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The R6©500 Family

R6500 Family

A family of 10 software-compatible CPUs and 11 I/O,
ROM, RAM and one-chip memory-l/O-timer circuits
operating at proven 1 MHz and 2 MHz speeds with a
single 5V power supply, provides you with economic
system solutions for a broad range of applications.

The R6500/1 provides you with CPU, ROM, RAM,
interrupts, counter and bi-directional data portson a
single chip. And it's totally software compatible with all
other members of the R6500 family.

The R6500 promises you boosted performance and
improved economics through its third generation archi-
tecture, which includes 13 powerful addressing modes,
and its innovative circuit design and processing tech-
nology which reduce chip size and power consumption.

'

/ RG6G00 ADDRESS, DATA, & CONTROL BUS
RB52X RB53X RE54X RBGS5X
GENERAL-PURPOSE MEMORY-I/0-TIMER INTELLIGENT PERIPHERAL COMMUNICATIONS
/ 1/0 DEVICES / COMBO DEVICES CONTROLLER DEVICES \ INTERFACE DEVICES

Rockwell is solidly backing
the R6500

Rockwell has dedicated facilities for the high volume
manufacturing of R6500 circuits produced with its
own depletion load, silicon-gate N-channel process.

And Rockwell provides complete system develop-
ment support: Rockwell's SYSTEM 65, a floppy-disk
based, powerful yet low-cost compiete development
system. Plus AIM 65, TIM or timesharing program,
complete documentation and extensive applications
engineering support.

For the future, Rockwell is developing new R6500
devices that will enhance your own product develop-
ment opportunities.




CPUs

Rockwell's R650X CPU options offer a selection of
features in 40- and 28-pin versions to meet your system
needs (see table below). The R6502 - R6507 Series has
on-chip clock generation. The R6512 - R6515 Series
allows the user to generate and control the clock
externally.

Why the R6500is a
cost performance winner

* Proven 1 MHz or 2 MHz performance

* Pipeline architecture for fast operation with
fewer cycles

* Single 5-volt power supply

* On-the-chip clock or an external clock

* 56 instructions

* 13 addressing modes and true indexing capability

* Decimal/binary arithmetic mode selection

e Bi-directional Data Bus (compatible with the
MC6800)

* Addressable memory range up to 65K bytes

* Multi-level interrupts — maskable/non-maskable

* Use with any type or speed memory

* Programmable stack pointer and variable
length stack

R6500 CPU 09“0!‘!5 * 40-and 28-pin DIP package options
40-Pin DIP 28-Pin DIP
R6503 R6504 R6505
R6502 R6512 R6513 R6514 R6515 R6506 RE507

Memory Address Space 65K 85K 4K 8K 4K 4K 8K
Interrupts — Maskable Yes Yes Yes Yes Yes Yes No

. —Non-Maskable Yes Yes Yes No No No No
SYNC~—OQutput indicates
op code fetch cycle Yes Yes No No No No No
RDY —Single step and slow
memory synchronization Yes Yes No No Yes No Yes
@, Clock Output Yes Yes No No No Yes No
DBE—Extended Data
Bus Hold Time No Yes No No No No No

The 40-pin versions provide full functional capability

for memory intensive systems with extensive I/ O

requirements. The 28-pin versions offer flexibility in

selecting the lowest cost CPU best suited to your
application. 28-pin packages also provide denser
board layout,

Thirteen addressing modes + true indexing = R6500 software power

The R6500 features 13 addressing modes. The
first byte of each instruction is the operation code
specifying both the instruction and the addressing
mode. The addressing modes are summarized below.
* ACCUMULATOR ADDRESSING — A one byte

instruction, operating on the accumulator.

* IMMEDIATE ADDRESSING — The operand is in
the second byte of the instruction.

= ABSOLUTE ADDRESSING — The second and
third bytes of the instruction specify the effective
address in 65K bytes of addressable memory.

* ZERO PAGE ADDRESSING — Allows shorter code
and execution times by assuming a zero page
address.

* INDEXED ZERO PAGE ADDRESSING (X orY, in-
dexing.) — Zero page addressing used with an index
reqgister.

* INDEXED ABSOLUTE ADDRESSING (X or Y, in-
dexing) — Absolute addressing used with X or Y
index registers.
* |IMPLIED ADDRESSING — The register containing
the operand is implicitly stated in the operation code.
* RELATIVE ADDRESSING — Used only with branch
instructions. The second byte is an "Offset" added
to the contents of the program counter.
*|NDEXED INDIRECT ADDRESSING — Uses an
indirect zero page address indexed by X to fetch
the effective address.
¢ INDIRECT INDEXED ADDRESSING — Uses a zero
page address to fetch the effective base address |
to be indexed by Y.
* ABSOLUTE INDIRECT — Used only with JMP, the
second and third bytes point to a two-byte effective
address. |




R6500 Microprocessor Instruction Set

Execution Time (clock cycles)
g ol o >:; i " | > X|>|2
s|8|2|le g o|ldlg HE

2| = L3
HHHEHEHEHHEHEHE
HHEEEHEHHHHEHE
<|E|N|N|N|<|<[2|E|c| S| E]<
ADC Add Memory to Accumulator with Carry * 2 3 4 ¢ 4 4 4% = B 5
AND “AND" Memory with Accumulator * 2 3 4 = 4 4" 4" . 6 5" e
ASL Shift Left One Bit ([Memory or Accumulator) 2 = 5 8 &« 8 T = - s s @
BCC Branch on Carry Clear s & % e ® 8 8 8 8 2w »
BCS Branch on Carry Set ® & % s & s e & 8 e s w
BEQ Branch on Result Zero 5 s 8 s s 8 = 8 2a e w
BIT Taest Bits In Mamory with Accumulator = & 3 & & 4 & & 8 s & s
BMI Branch on Result Minus S I I . .
BNE Branch on Result not Zero L N L ..
BPL Branch on Result Plus ® s s s s & & v @ LI
BRK Force Break " 8 8 8 & & 8 8 & & = & @
BVC Branch on Overflow Clear «a & & & & 8 = & 8 PTe = =
BvVS Branch on Overflow Set ® s ® ® ® % % % 8 s s @
cLc Clear Carry Flag ® 8 & 8 8 ® & % 2 & & * @
CLD Clear Decimal Mode “ s 8 s s 8 8 s 2 s % w »
CcLi Clear Intarrupt Disable Bit * s e 8 8 8 s 8 2 ® = =
CLv Clear Overflow Flag " % e 8 8 8 & 8 2 = s % e
CMP Compare Memory and Accumulator e 2 3 4 & 4 4* 4 e« ¢+ B 5 =
CPX Compare Memory and Index X * 2. 3 + s 4 » o & s s s e
CPY Compare Memory and Index ¥ = 2 3 & & 4 & & 8 s s s @
DEC Decrement Mamory by One « & 5 * B8 7 & = » » = =
DEX Decremaent Index X by One “ & =2 ® s * e+ & 2 = s & »
DEY Decremant Index ¥ by One * & & ® ® *» 88 2 s = 8 @
EOR  “Exclusive OR” Memory with Accumulator = 2 3 4 & 4 S 4% 2 856
INC Increment Memory by One « + 5 6 » B8 7T » & = = = »
INX Increamaent Index X by One « s s ® 8 & % 8 2 & 8 8 »
INY Incremant ¥ by One s & s s 8 & 8 & 2 8 s s e
JMP Jump lo New Location L ' 3 = & = = s = 5§
JSR Jump to New Location saving Return Address « & & = & B & & 2 8 o8 = @
LDA Load Accumulator with Memory * 2 3 4 & 4 4" 4" e = B 5 e
LDX Load Index X with Memory = 2 3 & 4 4 & 4 " = = @
LDY Load Index Y with Memory "= 2 3 4 * 4 4% & 2 2 s »
LSR Shift Right One Bit (Memory or Accumulator) 2 » 5 B * B8 T & » & = s »
NOP No Cperation = & % " 8 & 8 e 2 2 8 = =
ORA “QR" Mamory with Accumulator * 2 3 4 ® 4 4" 4" s s B 5 a
PHA Push Acoumulator on Stack * = » ® & 8 o ® 3 s s s @
PHP Push Processor Status on Stack ® s = & & & % ® 3 & & ® ®
PLA Pull Accumulator from Stack & & B & » s s 4 8 s e
PLP Pull Processor Status from Stack @ & = ® e 8 8 8 4 = 2w ®
ROL Rotate Onie Bit Left (Memory or Accumulator) 2 » 5 6 & 8 T * = & s s »
ROR Rotate One Bit Right (Memory or Accumulator) 2 = 5 8 » 8 7 & & & s & =
RTI Return from Interrupt « = » ® ®» & & & B ® = 2 @
RTS Return from Subroutine * & & = & & & * B * = s
sSBC Subtract Memory from Accumulator with Borrow = 2 3 4 ¢« 4 4" 4" e« s € 5 @
SEC Set Carry Flag * ® 8 8 & & s & 2 & & = =
SED Set Decimal Mode * % e e 8 8 8 8 2 e s e
SEI Sat Intarrupt Disable Status a & & & & 8 ® & 2 & & 8 @
5TA Store Accumulator in Memory e &= 3 4 ¢ 4 85 5 & =« B 8 ®
BTX Store Index X in Memory « 8 3 & 4 4 % » s 8 s 8
aTY Store Index Y in Memory « = 3 4 = 4 » » * = =2 =
TAX Transfer Accumulator to Index X * & & = & 8 ® 8 2 8 e s ®
TAY Transfer Accumulator 1o Index Y = = & & 8 & & 2 & & 2 @
TSX Transfer Stack Pointer to Index X s s s s 8 8 8 2 s e =
TXA Tranglor Index X to Accumulator = = = s &8 & ® 8 2 & & = ®
‘ TXS Transter Index X to Stack Pointer ® * & & 8 & 8 8 2 & & = =
TYA Transfer Index ¥ to Accumulator ® ® & & 8 8 & 8 2 s s o= @

*Add one cycle il indexing across page boundary : =
| **Add one cycle if branch is 1aken, and one additional cycle if branching operalic  crosses page boundary




R6500/1 One=Chip Microcomputer

The R6500/1

In the R6500/1, Rockwell has combined the high-
performance R6502 CPU with such versatile features as
2048 bytes of ROM, 64 bytes of RAM, 32 bi-directional I/Q
lines, four interrupts and a 16-bit programmable counter
(with four separate intervallevent modes) — all in a single
40-pin package.

The R6500/1 also has on-the-chip 1 MHz or 2 MHz clock
operation with external single clock, crystal or RC
frequency input.

The R6500/1 includes a separate power pin that main-
tains RAM on 10% of the operating power. In the event
power is lost, this standby power retains RAM data until
execution is resumed.

Rockwell backs up the R6500/1 with solid system
development support in two ways:

The R6500/1E, a 64-pin emulator device with 40
pins electrically identical to the R6500/1, may be used
for program development and prototyping with
external EPROM or RAM.

A Personality option to SYSTEM 65 customizes
Rockwell's popular microcomputer development system
for complete R6500/1 software and hardware
development.

COUNTER I/0

XTL2
XTL1I

R6500/1 Features

2K-Byte Mask Programmable ROM

64-Byte Static RAM

R6502 CPU

Four 8-Bit Bidirectional I/O Ports

16-Bit Programmable Counter/Latch With Four Modes:
— Interval Timer

— Pulse Generator

— Event Counter

— Pulse Width Measurement

* Five Interrupts

* Fully Upward/Downward Compatible With 6500 Family
* 64-Pin PROM-compatible Emulator Device Available

VRam

/X IRQ INTERRUPTS
@f@j

z g RESET
NON-MASKABLE INTERRUPT (NMI)




Standard Memeory Devices

The R6500 system bus enables you to use low cost,
widely available standard memory devices. For your con-
venience, Rockwell now offers the five memory devices,
described below. All are completely TTL compatible, fully
static — no clocks or refresh strobes required — and
operate from a single + 5V power supply
* R2114 4K STATIC RAM

1024 x 4 in high-density 18-pin package with common

data 1/0; 450ns access and cycle time; fully static — no

clocks or strobes required; single + 5V power supply;
total TTL compatibility. (Industry standard.)

« R2316B 16K STATIC ROM
2048 x 8 in standard 24-pin package; pin-compatible
with 2708 EPROM:; 450 ns. max. cycle time; three chip
selects. (Industry standard; replaces two 8K EPROMs.)
* R2332 32K STATIC ROM
The industry's first static 4096 x 8 N-channel ROM;
standard 24-pin package; 450 ns. max. cycle time;
two chip selects.
« R2332-3 32K STATIC ROM
Same as R2332, but has 300 ns. max. cycle time.

Input/Output Deviees

General-Purpose 1/0 Devices
These versatile peripheral controllers allow effective
trade-offs between software and hardware, enabling
implementation of complex R6500 microcomputer
systems at minimum overall cost. Both are available in
1 MHz and 2 MHz versions. All R6500 /O devices—
including the memory-1/O combos—have TTL and
CMOS compatible peripheral lines with transistor
drive capability and high-impedance, tri-state data
outputs.
« R6520 Peripheral Interface Adapter (PI1A)
40-pin package, two 8-bit bi-directional I/0 ports,
four peripheral control/interrupt input lines, fully
automatic data transfers between processor and
peripheral devices.

The PIA provides individual I/0 line control for
keyboard strobes and returns, driving displays and
discrete indicators as well as 8-bit parallel commu-
nications in handshake or clocked control modes.

.« R6522 Versatile Interface Adapter (VIA)

40-pin package, has R6520 PIA features plus two
16-bit programmable interval timers/counters,
data latching on 1/0 ports, 8-bit buffered shift reg-
ister for serial I/0 interfacing.
The enhanced features of the VIA provide a serial
interface for inter-system communications, ASCII
serial data generation, pulse width modulation, and
waveform synthesis. The two timers work in con-
junction with the serial channel or may provige in-
terval timing for real time applications.




Input/Output Deviees

Memory-l/O-Timer Combination
Devices
By combining an R650X Series CPU with one-chip
memory, /0 and timer combination devices, the designer
nets a powerful, cost-effective two chip microcomputer
system which can also be the base configuration for
modular, expandable applications.
* R6530 ROM-RAM-1/O-Timer (RRIOT)
40-pin package; 1 MHz operation; 1024 x 8 ROM; 64 x
8 static RAM; two 8-bit bi-directional data I/O ports;
two progammable data direction registers; program-
mable 8-bit interval timer with prescale and interrupt
control.
* R6531 ROM-RAM-I/O-Counter (RRIOC)
40-pin package; 1 MHz or 2 MHz operation; 2048 x 8
ROM; 128 x 8 static RAM; 8-bit serial data channel;
two bi-directional I/O ports, with a total of 15 data lines,
including four external interrupts and handshake
control.

The RRIOC also provides a fully-buffered 16-bit
counterftimer with four program selectable modes —
interval timer, pulse generator, event counter and pulse
width measurement.

A separate 52-pin version of RRIOC offers expanded

IO in additional 8-bit output port and 4-bit input port.

* R6532 RAM-I/O-Timer (RIOT)

40-pin package; 1 MHz operation; 128 x 8 static RAM:
two 8-bit bi-directional data ports; two programmable
data direction registers; programmable 8-bit interval
timer with prescale and interrupt control; program-
mable edge detect interrupt, for fast service of critical
events.

R6534 ROM-I/O-Counter (RIOC)

40-pin package; 1 MHz operation; 4096 x 8 ROM; 8-bit
serial data channel; two bi-directional data I/O ports,
with a total of 14 data lines, including four external
interrupts and handshake control.

The RIOC also provides a programmable 16-bit
counter/latch with interval timer, pulse generator and
event counter modes,

A separate 52-pin version of RIOC offers an
additional 8-bit output port, 3-bit input port and one
additional /0O line.

Intelligent Peripheral Controller

Devices

The devices listed below get your interface design off to

a solid start.

* R6541 Programmable Keyboard/Display Controller
(PKDC)
40-pin package, B-character FIFO/Sensor RAM for
keyboard entries, two CPU-addressable 16-byte display
RAMs.

The PKDC is a general-purpose keyboard and seg-
mented display interface device. The keyboard portion
can scan up to 128 matrix-type key switches, and can
also interface with an array of 64 sensors or a strobed
interface keyboard. The display portion provides a

buffered scanned display interface with LED, fluores-
cent, Borroughs SELF-SCAN® , and other display
technologies.
* R6545 CRT Controller (CRTC)
40-pin package, refresh RAM, fully-programmable
scanning and cursor, light pen register.

The CRTC is designed to interface an 8-bit micro-
processor to CRT raster scan video displays. It provides
refresh memory addresses and character generator
row addresses, which allow up to 16K characters with
32 scan lines per character to be addressed. Refresh
memory may be addressed in either straight binary or
by row/column.

Communications Interface Device

* R6551 Asynchronous Communication Interface
Adapter (ACIA)
28-pin package provides the interface between R6500-
based systems and serial communication data sets
and modems. With its on-chip baud rate generator, the

ACIA is capable of transmitting at 15 different program-
selectable rates between 50 baud and 19,200 baud,
and receiving at either the transmit rate or at 16X an
external clock rate.

The ACIA has programmable word lengths of 5, 6, 7
or 8 bits; even, odd or no parity; 1, 1-1/2 or 2 stop bits.




Product Development

Rockwell’s SYSTEM 65

SYSTEM 65 is a new easy to use, powerful, com-
plete development system for the R6500 family of
microcomputers. The basic configuration includes
two built-in, mini-floppy disk drives, 16K bytes of user
memory and 16K bytes of resident operating system.

Monitor commands are self-prompting whenever
memory, peripheral, or disk file assignment is required.
Text editor provides line, string, and character editing
functions. A resident two-pass assembler and dynamic
debug package complete the operating system. Both
source and object code may be maintained in memory
for fast editing, assembling, and checkout. Since the
total monitor, editor, debug and assembler are resident
in ROM, 100% of the disk storage and drive utilization
is available to the user.

The mini-floppy diskettes may be used as storage for
source and object code and documentation. Each
diskette has the capacity for 78K bytes of information
in a maximum of 60 files.

SYSTEM 65 supports a vareity of terminals with
serial data from 100 baud to 9600 baud. Connectors
are provided for both RS-232 C and current loop inter-
facing. Reader ON/OFF signals and RTS/CTS control
signals are standard. Included is a parallel port pro-
viding automatic control to high speed printers, such as
Diablo, Centronics and Tally.

And Rockwell offers these options to

SYSTEM 65:

* PL/65 High-Level Language

* |USER 65 in-circuit emulation option

*« PROM Programmer Module, for programming a
2704/2708/2716/2758 PROM device from the front
panel socket

= RB6500/1 Personality option, for developing with the
R6500/1 single-chip microcomputer

* 16K x 8 Static RAM Modules

s+ PROM/ROM Module, accepts 2316/2332 ROM or
2708/2716/2758 PROM devices

* Wire-wrap Design Prototyping Module

« Extender Card for circuit probing

PL/65 High-Level Language

A high-level language resembling PL/1 and ALGOL
is now available to designers developing programs for
the R6500 microprocessor family using the SYSTEM 65
development system.

Designated PL/65, the language is considerably
easier to use than assembly language or object code,
thus increasing programmer productivity while
reducing software development time and costs. The
PL/65 compiler outputs source code to the SYSTEM
65's resident assembler, This permits enhancing
or debugging at the assembler level before object
code is generated. In addition, PL/65 statements may
be mixed with assembly language instructions for
timing or code optimization.

The PL/65 compiler is available to SYSTEM 65
users as a preprogrammed mini-floppy diskette. No
additional memory is required other than the stan-
dard 16K bytes of RAM.

The PL/65 language supports modular program
design. Its general control structures for conditional
and iterative looping allow the language to be used
effectively for structured programs, Other language
features include: assignment, integer arithmetic, con-
ditional execution, collective execution, linear array
manipulation, data area declaration and array initializ-
ation. Block structures, subscripts and parenthetical
expressions are also supported.




AlM 65

For learning, designing, work or just plain fun. . ..

Dual Cassette, TTY
and General-Purpose
11O Interfaces

20-Column
Dot Matrix
Printer

20-Character
Alphanumeric
Display

Style
Keyboard

Rockwell's R6500 Advanced Interactive Micro-
computer (AIM 65) can get you into the exciting world
of microcomputers a lot easier and at a lot lower cost
than you may have thought possible.

As a learning aid, AIM 65 gives you an assembled;
tested and warranted R6502-based microcomputer

' system with a full-sized keyboard, an alphanumeric 20-
character display and, uniguely, an alphanumeric 20-
column thermal printer.

An on-board Advanced Interactive Monitor program
provides extensive control and program development

R6500
NMOS
Microprocessor
Family

Read/Write
RAM

PROM/ROM
Expansion
Sockets

Advanced
Interactive
Monitor
Firmware

\User-Defined
Function
Keys

functions. You'll be writing your programs in assembly
language — there's no need to memorize ‘‘opcodes’’.
And for more specialized applications, we offer a two-
pass, symbolic assembler and a BASIC interpreter as
plug-in ROM options.

You'll master fundamentals rapidly. Then you'll
appreciate the fact that unlike the computer “‘toys’ on
the market, AIM 65 offers flexibility and expandability
you would expect to find only in a sophisticated micro-
computer development system,




Literature

How to make it all work for you
Rockwell has put together a complete set of

documentation and reference manuals to help you

implement the R6500 microprocessor family.

* R6500 Hardware Manual
A detailed description of each chip in the family,
how they interface, how the peripherals are con-
trolled, as well as the design techniques facilitating
system operation, testing and maintenance. Special
emphasis is on "'bringing up'’ a system with testing
technigues, scope synchronizing and general
trouble-shooting procedures — $5.

* R6500 Programming Manual
Defines the architecture of the R6500 Series, the
function of each instruction and valuable program-
ming information. Special emphasis is on the soph-
isticated addressing modes of the family — $5.

+ Cross-Assembler Manual
Cross-Assembler directives are described as used

in time-share and batch operations, with special aids

on understanding and resolving error messages
— $5.

SYSTEM 65 User's Manual

Instructs the user in operating the SYSTEM 65
Microcomputer Development System and its appli-
cation in developing a working microprocessor
system — $5.

* PL/65 User's Manual
A complete guide to PL/65, the high-level language
for the R6500 family — $10.

* AIM 65 User's Guide

Full technical details tell you everything you need to
operate the AIM 65 — $5.

AIM 65 BASIC Language Reference Manual

A how-to guide for using AIM 65 with the BASIC
language ROM option installed—§5.

TIM Manual

Defines how to apply the Teletype 1/O Monitor — $2.

R6500 Data Sheets

Provides quick understanding of the capabilities
and characteristics of each available R6500 device
and support equipment. To order data sheets simply
specify the part number or the name of the support
equipment.

Where to get more on the R6500

Rockwell's normal procedure is to provide you with
free data sheets so that you can select the R6500
devices and support equipment of most interest to you.
Anominal charge is made for reference manuals.

For data, devices or support equipment contact the
nearest Rockwell office or distributor listed on the back
page of this brochure. For in-depth assistance, obtain
the name of your nearest Rockwell sales representative
from any Rockwell office.
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DOCUMENT NO. 29000 D39 PART NUMBER
REV. 3, FEBRUARY 1979 R650X and R651X

R6500 Microcomputer System \
DATA SHEET

R6500 MICROPROCESSORS (CPU’s)

SYSTEM ABSTRACT FEATURES
The B-bit RE500 microcomputer system is produced with N- ® Single +5V supply
Channel, Silicon Gate technology. Its performance speeds are e N channel, silicon gate, depletion load technology
enhanced by advanced system architecture. This innovative e Eight bit parallel processing I
architecture results in smaller chips — the semiconductor threshold e 56 Instructions m
to cost-affectivity. Sy cost-effectivity is further enhanced by e Decimal and binary arithmetic u.‘
providing a family of 10 pati icroprocesso e Thirteen addressing modes
(CPU) devices, described in this document. Rockwell also pro- ® True indexing capability o
vides memory and microcomputer system . .. as well as low-cost e Programmable stack pointer o
design aids and documentation. e Variable length stack
e Interrupt capability g
e Non-maskable interrupt i
R6500 MICROPROCESSOR (CPU) CONCEPT e Use with any type of speed memory )
Ten CPU devices are available. All are softwarecompatible. e B-bit Bidirectional Data Bus m
They provide options of addressable memory, interrupt input, ® Addressable memory range of up to 65K bytes
on<chip clock oscillators and drivers. All are buscompatible ® “Ready” input o
with earlier generation microprocessors like the MBBOO devices. e Direct Memory Access capability -U
# Bus compatible with MG800
The family includes six microprocessors with on-board clock ® 1 MHz and 2 MHz operation I
oscillators and drivers and four microprocessors driven by external ® Choice of external or onchip clocks o
clocks, The on-chip clock versions are aimed at high performance, e On-thechip clock options
low cost applications where single phase inputs, crystal or RC — External single clock input o
inputs provide the time base. The external clock versions are — RC time base input m
geared for multip: system icati where i — Crystal time base input m
timing control is mandatory. All R6500 microprocessors are e Commercial, industrial and military temperature wversions m
also available in a variety of packaging (ceramic and plastic), e Pipeline architecture
operating frequency (1 MHz and 2 MHz) and temperature (com- o
mercial, industrial and military) versions. I
MEMBERS OF THE R6500 MICROPROCESSOR Eviaing Infagustion »
_—
(CPU) FAMILY Order Number: RE5XX_ . (@]
Microprocessors with On-Chip Clock Oscillator 1 L
| Temperature Range: ﬂ
Model Addressable Memory : No suffix = 0°C 1o +70°C e
; E = -40°C 10 +85°C o
RE502 65K Bytes {Industrial) —
RE503 4K Bytes " ) )
RE504 8K Bytes ciid I:ﬂa““ca::lnzs 7
RE505 4K Bytes |
RE506 4K Bytes i M = MILSTD-883,
RB507 8K Bytes Class B
= Package:
Microprocessors with External Two Phase Clock Output C = Ceramic
P = Plastic
Model Addressable Memory {Not Avaible for
M or MT suffix)
RE512 65K Bytes — Frequency Range: ‘
RE513 4K Bytes Mo suffix = 1 MHz
RE614 8K Bytes A= 2MHz
RBE515 4K Bytes Model Designator:
XX = 02,03,04,..15
NOTE: Contact your local Rockwell Representative |
\ concerning availability. ) ‘
(©) Rockwell International Corporation 1979 Specifications subject ta
All Rights Reserved change without notice

Printed in WS A,




R6500 Signal Description
Clocks (64, 9,)

The RB51X requires a two phass non-overlapping clock that runs
at the Voc voltage level.

The RE50X clocks are supplied with an internal clock generator.
The frequency of these clocks is externally controlled.
Address Bus (AD-A15)

These outputs are TTL i ik
TTL load and 130 pF.

of driving one standard

Data Bus (D0-D7)

Eight pins are used for the data bus. This is a bidirectional bus,
transferring data to and from the device and peripherals. The out-
puts are tri-state buffers capable of driving one standard TTL load
and 130 pF.

Data Bus Enable (DBE)

This TTL compatible input allows external control of the tri-state
data output buffers and will enable the microprocessor bus driver
when in the high state. In normal operation DBE would be driven
by the phase two [02} clock, thus allowing data output from
microprocessor only during ¢.,. During the read cycle, the data
bus drivers are internally disabled, becoming essentially an open
circuit. To disable data bus drivers externally, DBE should be held
low.

Ready (RDY)

This input signal allows the user to halt or single cycle the micro-
processor on all cycles except write cycles. A negative transition
to the low state during or coincident with phase one (¢ 1) will halt
the microprocessor with the output address lines reflecting the

being fi d. If Ready is low during a write
cycle, it is ig d until the following read op This con-
dition will remain through a subsequent phase two ($2) in which
the Ready signal is low. This feature allows microprocessor inter-
facing with the low speed PROMs as well as fast (max. 2 cycle)
Direct Memory Access (DMA).

Interrupt Request (TRQ)

This TTL level input requests that an interrupt sequence begin
within the microprocessor, The microp will plete the
current instruction being d before gnizing the req

At that time, the interrupt mask bit in the Status Code Register
will be examined. If the interrupt mask fiag is not set, the micro-
processor will begin an interrupt sequence. The Program Counter
and Processor Status Register are stored in the stack. The micro-
processor will then set the interrupt mask flag high so that no fur-
ther interrupts may occur. At the end of this cycle, the program
counter low will be loaded from address FFFE, and program
counter high from | ion FFFF, theref: progr
control to the memory vector located at these addresses, The
RDY signal must be in the high state for any interrupt to be rec-
ognized. A 3KIQ external resistor should be used for proper
wire-OR operation,

Non-Maskable Interrupt (N1},

A negative going edge on this input that a kabl
interrupt be @ d within the s

NMl is an i pt. F ing letion of the
current | ion, the of fined for IRQ

will be performed, regardless of the state interrupt mask flag. The
vector address loaded into the program counter, low and high, are
locations FFFA and FFFB ively, thereb ing pro-
gram control to the memory vector loceted at these addresses.
The instructions loaded et these | causa the mi

essor to branch to a p in me Y.

NMI also requires an external 3K 2 register to Vo for proper
wire-OR operations.

Inputs IRQ and NMI are hardware interrupts. lines that are sam-
pled during @, (phase 2) and will begin the appropriate interrupt
routine on the ¢, (phase 1) following the completion of the cur-
rent instruction.

Set Overflow Flag (5.0.)

A negative going edge on this input sets the overflow bit in the
Status Code Register. This signal is sampled on the trailing edge of
¢1 and must be externally synchronized,

SYNC

This output line is provided to identify those cycles in which the
microprocessor is doing an OP CODE fetch, The SYNC line goes
high during ¢, of an OP CODE fetch and stays high for the
remainder of that cycle, |f the RDY line is pulled low during the
91 clock pulse in which SYNC went high, the processor will stop
in its current state and will remain in the state until the RDY line
goes high. In this manner, the SYNC signal can be used to control
RDY to cause single instruction execution,

Reset

This input is used to reset or start the microprocessor from a
power down condition. During the time that this line is held low,
writing to or from the microprocessor is inhibited. When a posi-
tive edge Is detected on the input, the microprocessor will imme-
diately begin the reset sequence.

After 2 system initialization time of six clock cycles, the mask
interrupt flag will be set and the microprocessor will load the pro-
gram counter from the memory vector locations FFFC and FFFD.
This is the start location for program control,

After V., reaches 4.75 volts in a power up routine, reset must be
held low at least two clock cycles. At this time the R/W and
(SYNC) signal will become valid. .

When the reset signal goes high following these two clock cycles,

the microproce: will p i with the normal reset procedure
detailed above,




ADDRESSING MODES

ACCUMULATOR ADDRESSING — Th-s form of addressing is
represented with a one byte i , implying an operation on
the sccumulator.

IMMEDIATE ADDRESSING — In immediate addressing, the
operand is contained in the second byte of the instruction, with
no further memory addressing required.

ABSOLUTE ADDRESSING — In absolute addressing, the second
byte of the instruction specifies the eight low order bits of the
effective address while the third byte specifies the eight high
order bits. Thus, the absolute addressing mode allows access to
the antire 65K bytes of addressable memory.

ZERO PAGE ADDRESSING — The zero page instructions allow
for shorter code and execution times by only fetching the second
byte of the i ion and g a zero high add byta,
Caroful use of the zero page can result in significant increase in
code efficiency.

INDEXED ZERO PAGE ADDRESSING — (X, Y indexing) — This
form of addressing is used in j ion with the index register
and is referred to as ““Zero Page, X" or “Zero Page, Y. The effec-
tive address is calculated by adding the second byte to the con-
tents of the index register. Since this is a form of “Zero Page™
addressing, the content of the second byte ref al ion in

IMPLIED ADDREBSINE - In th. h‘nphod addressing mode, the
address the op itly stated in the i
code of the instruction.

RELATIVE ADDRESSING — Relative addressing is used only

with branch and blishes a for the con-
ditional branch,

The second byte of the i ion b the op which is
an “Offset’” added to the contents of the lower eight bits of the

when the is set at the next instruction.
Thn range of the offset is -128 to +127 bytes from the next
instruction.

INDEXED INDIRECT ADDRESSING — In indexed indirect
addressing (referred to as {Indirect, X)), the second byte of the
instruction is added to the contents of the X index register, dis-
carding the carry. The result of this addition points to a memory
location on page zero whose contents is the low order eight bits
of the effective address. The next memory location in page zero
contains the high order eight bits of the effective address. Both
memory locations specifying the high and low order bytes of the
effective address must be in page zero.

lNDlHEC'I' INDEXED mnﬂmm = In indirect indexed
g to as (Indi . ¥), the second byte of the

page zero. Additionally due to the “Zero Page” addressing nature
of this mode, no carry is added to the high order 8 bits of memory
and crossing of page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING —
form of add g s used in conjunction with X and Y index reg-
ister and is referred to as “Absolute, X", and " Absol ¥, The
effective address is formed by adding the contents of X or Y to
the address contained in the second and third bytes of the instruc-
tion. This mode allows the index register to contain the index or
count value and the i ion 1o in the base address. This
type of indexing allows any location referencing and the index to
modify Itiple fields Iting in red coding and execution
time,

(X, Y indexing) — This

points to a memory Ioclticm in page zero. The con-
tents of this memory location is added to the contents of the Y
index register, the result being the low order eight bits of the
effective address, The carry from this addition is added to the
contents of the next page zero memory location, the result being
the high order eight bits of the effective address.

ABSOLUTE INDIRECT — The sscond byte-of the instruction
contains the low order eight bits of a memory location. The high
order eight bits of that y | ion is d in the third
byte of the instruction. The contents of the fully specified mem-
ory location is the low order byte of the effective address. The
next memory location contains the high order byte of the effec-
tive address which is loaded into the sixteen bits of the program
counter.

