control actions apply to the 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

CSRA - Channel A Clock Select 
Register 
CSRA(7:41 - Channel A R-'ver Clock 
Select - This field selects the baud rate 
clock lor the channel A receiver as 101· 
lows: 
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laud Rate 
CLOCK.3.I8MMHz 

CSRA(7:4) ACR(7)-O ACR(7).1 

0 0 0 0 50 75 
0 0 0 1 110 110 
0 0 , 0 134.5 134.5 
0 0 1 1 200 150 
0 1 0 0 300 300 
0 1 0 1 BOO BOO 
0 1 1 0 1,200 1,200 
0 1 1 1 1,050 2.000 
1 0 0 0 2,400 2.400 
1 0 0 1 4,800 4.800 
1 0 1 0 7,200 l.eoo 
1 0 1 1 8.800 8.800 
1 1 0 0 38.41(, 1UK 
1 1 0 1 Timer Timer 

1 1 0 IP4-18X IP4-18X 
1 1 1 IP4-1X IP4-1X 

The receiver cloCk Is always a 18X clock 
.xcept for CSRA[7:4) ... 1111. 

CSRA{3:OJ - Channel A Tranlmltter Clock 
Select - This field selects the beud rate 
clock for the channel A transmitter. The 
field definition Is as per CSRA[7:4)axcept 
as follows: 

laud Rite 
CSRA{3:0) ACR[7]" 0 ACR(7) .. 1 

1 1 1 0 IP3-16X IP3-16X 
1 1 1 1 IP3-1X IP3-1X 

The transmitter clock is alwlYs a ,8X 
clock except for CSRA{3:0)-'111. 

CSRB - Channel B Clock Select 
Register 

CSRB[7:4) - Channel I Receiver Clock 
Select - This field s.lects the baud rate 
clock for the channel B receiver. The field 
definition is as per CSRA[7:4) except as 
follows: 

leud RIle 
CSRB[7:4) ACR(7J'" 0 ACR(7J" 1 

1 1 1 0 IPS-16X IPS-16X 
1 1 1 1 IPS-IX IPS-IX 

The receiver clock is always a 16X clock 
excepl for CSRB[7:4) ... 1111. 

CSRI13:O) - Channel I Transmitter Clock 
Select - This field lelects the baud rate 
clock for the channel B transmitter. The 
field definition is as per CSRA[7:4) except 
as follows: 

laud RIle 
CSRBI3:0) ACR(7)" 0 ACR(7J" 1 

1 1 1 0 IPS-18X 
1 1 1 1 IPS-IX 

IPS-16X 
IPS-IX 

The transmitter clock is always a 16X 
clock except for CSRB[3:0] ... 1111. 
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CRA - Chennel A Commend 
Register 
CRA Is a register used to supply com· 
mands to channel A. Multiple commands 
can be specified in a single write to CRA 
as long as the commands are non·conflict· 
ing, e.g., the 'enable transmitter' and 
'reset transmiller' commands cannot be 
specified in a single command word. 

CRA/6:4) - Channel A Mlaceillneous 
Commands - The encoded value of this 
field may be used to specify a single com· 
mand as follows: 

CRA(6:4) COMMAND 

o 0 0 No command. 

o 0 1 Reset MR pointer. Causes the 
channel A MR pointer to point to 
MRt. 

o t 0 Reset receiver. Resets the chan· 
nel A receiver as if a hardware 
reset had been applied. The re­
ceiver is disabled and the FIFO 
Is flushed. 

o 1 1 Reset transmitter. Resets the 
channel A transmiller as if a 
hardware reset had been ap· 
plied. 

1 0 0 Reset error status. Clears the 
channel A Received Break, Par·.­
ity Error, Framing Error, and 
Overrun Error bits in the status 
register (SRA[7:4)). Used in char· 
acter mode to clear OE status 
(although RB, PE, and FE bits 
will also be cleared) and in block 
mode to clear all error status 
after a block of data has been 
received. 

1 0 1 Reset channel A break change 
Interrupt. Causes the channel A 
break detect change bit in fhe In· 
terrupt status register (ISRI2j) to 
be cleared to zero. 

1 1 0 Start break. Forces the TXOA 
output low (spacing). If the 
transmitter is empty the start of 
the break condition will be de· 
layed up to two bit times. If the 
transmitter is active the break 
begins when~ransmission of the 
character is completed. If a char· 
acter is in the THR, the start of 
the break will be delayed until 
that character, or any others 
loaded subsequently are trans· 
mitted. The transmitter must be 
enabled for this command to be 
accepted. 

1 1 1 Stop Break. The TXOA line will 
go high (marking) within two bit 
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times. TXOA will remain high for 
one bit time before the next 
character, if any, is transmitted. 

When this bit is set, the channel A 'change 
In break' bit in the ISR (lSR(2]) is set. ISR[2] 
is also set when the end of the break con· 
dition, as defined above, is detected. 

CRAl3) - Disable Channel A Transmitter 
- This command terminates transmitter 
operation and resets the TxROY and 
TxEMT status bits. However, if a character 
Is being transmitted or If a character is in 
the THR when the transmitter is disabled, 
the transmission of the character(s) is 
completed before assuming the inactive 
state. 

The break detect circuitry can detect 
breaks that originate in the middle of a 
received character. However, if a break 
begins in the middle of a character, it must 
persist until at least the end of the next 
character time in order for it to be de­
tected. 

SRA(5) - Channel A Framing Error - This 
bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The 
stop bit check is made in4he middle of the 
first stop bit position. 

CRA(2) - Enable Channel A Transmitter 
- Enables operation of the channel A 
transmitter. The TxROY status bit will be 
asserted. 

CRA(1) - Disable Channel A Raeelver -
This command terminates operation of 
the receiver immediately - a character 
being received will be lost. The command 
has no effect on the receiver status bits or 
any other control registers. If the special 
multidrop mode is programmed, the reo 
ceiver operates even if it is disabled. See 
Operation section. 

CRA/O) - Enable Channel A Receiver -
Enables operation of the channel Are· 
ceiver. If not in the special wakeup mode, 
this also forces the receiver into the 
search lor start·bit state. 

CRB - Chennel B Commend 
Register 

SRA(5) - Channel A Parity Error - This 
bit is set when the 'with parity' or 'force 
parity' mode is programmed and the corre· 
sponding character in the FIFO was reo 
ceived with incorrect parity. 

'n the special multidrop mode the parity 
error bit stores the received AID bit. 

SRA(4) - Channel A Overrun Error - This 
bit, when set, indicates that one or more 
Characters in the received data stream 
have been lost. It is set upon receipt of a 
new character when the FIFO is full and a 
character is already in the receive shift 
register wailing for an empty FIFO posi· 
tion. When this occurs, the character in 
the receive shift register (and its break 
detect, parity error and framing error 
status, if any) is lost. 

CRB is a register used to supply com· 
mands to channel B. Multiple commands This bit is cleared by a 'reset error status' 
can be specified in a single write to CRB command. 
as long as the commands are non·conflict· _ . 
ing, e.g., the 'enable transmitter' and SRA{3) - Chan.ne'. A Transmitter Empty 
'reset transmitter' commands cannot be (TxEMTA) - ThiS bit Will be set when the 
specified in a Single command word. channel A transmitter underruns, I.e., both 

the tra~smit holdinG registe' (THR\ ao~ 
The bit definitions for this register are the transmit shift register are empty. It IS 
identical to the bit definitions for CRA, ex· set after transmission of the last stop bit 
cept that all control actions apply to the of a character if no character IS In the THR 
channel B receiver and transmitter and the 
corresponding inputs and outputs. 

SRA - Chennel A Stetus 
Register 
SRA[7] - Channel A Received Break -
This bit indicates that an all zero character 
of the programmed length has been re­
ceived without a stop bit. Only a Single 
FIFO position is occupied when a break is 
received: further entries to the FIFO are in· 
hibited until the RxDA line returns to the 
marking state for at least one· half a bit 
time (two successive edges of the JOternal 
or external 1 x clOCk). 
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awaiting transmiSSion. It is reset when the 
THR is loaded by the CPU or when the 
transmitter is disabled. 