INSTRUCTION SET — ALPHABETIC SEQUENCE

ADC Add Memory to Accumulator with Carry
AND “AND" Memory with Accumulator
ASL Shift left One Bit (Memory or Accumulator)

BCC Branch on Carry Clear

BCS Branch on Carry Set

BEQ Branch on Result Zero

BIT  Test Bits in Memory with Accumulator
BMI  Branch on Result Minus

BNE Branch on Result not Zero

BPL Branch on Result Pilus

BRK Force Break

BVC Branch on Overflow Clear

BVS Branch on Overflow Set

CLC Ciear Carry Flag

CLD Clear Decimal Mode

CLI  Clear Interrupt Disable Bit

CLV Clear Overflow Flag

CMP Compare Memory and Accumulator
CPX Compare Memory and Index X
CPY Compare Memory and Index ¥

DEC Decrement Memory by One
DEX Decrament Index X by One
DEY Decrement Index Y by One

EOR "Exclusive-or” Memory with Accumulator

INC Increment Memory by One
INX Increment Index X by One
INY Increment Index Y by One

JMP  Jump to New Location
JSR  Jump to New Location Saving Return Address

LDA  Load Accumulator with Memory

LDX Load Index X with Memory

LDY Load Index Y with Memory

LSR Shift One Bit Right (Memory or Accumulator)

NOP No Operation

ORA "OR" Memory with Accumulator

PHA  Push Accumulator on Stack
PHP  Push Processor Status on Stack
PLA Pull Accumulator from Stack
PLP  Pull Processor Status from Stack

ROL Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One Bit Right (Memory or Accumulator)
RTI Return from Interrupt

RTS Return from Subroutine

SBC Subtract Mémory from Accumulator with Borrow
SEC Set Carry Flag

SED Set Decimal Mode

SEl  Set Interrupt Disable Status

STA Store Accumulator in Memory

STX Store Index X in Memory

STY Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accurnulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Trensfer Index X to Stack Register
TYA Transfer Index Y to Accumulator




vss - 20l AES R6502 — 40 Pin Package
Sl g2 39 ¢2 (ouT)
®1 louTicg3 3BP°s.o. Features of RE502
Ra e 370 (IN)
N.C. s 36[AN.C. ® 65K Addressable Bytes of Memory (A0-A15)
NMI e 35 n.C. e [RQ Interrupt
SYNC 7 3 /W e On-the<hip Clock
vee s 33 oo TTL Level Single Phase Input
AD s 2D 01 RC Time Base Input
Al e B11] 313 o2 Crystal Time Base Input
A2 =1 30 o3 ® SYNC Signal
AZ 112 29 D4 (can be used for single instruction execution)
A4 13 28 ps o RDY Signal
AS E 14 278008 lcan be used to halt or single cycle execution)
AB 15 26307 @ Two Phase Output Clock for Timing of Support Chips
A7 e 2503 a18 o NMI Interrupt
AB 17 24 A14
A9 —]18 23 a13
A0 18 223 a12
Al 20 213 vss
R6503 — 28 Pin Package
res ' 2813 ¢, (ouT)
vss 2 271
ima 13 26 :E?“N) Features of R6503
i e 2507 DO
vee s 24301 ® 4K Addressable Bytes of Memory (AQ-A11)
a0 He 23 02 ® On-thechip Clock
PO = 22/ 03 o (AT Interrupt
Az Je 219 D4 o M Interrupt
A3z e 20 DB e B Bit Bidirectional Data Bus
a4 310 19 D6
as Cn 1807
AB [J12 17 Aan
A7 13 163 A10
ag CJ14 153 A9
RE6504 — 28 Pin Package
REs 1 2814 ¢, (OUTY
vss 2 27 ¢ (IN}
iRra a3 26 R/W Foatures of RE504
vec a4 253 DO
A0 C1s 245 01 ® 8K Addressable Bytes of Memory (A0-A12}
a1 s 23102 e On-the<chip Clock
Az 7 22 D3 e iRQ Interrupt
a3 s 210 oa * 8 Bit Bidirectional Data Bus
LY = ] 20308
as CJ10 1906
As T 1807
A7 12 17 A2
As 13 1. AN
ag CJha 15A10
R6505 — 28 Pin Package
L= L 28 ¢y (OUT)
vss (42 271 ¢ (IN)
rRoy 3 26 R/W Features of RE505
TRa 4 25 oo
vee &5 243 D1 ® 4K Addressable Bytes of Memory (AD-A11)
A0 s 2381 b2 & On-the<hip Clock
a1 O7 22 o3 o [FQ Interrupt
AZ 8 21O pa e RDY Signal
A3 g 9 20 o8 o 8 Bit Bidirectional Data Bus
as CJ10 1906
As CIn 18 o7
A []12 173 A1
A7 13 16 A10
ag 14 157 a9




RE6506 — 28 Pin Package

AES [ ] 2B 5 (OUT)
vss =2 27 ¢g (IN) Features of R6506
¢4 louTIC]3 26JR/W
ma = 25100 ® 4K Addressable Bytes of Memory (AO-A11)
vee s 2401 e On-the-chip Clock
AD Os 230 p2 ¢ IRQ Interrupt
Al =7 2P o3 ® Two phase output clock for timing of support chips
AZ i £ 213 Dp4 # B Bit Bidirectional Data Bus
A3 e 20 ps
Ad =10 12 D6
AS g1 18jo7
AB 112 17OgAN
A7 =13 163410
A8 g4 153 A9
R6507 — 28 Pin Package
AEs 1 28— ¢ (OUT)
vss .42 273 #g (IN) Features of R6507
royl3 26 RW
vec s 2t bo ® BK Addressable Bytes of Memory (A0-A12)
A0 s 24301 ® On-the<chip Clock
A1 s 231 D2 e RDY Signal
Az 7 22303 ® 8 Bit Bidirectional Data Bus
A3 s 21 o4
=" 201 DS
As 10 19 D6
as 11 18Oo7
A1 12 173 A2
Ag CJ13 163 A11
as s 15 A10
RE6512 — 40 Pin Package
vss 1 40— RES
ROY ]2 39[3 ¢4 (OUT) Faatures of R6612
¢y 3 s so.
ARG a4 7 ¢z ® 65K Addressable Bytes of Memory (AD-A15)
vss (s 36}—] DBE s (RO Interrupt
AW s 3 NC. o MM Interrupt
syYyNc 7 34 RIW e RDY Signal
vee s 333 DO e 8 Bit Bidirectional Data Bus
a0 e 320 o1 ® SYNC Signal
A1 10 a1 b2 ® Two phase clock input
A2 11 30 b3 & Data Bus Enable
A3 12 29[ D4
Ad 13 283 D5
A5 E 14 27 bs
AG 15 26 D7
A7 16 250 A15
a8 17 247 Ava
A9 18 23 A13
A10 19 223 A12
Al E 20 21 vss




R6513 — 28 Pin Package

vss 1 28| AES
¢ 2 27i5 9,
L=k 261 AW Foatures of RE513
LTI - 25 Do
vcc s 243 D1 ® 4K Addressable Bytes of Memory (AD-A11)
A0 e 23 02 e Two phase clock input
FOI = 22 03 o [AQ Interrupt
A2 s 21 D4 o NMI Interrupt
A3 e 20— D& e 8 Bit Bidirectional Data Bus
A4 10 19| D6
AS I 1 07
A8 (112 1713 A1
A7 13 16 A10
AB 14 15[ A9
RE6514 — 28 Pin Package
vss 1 28| RES
¢, 2 271 ¢,
Ra g3 26 A/W Features of RE614
vec a4 25 Do
AD s 24 D1 & BK Addressable Bytes of Memory (A0-A12)
A1 e 2302 ® Two phase clock input
A2 17 2P o3 e IRQ Interrupt
A3 s 21j5 D4 ® B Bit Bidirectional Data Bus
A4 Jo 20[— 06
AB 110 19 08
AE In 18/ D7
AT 12 17[g A2
AB 113 16 AN
A9 s 15[ A10
RE6515 — 28 Pin Package
vss 1 28 FEs
RDYJ2 279 ¢,
¢, 3 26 A/ Features of R6515
ma Ca 25 po
vecc s 24833 p1 e 4K Addressable Bytes of Memory (AD-A11)
a0 e 23802 ® Two phase clock input
a1 7 P =1"r o [AQ Interrupt
A2 s 21904 e RDY Signal
A3 o 20 D8 ® 8 Bit Bidirectional Data Bus
A4 10 19 D6
A5 11 1B O7
A8 12 173 A1
AT O3 16 A10
AB Q14 15[ A9




INSTRUCTION SET

RS TRUCTIONS IMMEGUTE | ABSOLUTE | ZERSPAGE | ACCUM | ol | pee. X LMGE X | RS ]m.v RELATIVE | webaliCT | T PAGE. ¥ :‘

ST wn'ﬁl‘“‘ll@ﬁl”nlﬂ?-l”llﬂll“-loﬂnlﬂnlan|W|‘-‘.E=‘nf;g
AeMec=a winfes)2)2 feof4fajesfafa wfslzfn|sfz|m]a]z pofefa|n]s]s NV....2C|ADC
Aam—a mlm| 2|z || a)|a|m|af2 21| sj2fanfsfe|mfafzoofalaffals HWeowsa2a| AND
c-——o-0 o€ &3 |on| 5|2 foaf 2(1 w|ezjE| 7|3 L L
BRANCHONC = 0 () LR E] ses e sf BEE
BRAMCHONC = 1 (2 8ol 2] 2 s s+ s 0 v elBES
BAANCHONZ = | () rof 2| 7 +rm sl BEQ
Aaw 2clafafaafa|2 O 2 N
BRANCHONM = 1 & we|z] 2 TR
BRANCHONZ = 0 (@ popz2| 2 srrssaue
BRANCHONN & 0 121 wlz|2 A
BREAK o)1 T T e

BVE BRAMCHONY =0 {21 2|2 sia e aasan

BVYS BRAMCHONY & 1 @ w22 A e

cLC o=C w2 I |

cLD 0-0 o8| 2|1 ++sspe =<l CLD
cL =1 MEE crasaBesfCLl
cLv o=V LRI s 00 s sssa] LY
cMP A=W 2 c1) e f2for|s|2]os|afzloof4|afoslala HeosesZClCMm
cPx XM 2 Nesssaze|lcea
CrY ¥ M F M.sosa2c|lcry
DEC R 2 osf{ s | zjpej 7|3 WesoosZa DEC
DEX X=t=x jcal 2| 1 We s s s 2] DEX
DEY Toi=v IR E Wessessz2-loEy
EOR | AvmM-a wijem| 2|z lenfa]afas)afa ar|sl2|sfsafsalafzisglalajmala L L
INE | Mei-u EE| 63|68l 82 rels|2rel 7|0 Wissss2-ling
I Het-x 2] TEEETE T i T
INY | Yer=¥ cal2 |1 Messaagaliny
JMP Apae TONEW LOC oci 33 sc|s|a sr s s s sl JuUP
asm | awesus IR E . I Y
Loa | m-a i 2faoiafalasla )2 Als)zle als LI 0 YY)
Lox Mex o |azi 2| 2 |aE| 4| alan| 3|2 a2 oafaf2|w- 2] LDx
LDY My i faol 2| 2 jact & |3 faaf 3|2 Nes oo 2eloy
LS8R o f-¢ 4E( 6| 3fen| 5| 2faal2 |0 L LA L
NoP el 2] S e ) O
ORA Jojelzjnisizlnlal2hojafafwlals M+ seo 2+ ORA
PHA a3 PR T
PHP CIEIR DRI B
PLA e wrrrsnzaleva
eLp [af (RESTORED: PLP
ROL 1 EICIEL ERAE] WeesssaclmOL
ROR [ HOBCEE W+ zc|mOR
RTI TR T CICIE] MESTOREDY AT
RTS RTAM 5U8 CILIE s s s s e sl ATS
$8C | a-w-T-a mlesf2|2eo|s]afesfa]2 er|s|zlr| sl afes|alafrolafalre)afa MYtz SBC
sec | 1-c EIR O E T T
SED 1=+0 LERR EECREREE B YY)
SR | 1= Imla]+ N N EX
STA | A=m o4 |3lmfaj2 o6 |zfona]afos|a|2fon|s 3ol s|a DI IEIRIEE I 3 2
£Tx | x-m SRR ETE IR ET EE e R
sTY =M oc) & | 3maf 3) 2 a2 s x g s el g5TY
Tak | a=x aad 21 Mesesa2)TaAR
TaY | A=y aal 2| NesrosZ | TAY
TEK | S-x wal 2| 1 Nesssszalrgn
TxA | x-a MEIE Nessssz-lraa
TXS | x-5 CIEIR] waassses)rag
TYA ¥-A d' 1 Wesssazlrya

Wl ADD Y 1o -N IF PAGE BOUNDARY i5 CROSSED % wOEXxx -  ADD M, MEMORYSITT
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Clock Timing — R6502, 03, 04, 05, 06, 07 Timing for Reading Data from Memory or Peripherals

[ REF "A" |=— REF "B b= REF "A"
ans = THH\H —-
2.0v
AW s
Tha —=

ADDRESS FROM o 2av 2.0V
cru e | —oav 0.8V

— T ——— 20V
DATA FROM AL "E Cotid
MEMORY
T 0BV [Ty,
ACC T —to{ |w— "HR

ROY, 5.0. 2.0v 'osu
Taov, so
SYNC
— TSYNC fr—
Clock Timing — R6512, 13, 14, 16 Timing for Writing Data to Memory or Peripherals
j==— REF “A"
le— AEF “4" |=— REF "8" |=—REF "a"
! Teve T
3 Yol HAW
i< e —= Tows b=—
| F Von-02v
> T ‘
°, 08V Lt
PE— —
ADDRESS FROM A 20V 20V
o, i B cPu M 0.8V 0.8V _|
T,
¢ | V- 02v —= Taps f=— 20V = HA
2 55 " DATA FROM 20¢
02v | cru P 08V
T, F T,
I—- '|'F —1-:—_ PWH¢2 MDS Hy ===
REF 8"
Note: “REF.” means Reference Points on clocks.
PROGRAMMING MODEL
7 0 7 0
A ] accumuiator & n[v] |8]of1|z[c]erocessor sTATUS REG P
7 0 L
INDEX REGISTER Y CARRY 1= TRUE
X _"]NDEX REGISTER X L——zeRO 1 = RESULT ZERO
15 7 0
L PCH | PCL | PROGRAM COUNTER “PC™ IRQ DISABLE 1= DISABLE
8 7 0
[ S ] sTACK POINTER g '—————DECIMAL MODE 1=TRUE
BRK COMMAND 1= BRK
‘ OVERFLOW  1=TRUE
NEGATIVE 1= NEG.




1 MHz Timing

Clock Timing — R6502, 03, 04, 05, 06, 07

Clock Timing — R6502, 03, 04, 05, 06, 07

2 MHz Timing

Charscteristic. Symool Min Tve Max Umita. Crarscuentia Symbel Min Typ Max Uit

Cela Time Tove 10 - 00 " Cyele Tia Teye as - 100 u
B pipqy Puten Wickeh [messures o1 1.8V1 PWHS, 80 =) L] = Bgiipq Plse Wedth Imassured 1 1.5V L 240 - 200 -
Bogipg e, Fall Time TR, TFe,, - - w - B0 Fise. Fall Tima TRe,, TFe, - - 10 -
Caliry Tema Batemen Ta L] = - - Cwiary Tirma Batwesan Ciogin o & - -
Ameanred a1 15V 2 Imasmurn as 1 5V
¥y gy Pule Width Imessured 01 1.8V | PWHS, PHHS,, 20 - Lol e By Ptse Widsh Imassured a1 1.5V} PWH#, P - PWHS,, ~
8310y Pulse Widsh imessares at 1.6V1 | ke, P a0 | - | wne a0 m 31y Pl Widh Imassured a1 1.5V | PWHO, e, 40 - ke, 10
®yi0uT) Parour) R Fall Time Ta-Te - - » n ®310um- P2i0um) R4, Fall Teme Ty Ty 5 = = -
imansred v DBV 12 20VI imessured 2t 08V 15 2.0
fLoag = 130 oF + 1 TTL ILaad = 130 oF + 1 TTL)

*The lowest ing f for the range CPU's is 100 KHz, which corresponds to a maximum cycle time

(TCYe) of 10 ps. The lowest operating frequency for

to a maximum cycle time (Tgyc) of 4 us.

Clock Timing — R6512, 13, 14,15

Clock Timing — R6512, 13, 14,15

the industrial and military temperature range CPU's is 250 KHz, which corresponds

{1 MHz ~ & MHz)*

*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT

Charactaristic. Symesd M Tve L Uniss. Crarcierme Eymesl [l Tre s i
Cyein Time Tewe * 1000 - - - Cyeha Tima Teve * =00 - - e
Clnak Pulis Width @1 PH 1 30 - - - " i -
iMeasures ot Voe -0IVI 83 PHHG 2 4 fm".:;wv:h-uil :; m:; :al‘: B
i Toma. Te - - E] Y Fall Tima Ty - - ] n
Mapmured irom 0.2V 1o Ves - 0.3V imassured from 0.2V to Ves - 0.2V
Culiry T et Citehs ks ] - - B Chn - -
[rmisnbrien y g syl Io . E
Read Mirite Timing «« Read Mrite Timing =+
Characusistic ros— ™ ™ an [ Craractarui Bymbal e T ax Unins
Pt e 1a St Toma frorm RESO0 Toms - 0o wm - Firac ey Savu. Tame braem AESO0A Tows - ™ 140 -
ddran Setup Tene trom RESH0 Tans - 100 m s Adewts Satus Tima o RESO0A Tans - ™ 40 -
Mamary Rasd Acces Time Tace - = Lo L Mamary Aesd Access Time Tace - - e L
©wta Stability Tima Pariad Tagy 106 - - ™ Dts Susksitity Tiwss Pariod Ydd 50 - - -
s Mold Teme - Resg 1 - - - Dt Hoid Time = Rasd T w0 - - -
Dt Mo Tome — Wrine Traw © = - - Dt s Toman — Wirinn Yon - " - -
et Setup Tume trom RESO0. Tuos - 150 s " Dwta Senee Tone from RESIOA Tuos - ” 100 "~
ROY, 5.0, Savun Time Taov 100 - - B MOY, 5.0. Setup Teme Taoy 5 - - "
SYME Setup Tume from RESGO SYNC - - s L SYNC Swtup Tiww from REBO0A Tavne - - 180 -
Adaren Hald Time Thaa » & - L Addves Hold Time Than £ L] = -
A Hale Tira Tonw » s - e W Hisld Tima Tomw 30 ] - -
** Load Conditions = 1 TTL Load + 130 pf
RECOMMENDED TIME BASE GENERATION
1.8K 1.8K
A A A A A A
vy b
RB5XX
# _(IN)
% CD g
3.3K 7404 7404
=E= Oztouﬂ — 32
XTAL




ADDRESS
BUS

44— REGISTER SECTION

CONTROL SECTION ——»

AES (WG AW
¥ ER!
A ] iz INTERRUPT
AR Looic
) ‘ ‘ l
A7 =l— INDEX
REGISTER
X o —————————————— ADY
Ay -l
ABL =
PRE—
- =f STACK
= 12 = POINT -
& REGISTER |
< {s) I | B,
A5 -l g
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SPECIFICATIONS

Maximum Ratings

Rating Symbeol Valus Unit
Supply Voltage VCC 0.310+7.0 Vde
Input Voltage v.m 0D3t0+70 Vde
Operating Temperature %
Commercial 01to+70
Industrial 40 to +85
Military 65t0+125 a
Storage Temperature TSTG <66 to +150 C
This device ins input p against damage due to high static voltages or electric fields; however, precautions should be taken to

avoid application of voltages higher than the maximum rating.
Electrical Characteristics
WCC =50%6%, Vss =0)

01. @2 applies to RE512, 13, 14,15, ¢ applies to RE502, 03, 04, 05, 06 and 07.

olin}
Characteristic Symbol Min Typ Max Unit
Input High Voltage le Vde
Legic, ooﬂlﬂ \d'ss +24 - Vee
L Veg 03 - Vee 028
Input Low Voltage V"_ Vde
Logic,tpo"m 5 Vgg-03 - Vgg + 04
¢|.¢z Vss-tl.s - VSS +04
Input High Threshold Voltage VIH'I' Vde
RES, NMI, RDY, iRQ, Data, 5.0. Vgg+20 - -
Input Low Threshold Voltage \i'“_.r Vdc
RES, NMI, RDY, 1RQ, Data, 5.0. - - Vgg+08
Input Leakage Current 'in wA
Wiﬂ =0105.25V, Vee ™ o)
Logic (Excl. RDY,5.0.) - - 25
. ¢4 - - 100
@olin) = g 10.0
Three-State (Off State) Input Current g HA
N‘m =04 10 24V, VCC =5.26V)
Data Lines - - 10
Qutput High Voltage Vou Vde
{1, gap = *100 pAde, V. = 4.75V)
SYNC, Data, AD-A15, R/W, ¢4, 92 Vgg *24 - -
Output Low Voltage VDL Vde
“LOAD = 1.6 mAde, VCC = 4,75V]
SYNC, Data, AO-A15, R/W, ¢4, ©7 - - Vgg + 0.4
Power Dissipation PD w
Commercial temp. versions - 0.25 0575
Industrial and military temp, versions - 0.50 0.700
Capacitance at 26°C Cc pF
[vin =0,f=1MHz)
Logic Cin - - 10
Dat . Ly 15
AD-A15, R/W,5YNC cout - e 12
5 (in) Coo(in) = ' i
1 Co4 . 30 50
@2 C¢2 - 50 80

Note: iRQ and NMI require 3K pull-up resistors.






PART NUMBER
R65XXB

DOCUMENT NO. 29000 D39S1
OCTOBER 1978

R6500 Microcomputer System
DATA SHEET SUPPLEMENT

R6500B SERIES (3 MHZ) MICROPROCESSORS

The Rockwell R6500B series is a high-performance addition to FEATURES
the advanced architecture RB500 8-bit microprocessor family.
The family includes 10 microp! (CPU) d — six CPUs & 3 MHz clock rate
have on-chip clock oscillators and drivers, four CPUs are driven by ® Single +5V supply
external clocks. The on-chip clock versions are aimed at high per- ® N channel, silicon gate, depletion load technology
formance, low cost applications where single-phase inputs, crystal e Eight bit parallel processing
ar RC inputs provide the time base. The external clock versions & 56 Instructions
are used in multi-processor system applications. All members of ® Decimal and binary arithmetic
the RE500 family are totally software compatible. e Thirteen addressing modes
® True indexing capability
The RE5008 series microprocessors operate at a 3 MHz clock rate, e Programmable stack pointer
providing an instruction cycle of less than 0.7 microseconds. The ® Variable length stack
RES00B microp 5 are il in ceramic and molded ® Interrupt capability
plastic packages lorder RESXXBC or RESXXBP, respectively) ® Non-maskable interrupt
and operate at 0°C 10 +70°C. ® 8-bit Bidirectional Data Bus
® Addressable memory range of up to 65K bytes
The charac for each micr in the RES00 e “Ready” input
family are contained in the R6500 Microprocessor Data Sheet, ® Direct Memory Access Capability
Document Mumber 29000 D39. Specifications unique to the s Bus compatible with ME200
REBS00E series are listed in this document, ® Choice of external or on-chip clocks
® Pipeline architecture
e 0°C to +70°C operation

R6500 CPU OPTIONS
40-Pin DIP 18-Pin DIP
RE503 RE504 RE505
RE&502 RE512 RE513 RE514 RE515 RG506 RE6507

Memory Address Space B5K 65K 4K 8K 4K 4K 8K
Interrupts — Maskable Yes Yes Yes Yes Yes Yes No

— Non-Maskable Yes Yes Yes No No No No
SYNC — Output indicates Yes Yes Ne No No No No
op code fetch cycle
RDY — Single step and siow Yes Yes No No Yes No Yes
memory synchronization
@1 Clock Output Yes Yes No No Na Yes No
DBE — Extended Data No Yes No No No No No
Bus Hold Time

S

&

(2) Rockwsil International Corporation 1978

All Rights Reserved
Printed in U.S.A.

Specifications subject to

change without notice
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SPECIFICATIONS
Maximum Ratings

Ve, Supply Voltage

VN, Input Voltage

T, Operating Temperature
TsTG. Storage Temperature

This device input p

Electrical Characteristics

03, 04, 05, 06, and 07

ion against
voltages or electric fields; however, precautions should be taken to
avoid application of voltages higher than the maximum rating.

0.3 10 +7.0 Vde
0.3 to +7.0 Vde
0 to +709C

656 to +150°C

ge due to high static

Vee = 5.0V 5%, Vgg=0,Ta =00C.
70°C) ¢q. ¢2 applies to R6512, 13, 14, 15, dg(jy) spplies to RE502,

Symbaol Charscteristic Min., Tye. Max. Unit
Vin Input High Voltage Ve
Logic, So0m) Ve +24 | - v,
@, 9, Vg: 02 - Vcc%.ﬁ
ViL Iniput Low Voltage Wde
Logie, Poting Voo 03 - \l" ‘0.‘
9y 0y Vg 03 | - |Vggwo
\r““. Input High Threshold Voltage
FES, NWil, ROY, TRO. Data,
s0. Vg 20 | = - Ve
V"_‘. input Low Threshold Voltage
RES, NMI, ROY, TRA, Oata,
5.0, - - | Vgg 108 | Vde
™ Input Laskage Current
I\I' =010 525V, V,
Lm (Excl. RDY, £SJ - - 25 A
0 9y - -| w0 jua
Poun) = =] W0 fus
Iyt | ThmesStato (OFf State) tnput Current uh
V) = 0.4 10 24V, Voo = 5.26V)
ata Lines - = o
VON Output High Voltage
o =00 pAde, V.. = 4.75V]
k?ﬂ? Oata. AD-A1S, Vgg *24 - - Wdc
VoL Durpul Low Vaoltage
= 1.6 mAdc, V.. = 4.76V)
HME Data, AG-A1S, %\N - - | Vgg v04
PD Power Dusipation = 50 B0 w
c Capacitance .
WIN.O'Tl- 25°C, =1 MHz)
':m Logie = = Al
Data - - 16
Caut AD-AS, AW, 5YNC - - 12
l':‘tnnum Sauim ¥ = |
&y - E 50
G‘, & - 50 80

NOTE: TRQ and NMI require 3K pull-up resistors,

Clock Timing — RE512, 13, 14, 15, 16

Symbaol Charsctaristic Min. | Typ. | Max. | Unit
Teve Cycle Tume 333 - - nsec
P Clock Pulse Width d, 150 - = | neec
PAH &y (messured 01 Ve 92V 0, 180
TeTh Fall Time, Rise Time - - 16 | nec
Imaasured from 0.2V te Voo D.2V)
o Delay Time between Clocks o - - nsac
Imezsured at 0.2V}
Clock Timing — R6502, 03, 04, 05, 06, 07
Symbol Charscteristic M. Tye. Max. Unit
Teve Cycle Time m - - 5
PWH &y Pulse Width 160 - 110 "
% | e
TR %,TF 90 qu} Rise, Fall Time - - 10 ns
‘I'D Delay Time between Clacks L] - - L]
(measured at 1.5V]
PWH 01 0 Pulse Width PWH ‘DL 20| - |PWH °0I. n
measured at 1.5V}
PWH 02 GFlBU‘I"I Pulse Widith m»an"-w - MH0°H-10 s
red at 1.5V)
T T, 2, . Risz, - - 15 -
£ | Py Swovm
[Load = 30pF 41 TTL)
imeasured at 0.8Y 10 2.0V}
Read/Write Timing (Load =1 TTL + 130 pF)
Symbal Charscteriatic Min. | Typ. | Max. Unit
Taws Read/Write Setup Tima from RES008 - BO 10 ns
TaDs Address Setup Time from RES008 - B0 1o ns
Tace Memory Read Access Time - - 1m0 ns
Tosu Data Swbility Time Period 50 - - L
Tur Data Hold Time — Read 10 - - ns
Tow Data Hold Time — Write 30 - - n
Tans Data Setup Time from ABS008 - 60 % ns
Tapy RODY, 5.0. Setup Tims k] - - ns
TEYNC SYMNC Setup Time from RES00E - - 100 ns
THA Address Hold Tima 15 30 - ns
Tuaw | /W Hoid Time 5 30 - ns




DOCUMENT NO. 29000 D51
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PART NUMBER
R6500/1

R6500 Microcomputer System \
DATA SHEET

R6500/1 ONE-CHIP MICROCOMPUTER

INTRODUCTION

The Rockwell R6500/1 is a complete, high-performance 8-bit
NMOS microcomputer on a single chip, and is totally upward/
downward software compatible with all members of the RE500
family.

The RG6500/1 consists of an RE502 CPU, an internal clock oscil-
lator, 2048 bytes of Read Only Memory (ROM), 64 bytes of
Random Access Memory {(RAM) and flexible interface circuitry.
The interface circuitry includes a 16-bit programmable counter/
latch with four operating modes, 32 bidirectional input/output
lines (including two edge-sensitive lines), five interrupts and a
counter 1/O line.

PRODUCT SUPPORT

To allow prototype circuit development, Rockwell offers a PROM
compatible 64-pin Emulator device. This device provides all
RE500/1 interface lines plus routing the address bus, data bus,
and associated control lines off the chip to be connected to
external memory,

To facilitate system and program development for the R6500/1,
Rockwell offers extensive product support. The SYSTEM 65
Microcomputer Development System with the R6500/1 Person-
ality Module supports both hardware and software development.
Complete in-cireuit user emulation with the RE500/1 Personality
Module allows total system test and evaluation.

Regularly scheduled designer's courses are offered at regional
centers.

The support products available are:

e SYSTEM 65 Microcomputer Develop- PN 565-101
ment System
1 MHz RES00/1 Personality Module P/N MES-081
2 MHz R6500/1 Personality Module P/N ME5-082

1 MHz R6500/1 Emulator Device
2 MHz RB6500/1 Emulator Device

P/N R6500/1EC
P/N RE6500/1EAC

ORDERING INFORMATION

Order Package Frequency Temparature
Number Type Option Range

R6500/1P Plastic 1 MHz 0°c 10 70°%
R6500/1C Ceramic 1 MHz 0°c 10 70%
RE500/1AP  Plastic 2 MHz 0°c o 70%
RE500/1AC  Ceramic 2 MHz 0°c to 70°%
RE500/1PE  Plastic 1 MHz —40°¢ to +85°C
RE500/1CE  Ceramic 1 MHz —40°¢C 10 +85°C
RE500/1APE  Plastic 2 MHz —40°¢ 10 +85°C
RE500/1ACE  Ceramic 2 MHz —40°¢ 10 +85°C

&

FEATURES

o 2048 x 8 mask programmable ROM
e 64 x 8 static RAM
e 32 bidirectional TTL compatible 1/O lines (4 ports)
® 1 Counter 1/O line
® 16-bit prog bl flatch with four modes
= Interval Timer
— Pulse Generator
— Event Counter
~  Pulse Width Measurement
e Five Interrupts
— Reset
— Non-maskable
— Two external edge sensitive
= Counter
® 4 MHz max crystal, clock or RC network external frequency
® 2 MHz or 1 MHz internal clock
e 1 ps minimum instruction execution
® MN-<channel, silicon gate, depletion load technology
® Single +5V :10% power supply
o 500 mW operating power
@ Separate power pin for RAM
« 40 pin DIP
e 64 pin PROM compatible Emulator device
XTL)
ICLOCK EDGE
XTLO-4— [PSiLLATOR| | DETECT
RES ——p
INTERRUPT
LoGic PORT A <5> PAO-PAT
[y pe——
vee—pl | S PORTE | k87> Paorer
16502)
VSES ——g]
VAR ——p e poRTC | 8> peope
RAM e
R"’o'”" g PORTD | K8 PDO-PDY
CONTROL COUNTER/
REGISTER | | LATCH [ CNTR

R6502 CPU

— Software upward/downward compatibility
— Decimal or binary arithmetic modes

= 13 addressing modes

— True direct and indirect indexing

= Memory addressable 1/O

Interface Diagram

5/

Aockwell international Corporation 1978
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FUNCTIONAL DESCRIPTION
CENTRAL PROCESSING UNIT (CPU)

Clock Oscillator
The Clock Oscillator provides the basic timing signals used by the
RE6500/1 CPU. The ref freq y is p led by an |

source, and can be from a crystal, clock or RC network input. The RC
network mode is a mask option. The external frequency can vary from
200 kHz to 4 MHz. The internal Phase 2 (¢ 2) frequency is one-half the
external reference frequency.

Timing Control

The Timing Control Logic keeps track of the specific instruction cycle
being executed. Each data transfer which takes place between the
registers is caused by decoding the contents of both the Instruction
Register and Timing Control Logic.

Program Counter
The 16-bit Frogram Counur provides the addresses which step the
CPU i in a The Program

Counter is incremented each time an instruction or data is fetched
from memory.

Instruction Register and Decode

Instructions fetched from memory are gated onto the. Internal Data
Bus. These instructions are latched into the Instruction Register then
decoded, along with timing and interrupt signals, 1o generate control
signals for the various registers.

Arithmatic and Logic Unit (ALU)

.AII arithmetic and logic opcrntinnl take place in the ALU, including
ing and d 9 | registers (except the Program
Counter),

Accumulator

The accumulater is a general purpose B-bit register that stores the
results of most ari ic and logic In addition, the accu-
mulator usually contains one of the two data words used in these
operations,

Index Registers

There are two 8-bit index registers, X and Y, These registers can be
used for general purpose storage, or as a displacement to modify the

base address end thus obtain a new effective address, Pre- or post-
indaxing of indi is i
Stack Pointer

The Stack Pointer is an 8-bit register. It is automatically incremented
and decremented under control of the CPU to perform stack manipu-
lation under direction of either the program or interrupts T and
TRA. The stack allows simple implementation of nested subroutines
and multiple level interrupts.

Processor Status Register

The 8-bit Processor Status Register contains seven status flags. Some
of the flags are controlled by the program, others may be controlled
both by the program and the CPU. The RE500 instruction set contains
a of diti | branch i which are designed to
allow testing of these flags.

interrupt Logic

Intarrupt logic controls the sequencing of three interrupts; FIE§, M
and IR Eﬁ is generated by any one of three conditions: Counter
Overflow, PAD Positive Edge D and PA1 Nega Edge D d

|—<WIY'¢|

1 = Carry Ser
0 = Carry Clasr

1 = Zeto Rasult
0 = Moo Zes Reb

L INTERRUPT DISABLE I}

1= 1RO
0= lmlwm

DECIMAL MODE (D}

1 = Desimal Moda
0 = Binary Mode

1 = Bessk Command
0 = Mot Bresk Command

o
1 = Owerflow Sat
0 = Overflow Clasr
NEGATIVE (M)

Processor Status Register

MEMORY

2048 x 8 ROM

The 2048 byte Read-Only Memory (ROM) conulm the program

instructions and other fixed These and
ara mask pi d into the ROM ﬂurlng fabrication of the

RE500/1 device. The RGSDO.H ROM is memory mapped from 800 to
FFF.

64 x 8 RAM

The 64 byte Random Access Memory (RAM) is used for read/write
memory during system operation, and contains the stack. This RAM is

p y static in ion and requires no clock or dy ic refresh,
A standby power pin, VRR, allows RAM memory to be maintained on
10% of the operating power in the event that VCC power is lost,

In order to take advantage of efficient zero page addressing capa-
bilities, the RAM is assigned memory addresses 0 to 03F.

INPUT/OUTPUT

Bidirectional 1/O Ports

The RB500/1 provides four B-bit input/output ports (PA, PB, PC, and
PD). Associated with the 1/O ports are four B-bit registers located on
page zero. See the system memory map for Each
1/0 line is individually selectable as an input or an output without line
grouping or port association restrictions.

An internal active transistor drives each 1/0 line to the low state. An
internal passive resistance pulls the 1/O lines to the high state, eliminat-
ing the need for external pull-up resistors.

An option is available to delete the internal pull-up resistance on 8-bit
port groups at mask time. This option is employed to permanently
assign an 8-bit port group to input functions, to interface with CMOS
drivers, or to interfece with external pull-up devices.

Inputs

Inputs are enabled by setting the appropriate bit of the 1/O port to the
high state (Logic 1). A low input signal causes a logic 0 to be read. A
high input signal causes a logic 1 to be read. TES loads Logic 1 into the
1/0 ports, thereby initializing all 1/O lines as inputs.

Outputs

Qutputs are set by loading tha desired bit pattern into the correspond-
ing 1/0 ports. A Logic 1 selects a high output; a Logic 0 selects a low
output.



CONTROL REGISTER

The Control Register (CR) controls four Counter operating modes and
three maskable interrupts. It also reports the status of three interrupt
conditions. There are five control bits and three status bits. The con-
trol bits are set to Logic 1 or cleared to Logic O by writing the desired
state into the respective bit positions, The Control Register is cleared
to Logic 0 by the oceurrence of RES,

r [ L) 3 2 1

T I
fasde

COUNTER MODE CONTROL [CMET & CMCD)
00 =
© 1 = Paim Generatar

PAT INTERRUFT ENABLE [A11E}

1 = Ensbis P, InTerrupt
0 = Dbl PAT Intasrupt

Pag ENABLE (ADIR)

1 = Ensble PAD Intarript
0 = Disable PAD Interrupt

S COUNTER INTERALPT ENABLE [CUE]

1 = Emable Comnter Intemupt
© = Disabie Comnter Inaarreps

Ll EDGE DITECTED (A1ED)

1 = PAT Megative Edgs Detectad
O = PA1 Megative Edgs Not Detected

PAD POSITIVE EDOE DETECTED (ADED]

1 = PAD Pesitive Edge Deteeted
@ = PAZ Pogstivs Lipe Mot Devsered

COUNTER

1 = Couster Cwarflow Ossurred
@ = Mo Cownter Gveriigw

Control Register

EDGE DETECT CAPABILITY

There is an asynchronous edge detect capability on two of the Port A
1/O lines. This capability exists in addition to and independently from
the normal Port A /O functions. The maximum rate at which an edge
can be detected is one-halt the ¢2 clock rate. The edge detect logic is
continuously active. Each edge detect signal is associated with a mask-
able interrupt.

PAD Positive Edge Detection

A positive (rising) edge is detectable on PAQ, When this edge is detected,
the PAO Positive Edge Detected bit — Bit 6 in the Control Register —
is set to Logic 1. When both this bit and the PAD Interrupt Enable
Bit — Bit 3 of the Control Register — are set to Logic 1, an IRQ inter-
Tupt request is generated. The PAD Positive Edge Detected bit iscleared
by writing to address 089,

PA1 Negative Edge Detection

A negative {falling) edge is detectable on PA1. When this edge is
d . the PA1 Negative E bit — Bit § of the Control
Register — iz set to Logic 1. When both this bit and the PA1 Inter-
rupt Enable bit — Bit 2 of the Control Register — are set to Logic 1,
anTRQ interrupt request is generated. The PA1 Negative Edge Detected
bit is cleared by writing to address 0BA.

COUNTER/LATCH

The Counter/Latch consists of a 16-bit decrementing Counter and a
16-bit Latch. The Counter is comprised of two 8-bit registers. Address
086 contains the Upper Count {UC) and address 087 contains the
Lower Count (LC). The Counter counts either $2 clock periods or
occurrences of an external event, o ing on the sel

mode. The UC and LC can be read at any time without affecting
counter operation.

The Laich contains the Counter preset value. The Latch consists of
two B-bit regi Add 024 ins the Upper Latch (UL} and
address 085 contains the lower Iatch (LL). The 16-bit Latch can hold
@ count from 0 10 65,535. The Latch can be accessed a5 two write-only
maemaory locations.

The Latch registers can be loaded at any time by storing into UL and
LL. The UL can also be loaded by writing into address 088,

The Counter can be preset at any time by writing to address 088. Pre-
setting the Counter in this manner causes the contents of the accurnu-
lator to be stored into the UL before the 16-bit value in the Latch (UL
and LL) is transferred in the Counter (UC and LC).

The Counter is preset to the Latch value when the Counter overflows.
When the counter decrements from 0000, Counter overflow occurs
causing the next counter value to be the Latch value, not FFFF,

When the Counter overflows, Counter Overflow bit — Bit 7 of the
Control Register — is set to Logic 1. When both this bit and the Counter
Interrupt Enable bit — Bit 4 of the Control Register — are set, an

interrupt request is generated. The Counter Overflow bit in the
Control Register can be examined in an TRQ interrupt service routine
to determine that the TRQ was generated by Counter overflow,

The Counter Overflow bit is cleared when the LC is read or Counter
preset is performed by writing into address 088.

COUNTER MODES

The Counter operates in any of four modes. These modes are selected
by the Counter Mode Control bits in the Control Register.

Made €MC 1 cMc o
Interval Timer o 0
Pulse Generator 0 1
Event Counter 1 o
Pulse Width Measurement 1 1

The Interval Timer, Pulse Generator, and Pulse Width Measurerment
Modes are 2 clock counter modes. The Event Counter Mode counts
the occurrences of an external event on the CNTR line.

Interval Timer (Mode 0)

In this mode the Counter is free running and decrements at the $2
clock rate. Counter overflow sets the Control Register status bit and
causes the Counter to be preset to the Latch value.

The CNTR line is held in the high state,

Pulse Generator (Mode 1)

In this mode the Counter is free running and decrements at the ¢2
clock rate. Counter overfiow sets the Control Register status bit and
causes the Counter to be preset to the Latch value.

The CNTR line toggles from one state to the other when Counter over-
flow accurs. Writing to address OB8 will also toggle the CNTR line.

y ic or asy ic output W can be generated on the
CNTR line in this mode. A one-shot waveform can easily be generated
by changing from Mode 1 1o Mode O after only one occurrence of the
output toggle condition.

Event Counter (Modae 2)

In this mode the CNTR line is used as an event input line. The Counter
decrements each time a rising edge is detected on CNTR. The maxi-
mum rate at which this edge can be detected is one-half the &2 clock
rate. Counter overfiow sets the Control Register status bit and causes
the Counter to be preset to the Latch value.

Pulse Width Measurement (Mode 3)

This mode allows the accurate me: 1t of the duration of a low
state on the CNTR line. The Counter decrements at the ¢2 clock rate
os long as the CNTR line is held in the low state. The Counter is stopped
when CNTR is in the high state. If the CNTR pin is left disconnected,
this mode may be selected to stop the Counter since the internal
pull-up device will cause the CNTR input to be in the high state.

RESET CONSIDERATIONS

The occurrence of RES going from low to high causes initialization of
various conditions in the R6S00/1. All of the 1/O ports (PA, PB, PC,
and PD) and CNTR are forced to the high (Logic 1) state. All bits of
the Control Register are reset to Logic 0, causing the Interval Timer
Mode (Mode Q) to be sel and all i p bits to be
cleared. Neither the Latch nor the Counter registers are initialized
by S. The Interrupt Disable bit in the CPU Processor Status Regis-
ter is set and the program starts execution at the address contained
in the Reset Vector location.




TEST LOGIC

Special test logic provides a method for thoroughly testing the R6500/1.

Applying a +12V signal to the RES line places the RE500/1 in the test
mode. While in this mode, all memory fetches are made from Port PC.
External test equipment can use this feature to test internal CPU logic
and 1/0, A program can be loaded into RAM allowing the contents of
the i jon ROM to be d d to any port for external verification.

All RB500/1 microcomputers are tested by Rockwell using this feature.

MEMORY ADDRESSABLE 1/O

The I/O ports, registers, and commands are treated as memory and are
assigned specific addresses. See the system memory map for the
addresses, This 1/O technique allows the full set of CPU instructions
to be used in the generation and sampiing of 1/0 commands and data.
When an instruction is execuw:l with an 1/O address and appropriate
R/W state, the corr 1O f is per

HEX
IAD Vector High FFF
IR Vector Low FFE
RES Vector High FFO
RES Vector Low - FFC
NI Viector High Fra ( ROM
" HMI Vestor Low FFA
FER
| Uses Program
1 ano
Unmsigned
| Sontrol Aegister | oar
(1
Unasssgrad }m
Cisst PAY Nog Edge Detected 11) | osa
Ciesr PAD Pos Edge Detected 1) | oB8
Upper Latch and Transter Latch to Counter (20 | OBB
Lowsr Count {2 [087 § inputiCutout
Upper Count ol
Lgwer Latch 088
Upger Latch oda
PORT D o83
PORTC a2
PORT B oa
POAT A 080
r Unassigned &
Uier RAM Im’ l RAM
Notes:

01} 10 command only; Le., A0 S1oed da.
12} Ciears Counter Qwerflow = Bit 7 in Contral Register

System Memory Map

{
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SIGNAL DESCRIPTIONS
SIGNAL NAME PIN NO.
vee 30
VRR 1
vss 12
XTLI 10
XTLO 1
RES 39
NI 40
PAO-PAT 3831
PBO-PBT 2922
PCO-PCT 2013
PDO-PD7 92
CNTR 27

DESCRIPTION
Main power supply +5V $10%

Separate power pin for RAM with
standby power of +5V. In the
event that VCC power is lost, this
power retains RAM data.

Signal ground

Crystal clock or RC network input
far internal clock oscillator.

Crystal or RC network output
from internal clock oscillator.

The Reset input is used to initial-
ize the RE500/1. This signal must
not transition from low to high for
at least eight cycles after VCC
reaches +5V,

+12V input enables the test mode.

A negative going edge on the Non-
Maskable Interrupt signal requests
that a non-maskable interrupt be
generated within the CPU,

Four Bim ports used for either

P Each line i
of an active transistor to V5SS and
a passive pull-up to +6V. The two
lower bits of the PA port (PAD and
PA1) also serve as edge detect
inputs with maskable interrupts.

This line is used as a Counter
inputfoutput line. CNTR is an
input in the Event Counter and
Pulse Width Measurement modes
and is an output in the Interval
Timer and Pulse Generator
modes.

|
=il = | m-lF'm. ] | o | el | el | B | B
[ I 11
A O TR [ T i | o

COUNTER LATCH INTERRUPT TIMING
e e LOGIC CONTROL LLAS
CNTR i W XTLO XTLI

R6500/1 Block Diagram



INSTRUCTION SET — ALPHABETIC SEQUENCE

ADC  Add Memory to Accumulator with Carry
AND “AND" Memory with Accumulator

ASL  Shift left One Bit (Memory or Accumulator)
BCC  Branch on Carry Clear

BCS Branch on Carry Set

BEQ  Branch on Result Zero

BIT Test Bits in Memory with Accumulator
BMI  Branch on Result Minus

BNE  Branch on Result not Zero
BPL Branch on Result Plus
BRK Force Break

BVC  Branch on Overflow Clear
BVS  Branch on Overflow Set
CLC  Clear Carry Flag

CLD  Clear Decimal Mode

cLl Clear Interrupt Disabla Bit

CLV  Clear Overflow Flag

CMP  Compare Memory and Accumulator

CPX Compare Memory and Index X

CPY  Compare Memory and Index Y

DEC  Decrement Memory by One

DEX  Decrement Index X by One

DEY  Decrement Index ¥ by One

EOR  “Exclusive-or’” Memory with Accumulator

INC Increment Memory by One

INX Increment Index X by One

iNY Increment Index ¥ by One

JMP  Jump to New Location

JSR Jump to New Location Saving Return Address

ADDRESSING MODES

ACCUMULATOR ADDRESSING — This form of addressing is rep-
resented with a one byte instruction, implying an operation on the
accumulator.

IMMEDIATE ADDRESSING — In i di i ing, the opi
is contained in the second byte of the instruction, with no further
memory addressing required.

ABSOLUTE ADDRESSING — In absolute addressing, the second byte
of the instruction specifies the eight low order bits of the effective
address while the third byte specifies the eight high order bits.

ZERO PAGE ADDRESSING — The zero page instructions aliow for
shorter code and execution times by only fetching the second byte
of the instruction and assuming a zero high address byte. Careful use
of the zero page can result in significant increase in code efficiency,

INDEXED ZERO PAGE ADDRESSING — (X, Y indexingl — This
form of addressing is used in conjunction with the index register
and is referred to as “Zero Page, X" or “Zero Page, Y. The effective
address is calculated by adding the second byte to the contents of the
index register. Since this is a form of “Zero Page" addressing, the
content of the second byte referances a location in page zero, Addi-
tionally due to the "“Zero Page™ addressing nature of this mode, no
carry is added to the high order 8 bits of memory and crossing of page
boundaries does not occur,

INDEXED ABSOLUTE ADDRESSING — (X, Y indexingl — This
form of addressing is used in conjunction with X and Y index register
and is referred to as "Absol X", and "Absolute, ¥"'. The effective
address is formed by adding the contents of X or Y to the address
contained in the second and third bytes of the instruction, This mode
allows the index register to contain the index or count value and the
instruction to contain the base address. This type of indexing allows
any location referencing and the index to modify multiple fields result-
ing in coding and time.

LDA  Load Accumulator with Memory
LDX Load index X with Memory
LDY  Load Index Y with Memory

LSR  Shift One Bit Right {(Memory or Accumulator)
No operation
“OR" Memory with Accumulator

Push Accumulator on Stack
PHP Push Processor Status on Stack
Pull Accumulater from Stack
PLP Pull Processor Status from Stack

Rotate One Bit Left (Memory or Accumulator)
Rotate One Bit Right (Memory or Accumulator)
RATI Return from Interrupt

RTS Return from Subroutine

SBC  Subtract Memory from Accumulator with Borrow
SEC  Set Carry Flag

SED Set Decimal Mode

SEI Set Interrupt Disable Status

STA Store Accumulator in Memory
STX  Store Index X in Memory

STY  Store Index Y in Memory

TAX  Transfer Accumulator to Index X
TAY  Transfer Accumulator to Index ¥
TSX  Transfer Stack Pointer to Index X
TXA  Transfer Index X to Accumulator
TXS  Transfer Index X to Stack Register
TYA  Transfer Index Y to Accumulator

IMPLIED ADDRESSING
address ining the is
code of the instruction.

= In the implied addressing mode, the
d is implicitly stated in the operation

RELATIVE ADDRESSING — Relative addressing is used only with
branch instructions and establishes a destination for the conditional
branch.

The second byte of the i i the which is an
“Offset”” added to the contents of the lower sight bits of the program
counter when the counter is set at the next instruction. The range of
the offset is -128 to +127 bytes from the next instruction.

INDEXED INDIRECT ADDRESSING — In indexed indirect address-
ing (referred to as {Indirect, X)), the second byte of the instruction is
asdded to the contents of the X index register, discarding the carry.
The result of this addition points to 8 memory location on page zero
whose contents is the low order eight bits of the effective address.
The next memory location in page zero contains the high order eight
bits of the effective address. Both memory locations specifying the
high and low order bytes of the effective address must be in page zero.

INDIRECT INDEXED ADDRESSING — In indirect indexed addressing
{referred to as (Indirect), ), the second byte of the instruction points
to a memory location in page zero. The contents of this memory loca-
tion is added to the contents of the ¥ index register, the result being
the low order eight bits of the effective address. The carry from this
addition is added to the contents of the next page zero memory loca-
tion, the result being the high order eight bits of the effective address.

ABSOLUTE INDIRECT — The second byte of the instruction contains
the low order eight bits of a memory location. The high order eight
bits of that memory location is contained in the third byte of the
instruction. The contents of the fully specified memory location is
the low arder byte of the effective address. The next memoary location
contains the high order byte of the effective address which is loaded
into the sixteen bits of the program counter.
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TIMING CHARACTERISTICS

IE PORT DUTPUT TIMING

T T ed ¥ R

P e

PO
24v
PA, PB, PC, PO OUTPUT
Dav
/D PORT INPUT TIMING
oz
| TR — - e e - m - . e e == Em e e
jm—Trosu -

PA, PB. PC, PD INPUT

PAD AND PA1 EDGE DETECT TIMING

POSU—
v 2ov
PAD or PAT

osv oev

Tow
EVENT COUNTER TIMING
o1 I | | |

et— Tppy g —=]

- 7 b ]/m_ |




SPECIFICATIONS
Maximum Ratings

Rating Symbol Value Unit
Supply Voltage vcc 0.3 10 +7.0 Vdc
Input Voitage Vin 0310 +7.0 Vde
Operating Temperature Range T °c
Commercial 01to+70
Industrial -40 to +85
Storage Temperature Range ng -55 to + 150 °c
This device contains circuitry to protect the inputs against damage due to high static voltages, h . it is that normal precautions be

taken to avoid application of any voltage higher than maximum rated voltages to this circuit.

Static D.C. Characteristics Ve = 5VE10%

Characteristic Symbol Min Typ Max Unit
Power Dissipation (Outputs High) PD - 500 - mwW
RAM Standby Current IRR 10 mAdec
Input High Voltage (Normal Operating Levels) VIH +2.0 - VCC Vde
Input Low Voltage (Normal Operating Levels) ViL 03 - +0.8 Vdc
Input Threshold Voltage V:T 08 - 2.0 Vdc
Input Leakage Current 'IN uhAde
Vin=0105.0 Vde - 1.0 25
RES, NMI
Input High Voltage {XTLI) vIHXT +2.4 - VCC Vde
Input Low Voltage (XTLI) ViexT 0.3 - +0.4 Vde
Input Low Current I”_
WIL = 0.4 Vdc) - -1.0 1.6 mAdc
Qutput High Voltage VOH
chwmln,len-ioo uhdc) 24 - - Vde
QOutput Low Voltage VOL
IVCC-mIn, ILmd=1.BmMcI - - +0.4 Vde
Output High Current (Sourcing) lon
(Vg = 2.4 Vde) 100 - uAde
Output Low Current (Sinking) IOL
WOL = 0.4 Vdc) 16 - - mAdc
Input Capacitance C.m pF
v, -0,T, =25%C, = 1.0 MHz)
PA, PB, PC, PD,.CNTR - - 10 ‘
XTLI, XTLO - - 50
Output Capacitance Cuut
(V, -0, T, =26°C, = 1.0 MHz) - - 10 pE
NOTE: Negative sign indi current flow, positive indicates inward flow.,

AC Characteristics Vcc =+5V+10% ‘

1MHz 2MHz
Parameter Symbol Min Max Min 0 Max Unit
XTLI Input Clock Cycle Time chc 0.500 50 0.250 5.0 usec
Internal Write to Peripheral Data Valid TPDW 1.0 05 usec
Peripheral Data Setup Time TPDSU 400 200 usec
Count and Edge Detect Pulse Width TPW 1.0 05 usec
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INTRODUCTION EXTERNAL FREQUENCY REFERENCE
To aid in d RE500/1 mier ., Rockwell The external frequency reference may be a crystal or a clock —
has developed a PROM compatible, 64-pin, RE500/1E Emulator the RC option is not available in the Emulator device.
device, The architecture of the E device |s basically the
same as the RE500/1 except that the address, data, and associated  1/O PORT PULLUPS
control lines are routed off the chip for connection to an external The RB500/1E has the internal 1/O port pullup resistance only.
memory.
The fi and operation of the device are identi-
cal to the RB500/1 with only some minor differences, described
herein. The R6500/1 data sheet {Document No. 2900D51) con- m
tains the description of RE500/1 and RB500/1 common inter-
e i TR R6500/1E DEVICE ADDITIONAL SIGNALS [=)]
ORDERING INFORMATION Signal  Pin o
Order Package E Temp Name Ne. Description o
Number Type Option Range RN 62 Read/Write. The Read/Write output controls 5 5
RE500/1EC Ceramic 1 MHz 0°c 1o 70°¢ he direction of data tansier bstwesn the Gl
z 0 o RB500/1E Emulator CPU and external mem-
RES00/1EAC Ceramic 2 MHz 0%C to 70%C ory. This line is high when reading data from m
memory and low when writing data 1o memory.
< SIGNAL DESCR]P-”ONS RDY 3 Ready. The Ready input delays execution of |'|'|
All R6500/1 interface signals are provided in the Emulator device. any cycle during which the RDY line Is low. g
While the Emulator pin assignments are different from the R6500/ This allows the user to halt or single step the
1 in order to accommodate the 64-pin Emulator package, the :’::.U ?;::‘:I;:‘r:a e rl::‘?ﬂ:‘,ag"“m"ae =
interface electrical characteristics are identical. The Emulator $2 clock low pulse will halt the CPU with the
device provides 24 additional signals to route the address bus address lines containing the current sddress
(12 lines), the data bus .(8 lines), and control signals (4 lines) bB‘f;U *‘9“5:"00- 1 RDY is low during & write .4
he chi = eycle, it is ig until the llowi read
off the chip for connection to external memory, operation. This condition will remain through a o
subsequent @2 clock pulse in which the RDY
MEMORY MAP line is low. m
A it 400-7F ressal
aF n:d‘é" c:wl 1::4 bytes of memory ¢ 7FF) ere edd ble SYNC & Sync. The Sync signal is provided to identify
in the Emulator device to support software development, those cycles In which the CPU Is performing U
an OP CODE fetch, SYNC goes high during
#2 o o S $2 ciock-low pulse during an OP CODE fetch m
v o S and stays high for the remainder of that cycle. <
AEE e e Bre If the RDY line is pulled low during the $2
s e =y clock low pulse in which SYNC went high, the e
sYNC g safece CPU will halt in its current state and will O
PET 7 sa[rca remain in that state until the RDY line goes m
= L STEIPC high. Using this technique, the SYNC signal
:::':‘ b bl can be used to control RDY to cause single
””E :T ;: g :: instruction execution,
rE2C 12 b g $2 1 Phase 2 ($2) clock pulse. Data transfer can
pns g o take place only during ¢2 clock pulse.
:::E :: : gﬁ A0-A11 2532 Address Bus Lines. The address bus buffers on
PAS{17 48 ps 34-37 the RE500/1E are push/pull type drivers cap-
PRAC]1 =L able of driving at least 130 pf and one standard
PA3CI19 46307 TTL load. The address bus always contains
PAZ 320 Rt =02} known data. The addressing technique involves
"'“::; “ros putting an address on the address bus which
v::“E i £ gx s known to be sither in program sequence, on
el ot Py =i the same page in program memary, or at a
AnC)as = known point in memory. The 1I/O addresses
ayze 1 ep are also placed on these lines.
azllay 3 Proo
A3 20 370 an D0-D7 65346 Data Bus Lines. All transfers of instructions
aalaw 381 a0 and data between the CPU and external mem-
As L =E] ory take place on the data bus lines. The buf-
::E :; : g‘.v&: fers driving the data bus lines have full three-

REG500/IE Pin Configuration

R

g in the ]

state capability. Each data bus pin is connected
to an input and an output buffer, with the cut-

put buffer r

() Rockwell internationsl Corporation 1979
All Rights Reserved
Printed in US A

Specifications subject to
change without notice




R6500/1E 1/0 PORT INITIALIZATION

Ports A, B, C and D and the CNTR line in R6500/1E are initialized to the logic high state two @2 clock cycles sarlier than in the
RE500/1, It is still required, however, that the FES line to the RE500/1E be held low for at least eight P2 clock cycles after V..
reaches operating range.

.2 ||||I||||||[||||||I|||Eiﬁm-ﬁm
AEE @ 8 02 clock eycles minimum a I Nn\mm.
N'
RBS00/1E m
sonrrs w
nesoon NN
TYPICAL R6500/1E PROGRAM MEMORY INTERCONNECTIONS
Shown below are two typical connections between the R6500/1E and program memory (in this case, type 2716 and 2708 PROMS).

Example 1 shows a connection to a 2K 2716 PROM. Since the R6500/1 has a 2K ROM capacity, the contents of the PROM could
be ked di y into the p ion RE500/1 ROM,

Example 2 shows a connection to 3K of 2708 PROMS, The extra 1K PROM allows expanded or additional programs be used during
RE500/1 firmware devek The production program, , must be reduced to 2K maximum (between addresses 800 and
FFF) before committing to RE500/1 ROM.

EXAMPLE 1: R6500/1E Connected to One 2716 PROM (2K Bytes)

Connection Diagram Memory Map
o1 [+1]
g o3
L)
o = ol
s o8
oT or -0
A AR TFr
A Al
MSOONE A2 e NOT UstD
s ad
A5 A5
I s ma
- . P
aAS As
- oy RAM & 1O
E3
AT1 —D)—: =3 i 00

EXAMPLE 2: R6500/1E Connected to Three PROMS (3K Bytes)

Connection Diagram Memory Map
-~ Jrre—— oo
s——
oz 2708 NO.3
0 03 Ert PROM
o8 o8 coo
= e s e, T e St e Program Memary
o7 o7 or 2708 NO.Z
L A TION e A% rvem i 800
- e B M woz o3 e
AesoanE &) e A3 a3 708 NO.Y Extended Progiam
i . e s PROM Memory
AS o 25 = 400
. AS Ll 3FF
A A e P NOT USED
- 1 e rr 090
« |0BF
o 3 3 AAM & 1D
000
an 1
*See RESO0/E Detaded Memasy Map

Truth Table

Address PROM Select

Z708_No.3 2708 No. 2 2808 No. 1 Selected

An| A0 CE CE CE Address Range

o] o 1 1 1 000-3FF
Q 1 1 1 ) 400.7FF
110 1 | 0 1 BOO-BFF
1 1 | ] I 1 1 CO0-FFF




R6500/1 EMULATOR DEVICE TIMING

1 MHz 2 MHz
Signal Symbol Min. Max., Min, Max. Unit
R/W setup time from CPU Taws 300 200 ns
Address setup time from CPU TADS 300 200 ns
Memory read access time TACC 525 225 ns
Data stabilization time TDSU 150 75 ns
Data hold time — Read Tur 10 10 ns
Data hold time — Write Tuw 30 30 ns
Data delay time from CPU TMCls 200 150 ns
RDY satup time THDY 100 50 ns
SYNC delay time from CPU TSYNC 350 175 ns
Address hold time THA 30 30 ns
R/W hold time THRW 30 30 ns
Cycla Time Teve 1.0 10.0 05 10.0 us

RE6500/1E TIMING DIAGRAMS

PHASE 2 ($2) TIMING REFERENCE
R6500/1E DETAILED MEMORY MAP T

cYc
@
2 A\ 0.4V N oav
Vecior Figh 0.4v ._f/“\.___
1RO Vector Low
Vector High TIMING FOR READING FROM MEMORY
REE .
e vemc i aa o T foe =
ar High RWS HRW ===
M) Veetor Low _ e Bt 2 — 20V 2.0v
RE500/1 User Program v R/W N
e i 4 Sk s emie———— O
RESD0ME Extended Program Area (1] ﬁ — T =
=T rlis = ADDRESS FROM NN L 20V
cry he 0.8V o8V
— T = 2.0v
DATA FROM ABS —__;.»‘"—‘-«kz_w
MEMORY - ﬁ_sv
osv
e ~— T, ACE —— S —p] THR
mput, put jet= T,
P 20V osu
0.8V
=Taoy
SYNC
== Tsvnc [*
TIMING FOR WRITING TO MEMORY.
b } RAM(4] G G ORY___| Tuny
NOTES
(1) Additional 1024 bytes are decoded for external memary addrasing by AW
tha RES00/1E Emulator Device. This ares can be used during debug,
bt cannot be used in a masked ROM RE500/1,
(2] 1/0 command only; 8., no stored data,
131 Clears Counter Ovarflow — Bit 7 in Control Register ADDAESS EROM
8} CAUTION: The RE500/1E allows RAM mapping into D80-07F, cPU
100-13F, 140-17F, 200-23F, 24027 F, 300-33F, sndt 340-37F: o well s T,
000-03F. The production RE500/1, however allows RAM mapging only Ha
000.03F, S 20v
CPU o.av




ELECTRICAL CHARACTERISTICS

+ - o,
IVCC'Q.G._“. Vee 0,1'"-25 (+]

Characteristic Symibol Min Typ Max Unit
Input High Threshold Voltags ViHT
Do-D7, RDY, Vgg* 24 - - Vde
Input Low Threshold Volusge V“_T
D007, ROY, - - Vs, +08 Vde
Three-State (Off State) Input Current a1 HA

V= 041024V, \I'cc =5.25V)

Do-07 - - 10
Output High Voltage Vou

IlmAD- 100u Ade, Voo = 4.75V)

DO-D7, SYNC, AD-A11, RAW, #2 Vgg + 24 - - Vde
Output Low Valtage UOL
"LOAD = 1.6 madc, Vu:“JSVI
DO-D7, SYNC, AO-A11, R, 42 - - Vgg * 08 Vde
Power Dissipation Po - 075 1.20 w
Capacitance c pF
- «28%C. 1=
IV, = 0,7, =26°C, 1= 1 MH2)
RDY - = 1
4] Cin = = lg
Do-07
AG-ATY, RAW, SYNC Cout - = »
2 Cp2 & 50 80
WO Port Pull-up Resitance Ry 30 80 185 wohm
10" max
4 L por-t| a3
DENOTES PIN NO. 1 ‘ f
800 NOM 500 NOM
(20.03 MM} (2286 MM)
, 3308 =2 050 NOM’
& — 01,27 MM
" (82.17 MM}

-

.05 MM)

5 (.38 MM) LEADS .100G TO
12,54 MM)

01
019 (.48 MM)

026 (.71 MM} 070 11.78 MM}
032 (81 MM) | .uo[;m 080 (2,03 MM}
13.

NOTE: PIN NO. 115 IN LOWER LEFT CORNER WHEN
SYMBOLIZATION IS IN NORMAL ORIENTATION

Packaging Diagram




DOCUMENT NO. R6500 NO1
REV. 1, JANUARY 1979

‘i‘ Rockwell R6500 Microcomputer System -
APPLICATION NOTE

Low Cost Crystal Oscillator for Clock Input

PURPOSE

This application note describes a low cost oscillator circuit which will produce the basic input frequency required by the
clock generator circuits in the Rockwell R650X series microcomputers. This circuit takes advantage of using either one of
two readily available low cost crystals. Both crystals are approximately the same cost depending on source and quantities.
The low cost oscillator crystals identified in the toble below may be obtained from Electro Dynamics, 5625 Foxridge
Drive, Shawnee Mission, Kansas 66201 by ordering Part No. 333R05-001 (3.579 MHz) or 59672 (4.19 MHz).

The oscillator output frequency is divided by 2 or by 4 to provide any of the frequency options shown in the table. By
trading off the slight deviation in frequency from the standard | MHz or 2MHz clock with cost, this approach can reduce
the cost of the oscillator circuit to less than $2. 00 each in quantity buys,

CRYSTAL OUTPUT FREQUENCY (MHz)
Divided Divided
Primary Use Frequency By 2 By 4
Color TV
P/N 333R05-001 3. 579545 MHz 1.7897 0. 894886
Autometive Clock
P/N 59672 4, 194304 MHz 2,097152 1, 048576
DESCRIPTION

The clock input frequency generator shown in the schematic consists of an oscillator circuit requiring one ICand a divide
by 2 or by 4 circuit which also requires only one IC. The output of this circuit is applied fo the (@g) input of the R650X
microcomputer clock generator circuit,

The oscillator circuit uses three of the six drivers in a standard 7404 and a crystal to produce an output. The oscillator
output is input to a standard 7474 and the frequency is divided by either 2 or 4 depending on the jumper connections
(A or B), as shown in the schematic.

Indu| %00} 10} 10}e||10SQ [B}SAID 150D MO

T = = = Tosmuarorcweur [ DIVIDE BY 2 OR 4 CiRcunt ]
1 {One TTL Package Required) I {One TTL Pockoge Required)
I 0.05 yF =5V 5V |
| | i I I oY A - B | 1O 2asox
vV R s » CLOCK
| 2.2€ oK 2.2k I 3l° o s_é_a_jﬁ i Qg | INPUT
AAA I e ; A )
I | 774 7474 I
l 3 % -l ‘1@02 z 5 a 1 C 5 @ 8 |
| | 4 10 |
|
|

+5v
JUMPER "A"

I JUMPER "B" = + _]
\ CLOCK INPUT EREQUENCY GENERATOR )

® — jons 1979 Rockwell Microelectronic Devices
Al Rights Reservea P. O. Box 3669
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R6500 Microcomputer System
DATA SHEET

PERIPHERAL INTERFACE ADAPTER (PIA)

DESCRIPTION FEATURES
The RE520 Peripheral Interface Adapter is designed to solve a ® High performance replacement for Motorola/AMI/MOSTEK/
broad range of peripheral control problems in the impl tation Hitachi peripheral adapter.

of microcomputer systems. This device allows a Nr\"!f!:cll\l'! e N channel, depletion load technology, single +5V supply.

trade-off betwsen software and hard by iding
capability and flexibility in a low cost chip. When coupled with ® Completely Static and TTL compatible.
the power and speed of the RE500 family of microprocessors, & CMOS compatible peripheral control lines.

the RB520 allows implementation of very complex systems at a

TS " £
mintmuns overall cost. e Fully automatic "hand-shake' allows positive control of data

transfers between processor and peripheral davices,
Control of peripheral devices is handled primarily through two & Commercial, industrial and military temperature range versions.
8-bit bidirectional ports. Each of these lines can be programmed
to act as either an input or an output. In addition, four peripheral

control/interrupt input lines are provided. These lines can be used vss1 40| CA1l
to interrupt the processor or for “"hand-shaking” data between the pagCl2 39 caz
processor and a peripheral device, pa1g3 38 (ROA
Ordering Information paz 4 371 IRgs
pazlgs 36 Rso
Order Number: R6520 —— e 35[0 As1
Temperature Ra:gr. ) pas 7 34 RES
No suffix = 0°C 10 +70 C pas 8 33 oo
E = -40%C to +85°% ra7 e 323 o1
{industrial) PEO 10 110 o2
e ) PpB1 g1 30 b3
hx :‘:“’;:;ms g pe2 12 29 pa
PB3 13 28 o5
M = MIL-STD-883, PB4 14 27 os
Class B Pes 15 261 D7
v 3 PBE [] 16 251 ENABLE
P“km‘c it TR PB7 17 24 cs1
P = Plastic ce1=]18 23[9 T2
(Not Available for cs2cq1e 223 cso
M o MT suffix) gl S

Frequency Range:
No suffix = 1 MHz
A = ZMHz
NOTE: Contact your local Rockwell Representative
concerning availability,

Pin Configuration

»
f}———» CONTROL

8BIT
DATA BUS

(vid) 431dvaAV 30V4HILNI TvHIHdIYId 0259

8BIT
[<——>"pataront | PERIPHERAL

R6500 4 DEVICES
MICROPROCESSOR RE520 r PRINTERS,
(cPu) ety BT DISPLAYS, ETC,
DATA PORT
CONTROL -
———P> conTROL
s : ’ g
- "
(%) Rockwell internationsl Corporation 1878 Specifications subject to
All Rights Reserved change without notice

Printed in U.S.A.




SUMMARY OF R6520 OPERATION
See Rockwell Microcomputer Hardware Manual for detailed description of R6520 operation,

CA1/CB1 Control

CRA (CRB)
Active Transition IRQA (IRQB)
Bit1 Bit0 of Input Signal* Interrupt Outputs
0 1] Negative Disable — remain high
0 1 Negative Enable — goes low when bit 7 in CRA (CRE) is set by activa transition of signal on CA1 (cs1)
1 o Positive Disable — remain high
1 Positive Enable — as explained above

*Note:  Bit 7 of CRA (CRB) will be set to a logic 1 by an active transition of the CA1 (CB1) signal. Thisis independent of the state
of Bit 0 in CRA (CRB).

CA2/CB2 Input Modes
CRA (CRB)
Active Transition IRQA (IRQB)
Bit5 Bit4 Bit3 of Input Signal* Interrupt Output

1] 0 Megative Disable — remains high

0 1 Negative Enable — goes low when bit 6 in CRA (CRB) is set by active transition
of signal on CA2 (CB2)

1 o Positive Disable — remains high

0 1 1 Positive Enable — as explained above

Note: Bit 6 of CRA (CRB) will be set to a logic 1 by an active transition of the CA2 (CB2) signal. This is independent of the
state of Bit 3 in CRA (CRB).