_ SRA{2) - Channel A Transmitter Ready 
(TaRDYA) - This bit, when set, indicates 
that the THR IS empty and ready to be 
loaded with a character. This bit is cleared 
when the THR IS loaded by the CPU and is 
set when the character is transferred to 
the transmit shift register. TxROY is reset 
when the transmitter IS disabled and is set 
when the transmitter is first enabled. VIZ., 
characters loaded into the THR while the 
transmitter IS disabled will not be trans· 
mitted 
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SRA(1) - Channal A FIFO Full (FFULLA) 
- This bit is set when a character is trans· 
ferred from the receive shift register to the 
receive FIFO and the transfer causes the 
FIFO to become full, i.e., all three FIFO 
positions are occupied. It is raset when 
the CPU reads the RHR. If a character is 
waiting in the receive shift register be· 
cause the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 

SRAlO) - Channal A Recalver Ra8dy 
(RllRD'tA) - This bit indicates that a char­
acter has been received and is waiting in 
the FIFO to be read by the CPU. It is set 
when the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the RHR, if after this 
read there are no more characters still in 
the FIFO, 

SRB - Channel B Status Register 
The bit definitions for this register are 
identical to the bit definitions for SRA, ex· 
cept that all status applies to the channel 
B receiver and transmitter and the corre· 
sponding inputs and outputs. 

OPCR - Output Port Configur· 
ation Register 
OPCR[7) - OP7 Outpui Selolct - This bit 
programs the OP7 output to provide one of 
the following: 

- The complement of OPR(7) 
- The channel B transmitter interrupt 

output, which is the complement of 
TxRDYB. When in this mode OP7 acts 
as an open collector output. Note that 
this output IS not masked by the con· 
tents of the IMR. 

OPCR(6) - OP6 Output Selact - This bit 
programs the OPS output to provide one of 
the followng: 

- The complement of OPR[6} 
- The channel A transmitter interrupt 

output, which is the complement of 
TxRDYA, When in this mode OPS acts 
as an open collector output. Note that 
this output is not masked by the con· 
tents of the IMA. 

OPCRIS) - OP5 Output Salact - This bit 
programs the OP5 output to provide one of 
the following: 

- The complement of OPR(5) 

- The channel B receiver interrupt out· 
put, which is the complement 01ISR[5}. 
When in this mode OP5 acts as an open 
collector output. Note that this output 
is not masked by the contents of the 
IMA. 
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OPCR(4) ~ OP4 Outpul Select - This bit 
programs Ihe OP4 output to provide one of 
the following: 

- The complement of OPR[4) 
- The channel A receiver interrupt out· 

put, which is the complement of ISR(1). 
When in this mode OP4 acts as an open 
collector output. Note Ihat this output 
is not masked by the contants of the 
IMR. 

OPCR(3:2) - OP3 Output Select - This 
field programs the OP3 output to provide 
one of the following: 
- The complement of OPR(3) 
- The counterltimer output, in which 

case OP3 acts as an open collector out· 
put. In the timer mode, this output is a 
square wave at the programmed fre­
quency. In the counter mode, the out· 
put remains high until terminal count is 
reachad, at which time it goes low. The 
output returns to the high state when 
the counter is stopped by a stop 
counter command. Note that this out· 
put is not masked by the contents of 
the IMR. 

- The IX clock for the channel B trans· 
mitter, which is the clock that shifts the 
transmitted data. If data is not being 
transmitted, a free running 1 X clock is 
output. 

- The 1 X clock for the channel B receiver, 
which is the clock that samples the 
received data. If data is not being re­
ceived, a free running IX clock is out· 
put. 

OPCR(1:0) - OP2 Output Select - This 
fiald programs the OP2 output to provide 
one of the following: 

- The complement of OPR(2) 
- The 16X clock for the channel A trans· 

mltter. This Is the clock selected by 
CSRA[3:0), and will be a IX clock If 
CSRA[3:0) = 1 I 11. 

- The IX clock for the channel A trans­
mitter, which is the clock that shifts the 
transmitted data, If data is not being 
transmitted, a free running IX clock is 
output. 

- The IX clock for the channel A receiver, 
which is the clock that samples the 
received data. If data-is not being re­
ceived, a free running IX clock is out· 
put. 

ACR - Auxiliary Control Register 

ACR[7) - Baud Rata Ganarator Sat Selact 
- This bit selects one of two sets of baud 
rates to be generated by the BRG: 

Set 1: 50, 110, 134.5, 200, 300.600, 1.05K, 
1.2K, 2.4K, 4.8K, 7.2K, 9.6K, and 
38.4K baud, 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2K, 
1.8K, 2.0K. 2.4K, 4.8K, 9.6K, and 
19.2K baud, 

The selected set of rates is available for 
use by the channel A and B receivers and 
transmitters as described in CSRA and 
CSRB. Baud rate generator characteristics 
are given in table 3. 

Table 3 BAUD RATE GENERATOR CHARACTERISTICS 
CRYSTAL OR CLOCK=3.6864MHz 

NOMINAL RATE (BAUD) ACTUAL 16X CLOCK (KHz) ERROR (PERCENT) 

50 0.8 0 
75 1.2 0 

110 1.759 -0,069 
134,5 2,153 0,059 
150 2,4 0 
200 3,2 0 
300 4,8 0 
600 9.6 0 
1050 16,756 -0.260 
1200 19.2 0 
leoo 28.8 0 
2000 32.056 0.175 
2400 38.4 0 
4800 76.8 0 
7200 115.2 0 
9600 1536 0 
19.2K 307,2 0 
38.4K 614.4 0 

NOlE 
Duly cycle of 16X Clock 15 SOc;.., !1 1°-e 
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ACR[8:4)-CountarITlmer Moda and Clock Table 4 ACR [6:4) FIELD DEFINITION 
Source Selact - This field selects the 
operating mode of the counter/timer and 
its clock source as shown in table 4. 

ACR[3:0) - IP3, 1P2, IP1, IPO Change 01 
Stata Intarrupt Enabla - This field selects 
which bits of the Input Port Change regis' 
tar (lPeR) cause the Input change bit in 
the interrupt status register (ISR(7J) to be 
181. If a bit is In the 'on' Slate, the setting 
of the couesponding bit In the IPeR will 
also result in the setting of ISR(7), which 
rasults In the generation of an interrupt 
output If'IMR(7)= 1. If a bit is in the 'off' 
state, the setting of that bit in the IPCR 
has no effect on ISR(7). 

IPCR - Input Port Change 
Register 
IPCA(7:4) - IP3, IP2, IP1, IPO Chang. of 
Stat. - These bits are set when a change 
of state, as defined in the Input Port sec· 
tion of this data sheet, occurs at the reo 
spective input pins. They are cleared when 
the IPeR is read by the CPU. A read of the· 
IPeR also clears ISR(7), the input change 
bit in the Interrupt status register. 

The setting of these bits can be program· 
med to generate an interrupt to the CPU. 

IPCR[3:0) - IP3, IP2,IP1,IPO Currant State 
- These bits provide the current state of 
the respective inputs. The information is 
unlatched and reflects the state of the in· 
put pins at the time the IPCR is read. 

ISR - Interrupt Status Register 
ThiS register provides the status of all 
potential interrupt sources. The contents 
of this register are masked by the interrupt 
mask register (lMR). If a bit in the ISR is a 
'1' and the corresponding bit in the IMR is 
also a "'. the INTRN output will be as· 
serted. If the corresponding bit in the IMR 
is a zero, the state of the bit in the ISR has 
no effect on the INTRN outpul. Note that 
the IMR does not mask the reading of the 
ISR - the true status will be provided 
regardless of the contents of the IMA. The 
contents of this register are initialized to 
00'6 when the DUART is reset. 

ISR(7J - Input Port Changa StatuI - This 
bit is a '1' when a change of state has 
occurred at the IPO, IP1, IP2, or IP3 inputs 
and that event has been selected to cause 
an interrupt by the programming of 
ACR[3:0). The bit is cleared when the CPU 
reads the IPCR. 
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ACR[8:4) MODE CLOCK SOURCE 

000 Counter External (IP2) 

o 0 1 Counter TXCA - lX clock of channel A transmitter 

010 Counter TXCB - lX clock of channel B transmitter 

o 1 1 Counter Crystal or external clock (Xl/eLK) divided by 16 

1 0 0 Timer External (I P2) 

1 o 1 Timer External (IP2) divided by 16 

1 1 0 Timer Cryatal or external clock (X1/CLK) 

1 1 1 Timer Crystal or external clock (Xl/CLK) divided by 16 

ISR(8) - Channel B Change In Bruk -
This bit, when set, indicates that the chan· 
nel B receiver has detected the beginning 
or the end of a received break. It is reset 
when the CPU issues a channel B 'reset 
break change interrupt' command. 