CAZ2 Output Modes
CRA
Bit5 Bit 4 Bit3 Mode Description

1 1] 1] “Handshake' CAZ2 is set high on an active transition of the CA1 interrupt input signal and set low by

on Read a microprocessor "Read A Data” operation. This allows positive control of data

transfers from the peripheral device to the microprocessor.
1 1] 1 Pulsa Output CAZ goes low for one cycle after a “"Read A Data” operation. This pulse can be used
to signal the peripheral device that data was taken.
1 1 1] Manual Output CAZ2 set low
1 1 1 Manual Qutput CAZ2 set high
CB2 Output Modes
CRB
Bit5 Bitd Bit3 Modas Deseription

1 '] 0 *Handshake” CB2 is set low on microprocessor “Write B Data” operation and is set high by an active

on Write transition of the CB1 interrupt input signal. This allows positive control of data trans-

‘ fers from the microprocessor to the peripheral device.
1 ] 1 Pulse Output CB2 goes low for one cycle after a microprocessor “Write B Data’” operation. This
‘ can be used to signal the peripheral device that data Is available,

1 1 1] Manual Output CB2 set low
1 1 1 Manual Qutput CB2 set high




A.C. CHARACTERISTICS

Read Timing Characteristics (Loading 130 pF and one TTL load)

1 MHz 2 MHz
Characteristics Symbol Min Max Min Max Unit
Delay Time, Address valid to Enable positive transition Taew 180 - 20 - ns
Delay Time, Enable positive transition to Data valid on bus TEDFI - 395 - 190 ns
Peripheral Data Setup Time TPDSU 300 - 150 - ns
Data Bus Hold Time Tum 10 - fo - ns
Delay Time, Enable i to CA2 negati it Teaz - 1.0 - 05 Hs
Delay Time, Enable negati ition to CA2 positive tr Tas1 - 1.0 - 0s e
Rise and Fall Time for CA1 and CA2 input signals t.t - 1.0 - 05 Ms
Delay Time from CA1 active transition to CA2 positive transition Tas2 - 2.0 - 1.0 s
Rise and Fall Time for Enable input te Y - 25 - 25 ns
Write Timing Characteristics
1 MHz 2 MHz
Characteristics Symbol Min Max Min Max Unit
Enable Pulse Width Te 0470 25 0.235 25 s
Delay Time, Address valid to Enable positive transition TAEW 180 - a0 - ns
Delay Time, Data valid to Enable negative transition Tosu 300 - 150 - ns
Delay Time, Read/Write negative transition to Enable positive TWIE 130 - 65 - ns
transition
Data Bus Hold Time THW 10 - 10 - ns
Delay Tima, Enable negative transition to Peripheral Data valid Teow - 1.0 - 05 us
Delay Time, Enable negative transition to Peripheral Data valid TCMCIS - 20 - 1.0 us
CMOs ch -30%) PAO-PA7,CA2
Delay Time, Enable positive transition to CB2 negati TCBZ - 1.0 - 05 Hs
Delay Time, Peripheral Qata valid to CB2 negative transition TDC 0 1.5 Q 0.78 us
Delay Time, Enable positive transition to CB2 positive transition TRSi - 1.0 - 05 us
Rise and Fall Time for CB1 and CB2 input signals tt - 1.0 - 05 HE
Delay Time, CB1 active transition to CB2 positive transition Trs2 - 20 - 1.0 us
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SPECIFICATIONS

Maximum Ratings
Rating Symbol Value Unit

Supply Voltage VCC 0.3 10 +7.0 Vde
Input Voltage Ve 0.3 10 +7.0 Vde
Operating Temperature Range 3 qC

Commercial 01to+70

Industrial -40 to +86

Military -56 to +126
Storage Temperature Range Tste .55 to + 150 %

This device contsins circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit.
Static D.C. Characteristics

(Voo = BOVE5%, Vg = 0, T, = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Input High Voltage (Normal Operating Levels) Vin 420 - Vee Vde
Input Low Voitage (Normal Operating Levels) VIL 03 - +08 Vde
Input Threshold Voltage vIT 08 - 20 Vdc
Input Leakage Currant 'in pAde
Vi = 010 5.0 Vde - .0 1256
R/W, Reset, RSO, RS1, CS0, CS1, T52, CA1, CB1,82
Three-State (Off State Input Current) g1
Wln =04 to 2.4 Vde, Vcc = max) DO-D7, PBO-PB7, CB2 = 2.0 +10 MAdc
Input High Current IlH
(V) = 2.4 Vdel PAQ-PAT, CA2 100 250 - BAde
Input Low Current IIL
W"_ = 0.4 Vdc) PAO-PAT, CA2 - -1.0 186 mAdc
Qutput High Voltage VOH
I\l"cc-'min.lm.d- -100 uAde) 24 - - Vde
Output Low Voltage VoL
ch-min,lm.d- 1.6 mAdc) - - +0.4 Vde
Output High Current (Sourcing} loH
IVOH = 2.4 Vde) -100 -1000 - HAdc
Ivo = 1.5 Vde, the current for driving other than -1.0 25 - mAdc
TTL, e.g., Darlington Base) PBO-PB7, CB2
OQutput Low Current (Simking) oL f
WQL = 0.4 Vde) 16 - - mAde
OQutput Leakage Current (Off State) IRQA, IR Low - 1.0 10 HAde
Power Dissipation - Pp - 200 600 mW
Input Cepacitance Cin pF
V), -0, T, = 26°C,f=1.0MHz)
D0-D7, PAD-PA7, PBO-PB7, CA2, tl? - - 10
R/W, Feser, RS0, RS1, CSO, CS1, C53Z, - - 7.0
CA1,CB1,$2 - - 20
Output Capacitance Coaut
(V;,-0, T, =25°C, { = 1.0 MHz) - - 10 oF
NOTE: Negative sign indl d current flow, positive indicates inward flow,
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R6500 Microcomputer System \
DATA SHEET
VERSATILE INTERFACE ADAPTER (VIA)

SYSTEM ABSTRACT FEATURES
The 8-bit RE500 microcomputer system is produced with N- ® Organized for plified software | of many functions
channel, silicon-gate, depletion-load technology. Its perform-

# Compatible with the RB50X and RES51X family of micro-

ance snha 2 i
speeds are enhanced by advanced system architecture, processors (CPUs)

Its innovative architecture results in smaller chips — the semi-

conductor threshold to cost-effectivity. System cost-effectivity e Bidirectional, B-bit data bus for communication with micro-
is further enhanced by providing a family of 10 softwarecom- processor

patible microprocessor {CPU) devices, memory and 1/0 devices . . . o Two Bi-directional, 8-bit input/output ports for interface with
as well as low-cost design aids and documentation, peripheral devices

DESCRIPTION ® CMOS and TTL compatible input/output peripheral ports

The RB522 VIA adds two powerful, flexible Interval Timers, e Data Direction Registers allow each peripheral pin to act as
a serial-to-parallelfparaliel-to-serial shift register and input latch- either an input or an output

ing on the peripheral ports to the capabilities of the RE520 e Interrupt Flag Register allows the microprocessor to readily
Peripheral Interface Adapter {PIA) device. Handshaking capa- determine the source of an interrupt and provides convenient

bility is expanded to allow control of bidirectional data trans-
fers between VIAs in multiple processor systems and between
peripherals,

control of the interrupts within the chip

e Handshake control logic for input/output peripheral data
transfer operations

Control of peripherals is primarily through two 8-bit bidirectional

(VIA) H31dvaV 30V4HILNI I1ILVYSHIA 22594

e Data latching on peripheral input/output ports
ports. Each of these ports can be programmed to act as an input e = X
or an output. Peripheral 1/O lines can be selectively controlled G Ty N
by the Interval Timers to generate programmable-frequency square e Eight-bit Shift Register for serial interface
waves and/or to count externally generated pulses. Positive con- e Forty-pin plastic or ceramic DIP package.
trol of VIA functions is gained through its internal register argani-
zation: Interrupt Flag Register, Interrupt Enable Register, and
two Function Control Registers,
Ordering Information
Order Package Temperature
Number Type Fraguency Range
RE522P Plastic 1 MHz 09C 10 +70°C el 4013 CAY
RE522AP Plastic 2 MHz 0,C to +70°C PAO J2 9P cA2
RE6522C Ceramic 1 MHz OUC to +70 C PaY 32 383 RSO
RE522AC Ceramic 2 MHz 0,Cto+70 C PAZ ] a 373 As1
RB522PE Plastic 1 MHz 4000 to +85°C PA3 15 a6l RS2
RE522APE Plastic 2 MHz 40 C to +8500
RE522CE Ceramic 1 MHz -40°C 1o +857C Pas s 353 RS3
RE522ACE Ceramic 2 MHz -4OOC to 485 Pas C37 34[] RES
RES22CMT Ceramic 1 MHz 56 °Cto+125°C ras Cls a3 oo
PAT CJo 3z o1
PBO (] 10 npQo2
PBY g 11 30{3 D3
887 F— : PB2 (]12 20 D4
R — L, CONTROL e E iz 2sf3 05
Rw ——] PB4 14 27} 106
10 —
2 fmm— 8 B 10
esoog  #2€LOC Resz DATA PORT [ PERIPHERALS A s B 26107
CPU | REGISTER AND < PBS ] 16 5[ @2
. . rB7 17 24 cs1
([57] CONI‘RQLJ cB1 18 23 cs2
cez 19 22 [ R/W
vee 20 213 TRa

K Basic R6522 Interface Diagram Pin Configuration /

(£} Rackwell Internationsl Corporation 1978
All Rights Reservnd Specifications subject 1o
Printed in U,5.A, change without notice




OPERATION SUMMARY
Register Select Lines (RSO, RS1, RS2, RS3)

The four Register select lines are nermally connected to the processor address bus lines to allow the processor to select the internal RE522
register which is to be accessed. The sixteen possible combinations access the registers as follows:

RS3 RS2 RS1 RSO Register Remarks RS3 RS2 RS1 RSO Register Remarks
L L L L ORB H L L L T2L-L Write Latch
L L L H | oma | Controls Handshake ; T2CL | Resd Countat
L L H L ODREB H |L L H T2C-H Triggers T2L-L/T2C-L
Transfer
1 = H H D
BRe H L H SR
L H L L TiLL Write Latch H L H H ACR
TiC-L Read Counter H H L L PCR
L H L H TIC-H Trigger TIL-L/T1C-L H H L H \FR
Transfer
H H H L IER
L H H L TIL-L
H H H H ORA No Effect on
L H H H TiL-H Handshake
Note: L=04V DC,H=24VDC.
Timer 2 Control
RS3 RS2 RS1 RSO RW=L RW=H
H L L L Write T2L-L Read T2C-L
Clear Interrupt flag
H L L H Write T2C-H ’ Read T2C-H
Transfer T2L-L to T2C-L
Clear Interrupt flag
Writing the Timer 1 Register
The operations which take place when writing to each of the four T1 addresses are as follows:
RS3 RS2 RS1 RSO Operation (R/W = L)
L H L L Write into low order latch

Write irito high order latch
Write into high order counter

L H | B H .
Transfer low order latch into low order counter
Reset T1 interrupt flag
L H H L Write low order latch
X H H H Write high order latch

Reset T1 interrupt flag

Reading the Timer 1 Registers

Eor reading the Timer 1 registers, the four addresses relate directly to the four registers as follows:

RS3 RS2 RS1 RSO Operation (R/W = H)
s H L L Read T1 I_ﬂw order counter
Reset T1 interrupt flag
L H L H Read T1 high order counter
L H H L Read T1 low order latch

L H H H Read T1 high order latch




Timer 1 Operating Modes

Two bits are provided in the Auxiliary Control Register to allow selection of the T1 operating modes, These bits and the four possible modes
are as follows:

ACR7 ACRB
Output “Free-Run”
Enable Enable Maode
1] Generate a single time-out interrupt each time T1 is loaded
1 Generate continuous interrupts
0 Generate a single interrupt and an output pulse on PB7 for
each T1 load operation
1 1 Generate continuous interrupts and a square wave output
on PB7

FUNCTION CONTROL

Control of the various functions and operating modes within the R6522 is accomplished primarily through two registers, the Peripheral Con-
trol Register (PCR), and the Auxiliary Control Register (ACR). The PCR is used primarily to select the operating mode for the four peripheral
control pins. The Auxiliary Control Register selects the operating mode for the Interval Timers (T1, T2), and the Serial Port (SR).

Peripheral Control Register

The Peripheral Control Register is organized as follows:

Bit # 7 I 6 5 4 3 I 2 | 1 0
Function CB2 Control cB1 CAZ2 Control CA1l
Contral Control

Typical functions are shown below:

PCR3 PCR2 PCR1 Mode

[v] 1] 0 Input mode — Set CA2 interrupt fiag (IFRO) on a negative transition of the input signal. Clear
IFRO on a read or write of the Peripheral A Output Register,

(1] 0 1 Independent interrupt input mode — Set IFRO on a negative transition of the CA2 input sig-
nal. Reading or writing ORA does not clear the CA2 interrupt flag.

o 1 1] input mode — Set CA2 interrupt flag on a positive transition of the CA2 input signal. Clear
IFRO with a read or write of the Peripheral A Output Register,

1] 1 1 Independent interrupt input mode — Set IFRO on a positive transition of the CA2 input sig-
nal. Reading or writing ORA does not clear the CA2 interrupt flag.

1 0 0 Handshake output mode — Set CAZ2 output low on & read or write of the Peripheral A Output
Register. Reset CA2 high with an active transition on CA1,

1 0 1 Pulse output mode — CA2 goes low for one cycle following a read or write of the Peripheral
A Qutput Register.

1 1 0 Manual output mode — The CAZ2 output is held low in this mode,
1 1 1 Manual output mode — The CAZ output is held high in this mode.




Auxiliary Contral Register

Many of the functions in the Auxiliary Control Register have been discussed previously. However, a8 summary of this register is presented
here as a convenient reference for the R6522 user. The Auxiliary Control Register is organized as follows:

Bit # 7 6 5 P a l 2 1 P
T2 PB PA
Function T1 Control Control Shift Register Control Latch Latch
Enable Enable
Shift Register Control
The Shift Register operating mode is selected as follows:
ACR4 ACR3 ACR2 Mode
0 0 0 Shift Register Disabled.
0 0 Shift in under control of Timer 2,
] 1 ] Shift in under control of system clock.
0 1 1 Shift in under control of external clock pulses,
1 0 0 Free-running output at rate determined by Timer 2.
1 0 1 Shift out under control of Timer 2.
1 1 1] Shift out under control of the system clock.
1 1 1 Shift out under control of external clock pulses.
T2 Control

Timer 2 operates in two modes. |f ACRS =0, T2 acts as an interval timer in the one-shot mode. If ACRS = 1, Timer 2 acts to count 8 pre-
determined number of pulses on pin PBG.




TIMING CHARACTERISTICS

Read Timing Characteristics (loading 130 pF and one TTL load)

Paramater Symbaol Min Typ Max Unit
Delay time, address valid to clock positive transition TACF! 180 - - nS
Delay time, clock positive transition to data valid on bus TCDH - - 395 nS
Peripheral data setup time Tech 300 - - nS
Data bus hald time Thr 10 - - ns
Rise and fall rime for clock input THC - - 25 ns
Tre
T,
ACR
l—Tcr
dlook T e
CLOCK : TCDR —
e
24v
ADDRESS X
T 0.4v
—~ PCRU* 24V
PERIPHERAL 5 F
DATA
0.4v
=l Ty
- === == - = — =24V
DATA BUS >
e e T
Read Timing Characteristics
Write Timing Characteristics
Parameater Symbol Min Typ Max Unit
Enable pulse width Tc 0.47 - 25 uS
Delay time, address valid to clock positive transition TACW 180 - - nS
Delay time, data valid to clock negative transition TDCW 300 - - nS
Delay time, read/write negative transition to clock positive Twew 180 - - nS
transition
Data bus hold time THW 10 - - nS
Delay time, Enable negative transition to peripheral data valid TCPW - - 1.0 ES
Delay time, clock negative transition to peripheral data valid TCMOS - - 2.0 us
CMOS (VCC - 30%)

-—Tc
PHASE TWO
CLOCK ) L

P i g
ACH 24v
ADDRESS X X J
' 0.av
T T
wew cMmos
READ/WRITE T |- - - ==—a =04V
W= —
; N
DATA BUS D
S ARG o, PN ST
CPW P ¥ [
2.4v
PERIPHERAL X
DATA

Write Timing Characteristics




1/0 Timing Characteristics

Characteristic Symbel Min Tye Max Unit
Rise and fall time for CA1, CB1, CA2 and CB2 input signals TRF - - 1.0 us
Delay time, clock negative transition to CA2 naegative TCAZ - - 1.0 us
transition (read handshake or pulse mode)
Delay time, clock negative transition to CA2 positive TFIS1 - - 1.0 S
transition (pulse mode)
Delay time, CA1 active transition to CAZ positive transition TF{S‘Z - - 20 Hs
{handshake mode)
Delay time, clock positive transition to CA2 or CB2 negative TWHS - - 1.0 us
transition (write handshake)
Delay time, peripheral data valid to CB2 negativa transition TDC o - 1.6 us
Delay time, clock positive transition to CAZ2 or CB2 positive Trs: - - 1.0 us
transition {pulse mode)
Delay time, CB1 active transition to CA2 or CB2 positive YHS-i - - 20 s
transition (handshake model
Delay time, peripheral data valid to CA1 or CB1 active T“_ 300 - - ns
transition linput latching)
Delay time CB1 negative transition to CB2 data valid TSH‘I — - 300 ng
linternal SR clock, shift out)
Delay time, negative transition of CB1 input clock 1o CB2 data TSR: - - 300 ns
valid {external clock, shift out)
Delay time, CB2 data valid to positive transition of CB1 clock TSH3 - - 300 ns
(shift in, internal or external clock)
Pulse Width — PEG Input Pulse TIPW 2 - - us
Pulse Width — CB1 Input Clock TIC’W 2 - - us
Pulse Spacing — PBE Input Pulse hps 2 - - I’y
Pulse Spacing — CB1 Input Pulse lics 2 - - us

Tipw 24v

PB6 INPUT PULSE \
COUNTING MODE

-——- - - -4V

L
CB2 SERIAL ){ .
DATA IN =
0.4v
+ ~ _|=Tsr3
icw s
CB1 CLOCK \
- e = = =04V
SR1 o
— 2.4v
CB2 SERIAL x
DATA OUT 0.4V

1/O Timing Characteristics




SPECIFICATIONS

Maximum Ratings

Rating Symbeol Value Unit

Supply Voltage Vee 03 10+7.0 Vdc
Input Voltage Vin 03t0+7.0 Vde
Operating Temperature Range T %

Commercial Qo +70

Industrial -40 to +85

Military -85 to +125
Storage Temperature Range TsTG -6 1o +150 %

This device contains circuitry to protect the inputs against damage due to high static Hi , it is advised that normal precautions

be taken to avoid application of any voltage higher than maximum rated voltages.

Electrical Characteristics
(VCC = 5.0V £5%, V§S = 0)

Characteristic Symbol Min Max Unit
input high voltage (normal operation) ""m +24 vCC Vde
Input low voltage (normal operation) \-"I L 0.3 +0.8 Vde
Input leaka current = Wi, = 0 to 6 Vde LTy - 25 HAdC

. RS0, RS1, RS2, RS3, CS1,
E‘i CA1,02
Off-state input current — Vi, = 0.4 to 2.4V s - $10 pAdc
VCC = Max, DO to D7 .
Input high current — Vg = 2.4V IIH <100 - uhde
PAO-PA7, CA2, PBO-FBY, CB1, CB2
Input low current — V. = 0.4 Vdc I - 16 mAde
PAQ-PAT, CA2, PBO-PB7, CB1, CB2
Output high vnltbge VOH 24 - Vdc
VCC = min, ljggg = -100 pAde
PAQ-PA7, CAZ, PBO-PBY, CE‘I CB2
Output low voltage VoL - +0.4 Vde
VCC = min, ljgag = 1.6 mAdc
Qutput high current (sourcing) IDH
VoH = 2.4 100 - uAdc
VgH = 1.5V, PBO-PB7, CB1, CB2 1.0 - mAde
Qutput low currant {sinking) IOI.. 1.6 - mAde
Vor =04 Vde
Ou:pul_a_gakwe current {off state) Lot - 10 HAde
Input Capacitance — Tp = 25°C, f = 1 MHz Cin pF
W, . RED, RS1, RS2, AS3, Cs1, T82, - 7.0
DO-D7, PAU PA7, CAZ, PBO-PB7, - 10
CB1,CB2
02 input e 20
Output capacitance — T = 2‘5°c,l =1 MHz cou‘ - 10 pF
Power dissipation Py - 750 mW
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R6500 Microcomputer System
PRODUCT PREVIEW
PROGRAMMABLE KEYBOARD /DISPLAY
CONTROLLER (PKDC)
DESCRIPTION FEATURES
The AG6541 Programmable Keyboard/Display Controller (PKDC) . Compatible with 8-bit microprocessors
is a general purpose keyboard and segmented display interface e  B-Character FIFO/Sensor RAM with programmable interrupt
device designed for use with 8-bit microprocessors, The RG541 ®  N-Key rollover
adds an advanced keyboard scan and display refresh capability to . 12, 16 or dual 8 segment display outputs
the established and expanding line of R6500 products. The 8-bit . Fiexible 16 x 8 keyboard matrix scan modes
RE500 microcomputer system is produced with N-channel, silicon . Flexible 8 x 8 sensor matrix scan modes
gate, depleti load . The op i of [ Programmable keyboard/sensor mode partitioning
the R6541 relieves the CPU from performing high demand peri- ®  Strobed output entry mode
odic keyboard/display service functions. e  Fully programmabie timing
—  Key sean
The RG541 has two sections: keyboard and display. The key- -  Debounce
board portion can scan up to 128 matrix type key switches. It —  Display scan
can also interface with an array of 64 sensors (static switches) or —  Digit and segment
a strobed interface keyboard. Key depression can be N-key roll- . 2 MHz or 1 MHz operation
over type. Key entries are debounced and stored in an B-character . Single +5V £ 10% power supply
First In First Out (FIFO)/Sensor RAM, A programmable length e  40-pin plastic or ceramic DIP
interrupt prevents FIFO/Sensor RAM overflow.
The display section ides a buffered display interface
with LED, fluorescent, Burroughs SELF-SCAN® display, and
other dispiay technologies. Numeric and alphanumeric displays
may be directly driven as well as simple indicators, The R6541
has two CPU addressable 16 x 8 display RAM's.
A unique RE541 feature is the 4-line bidirectional BR Display/
Return bus. This flexible sensor input or display output capa-
bility allows the R6541 to be easily configured to specific appli-
cations. When the BR lines are used as outputs, two independent
8 segment, 16character displays or one 16 seament, 16 charac-
ter display can be directly driven along with scanning a 64 key
encoded keyboard. When the BR lines are used as input, a 12 seg-
ment, 16 character display can be directly driven along with scan-
ning a non-encoded 16 x 8 keyboard or sensor matrix. Many
othar application configurations are possible.
DATA scan -
vee, vss| 5 = S w"“:‘: counten | [=4=>s0s3
; = B 15053
= =
E g . INTERRUPT :::r::::n
po.07 { S = | Ro.ra = sy
= 3
(= =) Bx8
(= = RAT ——p] - s [<—4=Ro-A3
&5 E i g iy £* » ::’:N'lnm. 4 > BRA-BRT
RS = vy Bxe
CONTROL ";":",‘E g el 4 >Bo0s3
AES = az—»] CENTRAL
AG o = e TIMING & —
AD-AT — CONTROL =
=] = VG > DISPLAY 8> acar
so.8a{ = — RAM A
= - VES ————py
— J
. R6541 Pin Configuration R6541 | ce Diagra

(E) Rockwall International Corporation 1978
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R6541 INTERFACE SUMMARY

Pin Name | No. Description Type

50-53 4 Scan Outputs Qutput

RO-R3 4 Return Inputs Input

BR4-BR7 4 Display B Outputs/ Bidirectional
Return Inputs

BO-B3 4 Display B Outputs Qutput

AQ-A7 8 Display A Outputs Qutput

DO-D7 8 Data Bus Bidirectional

cs 1 Chip Select Input

RS 1 Register Select Input

RIW 1 | Read/Write Input

02 1 Phase 2 Clock Input

RES 1 Reset Input

iRQ 1 Interrupt Reguest Output

VCC, Vss 2 Power Input

INTERFACE SIGNAL DESCRIPTION

Pin Name

S0-83

RO-R3

BR4-BR7

No. of

Lines

4

4

Description

Scan Outputs. These lines scan, or strobe,
the key switch or sensor matrix and dis-
play digits. The lines can be either encoded
(1 of 16) or decoded (1 of 4),

Return Inputs. These lines input the data
from matrix type keys, static switches, or
a strobed keyboerd. The lines can be used
as a 4-bit input or as part of an B-bit input
in conjunction with BR4-BR7, Each line
has an active pullup resistance to keep it
high until 8 switch closure pulls it low.

Display B Outputs/Return Inputs. These
bidirectional lines may be used either as
an extension of the Return Inputs or as
an extension of the Display B outputs.
The lines are assigned as either inputs or
outputs at system definition time; there-
fore, they may not be used as both inputs
and P in a given application. These
lines may also be used as an independent
4-hit output or an independent 4-bit input.
Internal pullups are provided for use as
inputs. In a scanned keyboard matrix
application, BR6 and BR7 may be used
as CONTROL and SHIFT, respectively.
When used 8s outputs, these lines are
driven from the 16 x 8 Display RAM B.
When used as outputs, these lines are
ynchronized to the (s0-83)
for multiplexed digit displays.

B0-B3

AD-AT

Do-D7

3
=

RS

2

vcc

VSs

No. of
Lines

4

Description

Display B Outputs, These lines are outputs
from the 16 x 8 Display RAM B. The lines
may be used as a 4-bit output port or may
be considered as part of an 8-bit output
port in conjunction with BR4-BR7. When
used as outputs, these lines are synchronized
to the scan outputs (S$0-83) for multiplexed
digit displays.

Display A Outputs. These lines are the
outputs from the 16 x 8 Display RAM A.
The lines may be used as an 8-bit output
or two 4-bit outputs. When used as an
output, these lines are synchronized to -
the scan outputs (50-83) for mulitiplexed
digit displays.

Data Bus. Eight bidirectional tri-state lines
used to transfer all the data between the
CPU and the R6541,

Interrupt Request, This Interrupt Request
output is used in the Keyboard or Strobe
Input Modes to interrupt the CPU when
driven to the low state. An external pullup
rasistor is required.

Reset,  This high impedance input line
resets the R6541 to the power-on initializa-
tion condition when driven to the low
state.

Chip Select. This high impedance input line
salects the RE541 when in the low state.

Register Select. This high impedance input
line is used to select specific RE541 regis-
ters. When low, the address Pointer can be
written and the Status Register read. When
high, the Address Pointer identifies the
specific register to be used for data transfer.

Read/Write. This high impedance line con-
trols the transfer of data between the CPU
and the R6541. When high (read), data is
transferred from the AE541 to the CPU.
When low (write), data is transferred from
the CPU to the R6541. ;

Phase 2 Clock. This clock input signal is
used to synchronize internal logic and gen-
erate internal timing.

Power. This input line supplies +6V *10%
operating power.

Signal Ground. This line is power and sig-
nal return.



The Control Register allows the CPU to select display and
keyboard functions.

ST Telelciil]

DISPLAY B ENABLE (DBE)
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1 = Enable Display 8 Ovivens
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RE6541 Block Diagram

The Status Register reports the status of various conditions and
interrupts,

7 8 5 a 3 2 1 o

[=i=] 1 [ Jse]on]

ot Used
FIFO RAM EMPTY (FRE)
0 = FIFO RAM Not Emety
1 = FIFQ RAM Empry
e riro RAM OVERELOW (FRO)
0 = No FIFD RAM Overfiow
1= FIFO RAM Ovarflow
e SIMULTANEOUS KEYS DEPRESSED
@ = Simuianaous Kevs Mot Depremed
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SWITCH BENSOR INTERRUPT (581
0 = Mo Switch Secwor Interrupt
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L KEY STACK SIZE INTERRUPT (K51}
0 Mo Key Steck Sirn Interrap
1= Koy Stack Siee Iterrupt Ossarrad
RB541 Status Register
Address Pointer
Status Register
RAM AD Display
RAM A1S Display
RAM BO Display

RAM B15 Display
FIFO/SENSOR RAM

FIFO SENSOR Address Pointer

FIFO/SENSOR Key Stack Size

| Internal Clock

Keyboard Scan Time

Keyboard Debounce Timae

Key Scan Time

Display Scan Timae

Digit “On" Time

Segmant “On"" Time

Control Register

R6541 Register Organization




APPLICATION EXAMPLES
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R6500 Microcomputer System Sk
PRODUCT PREVIEW

CRT CONTROLLER (CRTC)

FEATURES

DESCRIPTION

The RE546 CRT Controller (CRTC) is designed to interface an
8-bit microprocessor to CRT raster scan video displays. The
RE545 adds an adh d CRT to the i and
expanding line of RE500 products. The RE500 microcomputer
system is produced with N-channel, silicon gate, depletion load
technology.

Programmable Internal registers generate video timing and display
blanking signals.

The RE6545 provides refresh memory addresses and character gen-
erator row addresses which allow up to 16K characters with
32 scan lines per to be add d. A major ad o
of the RE545 is that the refresh memory may be addressed in
either straight binary or by row/column. Another feature is that
the refresh memory may be configured as part of the microproc-
essor memory map or independently slaved to the RE545, This
latter mode eliminates the need for address multiplexing and
memory i ircuits by allowing the microp to

ddress any ch I by loading the update register. By
setting the address register to a special location and entering char-
acters, the update add is ically i 1o allow
block Icading. The flexibility of these operating modes allows the
RE545 user to imi: fiware i i
character addressing and memory configuration.

Other functions in the RE545 include an internal cursor register
which generates 8 cursor output when its contents are equal to
the current refresh address. Programmable cursor start and end
registers allow a cursor of up to the full character scan in height
to be placed on any scan lines of the character. Variabie cursor
display blink rates are provided. A light pen strobe input allows
of the refresh in an i i light pen

register.
All timing for the video refresh memory signals is derived from the
character clock input. Shift register, latch, and multipiex control
signals (when needed) are provided by external high-speed timing.
The mode control register allows interlaced, non-interlaced and
interlaced plus video display modes at 50 or 60 Hz refresh rate.
The internal status register may be used to monitor the R6545
operation.

VS 1 0 VEYNC
AEE 2 W[ HsYNC
LPEN a2 38 Rao
MAD a4 Eh] =1 TA]
Mar s 16 naz
Maz s =11
Ma3z 7 ="
Mas s a3 oo
mas s 12201
MAS 10 pgges 31 [ D2
MaT 11 30 03
mag 2 204
Mag 13 =Ll
Mato ] 14 27908
Ma11 s 262 o7
Ma12 ] 18 b =
STB/MAII] 17 243 AS
DISPLAY ENABLECT 18 npEe2
CURSOR[ 19 20 AW
Voo 20 21j3 €CLK

R6645 Pin Configuration

K

a8 808 8

Cc ible with 8-bit microp

Refresh RAM may be figured in feol or igl
binary addressing

Refresh RAM may be configured as part of microprocessor
memory map or independently slaved to RE545

Memory contention circuitry not required

Qutput strobe pin to simplify refresh RAM read/update
Alphanumaeric and graphic capability

Up and down scrolling by page, line, or character

Fully programmable display ({rows, columns, character
matrix)

Fully bl

at 50/60 Hz

Fully programmable cursor

Light pen register

Addresses refresh RAM to 16K characters
No external DMA required

Internal status registar

2 MHz or 1 MHz operation

40-Pin ceramic or plastic DIP

Single +5 $10% Volt Power Supply

or non-interlaced
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R65465 Interface Diagram
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RE545 INTERFACE SUMMARY

Pin Name | No. Description Type
VSYNC 1 | Vertical Sync Output
HSYNC 1 | Horizontal Sync Qutput
DISPLAY 1 | Display Enable Output
ENABLE
MAD-MA12 | 13 | Refresh Memory Address | Output
STB/MAI13 1 | RAM Update Stroba/ Qutput

Refresh Memory Address

RAD-RA4 § | Character Raster Address | Output
CCLK 1 | Character Clock Input
CURSOR 1 | Cursor Character Position | Output
LPEN 1 | Light Pen Strobe Input
Do-D7 8 | Data Bus Bidirectional
s 1 | Chip Seiect Input
RS 1 | Register Select Input
92 1 | Phase 2 Clock Input
RIW 1 | Read/Write Input
RES 1 | Reset Input
VCC, VSs 2 | Power Input

INTERFACE SIGNAL DESCRIPTION

No. of
Pin Name Lines
DO-D7 8
.3 1
RIW 1
RES 1
RS 1
(= 1
HSYNC 1
VSYNC 1

Dascription

Dsta Bus. Eight-bit bidirectional data bus
interface used to transfer control, data, and
status information to and from the CPU,

Phase 2 Clock.
clock input.

High-impedance Phase 2

Read/Write. High-impedance line used to
control the direction of data transfer to and
from the CPU. When high (read), data is
transferred from the RE545 to the CPU.
When low (write), data is transferred from
the CPU to RG6646,

Reset. High-impedance input used to per-
form RE545 power-on initialization when
driven to the low state.

Register Select. High-impedance input used
to gain access to R6545 registers. When
low, the Address Register can be written
and the Status Register read. When high,
the contents of the Address Register identi-
fies the register to be used for data transfer.

Chip Select. High-impedance input. A low
on this pin causes RE545 selection.

Horizontal Syne. TTL-compatible output,
active high, used to determine the horizon-
tal position of the displayed data.

Vertical Syne, TTL-compatible output,
sctive high, used to determine the vertical
position of the displayed data.

Pin Name

DISPLAY
ENABLE

CURSOR

CCLK

LPEN

MADO-MA13
STB/MA13

RAD-RA4

No. of
Lines

5

Description

Display Enable. TTLcompatible output,
active high, indicates that the RE545 is
genarating active display information.

Cursor Ct Positi TTL P
output, active high, indicates that the current
refresh address is equal to the cursor position,

C Clock.  High-i | input
used to drive the R6545. This clock runs at
the character rate and is normally derived
from the dot clock generator. The active
transition is the high-todow edge of the
signal.

Light Pen Strobe. High-impedance strobe
input used to latch the current character
scan address (refresh RAM) into the internal
Light-Pen register. Latching occurs on the
high-todow CCLK edge immediately after
LPEN goes low.

Refresh Memory Address. TTL-compatible
outputs used to address the refresh RAM
lcharacter storagel. If the address organi-
zation selected is row/column, then MADO-
MA7 becomes character column and MAS-
MA13 becomes character row. The high
order address pin (STB/MA13) functions as
a strobe output pin when the RE545 is oper-
ating in the slaved memory mode. In this
case the strobe (active highl is true at the
time the refresh RAM update address is
gated on to the address lines. In this way,
updates and readouts of the refresh RAM
can be made under control of the RE545
with minimal external eireuitry.,

Character Raster Address. TTL-compatible
outputs used to address the character
ROM. These lines represent the row of the

y being d in the

display.



The Status Register is used to monitor the status of the RG545.

7 8 5

A e o

3 2 1 a

REFRESH
MEMORY
ADDRESS

VERTICAL RE-TRACE

© = Scan curently ot in vertios! retrace
1 = Scan currantly in setics! redraee

" PEN REGISTER FULL

O = Mo LPEN strobe has sesurred tinee last read-out
1 = Light Pan Ragistar has besn updated

UPDATE READY

© = Update sirobe has not oeourred sines update register was w1,
1.= Update strobe has cosurred,

RB545 Status Register

The Mode Control Register is used to select the operating modes
of the R6545

7 8 5 4 3 2 1 0
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I—I—— INTERFACE MODE CONTROL
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X 0 Menlsterlecs
0 1 lsterises SYNC Raster Scam

T 1 interiecs SYNC and Video
Paster Sean

REFRESM RAM ADDRESSING
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RE6545 Mode Control Register
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DOCUMENT NO. 29000 D53 PART NUMBER

OCTOBER 1978 R6551
R6500 Microcomputer System w
Asynchronous Communication Interface Adapter (ACIA)
The RE551 Asynch Cc icati Interface Adapter FEATURES
(ACIA) provides the interface b B-bit mi
based systems and serial communication data sets and . ible with B-bit microprocessors ‘?
. d : e Full duplex operation with buffered receiver and transmitter -~
With its onchip baud rate generator, the RE551 is capable of s 15 Programmable Baud Rates (50 to 19,200) =
transmitting at 15 different prog ble rates b e Receiver data rate may be identical to baud rate or may be o
50 baud and 19,200 baud, and receiving at either the transmit 16 times the external clock input =
rate or at 16 times an external clock rate. The R6551 has pro- e Data set/ control f i -
gral_'nrnd}le word lengths ?i 5, 6, 7 or B bits; even, odd or no e Programmable word lengths, number of bit stops, and parity (=}
parity; 1, 1-1/2 or 2 start bits. bit generation and detection =
- y e Programmable interrupt control o
With the RE551, a crystal is the only required external support e Selectable serial echo mode e
C . = ol ing the multipl support that ® Two chip selects w
is typically needed. e 2 MHz or 1 MHz clock rate O
e Single +5V +10% power supply
In addition, the RE551 is designed for prog i zé-:-n plastic or ceramic DIP =)
control from the CPU, to simplify hardware implementation. A ® Full TTL compatibility 3
control register and a separate command register permit the CPU
to easily select the R6551's operating modes and data checks. 3
=
Ordering Information g.
y -]
Order Number: 335511. .[ -
Temperature Range: DATA TRANSMIT | Lo oo o
Nosuffix = 0°C t0+70°C e 1 B CONTHOL 3
E = 40°C10+85°C 5
(Industrial) TRANSMIT -
DATA & ®
— TxD
= INTERRUPT SHIFT
Package: ) TRG —s LOGIC REGISTERS i
C = Ceramic g
P = Plastic .
STATUS oo @
R —— REGISTER
—— Frequency Range: cs0 ——— OSH >
Nosuffix = 1 MHz » Vo o
A = 2MHz CS1 ——— VS [—= RxC o
RSO ——p jag— XTLI ﬁ
RS1 —— —xri0 | &
-
CONTROL —
REGISTER >
22 ——p{ | TIMING O
e & CONTROL 58
RES —p | LOGIC commanp | [ ">"
REGISTER
p— ATS —
vee ——p RECEIVE
DATA &
SHIFT — RxD
VS5 — REGISTERS
RECEIVE
CONTROL
\ RE551 Pin Configuration R6651 Interface Diagram )
(©) Rockwell International Corporation 1978 Specifications subject to
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INTERNAL ORGANIZATION
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R6551 Block Diagram
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RECEIVER &
SHIFT REGISTER s

DIVIDER
16|

BITS 03 IN TRANSMITTER
CONTROL SHIFT REGISTER| e Tol>
REGISTER

Transmitter/Receiver Clock Circuits

Bits 0-3 of the Control Register select the divisor used to generate the
baud rate for the T 1f the R clock is to use the same
baud rate as the Transmitter, then RxC becomes an output pin and
can be used to slave other circuits to the RE5851.

Transmit and Receive Data Registers

These registers are used as temporary data storage for the 6551 Trans-
mit and Receive circuits, The Transmit Data Register is characterized
as follows:

@ Bit 0 is the leading bit to be transmitted.

@ Unused data bits are the high-order bits and are “don’t care’
far transmission.

The Receive Data Register is characterized in a similar fashion:
e Bit 0 is the leading bit received.

® Unused data bits are the high-order bits and are “0" for the
receiver,

e Parity bits are not contained in the Receive Data Register, but
Lare stripped-off after being used for external parity checking.
Parity and all unused high-order bits are "'0""

Control Register

The Control Register selects the desired baud rate, frequency
source, word length, and the number of stop bits.

1 - [wir [wio | i [smna Jenma] sam | smmo]
1 [—

SELECTED BAUD RATE IS8R}

163 Examral Clock
= Bt

™
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RE551 Control Register

Command Register
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Status Register

The Status Register reports the status of various R6551 functions
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INTERFACE SIGNAL DESCRIPTION
RES (Reset)

During system initialization a low on the RES input will cause internal
registers to be cleared.

92 (Input Clock)

The input clock is the system 02 clock and is used to trigger all data
fers by the systeri mi and the R65561.

R/W (Read/Write)

The RW is generated by the microprocessor and is used to control
the direction of data transfers. A high on the R/W pin allows the proc-
essor to read the data supplied by the RE551. A low on the R/W pin
allows a write to the RES51.

IRQ (Interrupt Request)

The TRQ pin is an interrupt signal from the interrupt control logic.
It is an open drain output, permitting several devices to be connected
to the common TRQ microprocessor input. Normally a high level,
TRQ goes low when an interrupt oceurs.

DO0-D7 (Data Bus)
The DO-D7 pins are the eight data lines used for transfer of data between

the processor and the RE551. These lines are bi-directional and are
normally high-impedance except during Read cycles when selected.

€S0, CS1 (Chip Selects)

The two chip select inputs sre normally connected to the processor
address lines either directly or through decoders. The RE551 is selected
when CS0 is high and CS1 is low.

RSO, RS1 (Register Selects)

The two register select lines are normally connected to the processor
address lines to allow the processor to select the various R6561 internal

registers. The following table indicates the internal register select
coding:
RS1 RSO Write Read
[} 0 Transmit Data Receiver Data
Register Register
(1] 1 Programmed Status Register
Reset (Data is
“Don‘t Care™)
1 0 Command Register
1 1 Control Register

The table shows that only the Command and Control registers are

ad/write. The Progr Reset does not cause any data
transfer, but is used to clear the RB551 registers. The Programmed
Reset is slightly different from the Hardware Reset (RES); these dif-
ferences are described in the individual register definitions,

ACIA/Modem Interface Signal Description
XTLI, XTLO (Crystal Pins)

These pins are normally directly connected to the external crystal
(1.8432 MHz) used to derive the various baud rates. Alternatively,
an externally generated clock may be used to drive the XTLI pin, in
which case the XTLO pin must float. XTLI is the input pin for the
transmit clock.

TxD (Transmit Data)

The TxD output line is used to transfer serial NRZ (nonreturn-ta-
zero) data to the modem. The LSB (least significant bit) of the Trans-
mit Data Register is the first data bit transmitted and the rate of data
transmission is determined by the baud rate selected.

RxD (Recsive Data)

The RxD input line is used to transfer serial NRZ data into the ACIA
from the-modem, LSB first. The receiver data rate is either the pro-
grammed bsud rate or the rate of an externally generated receiver
clock. This selection is made by programming the Control Register.

RxC (Receive Clock)
The RxC is a bi-directional pin which serves as either the receiver 16x

clock input or the receiver 16x clock output. The latter mode results
if the internal baud rate g is sel i for iver data clocking.




RTS (Request to Send)

The ATS output pin is used to control the modem from the processor.
The state of the RTS pin Is determined by the contents of the Com-

Read Cycle

WCC = 5.0V £6%, Ty= 0 to 70°C, unless otherwise noted)

mand Register. 1MHz 2 MHz
CTS (Clear to Send) Ch Y 1 | Min | Max | Min | Max | Unit
The CTS input pin is used to vtrol the itter The Cycle Time tC\"C 1.0 | 40 05 | 40 s
enable state s with €TS low. The ter Is Iy dis-
abled if CTS is high. Pulse Width (92) e 470 | — [235| — | ms
DTR (Data Terminal Ready) Address Set-Up Time tACR 180 - |90 - ns
This output pin is used to indicate the status of the RG551 to the Address Hold Time *cAR 0 - 10 - ns
modem. A low on DTR indicates the R6551 is enabled and a high s
indicates it is disabled. The processor controls this pin via bit 0 of R/W Set-Up Time twen | 180 - |90 - |.ns
the Command Register.

Read Access Time DR - |395]| - | 200 | ns
DSR (Data Set Ready)

Read Hold Time ur 10 - |10 - ns
The DSR input pin is used to indicate to the RE551 the status of the
modem, A low Indicates the “ready’’ state and a high, “not-ready’’. (t_and t; =10 to 30 ns)
DCD (Data Carrier Detect)

The DCD input pin is used to indicate to the RE551 the status of the
carrier-detect output of the d A low that the o
carrier signal is present and a high, that it is not.

Write Cycle
(Ve = 5.0V £6%, T, =0 10 70°C, unless otherwise noted)
1 MHz 2 MHz
Ct isti y I | Min | Max | Min | Max | Unit
Cycle Time tove 1.0 | 40 05 | 40 Hs
92 Pulse Width s 470 - | 236 - ns
Address Set-Up Time tacw 180 - | 80 - ns
Address Hold Time teAH 1] 1 - |0 - ns
R/W Set-Up Time twow | 180 - |90 — | ns
R/W Hold Time tewn |9 - 10 - | ns
Data Bus Set-Up Time |ty (300 ) — | 160 | — ns
Data Bus Hold Time tuw 10 — |10 — | ns

[Kr andt, = 10 to 30 ns)

ata mus L

Write Timing Characteristics

50, 739, RS, A%

Read Timing Characteristics

Transmit/Receive Characteristics

1MHz 2 MHz
Characteristic Symbol | Min | Max | Min | Max | Unit

Transmit/Receive tooy 05*| — |05 - us
Clock Rate
Transmit/Receive toH 235 | — |236| — | ns
Clock High Time
Transmit/Receive oL 235 - | 238 - ns
Clock Low Time
XTLIto TxD hp - | 500 - | 500 | ns
Propagation Delay
RTS Propagation aTs - |500| - | 500 | ns
Delay
IRC Propagation Yra — | 500 - | BOO | ns
Delay (Clear)

hr. = 10 to 30 ns)

*The baud rate with external clocking is: Baud Rate = 3

16 = TCCY
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SPECIFICATIONS
Maximum Ratings

Rating Symbol Value Unit
Supply Voltage “'oc D3tw0+7.0 Vdc
Input Voltage in 0310 +7.0 Vdec
Operating Temperature T %
Commercial 0 to +70
Industrial 40 1o +85 o
Storage Temperature TSTG 55 1o +150 C
This device ins input p ion against damage due to high static voltages or electric fields; however, precautions should be taken to

avoid application of voltages higher than the maximum rating.

Electrical Characteristics

ch =5.04 8%, Vgg =0]

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH 20 = VCC v
Input Low Voltage ViL 0.3 = 08 v
Input Leakage Current: V) =0 to V. N
(02, R/W, RES, CS0, C51, RSO, RS1, TTS, RxD, BCD, - +1.0 125 uA
DSR)
Input Leakage Current for High Impedance State lTSI - 20 +£10.0 HA
(Three State)
Output High Voltage: ILoap =100 sA Vou 24 - - v
Output Low Voltage: I gap=18mA VOL - - 0.4 v
(D0-D7, TxD, RxC, RTS, DTR, IRQ)
Qutput High Current (Sourcing): VOH =24V IOH -100 -1000 - uA
Output Low Current (Sinking): vOL =04V IDL 16 - - mA
Outpuieakage Current (off state) : VOUT = 5Y IDFF - 1.0 10.0 uA
{IRQ)
Clock Capacitance (92) CCLK - - 20 pF
Input Capacitance (except XTLI and XTLO) CIN - - 10 pF
Output Capacitance C - - 10 F
, Rl ouT P
Power Dissipation PD - 350 500 mw
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Memory-1/0
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DOCUMENT NO. 29000 D41
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R6500 Microcomputer System

SYSTEM ABSTRACT FEATURES
e B8 bit bidirectional Data Bus for direct communication with thy
The 8.bit RES00 mi ter system is produced with N- microprocessor
channel, Silicon-Gate technology. Its performance speeds are : ég?sxs?aﬁflﬁ.‘AM
enhanced by advanced system architecture. Its innovative archi- e Two B bit bidirectional data ports for interface to peripherals
tecture results in smaller chips — the semiconductor threshold to e Two programmable Data Direction Registers
cost-effectivity, System costeffectivity is further enhanced by @ Ercgrammi:s :"““‘ﬂ: ;':m‘f‘ " h
4 a4 u . 4 L] rogramim & Interva imer Interrup
providing .a family of 10 snitwlrlu-comnahble m!croprocefsor e TTL & CMOS compatible peripheral lines
(CPU) devices. Rockwell also provides memory and 1/O devices ® Peripheral pins with Direct Transistor Drive Capability
that further enhance the cost-effectivity of the RE500 microcom- ® High Impedance Three-State Data Bus
puter system . . . as well as low-cost design aids and documentation. e Allows up to 7K contiguous bytes of ROM with no external
decoding
DESCRIPTION Ordering Information
The RB530 is designed to operate in conjunction with the RE500 Order Package Temparature
Microprocessor Family. It is comprised of a mask programmable Number Type Range
1024 x B ROM, a 64 x 8 static RAM, two software controlled
8 bit bidi i data ports allowing direct interfacing between RE530P Plastic 0°C 10 +?Ooc
the microprocessor unit and peripheral devices, and a software RES530C Ceramic 0° 10 +70°%
programmable interval timer with interrupt, capable of timing in
various intervals from 1 to 262,144 clock periods. A ber will be i by Rock
PAO PAT PBO PBT
y y
iy TPUT PERIPHERAL PERIPHERAL OUTPUT
DIRECTION s ATABUFFER| | "Moo - DATA BUFFER REGISTER
REGISTER REGISTER 2 TIMER
A A B B
A
b
A 3 4
[ J
3 [ Y 3 4
r 3
DATA
CHIP
“;E; ADDRESS P e 64x8 1K x 8 DIRECTION
BUFFER DECODER RW RAM ROM HEGI;TER
cs2 | gyw
oo D7 A0 A9 cst g2 Rso
RE530 Block Diagram

2

Specifications subject to
change without notice

\

Rockwell Intérnationsl Corporation 1979
All Rights Resarved
Printed in USA.
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INTERFACE SIGNAL DESCRIPTION

Reset (FES)

During system initialization a Logic 0" on the AES input will
cause a zeroing of all four 1/O registers. This in tum will cause all

Address Lines (A0-A9)

There are 10 address pins (AO-A9). In addition, there is the
ROM Select pin (RSO). Further, pins PBS and PB6 are mask

I/O buses to act as inputs thus pr i
from ible d ge and er data while the system h being

fi i under sof e trol. The Data Bus Buffers are put
inte an off state during Reset. Interrupt capability is disabled
with the RES signal. The FES signal must be held low for at least

one clock period when reset is required.

Read/Write (R/W)

The R/W signal is lied by the microp and is used to
control the transfer of data to and from the microprocessor and
the RB530. A high on the R/W pin allows the processor to read
{with proper addressing) the data supplied by the RE530. A low
on the R/W pin allows a write |with proper addressing) to the
RE630.

Interrupt Request (IO

The TR pin is an interrupt pin from the interval timer. This same
pin, if not used as an interrupt, can be used as a peripherai 1/0 pin
(PB7). When used as an interrupt, the pin should be set up as an
input by the Data Direction Register. The pin will be normally
high with a low indicating an interrupt from the R6530. An exter-
nal pull-up device is not required; h , if coll -OR'd with
other devices, the internal pullup may be omitted with a mask
option,

Data Bus (D0-D7)

The RE530 has eight bidirectional data pins (D0-D7). These pins
connect 1o the system’s data lines and allow transfer of data to
and from the microprocessor. The output buffers remain in the
off state except when selected for a Read operation.

Peripheral Data Ports

The RE530 has 16 pins available for peripheral 1/O operations,
Each pin is individually software prog nable to act as either
an input or an output. The 16 pins are divided into two 8-bit
ports, PAO-PA7 and PBO-PB7. PBS, PB6 and PB7 also have other
uses which are discussed in later sections. The pins are set up as
an input by writing a 0" into the corresponding bit of the Data
Direction Register. A "1" into the Data Direction Register will
cause its corresponding bit to be an output. When in the input
mode, the Peripheral Data Buffers are in the 1" state and the
intarnal pull-up device acts as less vhan one TTL load to the
peripheral data lines. On a Resd op . the microp

unit reads the peripheral pin. When the peripheral device gets
information from the RBS530 it receives data stored in the Out-
put Register. The microprocessor will read correct information
if the peripheral lines are greater than 2.0 volts (for 2 “1"”) or
less than 0.8 volts (for a “0") as the peripheral pins are all TTL
compatible,

ible, and can be used either individually or together as
oh.p selects. When used as peripheral data pins they cannot be
used as chip selects,

INTERNAL ORGANIZATION

The R6530 is divided into four basic sections: RAM, ROM,
1/0 and Timer. The RAM and ROM interface directly with the
microprocessor through the system data bus and address lines.
The I/O section consists of two B-bit halves. Each half contains
a Data Direction Register [DDR) and an Output Register.

ROM 1K Byte (8K Bits)

The BK ROM is in a 1024 x B configuration. Address lines AQ-A9,
as well as RSO are needed to address the entire ROM. With the
addition of CS1 and CS§2, seven R6530's may be addressed, giving
7168 x 8 bits of contiguous ROM.

RAM — 64 Bytes (512 Bits)

A 64 x 8 static RAM is contained on the RE530. It is addressed
by AOQ-AS (Byte Selectl, RSO, AS, A7, A8, A9 and, depending
on the number of chips in the system, CS1 and CS2.

There are four internal registers, two data direction registers and
two output registers. The two data direction registers (A side
and B side] control the direction of the data into and out of the
peripheral pins, A ""1"" written into the Data Direction Register
sets up the corresponding peripheral buffer pin as an output.
Therefore, anything then written into the Output Register will
appear on that corresponding peripheral pin. A "0" written
into the DDR inhibits the output buffer from transmitting data
from the Output Register. For example, a 1" loaded into Data
Direction Register A, pooition's, sets up peripheral pin PA3 as an
output. If a “0" had been loaded, PA3 wouid be configured as
an input and remain in the high state. The two Data Output
Registers are used to latch data from the Data Bus during a Write
operation until the peripheral device can read the data supplied
by the microprocessor.

During a Read operation the microprocessor is reading the periph-
eral data pins, For the peripheral data pins which are programmed
85 outputs the microprocessor will read the corresponding data
bits of the Output Register. The only way the Output Register
data can be changed is by a microp Write

The Output Register is not affected by a Read of the data on the
peripheral pins.




Interval Timer

The Timer section of the R6530 contains three basic parts: pre-
scale divide down register, programmable 8-bit register and inter-
rupt logic.

The interval timer can be programmed to count up tc 256 time
intervals, Each time interval can be either 1T, BT, 64T or 1024T
increments, where T is the system clock period. When a full count
is reached, an interrupt flag is set to a logic 1. After the inter-
rupt flag is set the internal clock begins counting down to a maxi-
mum of -255T. Thus, after the interrupt flag is set, a Read of the
timer will tell how long since the flag was set up to a maximum of
265T,

The 8 bit system Data Bus is used to transfer data to and from the
Interval Timer. If a count of 62 time intervals were to be counted,
the pattern 0 0 1 1 0 1 0 O would be put on the Data Bus and
written into the Interval Timer Register,

At the same time that data is being written to the Interval Timer,
the counting interval {1, 8, 64 or 1024T) is decoded from address
lines AD and A1. During a Read or Write operation address line
A3 controls the interrupt capability of PB7, ie., = 1 enables
IRQ on PB7, A4 = O disables IRQ on PB7. When PB7 is to be used
& an interrupt flag with the interval timer it should be pro-
grammed as an input. If PB7 is enabled by A3 and an interrupt
occurs PB7 will go low. When the timer is read prior to the inter-

When the timer has counted down to 0 0 0 0 0 0 0 0 on the
next count time an interrupt will occur and the counter will read
11111111 After interrupt, the Timer Register decre-
ments at a divide by 1" rate of the system clock. If after inter-
rupt, the timer is read and a value of 1 1 1 00 1 0 0is read, the
time since interrupt is 27T. The value read is in one's caomplement,

Valueread = 1 0 00
Complement = 0 1 1 =27

Thus, to arrive at the total elapsed time, merely do a one's com-
plement and add to the original time written into the timer, Again,
assume time written 250 0 1 1 0 1 0 0 (=52). With a divide
by B, total time to interrupt is (62 x B) + 1 = 417T. Total elapsed
time would be 417T + 27T = 4447, assuming the value read after
interruptwas1 1 1001 0 0.

After the interrupt, whenever the timer is written or read the
interrupt is reset. However, the reading of the timer at the same
time the interrupt occurs will not reset the interrupt flag. When
the interrupt flag is read on DB7 all other DB outputs (DBO thru
DB6) go to “0".

When reading the timer after an interrupt, A3 should be low so as

rupt flag being set, the ber of time | I ining will be to disable the TRQ pin. This is done so as to avoid future inter-
read, 8., 51, 50, 49, etc. rupts until after another Write timer operation.
R/W D7 DS D3 D1
l A3 D6 | D4 | D2 ‘l‘ ‘1"
INTERRUPT PROGRAMMABL DIVIDE
IRC*—1 contROL [* REGISTER pown [ 92

\4
D7

e r?slns D1

D6 D4 D2 DO

Basic Elements of Interval Timer

@ ©) ©)] @ ®
ozmm Fe 4§ [TI_,MJE_IMSL,JSW]_ISOIL

WRITET l l

]

e

1. Data written into interval timer s0 0 1 1010 0= 52,4

2. Datain Interval timerisO 0 0 1 1 0 O 1=25,

sz-ﬂ%-uszzaq-zs

o

52“_‘.5’.1-52.531-0

o

10

Data in Interval timerisO 0 0 0 0 0 0 0= %o

Interrupt has occurred at 2 pulse #4186

Data in Interval timer=1 111111 1

6. Data in Interval timeris1 0 1
two's complement is0 1 0 1

83+|52x3l+1=5mm

1100
011 =83,




ADDRESSING

Addressing of the RB630 offers many variations to the user for
greater flexibility. The user may configure his system with RAM
in lower memory, ROM in higher memory, and 1/0 registers with
interval timers between the extremes. There are 10 address lines
(AD-AS). In addition, there is the possibility of 3 additional
address lines to be used as chipselects and to distinguish betwaen
ROM, RAM, 1/O and interval timer. Two of the additional lines
are chip-selects 1 and 2 (CS1 and CS2). The chip<elect pins can
also be PBS and PB6. Whather the pins are used as chip-selects or
peripheral 1/O pins is a8 mask option and must be specified when
ordering the part. Both pins act independently of each other in
that either or both pins may be designated as a chipselect. The
third additional address line is RS0, The R6502 and REG30 ina
2-chip system would use RSO to distinguish between ROM and
non-ROM sections of the RB530. With the addressing pins avail-
able, a total of 7K contiguous ROM may be addressed with no
external decode. Below is an example of a 1-chip and a 7chip
RE530 Addressing Scheme.

One-Chip Addressing

A 1-chip system decode for the RE530 is illustrated on the top of
the following page.

Seven-Chip Addressing

In the 7-chip system the objective would be to have 7K of contigu-
ous ROM, with RAM in low order memory. The 7K of ROM
could be placed betwesn addresses 65,535 and 1024, For this
case, assuma A13, A14 and A15 are all 1 when addressing ROM,
and 0 when addressing RAM or 1/O. This would place the 7K
ROM between addresses 65,535 and 568,367. The 2 pins desig-
nated ‘as chip-select or 1/O would be masked programmed as
chip-select pins. Pin RSO would be connectsd to address line
A10. Pins CS1 and CS2 would be connected to address lines
A11 and A12 resp ly. See ill ion below.

The two examples shown would allow addressing of the ROM
and RAM; however, once the I/O or timer has been addressed,
further decoding is necessary to select which of the 1/O regis-
ters are desired, as well as the coding of the interval timer.

1/O Register — Timer Addressing

Addressing Decode for 1/O Register and Timer illustrates the
address decoding for tha internal elements and timer program-
ming. Add lines A2 distinguishes 1/O from the timer.
When A2 is high and 1/O timer select is high, the I/O registers are
addressed. Once the 1/O regi are add d, lines A1
and AO decode the desired register.

When the timer is selected A1 and AO decode the divide by matrix.
In addition, Address A3 is used to eneble the interrupt flag to
PB7.

R6530 Seven Chip Addressing Scheme

The addressing of the ROM select, RAM select and 1/0 Timer select lines would be as follows:

cs2
Al12

RE6530 #1, ROM SELECT
RAM SELECT
1/O TIMER

RE530 #2, ROM SELECT
RAM SELECT
1/O TIMER

RB6530 #3, ROM SELECT
RAM SELECT
1/0 TIMER

R6530 #4, ROM SELECT
RAM SELECT
/O TIMER

RE530 #5, ROM SELECT
RAM SELECT
1/0 TIMER

RE530 #6, ROM SELECT
RAM SELECT
1/O TIMER

RB530 #7, ROM SELECT
AAM SELECT
1/0 TIMER

000 O0CO0 OO
0
CO0O=- 0O0= 000 OO0 OO0O= 0OO0O= 00O _.2

OO0 = 0OO0= 00 = OO

RSO

A10 A9 AB A7 AB
1 ¥ X X X
0 0 0 0 0
0 1 0 0 0
o * X X X
0 [ (] o 1
0 1 0 [ 1
1 X X x X
0 0 0 1 0
0 1 0 1 0
[ X X X X
0 0 0 1 1
0 1 0 1 1
1 X X X X
(] 0 1 0 0
0 1 1 0 [
[ x X X X
0 o 1 o 1
0 1 1 0 1
1 X X X X
0 0 1 1 0
o 1 1 1 1]

*RAM select for RE530 #5 would read = A12eAT18A10eAD S ABeAT $AB




" TIMER SEL
Az
INTERVAL
e AT TIMER
—y AT
WO TiMER SEL
1 VO SEL
- L.
bl
————— - - o oo - - e
| B . = 2. as
: N o
] AT
L T H5ES
| L{} _* -
e 'LD-
I
] I [: s AOM SEL.
A : A9
1}
|LD‘ *
] D
Ar ! * ¥
; A
D> *
AL 1 r Al
e IL_D- ol ¥
T T T .
a P
AT AT
ar
Al
A X chcate mah pragrammay
e ™
et + CHTo RS e KR ant s
VO TIMER SELECT « i e Rl ea s AR enTes
L] Motcn Bt Al i 8 8ee') carw boe MAM st
€ C52ean b uid o POS in s mammaie
RE530 One Chip Address Encoding Diagram
Addressing Decode for 1/O Register and Timer
Addressing Decode
ROM Selsct RAM Salect 1/O Timer Seloct R/ A3 A2 Al A0
Read ROM 1 ] 1] 1 X x X X
Write RAM 0 1 0 0 X X x X
Aead RAM 0 1 0 1 x X X x
Write DDRA ] 0 1 0 X o 1] 1
Read DDRA 1] 1] 1 1 X 1] Li] 1
Write DDRB 0 0 1 1] X 1] 1 1
Read DDRB 0 0 1 1 X 1] 1 1
Write Per. Reg. A o 0 1 1] X o L] o
Read Per. Reg. A 0 0 1 1 X (1] 1] 0
Write Per. Reg. B 0 0 1 0 X 0 1 0
Read Per. Reg. B 1] ] 1 1 x 1] 1 0
Write Timer
+IT o o 1 0 ¥ 1 0 o
+BT 0 o 1 ] 5 1 0 1
+64T 0 o 1 o . 1 1 o
+1024T7 0 o 1 o = 1 1 1
FAead Timer 0 0 1 1 » 1 X 0
FRead Interrupt Flag i) 0 1 1 X 1 x 1

'As = 1 Enables IRQ to PB7
Aq = 0 Disables IRQ to PB7




Write Timing Characteristics

Characteristic Symbol Min Typ Max Unit

Clock Period TCYC 1 10 HS
Rise & Fall Times (g 25 ns
Clock Pulse Width Tc N 470 ns
R/W valid before positive transition of clock TWCW 180 ns
Address valid before posith ion of clock TAcw 180 ns
Data Bus valid before negative trensition of clock TDCW 300 ns
Data Bus Hold Time THW 10 ns
Peripheral data valid after negative transition TCPW 1 us
of clock

Peripheral data valid after negative transition Temos 2 us
of clock driving CMOS (Level = VCC - 30%)

Read Timing Characteristics
Characteristic Symbol Min Typ Max Unit

R/W valid before positive transition of clock TweR 180 ns
Address valid beforepositive transition of clock TACH 180 ns
Peripheral data valid before positive transition TPCH 300 ns
of clock

Data Bus valid after positive transition of clock TCDR 395 ns
Data Bus Hold Time YHH 10 ns
IRQ (Interval Timer Interrupt) valid before Tic 200 ns
positive transition of clock

Loading = 30 pF + 1 TTL load for PAQ-PA7, PBO-PB7
= 130 pF +1 TTL load for DO-D7

-

Write Timing Characteristics

CLOCK INPUT /- o S qav 1 e
] N i
aay
'ul p——
T,
ACR 24w
ACOAESS e
Tocn -
Rt AAL 1w ek
DATA il aav
- 7, T,
coR L] 24w

- R S et —
av

Tie pm—
. 24w
. T iTRG
nav

Read Timing Characteristics
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SPECIFICATIONS

Maximum Ratings

Rating Symbol Voltage Unit
Supply Voltage vcc -0.3 1o +7.0 v
Input/Output Voltage VlN 0.3 to +7.0 v
Operating Tempaerature Range Tap 01070 %
Storage Temperature Range Tera 55 1o 4150 °c
All inputs contain protection circuitry to prevent damage due to high static charges. Care should be ised to prevent y epplica-

tion of voltage outside the specification range,

Electrical Characteristics
{VCC=5.0%, VSS=0V, T ,=25°C)

Characteristic Symbel Min Typ Max Unit
Input High Voltage vll-l Vﬁ +2.4 vCC v
Input Low Voltage ViL \l'ss -0.3 Vgg * 0.4 v
Input Leakage Current; UIN = VSS + 6V IIN 1.0 25 [Ty
AOD-A9, RS, R/W, RES, 02, PBG*, PBS*
Input Leakage Current for High Impedance State 'm! 1.0 £10.0 BA
[Three State); VIN = 0.4V to 2.4V; DO-D7
Input High Currnnt:VlN- 2.4v II" ~100. -300. HA

PAOD-PA7, PBO-PB7

Input Low Current; VIN = 0.4V lll. -1.0 -1.6 MaA
PAO-PAT, PBO-PB7
Output High Voltage YoH v
VCC = MIN, I'LOAD < -100 uA (PAO-PAT, PBO-PB7, DO-D7) V5SS + 2.4
lLOAD -3 MA (PAO-PBO) VS5 + 156

Output Low Voltage
VCC =MIN, 1L0}\D“'s MA VOL V55 + 0.4 v
Dutput High Current (Sourcing): 'Oh‘
VOH = 2.4V (PAD-PAT7, PBO-PB7, DO-D7) -100 -1000 A

= 1.5V Avsilable for other than TTL -3.0 -5.0 MA

{Darlingtons) (PBO, PET7)
Output Low Current (Sinking); VOL < 0.4V (PAD-PAT) IOL 1.6 MaA
(PBO-PBT)

Clock Input Capsacitance cq } 30 pF
Input Capacitance cIN 10 pF
Output Capacitance COUT 10 pF
Power Dissipation FD 500 1000 Mw

*When programmed as address pins
All values are D.C. readings
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R6500 Microcomputer System
DATA SHEET

ROM-RAM-1/0-COUNTER (RRIOC)

SYSTEM ABSTRACT FEATURES

The ROM-RAM-I/O Counter (RRIOC), Part Number RE531,
further enhances the costeffectivity of *he RE500 NMOS 8-bit
microcomputer system by providing a8 powerful, flexible two- : <
chip minimum system option. Produced with N-channel deple- 16-bit multi-mode countar/latch

2 = interval timer (one shot or free running)
[
‘lfm Wf‘ s|1L|gon gne .mfhr,‘f’iwré .'h' HE_SOO s)':m"? ernmp‘i,z: —  pulse generator (one shot or free running)

- event counter

e 2048 x 8 mask programmable ROM
e 128 x 8 static RAM
.

to achi third o ion perf speeds and smaller chips,
the threshold to lower hardware and design costs. Included in — external trigger

the RB500 system are 10 software i icrop 8-bit serial channel

(CPU) options, a growing number of memory and 1/O devices, TTL compatible 1/O, drive one TTL load

a very efficient, low-cost SYSTEM 65 development aid and com- 15 bidirectional 1/0 lines (2 ports — 40 pin package)

plete documentation. Expansion 8-bit output port and 4-bit input port (52 pin

> package)
DESCRIPTION i —_— g ’ 1/0 handshake control
The REG31 is primarily designed to provide II'IITIO_U'BIIVE Equipment Four edge sensitive interrupt inputs
Designers with a wide span of two-chip minimum systams in 2 MHz or 1 MHz operation
combination with the RE500 family of 10 CPUs, It can also be Single +5V power supply
combined in a variety of multi-chip system configurations with
other R6531's, ROMs, RAMs and other /O devices.