ISR(5) - Channel B Receiver Rudy or 
FIFO Full - The function of this bit is pro· 
grammed by MR1 B[6J. If programmed as 
receiver ready, It indicates that a character 
has been received in channel B and is 
waiting in the FIFO to be read by the CPU. 
It is set when the character is transferred 
from the receive shift register to the FIFO 
and reset when the CPU reads the RHA. If 
after this read there are more characters 
still in the FIFO the bit will be set again 
after the FIFO is 'popped'. If programmed 
as FIFO full, it is set when a character is 
transferred from the receive holding regis· 
ter to the receive FIFO and the transfer 
causes the channel B FIFO to become full, 
i.e., all three FIFO pOSitions are occupied. 
It is reset when the CPU reads the RH R. If 
a character is waiting in the receive shift 
register because the FIFO is full, the bit 
will be set again when the waiting charac· 
ter is loaded into the FI FO. 

ISRI4] - Channal B Trlnsmltter Reidy -
This bit is a d~plicate of TKRDYB (SRB[2J). 

ISR(3) - Counter Ready - In the counter 
mode, this bit is set when the counler 
reaches terminal count and is reset when 
the counter is stopped by a stop counter 
command. 

In the timer mode, this bit is set once each 
cycle of the generated square wave (every 
other time that the counterltimer reaches 
zero count). The bit is reset by a stop 
counter command. The command, how· 
ever, does not stop the counterltimer. 
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ISR(2) - Channel A Change In Break -
This bit, when set, indicates that the chan· 
nel A receiver has detected the beginning 
or the end of a received break. It is reset 
when the CPU issues a channel A 'reset 
break change interrupt' command. 

ISRI1) - Channel A Receiver Ready or 
FIFO Full - The function of this bit is pro· 

-grammed by MR1A[6]. If programmed as 
receiver ready, it indicates that a character 
has been received in channel A and is 
waiting in the FIFO to be read by the CPU. 
It is set when the character is transferred 
from the receive shift register to the FIFO 
and reset when the CPU reads the RHA. If 
after this read there are more characters 
still in the FIFO the bit will be set again 
after the FIFO is ·popped'. If programmed 
as FIFO full, it is set when a character is 
transferred from the receive holding regis· 
ter to the receive FIFO and the transfer 
causes the channel A FIFO to become full, 
i.e., all three FIFO positions are occupied 
It is reset when the CPU reads the RHA. If 
a character is waiting in the receive shift 
register because the FIFO is full, the bit 
will be set again when the waiting charac· 
ter is loaded into the FIFO. 

ISR[O] - Channel A Transmitter Ready -
This bit is a duplicate of TxRDYA (SRA[2j). 

IMR - Interrupt Mask Register 
The programming of this register selects 
which bits in the ISR cause an interrupt 
output. If a bit in the ISR is a '1' and the 
corresponding bit in the IMR IS also a '1', 
the INTRN output will be asserted. If the 
corresponding bit in the IMR is a zero, the 
state of the bit in the ISR has no effect on 
the INTRN output. Note that the IMR does 
not mask the programmable interrupt out· 
puts OP3-0P7 or the reading of the ISA. 
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.""u".irA 
CTUR and CTLR - Coun.erITimer 
Regls.e,. 

The CTUR and CTLR hold the eight MSas 
and "ght LSas FNpectlv.'y of the value to 
be ueacI by the counterltlmer In efther the 
counter or timer modes of operation. The 
minimum value which may be loaded Into 
the CTURlCT1.R reglaters II 0002,.. Note 
that theae reglaters are wrlte-onlyand Cln· 
not be read by the CPU. . 