L

There sre two RE531 sons: & 40pin duslin-ti " Table 1 Ordering Information

another with expanded 1/0 in a compact 52-pin gquad-in-ine
package — see Table 1. Both versions contain a 2048 x B mask-
programmable ROM, a 128 x 8 static RAM, a software program-
mable multi-mode counter, an B-bit serial data channel, and 15
bidirectional data lines (two ports) with a handshake control

Order Number: R6531
LTamperntura Range:
No suffix = 0% 10 +70%
E = —40°C 0 +85°C

(DOIHH) H3LNNOD-0/I1-NVH-INOY

) 4 ; - {Industrial)
mode and four interrupt inputs, The 52-pin version has an 8-bit
output port and a 4-bit input port for a total of 27 1/O lines, Package: :
Several mask options are available tp provide a RAM standby . 40-P!n DIP, Ceral:nlc
power pin and chip selects for multi-chip systems — see Figure 1, z di; ;’gz: g:.:’I'PP':I’::Ic
B H = . g
Pr ¥ 9 dre .in both the 40- and 52-pin pack: Frequency Range:
ages, and in 1- and 2-MHz versions. They are offered as part No suffix = 1 MHz
numbers R6531-098 and RE531-098A for the 40-pin part, and as A = 2 MHz
part numbers R6531-099 and RE531-099A for the 52-pin part.
ni: PAD  PEE B0 PCc7 PO PDI ppo
PORT A P 1881t PORT € PORT D
DATA pata [T ™| counten igiby iy
t 1 3 t 1
oIRECTION | | | pinEcTION CONTROL
REGISTER REGISTER ¥ f—
a s A&B CONTROL
: } .| L W
L INTERNAL DATA BUS ]
1288 048 x 8 DATA By ADDRESS
AAM AOM BUS EHIP SELECT DECODE
3 t mT cs3 T EL T"* Ty ‘
oo

o7 An A0 TRG
2 sz AW
\ R6531 Block Diagram /

() Rockwei! Internanionsl Corporation 1979
AR Reserved

Specifications subject to
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vss 1 B PB3/SDIO
(cs2) PB4/CNTO =] 2 B1
(C51) PBE/CNT1 = 3 [ PCE
pae/RG ] 4 49[IPB2/SCLK
pc7 5 48[IPB1/CA2
x . RES[]S 47|23 PBO/CAY
vssh 40 PB3/SDIO o7 37 as[Jrcs
(CS2) pBa/CNTO] 2 ¥ AW poe CJ8 45 JPAT
(Cs1) PBB/CNTI J3 3s[PB2/SCLK ps 9 4a[IPAG
PBS/IROC] 4 7Dee1/cA2 (cs3) P02 10 a3[aPas
AES s s re0/CAY A8 O a2[3JPa4
o7 e as[aPA7 A7 12 41[3Pca
ps 7 3P pras @2 13 a0 A8
Ds g8 asdras PDY1 314 fo:] - L
as o 2Pras D4 15 as[Jrc3
A7 10 31 As pa 5 16 a7[araa
oz 1 303 a6 PDO 17 as[IPA2
D4 12 20030 PA3 D2 118 as[PAl
D3 13 283 PA2 D1 19 a34[JPAD
b2z 14 27 Pan oo =20 33 A2
D1 318 26 Jrao A0 21 323 A4
Do [CJ16 253 A2 A1l .22 a1 [3PC2
AD 17 247 A4 PCO [J23 30 3PC1
Al1[]18 2333 a1 A9 J24 2903 A1
A8 19 220 A3 A0 ] 256 28 A3
A0 ] 20 21 vCe VRR]:‘ 26 27 vCcc
‘40- Pin Configuration 62-Pin Configuration
RE531, PBS Option R6631Q, VRR Option
vss 1 52— PB3/SDIO
(c52) pgascnTO] 2 51 RW
(cs1) peS/CNTI 3 s0[) PCE
re6/TRO ] 4 4aPB2/SCLK
PC7 56 48[IPB1/CA2
RES[]6 47 PBO/CAT
vss 1 40— PB3/SDIO o7 (47 48[ PCS
(CS2) PBA/CNTOC] 2 o RW pe s P =IT%
(CS1) PBS/CNTI ] 3 28 PB2/SCLK ps e aabras
AESC]4 arfoPBi/CAZ PD3 10 43 PAS
| D735 35[PBO/CAT (cs3) PO2C] 11 4200 pPas
psl]s as[raz AB []12 a1feca
os7 34[JPAS AT 13 403 as
As]s 33[JPAS 22 E 14 39 A6
AT 9 az[ras PD1 15 3s[Jeca
@210 a1 [As D4 16 37 3ra3
oag 1 30fJ A6 p3 17 3e[1Pa2
o3z 20[PA3 Poo |18 asaral
D213 28[PA2 oz 19 aa[JrA0
o114 27 3Pa1 p1 20 a3 A2
po]15 26[JPAD oo 21 323 As
Ao 16 25[A2 A0 22 a1 rc2
a1 28 As ANMa3 so 3 PCY
As[]18 23pA1 Pco 24 2093 A1
Ao 19 233A3 A9 (]25 283 A3
vRR[] 20 21gvee Al0] 26 27 vee
40-Pin Configuration B2-Pin Configuration
R6531, VRR Option RE531Q, PD3 Option

Figure 1. R6531 Pin Configuration Options




INTERFACE SIGNALS
RESET (RES)

This active, low signal is used to initialize the RE531. It clears all
internal registers (except the counter and serial registers) to logic zero.
This action places all bidirectional 1/O lines in the input state and the
Port C outputs in the high state. The timer, shift register, and interrupts
are disabled. The RES signal must be low for at least four clock periods
when reset is required,

ADDRESS BUS (A0-A11) AND CHIP
SELECTS (C81-C83)

Memory and register selection is accomplished using the 12 address
lines and in multiple device systems also using one or more of the
three Chip Select mask options, When PB4, PB5, or PD2 are chosen as
chip selects, they cannot be used as peripheral 1/0 pins.

DATA BUS (D0-D7)

The RE531 has eight data bus lines. These lines connect to the micro-
computers data bus and allow transfer of data to or from the micro-
processor. The output buffers remain in the off-state except when the
RE531 is selected for a read operation.

READ/WRITE (R/W)

The R/W signal is lied by the microp and is used to control
the transfer of data to and from the microprocessor and the RE531, A
high on the R/W pin allows the processor to read (with proper address-
ing) the data supplied by the RE531. A low on the R/W pin allows a
write (with proper addressing) to the R6531.

PERIPHERAL DATA PORTS (PAO-PA7, PBO-PB6,
PCO-PC7, PDO-PD3)

Both versions of the R6531 have 15 pins available for peripheral 1/O
operations. Each pin is softwere programmable to act as an input or
an output. The pins are grouped into an 8-bit port, PAD-PAT, and a
7-bit port, PBO-PB6. The lines of the PB port mw serve other func-
tions. Ports PA and PB have i data

The expanded 1/O of the 52-pin version provides an 8-bit output only
port, PCO-PC7, and a 4-bit input enly port, PDOPD3. PD2 and PD3
may be assigned other functions as described herein.

The outputs are push/pull type drivers capable of drwnng a single TTL

Chip

Selects Address Inputs (A0-A11)
RE531
Function || €S3 |cs2|cs1 111n]s|u|7lu|sl4|a|zl1lo
rom || x | x| x||x 2K ROM Decode
RAM 5 g | YIYIYIYIY 128 RAM Decode
1o z|z|z||z|z|z|z|z |z |z |z [0 Decode

The X, ¥, and Z bits may be selected as high, low or no effect.

The chip select pins are also discrete 1/0 pins PBS, PB4, and PD2. The
pins are independent of each other in that any one may be used as a
chip select. The user specifies as mask options which pins are to be
used as |/O and which as chip selects.

ROM — 2K BYTES (16K BITS)

The 16K ROM is a 2048 x 8 bit configuration. An address on lines
AD-A10 uniquely selects one byte of ROM. Additionally, address
line A11 and the chip selects are required to select the ROM function
on a given chip. In a system with multiple R6531', the C51, C52,
and CS3 mask options allow up to seven devices with 14K bytes of
ROM without the need for external decoding.

RAM — 128 BYTES (1024 BITS)

The 128 x 8 static RAM of a given RE531 is addressed by lines AQ-AB.
Additionally, address lines A7-A11 and chip selects C51, C52, and
C83 provide selection of the RAM section of the device as well as the
device itself when additional RAM devices or R6531's are in the system.

R6531 40 PIN PROTOTYPING CIRCUIT

Prototyping circuits R6531-038 (1 MHz) and RE531-098A (2 MHz)
are packaged in a 40-pin dual in-line package, and has the same pin-
outs as the 40-pin RE531 with PBE option. In this prototyping cir-
cuit, the ROM is disabled and there is no VAR option.

Access codes for this prototyping circuit are shown in the table below.

load. When inputs are selected the lines float. If PB6 is prog
as the TRQ requaest output, the line is driven low and requires an exter-
nal pull-up, thus allowing the wire OR-ing of IRQ from other devices.

RAM RETENTION VOLTAGE (VRR)

A separate pin for a power supply for the read/write memory is avail-
able as a mask option. This allows the retention of RAM data by using
a battery back-up for the RAM only. Pin PBE in the 40-pin version
or PD3 in the 62-pin version is mask programmable as the VAR pin.
Address line A10 must be held in the logic state which deselects RAM
{user-defined) in order to protect the RAM data when VCC falls below
the specified level or is turned off.

INTERNAL ORGANIZATION

The R6531 is divided into three basic functions: ROM, RAM, and 1/0.
The selection of any one of these three is accomplished by issuing
the appropriate address information on the address bus when the chip
is selected.

ADDRESSING

Addressing of the R6531 offers many varistions to the user for system
configuration flexibility. Combination with other R6531%, ROMs,
RAM: or I/O devices is possible without need for external adcdress
decoding. Each of the three basic functions on the device has its own
decode mask for unique selection.

The specific address ranges and chip selects are defined by the user
and are dependent on the number of chips in the system, The pro-
grammed options to be fixed by masking are:

Chip
Salects Address Inputs (AD - AT1)
RB5631-098
Function |l cS2|cs1)| 11| 10|98 |7 s|5[4|3|2[1[o
RAM NINJL|L fLINIL] 128 RAM Decode
110 NINJ L [H]H[H[L[L]L]L]1/O Decode

In the above table, N means No Effect; H means High (2.4 volts or
greater) and L means Low (0.4 volt or less).

RE531 52-PIN PROTOTYPING CIRCUIT

Prototyping circuits RE531-099 (1 MHz) and R6631-099A (2 MHz)
are packaged in the 52-pin guad in-line package, with VRR option.
PD2 is used as a chip select (CS3), and PB4 and PBS are available as
1O lines.

Access codes for the prototyping circuit are shown in the table below.

RE531 Chip
Function Selects Address Inputs (AO-A11)
csalcsz2l cs1) 11[10] e[ 8] 7[6] s]a[a]z]1]0
ROM | H| N| N| H 2K ROM Decode
RAM_ L [ N[ NIl CICJLIN]L] 128 RAM Decode
1/0 LN ][ c]H[H[H]CIL L] L] /o Decods

The 128 words of RAM have been mapped into the first half of both
Page 0 and Page 1, to accomodate zero page addressing and stack
operations. The full 1/O capabilities described for the R6531 are avail-
able in the prototyping circuit, except that 1/O lines PD2 and PD3
are dedicated to the VRR and CS3 mask options.




INPUT/OUTPUT
The i [ soction is of the d.ata ports, dirn:tion reg-
isters, and latches,

registers. These 1/O functions are all accessible by the R6502 CPU'!
instruction set using address bits AD-A3 for the specific function of
the device, Address bits A4-A11 and CS1, CS2, and CS3 additionally
may be decoded to select a given RB631 device in a multichip system.
The addresses of the 15 internal peripheral registers are:

A3 A2 Al AD Register

0 Port A
Port B
Port C (write only)
Port D (read only)

- Read Lower Counter/Write Lower
Latch

Read Upper Counter/Write Upper
Latch and Download

Write Lower Latch
Write Upper Latch
Serial Data Register

o oo o

- O 0o o o
0 = = 0 O
0 - 0 = O

o
-
o
-

0

1

0

1 Interrupt Flag Register
0 Interrupt Enable Register
1

o

1

o

e e — I - |

Auxiliary Control Register

Peripheral Control Register
*Data Direction Register — Port A
«Data Direction Register — Port B

- - 0000 =
-0 0 - - 00 = =

1
* Write Only

CONTROL REGISTERS

‘I'wn control uolﬂtrt. Peripheral Control and Auxiliary Control, are

for of various 1/O functions. The Periph-
eral Control Register is primarily associsted with Port B functions and
the Auxiliary Control Register is associated with the counter and serial
data functions which also affect Port B. The register bit assignments
are:

i :!:—Tm el

COUNTER CONTROL

COUNTER SOURCE SELECTION

00 = Counter O
01 = Exernal Event (PES)
w -

Phase 2
n Phass 2, Ext Trigger Low

PULSE

0 = Pulse Outpun OH
1 = Pubse Output on (PBA)

e FREE RUNCONTROL

0 = OnaShot
1 = Fres Aun

SERIAL CLOCK BOURCE

00 = Serisl Of

L) = External Clock (Pl

w o= MQM{MNI

SERIAL DATA

0 = Serislin (PB3)
1 = Swisl Ow (PN

Spare (Unused)

Auxiliary Control Register (ACR)

L PBO, | CONTROL

ﬂl - MHMI:-
1X = MNeg Edge Detect

PB2, 3 CONTROL

0 = Stetie /O
1 = Pos Edge Datect

ROL

0 = Static /O
1 = iRQ Request Output

Spare (Unused)

Peripheral Control Register (PCR)

INTERRUPT ENABLE AND FLAG REGISTERS

Two regi are provided for | pt control, Corresponding bits
in the enable and flag registers are logically ANDed to set the Interrupt
Request Panding flag. If the pending flag is set and PBE is selected as
an TRQ Reguest Output, then PBE will be set low to request the REE02
CPU to service IRQ.

The interrupt enable bits are set or reset by writing into the Interrupt
Enable Register. The interrupt flag bits IFRO-IFRE can be cleared
directly by writing a byte to the flag register which has 1% in those
bit positions to be cleared,

IFR4 and IFR5 may also be cleared by reading or writing the Port A
or Serial Data Registers respectively. IFR6 may also be cleared by
reading the lower counter with 1/O address hex 4 or writing the upper
latch with 1/O addresses hex 5 or 7.

These registers and their bit assignments are:

T

g | 4
Negative Edge
Detected on PBO

IER
7

" Positive Edge
Detected on PB3

Port A Needs Sarv

)

EEEEEE

Interrupt Flag Regitter

H

|:u I |:n ]




PERIPHERAL DATA PORTS

Each line of the 8-bit data Port A may be individually selected as an
input or output. Associated with the port is Data Direction Register —
Port A (DDRA), Each line of the 7-bit date Port B may be individually
selected as an input or an output, This port also has a Data Direction
Register (DDRB). The two data direction registers (A and B) control
the direction of the data into and out of the peripheral pins. A "1
written into the Data Direction Register sets up the corresponding
peripheral pin as an output, Therefore, anything written into the data
register will appear on that corresponding peripheral pin. A “0" written
into the DDR inhibits the output buffer from transmitting data from
the data register. For example, a ““1" loaded into DDRA, position 3,
sets up peripheral pin PA3 as an output. If a 0" had been loaded,
PA3 would be configured as an input and would be in a fioat state.

Note that when lines in the PB port are ysed alternately as control
lines for other on-chip functions, Direction Register B must also be
loaded to set up the proper direction — the Control Registers have
no effect on data direction,

The 8-bit data Port C is an output only port. The 4-bit data Port D
is an input only port,

For those lines being used as outputs, the data registers are used to
latch data from the Data Bus during a Write operation so the periph-
eral device can read the data by the microp s

Mode 2 — Interval Timer — counts P2 system clock pulses.

Mode 3 — External Trigger — counts D2 system clock pulses starting
with a negative transition on PBS. .

Mode Modifiar A — Pulse Generation Control — causes the output level
on PB4 to switch low each time the counter is loaded using
1/O address hex. 5. At counter overflow, PB4 switches high.
If in the free run mode, PB4 continues to toggle at each
subsequent counter overflow; otherwise there are no fur-
ther transitions until the counter is reactivated by the
software, 2
Mode Modifier B — Free Run Control — causes the full 16-bit latch to
be d loaded to the . to count, and sets
the counter overflow flag bit every time the counter over-
flows. Otherwise the counter is a one shot mode in which
the counter werﬂuw flag is set one time only until the
is by the soft .

SERIAL DATA CHANNEL

Thu RE631 has an B-bit serial channel. PB2 and PB3 are software

For the lines being used as inputs, the ocessor is ding the
periphcnl data pins, For the peripheral data pins which are pro-

83 tp the microp will read the corresponding
data bits of the Output data.

EDGE DETECT LOGIC

Operating in parallel with the 1/O operation of PBO-PB3 is edge detect
logic that is enabled by Peripheral Control Register bits 1 and 2. PCR1
enables logic that upon detection of a negative edge on PBO or PB1
will set a corresponding flag in the Interrupt Flag Register. PCR2
enables logic that upon detection of a positive edge on PB2 or PB3
will set corresponding flags in the Interrupt Flag Register. If corre-
sponding bits are set in the Interrupt Enable Register, then the Inter-
rupt Request Pending flag will be set.

MULTI-MODE COUNTER/LATCH

The RB531 ins a 16-bit with an i 16-bit latch
whose modes are software selectable by setting appropriate bits in the
Auxiliary Control Register. The latch holds the caunter preset valu-
and all 16 bits download to the counter si ly upon mar
(1/0 address hex 5) of the software or automencallv in fm run modas
upon overflow of the . The isad

and causes the setting of a flag in the Interrupt Flag Ragl:ur when it
overflows, This interrupt flag, bit 6, is logically ANDed with a corre-
sponding counter overflow interrupt enabled bit to set the Interrupt
Request Pending flag. The Auxiliary Control Register is used to set
four basic modes which specify the source of the count information,
and to select two mode modifiers that apply equally to the three active
modes.,

Mode 0 — Counter Off

Mode 1 — Event Counter — counts external event inputs (negative
transitions) at PBS

ble as the serial clock {SCLK) and seriel dota (SDIO) lines
respectively.

The software sets Auxiliary Control Register bits 4 and 5 to enable
the serial channel and to specify the source of the shift clock. Selec-
tion of the internal clock will shift data at one half the system @2
clock rate. If the external clock is used, data may be shifted at any
rate up to one half the system @2 clock rate. In the external clock
mode, the counter may be operated in the free run pulse generator
mode using the CNTO line externally connected to the SCLK line to
provide the desired shift rate.

Auxiliary Control Register bit 6 sets the serial data direction. Data are
shifted in or out with the most significant bit first under control of
the shift clock,

In the external clock mode, the completion of eight shifts of the serial
register will set bit 5 of the interrupt flag register. 1f the corresponding
bit of the Interrupt Enable Register is also set an Interrupt Request
Pending flag will be set.

HANDSHAKE OPERATIONS

PBO and PB1 may be used as handshake control lines for date trans-
missions over Port PA; see PCR definiti PBO is a I input,
PB1 is a control output. PB1 switches low on a read or write to Port
PA, and high in to a negative transition on PBO.

IFR4 in the Flag Register is set by a negative transition on PBO, and
cleared by a Read or Write to Port PA; see Handshake Timing Diagram
for timing details.
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ADDR

FR4

PBO (IN)

:XI LOAD PA
_\_/_

| -
pE1 (OUT) \ _]—'—
PBO SAMPLED 0 0

PA (DATA OUT) X

(L

X
Lo \1 ) 3 Bt

PB1 CONTROL

SET BY:
RESET
LOAD PCR
\ ON PBO
RESET BY:
LOAD PORT PA
READ PORT PA

R6531 Timing for Handshake Mode

ADDR ___x:)CmeETo

FLAG REG.
RW

P8O, PB1 NEG TRANSITIONS

POS TRANSITIONS
PB2, PB3

rasawrLeo 000 0 01

(#2 Low)
INTERRUPT FLAG REG. CONTROL

SET @ INPUT ACTIVE
TRANSITIONS

RESET @ RESET OR WRITE "1

TO CORRESPONDING IFR BIT

R6531 Timing for Interrupt Mode




Write Timing Characteristics

1 MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit
Clock Period TCYC 1 10 05 10 us
Rise & Fall Times TFI' TF 25 16 ns
Clock Pulse Width TC 470 236 ns
R/W valid before positive transition of clock Twew 180 120 ns
Address valid before positive transition of clock Tacw 180 120 ns
Data Bus valid before negative transition of clock TDCW 270 135 ns
Data Bus Hold Time THW 10 10 ns
Peripheral data valid after negative transition Terw 900 450 ns
of clock
Read Timing Characteristics
1 MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit

R/W valid before positive transition of clock Twer 180 120 ns
Address valid before positive transition of clock Tﬁ.CFl 180 120 ns
Peripheral data valid before positive transition Tech 270 135 ns
of clock

Data Bus valid after positive transition of clock TCDH 350 180 ns
Data Bus Hold Time Tur 10 10 ns
IRQ valid after negative transition of clock Tic 900 450 ns

Loading= 100 pF + 1 TTL load for PAO-PA7, PBO-PB6, PCO-PC7
= 100 pF + 1 TTL load for D0-D7 (RE531A)
= 130pF +1 TTL lead for DO-D7 (RE531)
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SPECIFICATIONS

Maximum Ratings

Rating Symbol Valus Unit
Supply Voltage VCC 03 10 +7.0 Vde
Input Voltage Vin 0.3 10 +7.0 gdc
Operating Temperature Range T c
Commercial 0to +70
Industrial -40 to +85
Storage Temperature Range Tng -65 1o +160 %c

This device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to this circuit.

Electrical Characteristics
(VCC =5V £ 10% for RB531, VCC = 5V 1 5% for RE531A)

Characteristic Symbeol Min Manx Unit
Input High Voltage Vi 20 vece v
Input Low Voltage \f“_ 03 +0.8 v
Input Leakage Current; V|, = Vg +5V,V0c =+5V ™ 25 WA
AQ-A11, CS, R/W, RES, $2,PD0-PD3
Leakage Current for High Impedance State, VOC =+6V ‘TSI +10.0 pA
{Three State); V w" 0.4V to 2.4V; D0O-D7, PAQPAT, PBOPBE
Output High Voltage VOH v
vCcc ,MIN’ILOACI <-200 pA (PAQ-PA7,PB-PBE, DO-D7) VES+24
Output Low Voltage
VCC = MIN, ILOJ\D<2'1 mA VOL Vss+04 v
0_u|nut High Current (Sourcing): lon
VOH = 2.4V (PAQ-PAT, PBO-PBE, PCO-PCT7, PDO-PD3, DO-D7) -200 BA
Output Low Currant (Sinking); Vg, =0.4V (PADPAT) IGL 21 mA

(PBO-PBE)
(PCOPCT)

Clock Input Capacitance, Vcc =5V c Cik 20 pF
Input Cuplclunbi,\a’oc-ﬁ\f cIN 10 pF
Output Capacitance, VCC = 5V, chip deselected CDUT 10 pF
Power Dissipation PD 1.0 w )

*When programmed as address pins
All values are D.C. readings
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INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a logic “0"” on the FHES input will
cause a zeroing of all four /O registers. This in turn will cause
all 1/O buses 1o act as inputs thus p external

from ibl and er data while the system is being
configured under software control. The Data Bus Buffers are put
into an OFF-STATE during Reset. Interrupt capability is dis-
asbled with the RES signal. The RES signal must be held low for
at least two clock periods when reset is required.

Read/Write (R/W)

The R/W signal is supplied by the microprocessor and is used to
control the transfer of data to and from the microprocessor
and the RB6532. A high on the R/W pin allows the processor
to read (with proper addressing) the data supplied by the R6632.
A low on the R/W pin allows a write (with proper addressing) to
the RE532.

Interrupt Request (TRQ)

The TRQ pin is an interrupt pin from the interrupt control legic.
The pin will be normally high with a low indicating an interrupt
from the AB6532. An external 3K pull-up resistor is required. The
Ra pin may be activated by a transition on PA7 or timeout of
the interval timer,

Data Bus (D0-D7)

The RE532 haes eight bidirectional data pins (D0-D7). These
pins connect to the system's data lines and allow transfer of
data to and from the microprocessor array. The output buffers
remain in the off state except when the R65S32 is selected for a
Read operation,

Peripheral Data Ports (PAO-PAT, PBO-PBT)

The RE532 has 16 pins available for peripheral 1/O operations.
Each pin is individually software programmable to act as either
an input or an output. The 16 pins are divided into 2 8-bit ports,
PAD-PA7 and PBO-PB7. PA7 also has other uses which are dis-
cussed in later sections, The pins are set up as an input by writing
a “0" into the corresponding bit of the data direction register.
A 1" into the data direction register will cause its corresponding
bit to be an output. When in the input mode, the peripheral out-
put buffers are in the 1" state and the internal pull-up device
acts as less than one TTL load to the peripheral data lines. Ona
Read operation, the microprocessor unit reads the peripheral
pin. When the periphera! device gets information from the R6532
it receives data stored in the output register. The microprocessor
will read correct information if the peripheral lines are greater
than 2.0 volts for & ““1"" and less than 0.8 voit for a “0" as the
peripheral pins are all TTL compatible. Pins PBO-PB7 are also
capable of sourcing 3 ma at 1.5V, thus making them capable of
Darlington drive,

Address Lines (AD-AB)

There are 7 address pins, In addition to these 7, there is :hnm
SELECT (RS) pin. The pins AOD-A6 and RA! CT are
slways used as addressing pins. There are two additional pins
which are used as CHIP SELECTS. They are pins CS1 and C52.

INTERNAL ORGANIZATION

The RB532 is divided into four basic sections, RAM, 1/O, TIMER,
and Interrupt Control. The RAM interfaces directly with the
microprocessor through the system data bus and address lines.
The I/O section consists of two B-bit halves. Each half contains a
Data Direction Register {[DDR) and an Output Register.

RAM — 128 Bytes (1024 Bits)

The 128 x 8 Read/Write memory acts as a conventional static
RAM. Data can be written into the RAM from the microprocessor
by selecting the chip (CS1=1, T52 = 0) and by setting RS to a
logic 0 (0.4V). Address lines AD through A6 are then used to
select the desired byte of storage.

The Peripheral A 1/O port consists of eight lines which can be
individually programmed to act as either an input or an output. A
logic zero in a bit of the Data Direction Register (DDRA) causes
the corresponding line of the PA port to act as an input. A logic
one causes the corresponding PA line to act as an output. The
voltage on any line programmed to be an output is determined by
the corresponding bit in the Output Register (ORA).

Diata is read directly from the PA pins during any read operation.
For any output pin, the data transferred into the processor will
be the same as that contained in the Qutput Register if the voltage
on the pin is allowed to go to 2.4V for a logic one. Mote that for
input lines, the processor can write into the corresponding bit of
the Output Register. This will not affect the polarity on the pin
until the corresponding bit of DDRA is set to a logic one to allow
the peripheral pin 1o act as an output.

In addition to acting as a peripheral 1/O line, the PAT line can be
used as an edge-detecting input. In this mode, an active transition
will set the internal interrupt flag (bit 6 of the Interrupt Flag reg-
ister). Setting the interrupt flag will cause THO output to go low
it the PA7 interrupt has been enabled.

Control of the PA7 edge detecting mode is accomplished by writ-
ing to one of four addresses. In this operation, AD controls the
polarity of the active transition and A1 acts to enable or disable
interrupting of the processor. The data which is placed on the
Data Bus during this operation is discarded and has no effect on
the control of PA7.

Setting of the PA7 interrupt flag will occur on an active transition
even if the pin is being used as a normal input or as a peripheral
contro! output. The flag will also be set by an active transition
if interrupting from PA7 is disabled. The reset signal (RES) will
disable the PA7 interrupt and will set the active transition to neg-
ative (high to low). During the system initialization routine, it is
possible to set the interrupt flag by a negative transition. It may
also be set by changing the polarity of the sctive interrupt. It is
therefore recommended that the interrupt flag be cleared before
enabling interrupting from PA7.

Clearing of the PA7 Interrupt Flag occurs when the micorproc-
essor reads the Interrupt Flag Register.

The operation of the Peripheral B Input/Output port is exactly
the same as the normal 1/O operation of the Peripheral A port.
The eight lines can each be programmed to act as either an input
or as an output by placing 2 0 or a 1 into the Data Direction reg-
ister [DDRB). In the output mode, the voltage on a peripheral
pin is controlled by the Output Register (ORB).




The primary difference between the PA and the PB ports is in the
operation of the output buffers which drive these pins. The PB
output buffers are push-pull d which are of

3 ma at 1.5V, This allows these pins to directly drive transistor
switches, To assure that the microprocessor will read proper data
on a “Read PB" operation, sufficient logic is provided in the chip
to allow the microprocessor to read the Output Register instead
of reading the peripheral pin as on the PA port.

Interval Timer

The Timer section of the RE532 contains three basic parts: pre-
liminary divide down register, programmable B-bit register and
interrupt logic.

The interval timer can be programmed to count up to 255 time
intervals. Each time intervel can be either 1T, BT, 64T or 1024T
increments, where T is the system clock period. When a full count
is reached, an interrupt flag is set to a logic *'1". After the intar-
rupt flag is set the internal clock begins counting down to a maxi-
mum of -266T. Thus, after the interrupt flag is set, a Read of the
timer will tell how long since the flag was set up to a maximum
of 265T.

The 8-bit system Data Bus is used to transfer data to and from the
Interval Timer. If a count of 52 time intervals were to be counted,
the pattern 0 0 1 1 0 1 0 0 would be put on the Data Bus and
written into the Interval Time register,

At the same time that data is baing written to the Intefval Timer,
the counting intervals of 1, 8, 84, 1024T are decoded from address
lines AQ and A1. During a Read or Write operation address line
A3 controls the interrupt capability of PB7, i.e., A3 = 1 enables
TRQ, A3 = 0 disables IRD. When the timer is read prior to the

When the timer has counted thru 0 @ 0 0 0 0 O 0 on the next
count time an interrupt will occur and the counter will read
11111111, After interrupt, the timer register decrements
at a divide by *'1" rate of the system clock. If after interrupt, the
timer is read and avalue of 1 1 1 0 0 1 O 0 is read, the time
since interrupt is 27T, The value read is in two's complement,
but remember that interrupt occurred on count number one.
Therefore, we must subtract 1,

Value read = 11100100

Complement = 00011011

ADD1 = 00011100 =28Equals two's
complement of register

sue1 = 00011011=27

Thus, to arrive at the total elapsed time, merely do a two's com-
plement add to the original time written into the timer. Again,
assume time written as 0 0 1 1 0 1 0 0 (=52). With a divide
by 8, total time to interrupt is (52 x 8) + 1 =417T. Total elapsed
time would be 4167 + 27T = 4437, assuming the value read after
interruptwas1 1 100 10 0.

After the interrupt, whenever the timer is written or read the inter-
rupt is reset. However, the reading of the timer at the same time
the interrupt occurs will not reset the interrupt flag, When the
interrupt flags are read (D7 for the timer, D6 for the edge detect)
data bus lines DO-D5 go to 0.

When reading the timer after an interrupt, A3 should be low so as

interrupt flag being set, the ber of time i a to disable the TRQ pin. This is done so as to avoid future interrupts
will be read, i.e., 51, 50, 49, etc. until after another Write timer operation.
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Write Timing Characteristics

Characteristic Symbol Min Typ Max Unit
Clock Period TCYC 1 10 us
Rise & Fall Times 'l'R,TF 25 ns
Clock Pulse Width TC 470 ns
R/W valid before positive transition of clock T\N‘Cw 180 ns
Address valid before positive transition of clock Tacw 180 ns
Data Bus valid before negative transition of clock TDCW 300 ns
Data Bus Hold Time Tuw 10 ns
Peripheral data valid after negative transition T 1 us
CPW
of clock
Peripheral data valid after negative transition TCMOS 2 uS
of clock driving CMOS (Level » VCC - 30%)
Read Timing Characteristics
Characteristic Symbol Min Typ Max Unit
R/W valid before positive transition of clock TWCFI 180 ns
Address valid before positive transition of clock TACR 180 ns
Peripheral data valid before positive transition Tech 300 ns
of clock
Data Bus valid after positive transition of clock Tcor 395 ns
Data Bus Hold Time THR 10 ns
IRQ (Intarval Timer Interrupt) valid before TIC 200 ns
positive transition of clock
Loading = 30pF + 1 TTL load for PAQ-PA7, PBO-PB7
= 130 pF +1 TTL loed for DO-D7
B 4 ARS o A
- L, Wi SR
Tiwen fet—
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T m.-l L T4V
A C XK r—t+—..
Tav
PLAPHERAL v, 10V =
DATA X. [ aav G — a
a7 (WG _‘l i
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RAM Addressing

RAS=0
AD-AB select RAM address

Read and Clear Interrupt Flag
RS, R/W, AZ, AD = 1

Bit7 = Timer Flag

Bit6 = PA7 Flag

1/0 Addressing Read Interval Timer
AS, A4, A2, RIW, A0 =1
AS=1 A2=0 .
R/W = 1 to read, O to write Read Interval Timer Overflow
AS, A4, A2, RW=1,A0=0
Al A0
PA data 0 0 Write Count to Intarval Timer
PA data direction o 1 RS, A4, A2=1,R/W=0
PB data 1 0 Al A0
PEB data direction 1 1
1 0 0
Write Edge Detect Control +8 0 1
+64 1 o
RS, A2=1 RW,A4=0 +1024 1 1
Al = 1, enable interrupt from PA7 A3 = 1, enable timer interrupt
A1 = 0, disable interrupt from PA7 A3 = 0, disable timer interrupt
AD = 1, positive edge detect (PAT7)
AQ = 0, negative edge detect (PA7) NOTE: For all operations CS1 =1, C52 =0,
10° max
40 2.
DOT OR NOTCH '
TO LOCATE 0.600 Max| |115.87) o828
PINNO. 1 —wf (1524 mmy| [ 116.77) 0.698
1 A 0] | vss 41 A
| as 2 b2
0.155 MAX As £E13 cs1
(3.93 MM)
2,020 MAX 2 a3 Cjs csz2
51.30 MM) —0.190 MAX Az s AE
(4.82 MM) a1 s R/W
a0 47 RES
0.310 MAX PAD 48 oo
(7.87 MM) rpa1 s D1
Pa2 [J10 D2
(1.e8) 0.088 PA3 D3
0.100 MIN
101} 0.040 ! T2.54 ) PA4 [ Da
l0.85) 0.022 Pas 1]
{0.45) D018 "' AGI0MN ras ] 13
1910 (48.51 MM) Wa— P 07
7850 ag.00 MM
PE7 [ TRa
19 EQUAL SPACES PES [ PBO
0,100 ¢ TOL NONCUM.
12,56 MM) rac. i
PB4 PB2
NOTE:  Pin No. 1 is in lower left cornar when VDD: PB3
¥ i in normal ori

Packaging Diag

ram

Pin Configuration



SPECIFICATIONS

Maximum Ratings

Rating Symbol Voltage Unit
Supply Voltage vce -0.2 1o +7.0 v
Input/Output Voltage VIN -0.3 to +7.0 v
Operating Temperature Range ToP 0w 70 °c
Storage Temperature Range TSTG -55 to +150 %
All inputs contain protection circuitry to prevent damage due to high static charges. Care should be d to p y applica-
tion of voltage outside the specification range. '
Electrical Characteristics
(VCC=5.0%, VSS=0V, T 4=25°C)
Characteristic Symbol Min Typ Max Unit
Input High Voltage vIH USS + 2.4 vCe v
Input Low Voltage Vi Vgg - 03 Vgg * 0.4 v
Input Leakage Current; V . = V.. + BV I 1.0 2.6 A
IN IN
AO0-AB, RS, R/W, FES, p2, cs1_s%5
Input Leakage Current for High Impedance State l1s) £1.0 £10.0 HA
(Three State); V= 0.4V to 2.4V; DO-D7
Input High Current; UIN = 2.4V I“_| -100. -300. (11N
PAD-PAT, PBO-PB7
Input Low Current; UIN = 0.4V I“_ -1.0 -1.6 MaA
PAQ-PA7, PBO-PBT
Output High Volitage VCIH V'
VCC = MIN, 'LOAD < -100 pA (PAD-PA7, PBO-PB7, DO-D7) VS5 + 24
ILDAD < -3 MA (PBO-PB7) VSS + 1.5
Output Low Voltage
VCC = MIN, ILOAD < 1.6 MA (DO-D7) VOL VSS + 0.4 v
Output High Current (Sourcing); IDH
VOH > 2.4V (PAO-PAT, PBO-PB7, DO-D7) -100 -1000 A
# 1.6V Avasilsble for other than TTL 3.0 -5.0 MA
{Darlingtons) (FBO-PB7)
Output Low Current (Sinking); VOL = 0.4V (PAO-PAT) oL 1.6 Ma
(PBO-PB7)
Clock Input Capacitance CCII& 30 pF
Input Capacitance ciN 10 pF
Output Capacitance cOUT 10 pF
Powaer Dissipation 'D 500 1000 mw

All values are D.C. readings




DOCUMENT NO. 29000 D56 PART NUMBER
SEPTEMBER 1978 R6534

‘l‘ Rockwell R6500 Microcomputer System Ay
DATA SHEET

ROM-1/0-COUNTER (RIOC)

SYSTEM ABSTRACT FEATURES

The ROM-I/O-Counter (RIOC), Part Number RE534, further ® 4096 x 8 mask programmable ROM
enhances the cost-effectivity of the RB500 NMOS 8-bit micro-

® 16-bit multi-mode counter/latch
computer system by providing a powerful, flexible two-<chip

minimum system option. Produced with N-channel depletion = interval timer {one shot or free running)
load, silicon gate mhnm{:gv the REB00 system employs ad- ~  pulse generator (one shot or free running)
vanced hi ; 13 ir addressing modas

to achieve third ion perf speeds and smaller chips, —  event counter

the threshold to lower hardware and dmgn costs Included in o Bibitseril olanna)

the RB500 system are 10 sof microp

(cPu) i agr q ber of memory and 1/0 devices, ¢ TTL compatible 1/O, drive one TTL load

a very efficient, low-cost SYSTEM 65 development ald and com-
plete documentation.

DESCRIPTION ® 1/0 handshake control

The RB534 is primarily designed to provide innovative Equi # Four edge sensitive interrupt inputs
Designers with a wide span of two-chip minimum systems in

combination with the RE500 family of 10 CPUs, It can also be & 1 MHz operation

combined in a variety of multi-chip system configurations with

® 26 1/0 lines (52-pin package)

other R6534°s, ROMs, RAMs and other 1/0 devices, ® Single +5V power supply
There are two RE534 versions: a 40pin dualdindine package:
another with expanded 1/O in a compact 52pin quad-ndine Table 1 Ordering Information

package — see Table 1. Both versions contain a 4096 x B mask-
programmable ROM, a f p k Iti-mod Order Frequency  Tempersture
counter, an 8-bit serial data channel, and 14 bidi | data Numb Package Type Option Range
lines {two ports) with a handshake control mode and four inter- RE534F  40-Pin DIP Plastic 1 MHz 0°¢c to + 70°C

rupts inputs. The 52-pin version has an additional 8-bit output

(+] (4]
port and a 3-bit input port and one additional 1/O line for a RES3AC  40-Pin DIPCeramic  1MHz  0°Cto+70°C

(D014) H3LNNOD-0/I1-N0Y

total of 26 1/0 lines. RE534Q  52-Pin QIP Plastic 1 MHz 0°C to +70%C
PAT PAD PaG PBO ?' PCO I'Il T
PORT A 88T rONT G ronT o
BATA :’51' [+ counren &:’\ QATA
? 211 t
DIRECTION DIRECTION CONTROL
reveren | | [ “.., B | | [Seimine | [ammert
A B ) ARB
EP Gl Mt
L m‘rl ANAL DATA BUS ]
4006 x 8 DATA il ADDRESS
ROW e CHIP SELECT OEoDe
I-_- T aleT 1"-_ b A

" e P

® Rockwell international Corporation 1978 Specifications subject to
All Rights Reserved change without notice




vssch 401 PB3/SDIO vss—1 52[0 PB3/SDIO
Al2rg2 P rW (cS2) paascnTO] 2 51 RW
(CS1) PBS/CNTIC] 3 38 PB2/SCLK ics1) pes/cNTI T3 50 PCE
PES/IRGC] 4 a7 rB1/CA2 pB&/IRG 4 ag[ O PB2/SCLK
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oz CJn 303 a8 A2 11 a2 JpPaa
D4 312 20 PA3 As 12 41 rcs
D3 J13 288 paz AT 13 403 As
o2 4 27 Par @2 14 3 a6
o1 18 26 PAD PD1 15 asfdrc3
Do 16 253 a2 Da 16 a7 [dra3
AD 17 243 A4 pa 17 ag[1Paz
All 18 23 A1 PDOC] 18 35 [ PA1
A9 19 223 A3 D2 19 3s[JPAD
A10 [ 20 21 vee D1 20 33 A2
oo CJ21 32 A4
40- Pin Configuration AD 22 31/ PC2
A as sp 3 PC1
Pco 24 293 A1
A9 []25 283 A3
A0 26 273 vece
52Pin Configuration
16° A
40 \ \ n i
DOT OR NOTCH
TO LOCATE 0.600 MAX| | {1587) 0628 :U'
PIN NO. 1 e 118,24 Ma) 115.11) 0898 Ty
| A\ 20, —ti i
|
| 0155 MAX
| 2020 13.93 MM
L LI A X
151,30 MM} 0,190 MAX
(4,82 MM)
i - 050 « 002
. 0310 MAX YR
L[ “L P '_i (.87 MM)
11.65) 0.085 ‘
(e e T - D100 MIN
HAIERA 12,64 MM)
10.55] 0.022
i0.45) 0018 ' | 0,010 MIN |
1910 (4851 MM} 10.38 MM)
TEI0  (48.00 MM} r_
19 EQUAL SPACES 118 A
0100 § TOL NONCUM,
12.54 MMm]
NOTE: Pin No, 1 i in lower left corner when =
i in normal i -0
40-Pin Packaging Diagram 52-Pin Packaging Diagram

‘ Figure 1. R6534 Pin Configuration Options




INTERFACE SIGNALS
RESET (RES)

This active, low signal is used to initialize the RE534, It initializes
all internal registers except the counter and serial registers, This
action places all bidirectional 1/0 lines in the input state and the
Port C outputs in the high state. The timer, shift register, and
interrupts are disabled. The RES signal must be low for at least
four clock periods when reset is required.

ADDRESS BUS (A0-A12) AND CHIP
SELECTS (Cs1-CS3)

Memory and register selection is accomplished using the 12
address lines and in multiple device systems also using one or
more of the three Chip Select mask options. When PB4, PBS,
or PD2 are chosen as chip selects, they cannot be used as peri-
pheral 1/O pins,

DATA BUS (D0-D7)

The RE534 has eight data bus lines. These lines connect to the
microcomputers data bus and allow transfer of data to or from
the microprocessor. The output buffers remain in the offstate
except when the RES34 is selected for a read operation,

READ/WRITE (R/W)

The R/W signal is supplied by the microprocessor and is used to
control the transfer of data to and from the microprocessor and
the RE534. A high on the R/W pin allows the processor to read
(with proper addressing) the data supplied by the R6534, A
low on the R/W pin allows a write (with proper addressing) to
the RE6534.

PERIPHERAL DATA PORTS (PAO-PA7,
PBO-PB6, PCO-PC7, PDO-PD2)

The 40-pin version of the RE6534 has 14 pins available for peri-
pheral 1/O operations. Each pin is software programmable to act
as an input or an output. The pins are groupsed into an B-bit
port, PAO-PA7, and a 6-bit port, PBO-PB3, PB5 and PB6. The
lines of the PB port may serve other functions. Port PA and PB
have i i data directi i

The expanded 1/O of the 52-pin version provides one additional
PB bit (PBE), an B-bit output only port (PCO-PC7) and a 3-bit
input only port (PDO-PD2). PBS, PB6 and PD2 may be assigned
other functions, as described herein,

The outputs are push/pull type drivers capsble of driving a single
TTL load. When inputs are selected the lines float. If PB6 is
programmed as the RO request output, the line is driven low
and_requires an external pull-up, thus allowing the wire OR-ing
of IRQ from other devices.

INTERNAL ORGANIZATION

The RB534 is divided into two basic functions: ROM and 1/0 —
see table below, The selection is accomplished by issuing the
appropriate address information on the address bus when the chip
is selected,

ADDRESSING

Addressing of the RE6534 offers many variations to the user for
system configuration flexibility. Combination with other RE534's,
AOMs, RAMs or 1/O devices is possible without need for external
address decoding. Each of the basic functions on the device has
its own decode mask for unigue selection.

The specific address ranges and chip selects are defined by the
user and are dependent on the number of chips in the system,
The programmed options to be fixed by masking are:

RE6534 Address Table
Chip
Rl Address Inputs (A0-A12)
Function|cs3| cs2|cs1]12/11[10[s [a[ 7]e[s[a[3]2]1]0

ROM X| X | XX 4K ROM Decode

1o

1o ZZZZZZZZZZZZD“N“

The X and Z bits may be selected as high, low or no effect.

The chip select pins are also discrete 1/O pins PB5, PB4, and
PD2. The pins are independent of each other in that any one may
be used as a chip select. The user specifies as mask options which
pins are to be used as 1/O and which as chip selects.

ROM — 4K BYTES (32K BITS)

The 32K ROM is a 4096 x 8 bit configuration. An address on
lines AD-A11 uniguely selects one byte of ROM. Additionally,
address line A12 and the chip selects are required to select the
ROM function on a given chip. In a systermn with multiple RE534's,
the C81, C52, and CS3 mask options allow up to seven devices
with 28K bytes of ROM without the need for external decoding.




INPUT/OUTPUT

PCR | PCR | PCR | PCR
7 L]

R

The input/output section is comprised of the data ports, reg-
isters, counter and associated latches, control registers, and interrupt
registers. These I/O functions are all accessible by the R6502 CPU's
instruction set using address bits AD-A3 for the specific function of
the device. Address bits A4-A12 and C51, C52, and CS3 additionally
may be decoded to select a given RB534 device in a multichip system,
The addresses of the 15 internal peripheral registers are:

A3 A2 Al AD Register

o 0 ] 0 Port A

0 0 0 1 Port B

o o 1 0 Port C {write only)

o o 1 1 Port D (read only)

o 1 0 0 Read Lower Counter/Write Lower

Latch
0 1 ] 1 Read Upper Counter/Write Upper
Latch and Download

(1] ) ) 1 0 Write Lower Latch

o 1 1 1 Write Upper Latch

1 0 0 0 Serial Data Register

1 0 0 1 Interrupt Flag Register

1 0 1 0 Interrupt Enable Register

1 0 1 1 Auxiliary Control Register

1 1 1] 0 Peripheral Control Register

1 1 1] 1 * Data Direction Register — Port A
1 1 1 0 #+Data Direction Register — Port B
* Write Only
CONTROL REGISTERS

Two control registers, peripheral control and auxiliary control, are
provided for software selection of various 1/0 functions. The Periph-
eral Control Register is primarily associated with Port B functions and
the Auxilisry Control Register is associated with the counter and serial
data functions which also affect Port B. The register bit assignments
are:

SERIAL CONTAOL | COUNTER CONTROL
ACR | ACR | ACR | ACR [ ACR | ACR | ACR | ACR
L] 1 ] a 2 2 1 o

COUNTER SOURCE SELECTION
| = o

01 = Exernsl Evenst (PRSI
w =

0 = OneShot
1 = Fres Run

SERIAL CLOCK SOURCE

00 = SerislOM

01 = Extenal Clock [PE2)
X = Phase 2 Clock (P2 Ou)

SERIAL DATA DIRECTION

0 = Serlalin(PE3}
1 = Serial Out (PE3}

 Epara [Unussd)

Auxiliary Control Register (ACR)

PBO, 1 CONTROL
00 = Btstie /O

01 = PA Hendsheks
1X = Neg Edge Detect

P82, 3 CONTROL

0 = Statle 1/
1 = Pos Edge Detect

0 = Sutie 10
1 = NG Rsquest Owtput

Spers (Unused]

Peripheral Control Register (PCR)

INTERRUPT ENABLE AND FLAG REGISTERS

Two registers are provided for interrupt control. Corresponding bits
in the enable and flag registers ara logically ANDed to set the Interrupt
Request Pending flag. If the pending flag is set and PB6 is selected as
an Request Output, then PBB will be set low to request the R6502
CPU to service IRQ.

The interrupt enable bits are set or reset by writing into the Interrupt
Enable Register. The interrupt flag bits IFRO-IFRE can be cleared
directly by writing a byte to the flag register which has 1% in those
bit positions to be cleared.

IFR4 and IFRS may also be cleared by reading or writing the Port A
or Serial Data Registers respectively. IFRE may also be cleared by
reading the lower counter with 1/O address hex 4 or writing the upper
latch with 1/O addresses hex S or 7.

These registers and their bit assignments are:

Interrupt Enable Register

i il b b B b

| Negative Edge l
Detected on PRD

Negative Edge
Detected on PRY
Positive Edge
Detected on PE2
Positive Edge
Detected on PE3
Port A Needs Servics
in Handshake Mods
Berial Ragister
Full/Empty, Ext. Clock)

=

'ur,n l lsn

FR
L]

el Edkd il

Interrupt Flag Register




PERIPHERAL DATA PORTS

Each line of the 8-bit data Port A may be individually selected as
an input or output. Associated with the port is Data Direction
Register — Port A (DDRA). Each line of the 7-bit dats Port B may
be individually selected as an input or an output. This port also
has a Data Direction Register (DDRB). The two data direction
registers (A and B) control the direction of the data into and out
of the peripheral pins. A 1" written into the Data Direction
Register sets up the corresponding peripheral pin as an output,
Therefore, anything written into the data register will appear on
that corresponding peripheral pin, A “0" written into the DDR
inhibits the output buffer from transmitting data from the data
register, For example, a "1" loaded into DDRA, position 3, sets
up peripheral pin PA3 as an output. If a “0" had been loaded,
PA3 would be configured as an input and would be in a float
state.

Note that when lines in the PB port are used alternately as con-
trol lines for other on<chip functions, Direction Register B must
also be loaded to set up the proper direction — the Control Regis-
ters have no effect on data direction.

The 8bit data Port C is an output only port. The 3-bit data
Port D is an input only port.

For those lines being used as outputs, the data registers are used
to latch data from the Data Bus during a Write operation,

For the lines being used as inputs, the microprocessor is reading
the Denpherar data pins. For the peripheral data pins which are
i as outp the mi will read the corres-

pondmg data bits of the Output data.

EDGE DETECT LOGIC

Operating in parallel with the 1/O operation of PBO-PB3 is edge
detect logic that is enabled by Peripheral Control Register bits 1
and 2. PCR1 enables logic that upon detection of a negative edge
on PBO or PB1 will set a corresponding flag in the Interrupt
Flag Register. PCR2 enables logic that upon detection of a positive
edge on PB2 or PB3 will set corresponding flags in the Interrupt
Flag Register. If corresponding bits are set in the Interrupt Enable
Register, then the Interrupt Request Pending flag will be set,

MULTI-MODE COUNTER/LATCH

The RE534 a 16-bit with an i 16-bit
latch whose modes are software selectable by setting appropriate
bits in the Auxiliary Control Register, TM latch holds the mum-r
preset value and all 16 bits download to the
ously upon command (1/O address hex 5) of the software or auto-
matically in free run mo:m upon overflow of the counter. The
isad g and causes the setting of a
fiag in the Interrupt Flag Register when it overflows. This inter-
rupt flag, bit 6, is logically ANDed with a corresponding counter
overfiow interrupt enabled bit to set the Interrupt Request Pend-
ing flag. The Auxiliary Control Register is used to set four basic
modes which specify the source of the count information, and to
select two mode modifiers that apply equally to the three active
modes.

Mode 0 — Counter Off

Mode 1* — Event Counter. — counts external event inputs
(negative transitions) at PBS

Mode 2 ~— Interval Timer — counts O2 system clock pulses.

Mode 3* — External Trigger — counts #2 system clock pulses
starting with a negative transition,

Mode Modifier A* — Pulse Generation Control — causes the out-
put level on PB4 to switch low each time counter
is loaded using 1/O address hex. 5. At the counter
overflow, PB4 switches high. If in the free run mode,
PB4 continues to toggle at each subsequent counter
overflow; otherwisa there are no further transitions

until the is i d by the soft
Mode Modifier B — Free Run Control — causes the full 164)“
latch to be d to the .

to count, and sets the counter owverflow flag bit
every time the counter overflows. Otherwise the
counter is a one shot mode in which the counter
overflow flag is set one time only until the counter
is reactivated by the software,

*52-pin version only.

SERIAL DATA CHANNEL

The RE534 has an B-bit serial channel, PB2 and PB3 are soft-
ware selectable as the serial clock (SCLK) and serial data (SDI10)
lines respectively.

The software sets Auxiliary Control Register bits 4 and 5 to
enable the serial channel and to specify the source of the shift
clock, Selection of the internal clock will shift data at one half
the system 02 clock rate. If the external clock is used, data may
be shifted at any rate up to one half the system O2 clock rate.
In the external clock mode, the counter may be operated in the
free run pulse generator mode using the CNTO line externally
connected to the SCLK line to provide the desired shift rate.

Auxiliary Control Register bit 6 sets the serial data direction.
Data are shifted in or out with the most significant bit first under
control of the shift clock.

In the external clock mode, the completion of eight shifts of the
serial register will set bit 5 of the interrupt flag register. If the

jing bit of the I pt Enable Register is also set an
Interrupt Request Pending flag will be set.

HANDSHAKE OPERATIONS

PBO and PB1 may be used as handshake control lines for data
transmissions over Port PA; see PCR definition. PBO is a

input, PB1 is a control output. PB1 switches low on a read or
write to Port PA, and switches high in to a neg
transition on PBO,

IFR4 in the Flag Register is set by a negative transition on PBO,
and cleared by a Read or Write to Port PA; see Handshake Timing
Diagram for timing details.
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Write Timing Characteristics

Characteristic Symbol Min Max Unit
Clock Period TCYC 1 10 I"H
Rise & Fall Times TFI'TF 26 ns
Clock Pulse Width TC 470 ns
R/W valid before positive transition of clock Twew 180 ns
Address valid before positive transition of clock Tacw 180 ns
Data Bus valid before negative transition of clock Toew 270 ns
Data Bus Hold Time Tuw 10 ns
Peripheral data valid after negative transition of clock TCPW 900 ns
e Teve

2.0V
o2 - 0.8V

TWCW ———

RIW K' 0.8V
—"'I Tacw [=—
2.4v
ADDRESS X
—f— |"_TH'N
2av
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Read Timing Characteristics

Characteristic Symbol Min Max Unit
R/W vaiid before positive transition of clock Twcﬁ 180 ns
Address valid before positive transition of clock TACR 180 ns
Peripheral data valid before positive transition of clock Tecr 270 ns
Data Bus valid after positive transition of clock TeoR 350 ns
Data Bus Hold Time THH 10 ns
IRQ valid after negative transition of clock Tic 900 ns

Loading = 100 pF + 1 TTL load for PAO-PAT, PBO-PB6, PCO-PC7
= 130 pF + 1 TTL load for DO-D7

82 . 0.8v

=]

RIW W \
0.4v
—I-l Twer fs—
—-l TACR |est— i
ADDRESS b, g'g‘\:

—-I Tecr  f—-—
24v
PERIPHERAL X‘z.nv

DATA 0.8V

0.4y

~=-TcoR | ThR

| 24v
2.0V
CATA BUS —Q@
0.4v
TiC ————
2.4V
PB7 (TRG) \
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SPECIFICATIONS

Maximum Ratings

Rating Symbol Voltage Unit
Supply Volitage vcc 03t0+70 v
Input/Output Voltage V‘N 031w +70
Operating Temperature Range Ta 0to 70 °%
Storage Temperature Range TstG 55 to + 150 %

All inputs contain protection circuitry to prevent damage due to high static changes. Care should be exercised to prevent unnecessary applica-
tion of voltage outside the specification range.

Electrical Characteristics

(VCC = 5V +10%)
Characteristic Symbol Min Max Unit

Input High Voltage le 20 vcC v

Input Low Voltage ViL 03 +0.8 v

Input Leakage Currcnt.'\."m - vss+5v, Vee =+BV ™ 25 uA

AQ-A12,CS, R/W, RES, ¢2, PDO-PD2

Leakage Current for High Impedance State, Ve = +6V 'TSI 100 HA

(Three State); V N~ 0.4V to 2.4Y; DO-D7, PAD-PA7, PBO-PBE

QOutput High Voltage VOH ]

VCC =MIN, ll..Oa\D <-200 pA (PAO-PA7,PB-PBE, DO-D7) VSs+24

Output Low Volitage

VCC =MIN, lLOkD‘z" mA VOL Vss+04 v

Output High Current (Sourcing); IOH

VOH > 2.4V (PAD-PA7, PBO-PB6, PCO-PC7, PDO-PD2, DO-D7) -200 BA

Output Low Current (Sinking); VOL <04V (PAQPAT) IDL 21 mA

(PBO-PBE)
(PCO-PCT)

Clock Input Capacitance, VCC = 5V chk 20 pF

Input Capacitan:e.\"oc-sv CIN 10 pF

Output Capacitance, UCC =5V, chip deselected ouT 10 pF
| Power Dissipation PD 1.0 w

*When programmed as address pins
All values are D.C. readings
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On-Board Printer, Display, Keyboard, Microprocessor,
Interfaces and Software Assure Your Computer Head-Start.

ROCKWELL'S AIM 65...
Rockwell's AIM 65 Advanced Interactive Microcomputer
can get you into the exciting world of microcomputersa
lot easier and at a lower cost than you may have

ht possible. And you'll be working with the 6500
family, the advanced state-of-the-art NMOS system
that's an ever-increasing favorite for new commercial
and hobbyist applications.

As a learning aid, AIM 65 gives you an assembled,
versatile microcomputer system with a full-size
keyboard, 20-character display and, uniquely, a thermal
printer. An on-board Advanced Interactive Monitor
program provides extensive control and program
development functions. And our AIM 65 User’s Manual
will help you along each step of the way.

You'll master fundamentals rapidly. Then you'll
appreciate the fact that unlike the computer “toys” on
the market, AIM 65 offers flexibility and expandability
you would expect fo find in a sophisticated
microcomputer development system.

THERMAL PRINTER GIVES YOU

HARD COPY — FAST AND QUIET.

AlIM 65's 20-column Thermal Printer prints on low-cost,
thermal roll paper at a fast 120 lines per minute, It
produces all of the standard 64 ASCIl characters with a
crisp-printing five-by-seven dot matrix. AIM 65's
on-board printer Is a unique feature for a low-cost
computer.

EXTENDED ALPHANUMERIC DISPLAY IS BUILT
FOR UNDERSTANDING, NOT DECIPHERING.

AIM 65 comes with a 20-character true Alphanumeric
Display. Information is displayed with bright, magnified
16-segment font monolithic characters. It's both
unambiguous and easily readable.

FULL-SIZE KEYBOARD IS DESIGNED FOR
HUMANS, NOT ELVES.

AIM 65's terminal-style keyboard frees you from the
hassles of fumbling around with a tiny calculator-type
keypad. And its 54 keys provide 70 different alphabetic,
numeric, control and special functions.

APPLICATION CONNECTOR
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ON-BOARD ADVANCED INTERACTIVE MONITOR
GETS YOUR PROGRAMS UP AND RUNNING.

The ROM-resident AIM 65 Advanced Interactive Monitor
Program provides a comprehensive set of easy-to-use,
single-keystroke commands for debugging your
programs, and offers features normally available only in

larger, expensive microcomputer development systems.

And with the AIM 65 Monitor, there's no guesswork

involved: the Monitor gives a self-explanatory prompt

when it needs information and it will generate a

meaningful error message if an emor has occured.

The AIM 65 Monitor includes commands to

® Enter and edit programs directly — no “opcode”
memeorization

m List programs on Printer or TTY

m Display/alter registers and memory

® Set breakpoints, frace and debug program
execution

m Control the Thermal Printer

m Transfer information to/from attached Cassette
Recorders or TTY

m Execute programs in on-board or external RAM, ROM
or PROM memory

m Interface the optional AIM 65 Assembler and BASIC
Interpreter

EXPANSION CONNECTOR

— SNBWALSAS
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AIM 65'S ADVANCED R6500 NMOS
ARCHITECTURE.

The R6502 Central Processing Unit Is the heart of AIM 65.
It provides demonstrated speed and sur'npﬁcify plus 65K
addressability and the power of a 56-comma
minicomputer-like instruction set.

The R6532 RAM-Input/Output-Timer (RIOT)
combination device Is used by the AIM 65 Monitor for
scratchpad memory and Keyboard operations.

Two R6522 Versatile Interface Adapter (VIA) devices
are provided. One device supports AIM 65's Thermal
Printer and the TTY and Cassette Interfaces, the other
supports two user-dedicated 8-line /O ports, plusan 8-bit
serial /O port and access to two 16-blf Interval timer/
event counters, on the module’s Application Connector.

AIM 65 comes with two R2332 4K Read Only Memory
(ROM) devices installed. These hold the Advanced
Interface Monitor program. Spare sockets allow the user
to expand on-board ROM up to 20K bytes. These sockets
will accept user programs on R2332 ROMs or compatible
PROMS, or can be used to install the optional AIM 65
Assembler and BASIC Interpreter ROM devices.

On-Board Read/Write RAM memory is avallable in
1K-byte and 4K-byte configurations.

AIM 65 HAS EXPANSION BUILT IN.
And to allow AIM 65 to grow the way you want it
to, we've provided an Application Connector and an
Expansion Connector, The Application Connector
permits you to plug on a TTY (20 ma. cument loop) and
one or fwo standard audio cassette recorders. It alsohas
the pinouts for the VIA's General-Purpose |/O ports. The
Expansion Connector extends AIM 65's system bus —
address, data and control — out to additional memory,
or anything else you might attach.

And, BASIC high-level language programming is a
built-in option.




AIM 65 Technical Overview

AIM 65 is fully assernbled, tested and waranted. With the addition
;}\‘ a low cost, readily available power supply. It's ready to start working
lor you.

AIM 65 teatures on-board thermal printer and alphanumenc
display, and a terminal-style keyboard. It has an addressing
capability up to 65K bytes, and comes with a user-dedicafed 1K or 4K
RAM. Two installed 4K ROMs hold a powerful Advanced Interface
Monitor program, and three spare sockets are included to expand
on-board ROM or PROM up to 20K bytes.

An Application Connector provides for attaching a TTY and one of
two audio cassette recorders, and gives external access to the
user-dedicated general purpose 1/O lines.

Also included as standard are a comprehensive AIM 65 User's
Manual, @ handy pocket reference card, an R6500 Hardware
Manual, an R6500 Programming Manual and an AIM 65 schematic,

AlM 65 Is packaged on two compact modules. The circuit
module is 12 inches wide and 10 inches long. the keyboard module is
12 inches wide and 4 inches long. They are connected by a
detachable cable.

THERMAL PRINTER

Most desired feature on low-cost microcomputer systems...
= Wide 20-column printout

m Versatile 5x 7 dot matrix format

» Complete d4-character ASCIl alphanurmeric format

= Fast 120 lines per minute

u Quiet thermal operation

u Proven reliability

FULL-SIZE ALPHANUMERIC KEYBOARD
Provides compatibility with systermn terminals. ..
= Standard 54 key, terminal-style layout

m 26 alphabetic characters

m 10 numerlc characters

= 22 special characters

= 9 control functions

m 3 user-defined functions

TRUE ALPHANUMERIC DISPLAY

Provides legible and lengthy display...

= 20 charocters wide

u 14-segment characters

= High contrast monclithic characters

u Complete s4-character ASCIl alphanumeric format

PROVEN R6500 MICROCOMPUTER SYSTEM DEVICES

Reliable, high performance NMOS technology...

m R6502 Central Processing Unit (CPU). operating af 1 MHz
Has 45K address capability, 13 addressing modes and frue index
capability. Simple, but powerful 56 instructions.

» Read;Write Memory, using R2114 Static RAM devices. Available In
1K byte and 4K byte versions.

w 8K Monitor Program Memeory, using R2332 Static ROM devices. Has
sockets to accep! additional 2332 ROM or 2532 PROM devices, 1o
expand on-board Program Mermory up to 20K bytes.

® R6532 RAM-Input/Cutput-Timer (RICT) combination device.
Mumpu%)se circuit for AIM 65 Monitor functions.

» Two 46522 Versatile Interface Adapte: \VIA) devices, which support
AIM 65 and user functions. Each ViA has two parallel and one serial
B-bit, bidirectional /O ports, two 2-bit peripheral handshake control
lines and two fully-programmable 16-bit interval timer/event
counfers.

BUILT-IN EXPANSION CAPABILITY

= 44-Pin Application Connector for peripheral add-ons
m 44-Pin Expansion Connector has full system bus

m Both connectors are KIM-1 compatibie

TTY AND AUDIO CASSETTE INTERFACES

Standard interface to low-cost peripherals. ..

® 20 ma. current loop TTY int

m Interface for two oudio cassette recorders

» Two audio cassette formats: ASCII KIM-1 compatible and binary.
blocked file assembler compatible

ROM-RESIDENT ADVANCED INTERACTIVE MONITOR

Advanced features found only on larger systems...
n Monitor-generated prompts
m Single keystroke commands
m Address independent data entry
m Debug aids
m Emor messages
= Opticn and user interface linkage
ADVANCED INTERACTIVE MONITOR COMMANDS
Major Function Entry
RESET Button) — Enter and initialize Monitor
— Re-enter Monitor
E —Enterand initialize Text Editor
T —Re-enter Text Editor
N — Enter Assembler
5 — Enter and initialize BASIC interpreter
& — Re-enter BASIC Interpreter

Instruction Enfry and Disassembly

| —Enter mnemonic instruction entry mode

K — Disassernble rmemory

Display/Alter Registers and Memory
* — Alter Program Counter fo (address)

A — Alter Accumulator to (byte)

% —Alter X Register Tog )

Y —Alter Y Register to (byte

P — Alter Processor Status igébgle)

S —Alter Stack Pointer fo (byte

R — Display all registers

M — Di&fal-uv four memory locations, starting af (address)
SSPACE — Display next four memory locations
— Alter curent memory location
Manipulate Breakpoints

# —Clear all breakpoints

4 —Toggle breckpoint enable on/off

B —Set one to four breckpoint oddresses

? —Display breakpoint addresses

Conirol Instruction/Trace

G —
7 ~oaga nemcion fooe mode on/of

V —Toggle register race mode on/off

H —Trace Program Counter history

Control Peripheral Devices

L —Load object code into memory from peripheral /O device

D — Durmnp object code to peripheral |/O device

1 —Toggle Tope 1 control on/off

2 —Toggle Tope 2 control on/off

3 —\Verlfy tape chacksum

CTRL PRINT — Toggle Printer on/off

LF — Line Feed

PRINT — Print Display contents

Call User-Defined Functions

F1 — Call User Function 1

F2 — Call User Function 2

F3 —Call User Function 3

Text Editor Commands

R —Read linesinto text buffer from peripheral /O L

| —Insert line into text buffer from Keyboard

K —Delete cument line of text

(SP&CEI) — Display curent line of text

L —Listlines of text to peripheral |/O device

U —Move up one line

D —Move down one line

T —Gototop line of text

B —Go to bottom line of text

F —Find character string

C —Change character string

Q — Guit Text Editor, return to Monitor

LOW COST PLUG-IN ROM OPTIONS

m 4K Assemibler — symbolic, two-pass

m 8K BASIC Interpreter

POWER SUPPLY SPECIFICATIONS

w +5VDC * 5% regulated @ 2.0 amps (max

® +24VDC £15% unregulated @ 2.5 amps (peak)
0.5 amps (average)

For more information: Marketing Services, D/727
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SYSTEM 65 has been designed by Rockwell to
meet all of the development needs of the R6500
Microcomputer System.




‘l‘ Rockwell

SYSTEMGS

We Think It's More Practical
than Any Other Microcomputer
Development System ... And
with a Disk Operating System at
Under $5500, You Know the
Price is Right ...

Rockwell has included in the SYSTEM 65 every
design requirement we've encountered in our long
microprocessor experience. (We've been selling
microprocessors since 1972, and most industry
analysts rate us among the technology's leaders.)

We designed SYSTEM 65 around Rockwell's
powerful R6502 CPU. We included two mini-floppy
disk drives and a 16K byte static NMOS RAM
memory for your software. And we didn't cheat you
out of any of this program storage. Our line-
oriented, symbolic Text Editor with character and
string functions, and our two-pass Assembler and
symbolic Debug/Monitor Package are totally
stored in ROM. The disk and RAM storage is yours
to use.

We made our system software commands easy
to use — they're initiated with a single keystroke
and they automatically send back meaningful
prompts if any additional information is required.

From intimate knowledge of the interfacing re-
quirements Designers encounter during micro-
computer development, we included RS-232C and
current loop interfaces to accept serial input termi-
nals with operating speeds of between 110 baud
and 9600 baud. We added an 8-bit parallel port to
permit automatic interfacing to high-speed prin-
ters. And because we know how the imaginations
of Designers grow as they work with a micro-
computer system as versatile as the R6500, we
provided six vacant slots in the SYSTEM 65 chas-
sis so that system memory and I/O capability can
be expanded at will.

‘l‘ Rockwell
‘l‘ Rockwell

Here’s a Summary of Reasons
Why SYSTEM 65 is Just What
You’re Looking For. ..

+ Rockwell R6502 microprocessor (CPU) operates
at1 MHz or (optionally) 2 MHz, and has 65K byte
addressing and multi-level interrupts.
» Dual, user-dedicated mini-floppy disk drives.
Each drive has a 60-file, 78K byte storage
capacity
User-dedicated 16K byte static RAM memory,
expandable in 16K byte increments
* Integral power supply
+ System firmware resides in static ROM, fast
operation with no loading or reloading required
— Symbolic Text Editor performs line, string and
character editing functions

— Two-pass Assembler can accept source input
from either RAM memory or disk and direct
object output to any system device

— Symbolic Debug/Monitor package operates
in single step or real-time

« Eight software breakpoints, for debugging

« Hardware breakpoint on any fetch, read or write
to aspecified memory location. Scope sync pulse
on rear panel connector with each occurance of
hardware breakpoint, for real-time debugging.

* Individual RS-232C and current loop interfaces
support serial input terminals from 110 baud to
9600 baud

« 8-bit parallel port provides automatic support of
high-speed printers for hard copy

» Six vacant circuit board slots tied to system bus,
for memory and /O expansion

Rockwell’s optional USER 65 (User System
EvaluatoR) module allows . . .

the full power of the SYSTEM 65 to be extended
into the user’s system. By removing the R6500
CPU from the user system and connecting the
USER 65 cable into the CPU socket, the SYSTEM
65 Debug firmware can be used to test and trou-.
bleshoot microprocessor systems.




Here Are the SYSTEM 65’s
Hardware Details

The SYSTEM 65 enclosure contains four printed
circuit modules:

« CPU Module holds the R6502 microprocessor
and its supporting circuits, and serial baud rate
select switch

* Monitor Module contains 1K bytes of static RAM
and 14K bytes of static ROM, which holds all
system software

+ RAM Memory Module contains 16K bytes of
user-dedicated static RAM

» |/O Module provides the hardware interface to the
system input/output devices

Note that since all RAM memory is static, the
processor is not required to provide the clock and
strobe functions associated with dynamic memory.

The SYSTEM 65 enclosure also has six vacant
slots, which allow users to add any combination of
memory and I/O interfaces in building a cus-
tomized development system.

The built-in mini-floppy disk drives can each hold
up to 60 files with a per drive storage capacity of
78K bytes. Like the RAM memory, the mini-floppy
disk drives are 100% user-dedicated.

The RUN/STEP switch on the front panel allows
you to select either single step execution or real-
time execution of programs.

The back panel has four device connectors: an
8-bit parallel port for connecting a high-speed
printer, an RS-232C serial interface connector, a
current loop serial interface connector and a scope
sync connector. The CPU Module has a rotary
switch to select any of eight baud rates — 110,
150, 300, 600, 1200, 2400, 4800 or 9600 baud —
for compatability with the serial input/output
device.

And Rockwell offers these options to
SYSTEM 65:

» PL/65 High-Level Language

+ USER 65 in-circuit emulation option

+ PROM Programmer Module, for programming a
2704/2708/2716/2758 PROM device from the
front panel socket

R6500/1 Personality option, for developing with
the R6500/1 single-chip microcomputer

16K x 8 Static RAM Modules

PROM/ROM Module, accepts 2316/2332 ROM
or 2708/2716/2758 PROM devices

Wire-wrap Design Prototyping Module
Extender Card for circuit probing

-

Here Are the SYSTEM 65’s
Software Details

The Text Editor

The SYSTEM 65 Text Editor is used to prepare
user programs for assembly. The Text Editor
writes the program source code into RAM memory
from any system device and, when editing has
been completed, writes it to any system device.
The editing operation can include line editing,
string editing and character editing.

The line-oriented commands provide overall
controlin finding lines to be edited, and specify the
system devices for input and output of text. The
string-oriented commands can be used to insert
program source code into memory, or to search for
an existing character string — perhaps a program
label or a certain opcode/operand combination —
and (if desired) provide a substitute for that string.
The character-oriented commands provide control
over the cursor position on a line and a character
delete command.