In the timer (programmable divider) mode, 
the CIT generates a square wave with a 
period of twice the value (in clock periods) 
of the CTUR and CTLR. If the value In 
CTUR or CTLR is changed, the current 
half-period will not be affected, but subse­
Quent half periods will be. In thili mode the 
CIT runa continuously. Receipt of a atart 
counter command (read with A3-AO= 
1110) Cluae. the counter to terminate the 

ABSOLUTE MAXIMUM RATINGS' 
PARAMETER 

Operating ambient temperature2 
Storage temperature 
All voltages with respect to ground3 

NOTES. 

current timing cycle and to begin a new 
cycle using the value. in CTUR and CTLR. 

The counter rudy status bit (ISRI31) ia aet 
once each cycle of the square wave. The 
bit is reset by a Itop counter command 
(read with A3-AO .. llll). The command, 
howeyer, does not stop the CfT. The gen· 
erated square wave il output on OP3 if it is 
progremmed to be the CIT output. 

In the counter mode, the err counts down 
the number of pulses loaded into CTUR 
and CTlR by the CPU. Counting begins 
upon receipt of a ltart counter command. 
Upon reaching terminal count (0000,1), the 
counter ready interrupt bit (ISR[3» is set. 
The counter continue. counting pest the 
terminal count until stopped by the CPU. If 
OP3 is programmed to be the output of the 
CIT, the output remainl high until terminal 
count is reached, at which time it goes 
low. The output returns to the high state 

RATING UNIT 

Oto +70 ·C 
-65to +150 ·C 
-0.5 to +6.0 V 

1. St,. .... 1Ibove tf'toH 1I •• ees under AbaoIU11 Mmumum RaUngs "'IY cau .. permanent dM\age 10 the deviC •. Th'l 'I 
111"" rltlnG only and functional ope,.tlon Of the deVice at '''e'' or.t any oth.rcondltlon abOve .hole indicated 
In the operation MCilon of tntl speclficaiion II nOI .mphees. 

2. For apera"ng at ,"'valed temperatures . ..,. Cleve. mull be derated baHCI on + 1SO·C maJumum fUnctIOn 
Iempe"lure. 

3. Tttll prOducllnctuClel ClfcultFy lpecihcllly ctnlgned for 1M protection of itl intemal CSeviC .. ',om damaging ,f· 
feCI5 Of excess.ve 11.t.C Charge Nonetheless, 11 II Bugge.ted Ihat conventiona' precaution. be taken 10 aVOid ap­
plYing .ny vOIt.gei Ilrger th.n Ine f •• ed maxima 

DC ELECTRICAL CHARACTERISTICS T.=O·Cto +70'C, Vcc =5.0V :1:5%0.5·6 

PARAMETER TEST CONDITIONS 
Min 

VIL Input low yoltage 

VI., Input high yoltage (except X1/ClK) 2.0 

VI., Input high voltage (Xl/ClK) 4.0 
VOL Output low voltage IOL=2.4mA 
Vo., Output high voltage (except o.c. outputS) 10.,- -4OO,.A 2.4 

and ISR(3) il cleared when the counter i. 
Itopped by a stop counter command. The 
CPU may Change the values.of CTUR and 
CTlR at any time, but the new count be­
comes effectiye only on the next start 
counter command. If new values have not 
been loaded, the pnsvious count values 
are preserved and used for the next count 
cycle. -

In the counter mode, the current value 01 
the upper and lower 8 bits 01 the counter 
(CTU, ClL) may be read by the CPU. It is 
recommended that the counter be Itop­
ped when reading to prevent potential pro· 
blems which may occur If a Clrry from the 
lower 8-bits to the upp~r.8·bits occurs bet· 
ween the times that both halYes 01 the 
counter are read. However, note that a 
lubsequent Itart counter command will 
cause the counter to begin a new count 
cycle using the yalues in CTUR and CTlR. 

LIMITS 
UNIT 

Typ Max 

0.8 V 
V 
V 

0.4 V 
V 

IlL Input leakage current VIN=O to Vee -10 10 ,.A 

ILL Data bus lostate leakage current Vo=OtoVee -10 10 ,.·A 

loe Open collector output leakage current Vo=Oto Vcc -10 10 ,.A 

Icc Power supply current 150 mA 
NOTES. 

e. PareI'M""'N w.ltd ower lpecihed temperature r.nge, 
I. AllwOh.OI' m ... uretnenta.N re.,,.nced to grau"" fGND). Forte.tlng,.11 input ligna .. IWlng balween a.4V and 2."V with. tranlntOn time of 2Onlmla.mum. All 11m. measure· 

-.ntl are ,.ferenced at Input vol,-, 01 O.IV .nd 2.0V and output voIt.gel of O.IV and 2.OV .. approp"." . 
•. Typte.1 Vllull .re It + 25·C, tYPIC" IUpply vOlt.gel, ancs typIC a' procelling p.rame",., 
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'YGiudhi"k' 
AC ELECTRICAL CHARACTERISTICS TA=O·C to + 70·C, vcc" 5.0V ~5°.4'·5.6·7 

TENTATIVE LIMITS 
PARAMETER UNIT 

Min Typ Max 

Reset Timing (figure 1) 
tREs RESET pulse width 1.0 ,.s 

Bus Timing (figure 2)8 
tAS AD-A3 setup time to RON, WRN low 10 ns 
tAH AD-A3 hold time from RON, WRN high 0 ns 
tcs CEN setup time to RON. WRN low 0 ns 
tCH CEN hold time from RON. WRN high 0 ns 
tRW WRN, RON pulse width 225 ns 
too Data valid after RON low 175 ns 
tOF Data bus floating after RON high 100 ns 
tos Data setup time before WRN high 100 ns 
tOH Data hold time after WRN high 20 ns 
tRwD High time between READs and/or WRITEs910 200 

. 
ns 

Port Timing (figure 3)8 
tps Port input setup time before RON low 0 ns 
tpH Port input hold time after RON high 0 ns 
tpo Port output valid after WRN high 400 ns 

Interrupt Timing (figure 4) 

t'R INTRN (or OP3-0P7 when used as interrupts) high from: 
Read RHR (RXRDY/FFULL interrupt) 300 n5 
Write THR (TXRDY interrupt) 300 ns 
Reset command (delta break interrupt) 300 ns 
Stop CIT command (counter interrupt) 300 ·ns 
Read IPCR (input port change interrupt) 300 ns 
Write IMR (clear of interrupt mask bit) 300 ns 

Clock TimIng (figure 5) 
tClK X1/CLK high or low time 100 n5 

felK X1'CLK frequency 2.0 3.6864 4.0 MHz 
tCTC CTCLK (lP2) high or low time 100 ns 
fcTe CTCLK (IP2) frequency 0 4.0 MHz 
tRx RxC high or low time 220 ns 
fRX RxC frequency (1aX) 0 2.0 MHz 

(1X) 0 1.0 
, 

MHz 
tTx TxC high or low time 220 ns 
fTX TxC frequency (1aX) 0 2.0 MHz 

(1X) 0 1.0 MHz 

Transmitter Timing (figure 6) 
tTxO TxD output delay from TxC low 350 ns 
tTCS TxC output skew from TxD output data 0 150 ns 

Receiver Timing (figure 7) 

tRXS RxD data setup time to RXC high 240 ns 
tRXH RxD data hOld lime from RXC high 200 ns 

NOTES 
Parameters are Yahd over speCIfied temperature range 
AI! voltage measuremenllare referenced to ground (GNO) For testing. all mput SignalS SWing between 0 41/ and 2 4V Wit" a tranSItion lime of 20n5 malumU", All time meaSure 
ments are r.ferenCld at Input voltages of 0.8V and 2.0V and output voltages 01 0.8\1 and 201/ .5 apprOpfliite 
T.,.plca! values are It + 25·C, tYPIC a' supply voltages. and tYPical processing p.rameters 
Test condition for outputs CL = 150pF. except Interrupt outpvts Tesl ccnd.tlcr. for IOterrupt outputs CL = 50p~. RL.:; 2.7~ o"m Ie Vee 
Timing IS illustrated and referenced to the WRN and RDN IOpUtS The ael/lce may also be operateo With CEN as the 'strOb!ng' mput In thiS case. all tlmm~ speclltcatlons apply 
referenced 10 the talllnljf and rising edges 0' CEN 

9 It CEN IS used as the 'SHoblng Input thiS parameter defines the minimUm h'Q" lime between one CEN anc the next 

10 Consecutive wtlte operations to the same command register reqUHe a1 leaslthree edges o~ tne X1 clock beTween wtlles 
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