Text Editor Command Summary

Line-Oriented Commands
R - Read lines into text buffer from [device]
I - Insert one line from system terminal
K - Delete [count] lines of text, starting with
current line
- Backspace [count] lines of text
- Advance [count] lines of text
- Go to top (beginning) line of text;
i.e., re-enter Text Editor
- Go to bottom (last) line of text
- List [count] lines on [output device]
- Show address of current and
last lines
G - Goto line [number]
(sp) - Show current line

String-Oriented Commands

F - Find [string], starting with current line

C - Find [string], starting with current line,
and change it to [string]

A - Add [string] to line, starting with
current cursor position

Character-Oriented Commands

| - Delete current character

+ - Advance cursor [count] positions

—~ - Backspace cursor [count] positions

Miscellaneous
Q - Exitto Debug

- e

2 m




The Assembler

The SYSTEM 65 Assembler is a two-pass as-
sembler that includes the option to list only the
errors detected, if any. This “errors-only” option
generates a display of all source statements that
contain syntax errors, unresolved references and
the like. With the results of this quick check, the
Text Editor can be used to make the proper correc-
tions before the Assembler generates the full as-
sembly listing, symbol table and object code. The
“errors-only” option can prove to be quite a time-
and paper-saver.

The Assembler can accept input from either
RAM memory or disk, and has a powerful chaining
feature that allows multiple disk files of a large
program to be assembled in one operation. These
files may reside on either disk, or even on a disk
that has not been mounted (the Assembler will
direct you to mount it).

For output, the Assembler gives the user com-
plete control over the extent of the listing, which
systemn device will receive the output and whether
the entire text of ASCII strings is to be output.

The Debug/Monitor Package
The SYSTEM 65 Debug/Monitor package pro-
vides a comprehensive set of easy-to-use com-
mands and functions for debugging development
programs in either single step or real-time mode.

The register commands allow you to display the
current contents of the Processor registers, and to
selectively alter any of these registers.

The memory commands allow you to display the
contents of memory in blocks of eight locations, to
alter one or more consecutive locations and to
write protect any 8K block of addresses in memory.
Further, memory can be loaded from or output to
any system device.

Debug also has a compliment of breakpoints, to
give you an easy way to trace program execution.
Upon encountering a breakpoint the program dis-
plays a symbolic disassembly of the label (if any),
opcode and operand field at the breakpoint loca-
tion. This important feature ties the symbol table,
created by the Assembler, with the Debug
software. This means that all debugging is done at
the assembler language level — without the need
to plod through machine code printouts. There are
eight software breakpoints and one hardware
breakpoint (in addition to the BRK instructioninthe
R6500 instruction set).

The Debug command set iricludes all the com-
mands necessary to set and clear softiware break-
points, as well as to enable and disable them.

Debug also makes disk management virtually
transparent, reducing functions like initializing,
compressing, opening and deleting files to single
keystroke commands.




[DebugJ’Monltor Command Summary

Invoke Assembler/Editor

E - Enter Text Editor

T - Re-enter Text Editor, to edit
current source

N - Invoke Assembler

Display/Alter Registers
R - Display registers (Program Counter,
Accumulator, X, Y, Status and Stack Pointer)
* - Alter Program Counter to [address]
A - Alter Accumulator to [byte]
X - Alter X Register to [byte]
.Y - Alter Y Register to [byte]
P - Alter Processor Status to [byte]
S - Alter Stack Pointer to [byte]

Display/Alter Memory

M - Display eight memory locations, starting
with [address]

(sp) - Display next eight memory locations

/- Alter current memory locations, starting
with [address]

W - Display/alter write protect status

Load/Dump Memory

L - Load object code into memory from
[input device]

D - Dump memory from [address] to
[address] to [output device]

Manipulate Breakpoints

# - Clear all software breakpoints

4 - Toggle software breakpoint enable on/off

B - Set/clear software breakpoint addresses

? - Display software breakpoint addresses

C - Display/alter hardware breakpoint

Control Execution/Trap
G - Execute user's program, at currect
Program Counter address

Z - Toggle instruction trace mode on/off

V - Toggle register printout on trapping on/off
J - Print register header

H - Display trace history stack, 10 addresses
Disk Functions

1 - Special disk functions (compress, list,

rename, recover, initialize)
2 - List disk directory
3 - Delete file

Program Development — The
Easy SYSTEM 65 Way

SYSTEM 65 means productivity by making your
program development easy from start to finish.
The flowchart at the right shows you how it's done.

After designing the program and writing the
source code, you will be using the Text Editor to
enter the code into RAM memory. Like all system
software, the Text Editor is resident in the system
ROM, so there is no need to load it from any
external source. The Text Editor is line-oriented,
but also has string and character manipulation
functions. itincludes the capability of searching for
a specified character string — for example, a label
or an opcode-and-operand combination — and
replacing it with a different string.

If a program is small relative to available mem-
ory (most programs will fit in the standard 16K
bytes of RAM) it can remain there through the
editing, assembling and debugging processes.
Very large programs are usually developed in_
pieces, stored on disk, and later linked together by
the Assembler. SYSTEM 65 is designed to permit
easy communication with disk, by handling all files
by their logical names and automatically creating
each file when its filename is first used.

With the source code entered and edited (and if
necessary stored on disk), it can now be assem-
bled. The SYSTEM 65 resident Assembler is
called by a single key stroke. The Assembier is a
two-pass assembler that includes the option to list
only the errors detected. This “errors-only” option
is usually used as a first quick, easy check on the
integrity of your program. If errors are found, they
can be corrected by recalling the Text Editor.

When all errors have been eliminated, the As-
sembler is used to generate a full assembly listing,
symbol table and object code. At this point the
symbolic Debug program is used to test and cor-
rectthe program. Debug may use the symbol table
produced by the Assembler, so your original
source code labels can be carried through to the
debug process. When the program is in completed
form and error-free, you can run one more assem-
bly to generate a listing for documentation pur-
poses. The object output can also be put on
PROM via the optional PROM Programmer, or
sent to Rockwell for storage on ROM.



AUN ERRORS-

ONLY OPTION ON
ASSEMBLER

Where to Get More on
SYSTEM 65

To order SYSTEM 65, or to get a copy of the
SYSTEM 65 User's Manual (nominal $5 charge),
contact the nearest Rockwell office or distributor
listed on the back of this brochure. For in-depth
assistance, obtain the name of your nearest
Rockwell sales representative from any Rockwell
office. |
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PRODUCT DESCRIPTION

USER 65 OPTION

OVERVIEW

The USER 65 permits users who are developing RE500-based
products to extend the full power of SYSTEM 65 into their
equipment for in-circuit emulation. Available in both 1- and
2-MHz versions (MB5-001 and 002), USER 65 supports all ten
RE500 CPU's.

USER 65 ists of two modules — a Host Module and a Buffer
Module — and two interconnect cables. The USER 65 Host
Module replaces the CPU Module in the SYSTEM 65 chassis;
it performs all CPU Module functions, plus several external func-
tions. The USER 65 Buffer Module extends the SYSTEM 65
bus lines (address, data and control) to the user equipment.

FUNCTIONAL DESCRIPTION
USER 65 HOST MODULE

The USER 65 Host Module (shown in block diagram form in
Figure 1) replaces the CPU Module in the SYSTEM 65 chassis.
It is capable of performing all functions of the CPU Module,
plus external add selection, ic power up, and external
clock selection. The schematic of the Host Module is PS00-X183.
The Host Module interface signals are listed in Table 1.

The heart of the Host Module is the RE502 {Z11) microprocessor,
It controls all functions of the SYSTEM 65 and the user's exter-
nal equipment. Crystal ¥1 (1 or 2 MHz) generstes the internal
clock for the RE502 CPU. Switch S3 is used to select either the
internal generated clock or an externally provided clock input,

The Host Module has automatic power-up circuit consisting of
an NESSS5 timer (Z3) and associated discrete capacitors and resis-
tors. This circuit will generate a 100 msec reset pulse following

power-up.
l USER BUFFER MODULE BUS LINES I
51 z 2
g 2 ERvaTaL -
Tommou = oo
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Qigure 1.USER 65 Host Module Functional Block Diaaram
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The Host Module also contains the RS-232C and TTY baud
rate generator circuitry. Crystal Y2 (1.8432 MHz) and baud
rate generator MC14411 (Z13) generate a baud rate clock. The
Clock rate is multiplied by 16 (x16) to provide a selectable output
baud rate from 110 to 9600. Switch 54 and the SN74152 (212}
select the baud rate. This output is then provided to the SYSTEM
65 bus to be used by the Monitor Module,

The internal/external address selection is based on a decode of
A16-A12, using an SN74159N (21) decoder. This device has
sixteen active low outputs. Each output represents a 4K address
space and is selected by Switches 51 and 52. The outputs are
ORed together and inverted by SN7406 (Z2). This enable signal
is then gated with R/W signal to form a READ signal and a WRITE
signal, which are used in the USER 65 Buffer Module.

The address lines and control lines @1, p2, DMA, and SYNC
are buffered with 1.C.’s 8T97 (28-Z10, Z5). The data lines are
inverted and buffered with 1.C.8T26 (26, 27). All of these lines
are brought to the SYSTEM 65 bus and are also taken out to
the USER 65 Bufier Module through series terminators [A1-Ad4),

The Control lines S.0,, RDY, RES, NMI, JRQ are brought to
the SYSTEM 65 bus and are also brought from the USER 65
Host  Module, then buffered with open collector buffers
SN7407(215), These inputs come only from the user's equip-
ment; the RESET switch on the front panel will not reset the
external equipment.

SYSTEM 65 bus line DMA is used to control the address and
data bus lines. This line is pulled up internally with a 3K resistor.
By pulling OMA low, the address, data and R/W lines are set to
the float state, allowing an external board to control them for
DMA operations. The DMA line does not stop the CPU — this
must be done by controlling the RDY line as outlined inlh)

RE500 Microprocessor Data Sheet (29000 D39),

) Rockwell Internationsl Corporation 1978
All Rights Reserved
PFrinted in UL.S.A,

Specifications subject to

change without notice
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Table 1. USER 65 Host Board to Buffer
Board Interface Signals

Note: Even-numbered pins are connected to Ground,

CONNECTOR J1 CONNECTOR J2
PIN SIGNAL PIN SIGNAL

1 AD 1 EXT, CLOCK
3 Al 3 @2
5 A2 5 1]
7 A3 7 GATED READ
[ A4 [ GATED WRITE

1 AB 1 o7

13 AB 13 D6

15 A7 15 D5

17 AB 17 Da

19 A9 19 D3

2 A10 21 b2

23 A1 23 D1

25 A12 25 Do

27 A13 27 +EV

28 Al4 29 +5V

3 A15 31 +5V

33 SYNC 33 +5V

35 RW 35 +5V

a7 RDY 37 +5V

39 RESET 39 5V

41 Nt

43 iRQ

45 S0

USER 65 BUFFER MODULE

The USER 65 Buffer Module receives the sddress, data and control lines
from the USER 65 Host Module, buffers these signals and interfaces them
to the user's equipment. Figure 2 is a block diagram. The schematic of
the USER 65 Buffer Board is PS00-X193.

The address lines, SYNC and R/W lines are buffered with 1.C.'s 8T97
{21-Z3). The control lines RDY, RES, NMI, IRQ, and $.0. are buffered
with open collector 1.C.'s SN7407 (Z4). The data lines are inverted and
buffered with 1.C."s BT26A (27 and Z8). They have series terminators of
150 ohms (29),

The @1 and @2 clocks are buffered by 8T97 (Z5). To use an external
clock, jumper N must be installed. To use @1, jumper M must be installed,
The DBE signal is provided for use during emulation of the R6512 CPU.
This line has an internal pullup resistor of 3K. When brought low it will
disable the data bus drivers.

Two other signals, READ and WRITE, are buffered by Z5. The READ
signal is generated by the Host Module and is high when the R/W line is

BUS LINES TO/FROM USER EQUIPMENT ]

2 H
i s |
|§- ""a g z I %:u“" SUrFen I z
§ E f
£
E’I’En i BUFFER I ﬁ:.i's
g '
% g
E sl 4 88 5 s
1 | ;
I USER 85 BUS LINES —l

Figure 2, USER 65 Buffer Module Functional Block Diagram

USER 65 CABLES

The cable assembly supplied with the USER 65 option provides the signal
paths between the USER 65 Host and Buffer Modules, and between the
Buffer Module and the user's equipment. Since the USER 65 option is
d to late all of the R6500 Family of CPU's, both a
40-pin cable and two 28-pin types of cables are provided.

INSTALLATION
USER 65 HOST MODULE INSTALLATION
Install the USER 65 Host Module in the SYSTEM 65 as follows:

1. Turn SYSTEM 65 power off,

CAUTION

Mever install or remove modules with SYSTEM 66 power on —
it may cause damage to the module and/or to the system,

2. Remove the top cover of the SYSTEM 65,
3. Remove the CPU Module.

4, Set switches 51, 52, 53 and 54 on the USER 65 Host Module per
Table 2. The switch positions are shown in Figure 3.

5. Piug the USER 65 Host Modul slot in the

SYSTEM 65 chassis.

into any

6. Route the cables from the Buffer Module through the back panel
of SYSTEM 65, through the slot provided.

7. Connect the 40- and 50-pin cables from the Buffer Module to the
top of the Host Module (the connectors are keyed with arrows).

8. Set swirches 51 and 52 on the RAM Module per Tables 3 and 4
to enable/disable and to select the address range of the internal
SYSTEM 65 RAM,

NOTE
If external RAM addresses are selected on the USER 65 and the

same add are sel d and on the SYSTEM 65
internal RAM board(s), the internal RAM will override and
P proper of the RAM.

high and an external address is active. The WRITE signal, also g d
by the Host Module, is high when R/W line is low and an external address
is active. These two lines control the data bus buffers 27 and ZB.

9. install the top cover of the SYSTEM 65.




CLOCK SELECT SWITCH BAUD RATE SELECT SWITCH

ADDRESS
SELECT
SWITCHES

Figure 3. USER 65 Host and Buffer Modules

Table 2. USER 65 Host Module Switches Table 3. RAM Module Enable/Disable
Switch Definition
SWITCH FUNCTION
Switch 51/52-4 Position RAM Enable/Disable State
ADDRESS SELECT
si/s2 Thim sadichies o . R £ i Up (Of1) RAM Disabled (Deselected)
internal or external for each 4K byte portion of mem-
ory space. External memory is selected when the switch Down {On) RAM Enabled (Selected)
is ON, internal memory is selected when the switch is
OFF.
51 Switch Address Range
1 $0000 - SOFFF
2 $1000 - $1IFFF
3 $2000 - $2FFF Table 4. RAM Address Range Select
% $3000 - $3FFF Switch Settings
5 $4000 - $4FFF = m
6 $5000 - S5FFF Butock /52 Posicion
7 $6000 - $6FFF -1 -2 -3 BK Address Range Selected
8 $7000 - STFFF Up Up Up $0000 - $1FFF
S D Addrass Range Down Up Up $2000 - $3FFF
1 $8000 - $8FFF d
2 $9000 - $9FFF Up Down Up $4000 - $5FFF
3 $A000 - SAFFF
4 $B000 - $BFFF Down Down Up $6000 - $TFFF
5 $C000 - SCFFF
6 $D000 - SDFFF Up Up Down $8000 - SOFFF
7 $E000 - SEFFF
8 $FOOD - SFFFF Down Up Lown $ADOO - $BFFF
CLOCK SELECT Up Down Down $C000 - $DFFF |
s3 Switch S3 selects either the SYSTEM 65 clock (INT)
or an external, user-supplied clock (EXT). If an exter- Down Down Down $E000 - SFFFF
nal supplied clock is used, the frequency must be o
1 or 2 MHz + 1% if operation of the SYSTEM g5 |  MNot®' "Up" it toward the top edge of the module
mini-floppy ditks is required. It must always be a
TTL level, square wave, clock input,
BAUD RATE SELECT
54 This switch determines the baud rate for either the
RS-232C or TTY ports. Switch settings are:
(s4) POSITION BAUD RATE
1] 110
1 150
2 300
3 600
4 1200
5 2400
6 4800
7 2600




USER 65 BUFFER MODULE INSTALLATION Table 5. USER 65 Buffer Module
Since the Buffer Module is designed to support all CPU's in the RE500 Connection Requirements

family, specific jumpers or straps must be inserted to support the exact

CPU being emulated. Table 5 gives the strapping requirements. Jumper User Buffer User’s
locations are shown in Figure 3, Equipment |Module Cable To CPU
CPU Socket | User Equipment | Jumper | Signal Pin
The Buffer Module has two modes for the R/W line. For 40-pin CPU
emulation (RB502 and RE512), the R/W line is connected to the user’s RE502 43 PS00-D603-001 RW 34
equipment as is. Since the 28-pin CPU's do not provide all the address % g:] :?NL;T] 33
lines to the user’s equipment, address conflicts can occur during SYS-
TEM 65 Menitor execution. A gated R/W line is provided to prevent RB503 Ja P$00-D605-001 %\rg 2?
these conflicts; this line is normally high, and goes low only when an vSS 2
external address is present and R/W is low, iRa 3
AT 4
The Buffer Module also has straps for clock selection, One strap allows gz (ouT) | 28

-
3
2
S

the @1 (OUT) signal to go to the user's equipment. The other strap is used

2PV EZ0O@ T ZPMO@VZTMORIIZZD

to allow an external clock [P0 (IN) or @2 (IN)] to be used. Switch S3 RE504 J5 PS00-DE05-001 RW 26
on the Host Module must be set to EXT when the external clock is used. RES 1
VSS 2

The Buffer Module is provided with three sockets and three cables. The 1RQ 3
40-pin socket (J3) should be used for either of the 40-pin CPU's, R6502 @2(0uT) | 28
or RE512. The cable labeled PS00-DE03-001 should be used to 2Rt e
from J3 to the user's equipment. The other two sockets (J4 and J5) RB506 b PS00-D605-001 AW 26
are for use with the 28-pin CPU’s. Table 5 correlates the socket and 28- 3553 ;
pin cable to be used for each of the 28-pin CPU versions, RDY 3
The DBE |Data Bus Enable) line for the RES12 is available to the user's STTEOUT] 2;
i There is an i i 3K pullup resistor in the Buffer Module, " @0 (IN) 27

so it can be left open if desired. To diseble the data output drivers, pull RES06 14 PS00-DE05-001 RW 26
the DBE line low. BE3 1
VSS 2

The installation procedure is: gijoum)| 3
RO 4

g2(ouT)| 28

1. Remove the top of the USER 65 Buffer Module assembly. g1 (OUT) a

-
3
z
N

KO | ired j Ti .
2 nsert the desired jumpers, per Table 5. RE507 5 PS00-DE05-001

-]
B
D
L
s
A
M
N
P o
= B RES 1
3. Connect either the 40-pin cable to plug J3 or the 28-pin cable o vss 2
to plug J4 or J5, as appropriate. K RDY 3
A #2(ouT) | 28
4. Reinstall the top of the Buffer Module assembly, N* @0 (IN) 27
RE512 3 PS00-D603-001 R RW 34
6. Plug the free connector of the cable into the user's equipment. N* #2 (IN) 37
RBE513 4 PS00-D604-001 P RMW 26
NOTE c Vss 1
E RO 3
Any conductive foam must be removed from the CPU plug pins : NMI 2;
1o allow proper SYSTEM 65 operation even when the CPU plug . RES
is not d 1o user P N 92 (IN) 27
RB514 J5 PS00-DE04-001 P RMW 26
. . Cc vEs 1
6. Turn SYSTEM 65 and user’s equipment power on. £ iRa 3
T RES 28
N* @2 (1N} 27
RE515 Ja PS00-DE04-001 P RMW 26
Cc WSS 1
J RDY 2
L e
5 IRQ 4
T RES 28
N #2 (IN) 27

*Jumper N is required with an external clock. Switch S3 on the
USER 656 Host Module must be positi i to the EXT position
when the ded clock or freg y ref is used.




USER 65 TYPICAL APPLICATION
A typical application for the USER 65 option is depicted in Figure 4,

The user's system may include any combination of ROM's, PROM's,
RAM’s, 1/O devices, and a 40- or 28-pin CPU socket. For emulation pur-
poses, the USER 65 option is installed in the CPU socket instead of a
CPU. The user must provide page 0{SO000-SO0FF) and page 1($0100-
SO1FF) either internally or externally for use by the SYSTEM 65 Moni-
tor. For system development purposes, the user’s ROM may be emulated
with one or more RAM modules provided in the SYSTEM 65 chassis.
This permits easy i { debugging, and reassembly of the user's
program during the development phase. For editing and assembling of
the source program, the user may use the SYSTEM 65 RAM or may
provide his own RAM modules externally.

The USER 65 option may be used with the SYSTEM 65 Monitor enabled
or disabled. With SYSTEM 65 Moni , the full of the
SYSTEM 65 Monitor are available for program checkout and debugging.

USER 65 HOST AND BUFFER MODULE
SPECIFICATIONS

Common Specifications

Operating Frequency: 1 MHz or 2 MHz
Operating Temperature: 0° 10 70°C

Power Requirements: +5VDC + 5% @ 1.5A

Host Module Specifications

Module Dimensions: 9.75 in. wide x 7.50 in. high
Edge Contacts: 86 pins on 0.156 in. centers

Edge Contact Signals: SYSTEM 65 compatible

Buffer Module Specificati

In this mode the SYSTEM 65 uses addresses $CO00-SFFFF; these
cannot be used by the programmer.

USER'S SYSTEM SYSTEM 65
i USER 65 INTERNAL
/O DEVICES BUFFER MODULE m
.
USER &5
HOST N
MODULE
FOR R8500
cru

Figure 4. USER 65 Option Hook-up

Module Dimensions: 4.125 in, wide x 7.375 in. high
Cable Lengths:

To SYSTEMES 60 in.
To User Equipment 12in.
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16K STATIC RAM MODULE

OVERVIEW FUNCTIONAL DESCRIPTION

The Static RAM Module contains 16K (16,384) bytes of Random In reading the text to follow, refer to the Functional Block Dia-
Access Memory (RAM), implemented with 32 R2114 1024 x 4 gram below and the attached schematics:

Static RAM devices. The Module also includes address decoding e PS00-X131, the 001 assembly of the RAM Module
and sal write p and data buffering circuitry,

e PS00-X133, the 071 assembly of the RAM Module
The edge connector pin assignments for the RAM Module are

h =
:T‘e Mo:!ule 13':(6: bytes 0.! HAMEmuu:r\f |m_ugr!1nnlnd into two compatible with the M pin assig given in Sec-

Lt - Each BK section is controlled by 0, 4 of the SYSTEM 65 User's Manual (Document No. 29650
an enable/disable switch and three address range select switches, N35)

located at the top of the Module. Each 8K section can be inde-

ndently write-protected via special lines.
pe VR ’ b The RAM Module's 16K bytes of read/write memory are pro-

vided by 32 R2114 1024 x 4-bit Static RAM devices.

The Static RAM M e eh T

bt B o syl T With g oo ke Address Buffers 247, 246 and Z33 and Data Buffers Z32 and

b """;M R R g ,““1 Z45 present a single TTL load to the Motherboard edge con-

16K bytes to 48K by‘:es o bedie :’: nector. The data signals are inverted to make them compatible
dand 41 . ation. The  iith the SYSTEM 65 Data Bus (DO-D7).

Module may also be into user-d via

the Auxiliary Card Cage.
uxiliary Card Cage. Module Switches S1 and S2 provide independent 8K RAM section

enable/disable and address selection. S1-4 and 524 permit each

FEATURES 8K section of RAM to be enabled or disabled. S1-1, -2 and -3
and 52-1, -2 and -3 select the base address to which the respective
e SYSTEM 65 compatible BK sections will respond. These switch settings are compared to

= Available in 1 MHz (450 ns access) and 2 MHz (250 ns upper address bits A13, A14 and A15 in Address Comparator
devices Z10 and Z21. The Comparator outputs enable or disable
1-0f-8 Decoder devices Z9 and Z20 to provide the input chip
® 16K bytes of Random Access Memory, with two indepen- select signals to the two BK RAM sections.

dent 8K sections

access) versions,

Separate write protect capability for each 8K section Write protection is controlled by seven Write Protect lines, WP1-
WP7, one line for each 8K section of memory (the lowest section,
addresses S0000-$1FFF, may not be write protected; note that
9.75 in. x 6.00 in. module Z48-2 is tied to ground to permanently enable writing to this
section), A low voltage on WP1-WP7 enables writing into the
associated BK section,

Static — no clocks or strobes required

Single +5V supply

When the Address Comparator enables the RAM Device Select
Decoders, Address Select switches S1-1 through S$1-3 and S2-1
through $2-3 are used by 235 and Z36 to select one of the seven
Write Protect lines. The selected line controls the RAM Write
Control signals, 234-6 and Z34-8.

ADORESS SALRCT (e
ARG TNARLE/DISABLL
wiTCHES

DATA ApomEss
BUEEER BUFFER

)

RAM WModule Functional Block Diag

@ Rockwell International Corporation 1978 Specifications subject 1o

All Riy Reserved
Pflm:'i: USA, change without notira
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INSTALLATION Table 1. RAM Enable/Disable Switch Settings

The procedure below should be used to install 16K Static RAM Mod- Switch §1/82-4 Position RAM Enable/Disable State
ules in the SYSTEM 65 or, with appropriate changes, in an Auxiliary
Card Cage. Up (Off) RAM Disabled (Deselected)
1.  Turn SYSTEM 65 power off. Down (On) RAM Enabled (Selected)
CAUTION .
Table 2. RAM Address Range Select Switch Settings
Mever install or remove modules with SYSTEM 65 power
on — It may cause damage to the module and/or to the Switch 51/52 Position
Systam. - 2 3 8K Address Range Selected
2.  Remove the top cover of the SYSTEM B5. Up Up Up $0000 - S1FFF
3. The RAM Module has two banks of switches —§1 and 52 — Down Up up $2000 - $3FFF
one bank for each 8K section of RAM. Using Tables 1 and 2, Up Down Up $4000 - $5FFF
select the enable/disable and address range characteristics 0 Down Up $6000 - $7FFF
for each 8K section. '
Up Up Down $8000 - $9FFF
NOTES Down up Down $A000 - $BFFF
For proper SYSTEM 665 operation . . . Up Down | Down $C000 - $DFFF
Down Down Down $E000 - $FFFF
a. Page O (address range $0000-$00FF) and Page 1 ($0100-

$01FF) must be provided in RAM — either internal
RAM or external RAM as interfaced by USER 65 or

NOTE: “Up" is toward the top edge of the Module.

its equivalent.
b. RAM addresses in the range SCO00-$FFFF are used by
the SYSTEM 65 Monitor Board, and must not be SPECIFICATIONS
enabled in RAM Madules. Memory Size: 16K bytes
Word Length: 8 bits
4, Insert the RAM Module(s) into any vacant slot(s) in the interface: SYSTEM 65 compatible
SYSTEM 65 chassis. Max. Access Time: 450 ns (P/N ME5-031)
250 ns (P/N ME5-032)
5. Install the top cover of the SYSTEM 65. Module Components: 32 R2114 Static 1024 x 4-bit RAM devices
Module Dimensions: 9.75 in. wide x 6.00 in. high
6. Turm SYSTEM 65 power on. Edge Connector: 86 pins on 0.156-in. centers
Operating Temperature: 0°C to +70°C

Power Requirements:

LOGIC LEVELS

Tp=0%1to +70°C, Vo = 5V $5%

+5 VDC +5% @ 3.0 amps (typical)

Characteristic Symbol Min Max Unit Condition
Inputs (DO-D7), AQ-A15,
WP1-WP7, 02, R/W)
Input Low Voltage \l""_ 08 v IIL'&QD pa
Input High Voltage VIH 2.0 VCC v IIH =40 pa
Outputs (DO-D7)
Qutput Low Voltage VoL 0.5 v loL= 48 ma
Output High Voltage vOH 24 Vcc v 'OH = 10 ma
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PROM PROGRAMMER MODULE

OVERVIEW

The PROM Programmer Module provides SYSTEM 65 users with
a means to program, verify, read and check Programmable Read
Only Memory (PROM) devices, and supports 2704, 2708, 2716,
2516, 2532 and 2758 devices. The PROM Programmer Module
connects directly to the PROM Socket on the front panel of the
SYSTEM 65 chassis, via supplied cable,

The Module is supplied with a mini-floppy diskette which holds a
set of software routines that allow the user to check a PROM for
proper initialization, program the PROM from SYSTEM 65
memory, verify the PROM with SYSTEM 65 memory, and read
the contents of the PROM into memory. Utility functions to
Ioad, verify and dump memory are also supplied.

FEATURES
® SYSTEM 65 compatible

e Supports programming of 2704, 2708, 2516, 2532, 2716
(Intel and Texas Instruments) and 2758 PROM devices.

o Comes with software on mini-floppy diskette

FUNCTIONAL DESCRIPTION

In reading the text to follow, refer to the Functional Block
Diagram in Figure 1 and the attached schematic, PS00-X201,
The edge connector pin assignments for the PROM Programmer
M are ical to the Moth pin g given
in Section 4 of the SYSTEM 65 User's Manual {Document No.
29650 N35).

Table 1 summarizes the PROM Socket interface, and applies
to both the PROM socket located on the PROM Programmer
Module and the PROM socket located on the SYSTEM 65 front
panel.

The PROM Programmer Module consists of two RE6520 Peri-
pheral Interface Adapters (PI1As), data buffers, address decoders,
26V power supply, level shifters and power-up circuitry,

The power-up circuitry (Z9) generates an automatic reset during
power-up. A reset signal may also come from the Reset line of
the SYSTEM 65 Bus.

The PROM Programmer Module contains data bus buffers, Z12
and Z13, to provide a logical inversion and a single TTL load
to the SYSTEM 65 bus signals. The two RE520 PIAs, Z5 and
ZB, are used to store the address, data and control information
for the PROM device. The address, Read/Write (R/W), and
92 signals are buffered and decoded by Z10, Z11, Z14, Z15 and
Z16. PIA Ne. 1 is addressed at locations SC018-SC01B. PIA
No. 2 is addressed at locations $CO1C-$CO1F.

The PROM device receives address lines AO-A9 and data lines
DO-D7 directly from the PIA devices. The program lines (see
Table 1, PROM socket pin nos. 18, 19 and 20) are level-shifted
to provide either OV, +5V, +12V, +25V or +26V to the PROM
device, depending on the device type. The 26-volt power is gen-
erated from the +5-volt power through a DC-DC converter, Z6,
and an adjustable voltage r . Z1. Relays XR1 through
XR4 are used to switch the power lines (see Table 1, PROM
socket pin nos. 21 and 23) to +5V, +12V and 5V to the PROM
device, depending on the device type. The 5V power is gen-
erated from the -12V power line through a voltage regulator,
Q9.
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Table 1. SYSTEM 65 PROM Socket Interface Summary

PROM PROM Device Type o

Socket 2518 n
Pin T Intel Pin

Number | 2632 | 2704 | 2708 | 2716 |2758 | 2716 | Number
1 a7 A7 A7 A7 AT |AT7 2
2 |ae A6 |a6  |aB AB |AB 19
3 |as As |as  |as AS |AS 17
4 |asa A4 |Aa A4 A4 |A4 15
5 |a3 A3 A3 |a3 A3 |A3 23
6 |A2 A2 A2 |a2 A2 |A2 25
7 | A1 Al A1 A1 A1 A1 26
8 |a0 A0 |AaD (A0 A0 |AD 24
9 |po oo |pbo |[po oo |Do 22
10 (D1 D1 D1 D1 D1 |D1 20
1 |p2 D2 |p2 (D2 D2 |D2 18
12 |GND |GND |GND |GND |GND|GND 16
13 |o3 p3 |p3 (D3 D3 |D3 10
14 |Da D4 |pa |Da D4 |D4 8
15 |DS D5 Ds |D5 D5 |D5 8
16 |D6 o |p6 D6 D6 |D6 2
17 D7 D7 D7 D7 D7 D7 4
18 |An PGM |PGM |PGM/CS |CE |CF 13
19 |A10 vDD |vDD |VvDD |GND |A10 1
20 |PD/PGM |TS/WE |CS/WE |A10 OE |PD/PGM 9
21 |vpp vBB |vBB |vBB  |VPP |VPP 7
2 |A9 GND |A9  |Ag A9 |A9 5
23 | A8 A8 |a8  |aB A8 |AB 3
24 |vec |vec |vec |vectpel|vec |vec 1

MODULE INSTALLATION

Install the PROM Progr A as foll
1. Turn SYSTEM 65 power off.

CAUTION

Never install or remove modules with SYSTEM 65 power
on - it may cause damage to the module and/or to the System,

2. Remove the top cover of the SYSTEM 65.

3. Insert the PROM Programmer Module into any vacant slot
in the SYSTEM 66 chassis.

4. Connect one end of the supplied cable to the connector on
top of the PROM Programmer Module and the other end to
the connector mounted on the inside front panel of SYSTEM
65. Observe the correct polarity of the plugs and sockets;
i.e., align the arrows marked on the plugs and sockets.

6. Inswll the top cover of the SYSTEM 65.
6. Setthe SYSTEM 65 RUN/STEP Switch to RUN.

NOTE
The PROM Prog will not properly if tha
RUMN/STEP Switch is in the STEP position.
7. Turn SYSTEM 65 power on.
8. The PROM Prog has an ic reset featurs.,

The standard power-up message shoulkd appear on the system
terminal device at power-on, A manually-initiated reset may,
however, be performed whenever required,

PROM DEVICE INSERTION/REMOVAL
CAUTION

Tha PROM device is fragile, and dropping, twisting or uneven
pressure may break it, Never press down on the window area
of the chip

The PROM device may be inserted into SYSTEM 65 front panel socket
or into the socket located on the PROM Programmer Module.

CAUTION

Only one PROM device should be installed at a time — in
either the SYSTEM 65 socket or the PROM Programmer
Module socket. Prog g with PROM devices installed
in both locations may cause srroneous results and/or damage
to the PROM.

PROM INSERTION/REMOVAL ON THE
SYSTEM 65 FRONT PANEL

To insert the PROM device:

1, Push the PROM socket lever out from the SYSTEM 65 front
panel, to release pin pressure.

2. Position the PROM device in front of the socket, being care-
ful to observe the Pin 1 location.

CAUTION

Incorrect PROM installation may cause PROM damage and/or
may blow Fuses F1 and F2 on the PROM Programmer Module.

3. Insert the PROM into the socket, then push up and in on the
socket lever to apply pressure to the pins.

To remove the PROM device, grasp the PROM device at sach end, then
push the socket lever away from the SYSTEM 65 front panel to release
pin pressure.

PROM INSERTION/REMOVAL ON
PROM PROGRAMMER MODULE

To insert the PROM device, position the PROM device in front of the
socket, being careful to observe the PIN 1 location.

CAUTION

Incorract PROM installation may cause PROM damage and/or
may blow Fuses F1 and F2 on the PROM Programmer Module.

With the PROM properly oriented, gently start all pins evenly into the
socket pin guides. Then press firmly and evenly on the device (avoiding
contact with the light window) until the device is securely seated.

To remove the PROM device, exert an even, upward force on both
sides of the device while counteracting with a lesser, evenly-applied
downward force. This will prevent the PROM device from popping out
one side and bending or breaking pins still engaged at the other end of
the socket.

OPERATION

The PROM Prog f: allows checki ding, verifying
and programming 2704, 2708, 2758, 2516, 2532 or 2716 type davices.
The data/instructions are copied to/from the SYSTEM 65 RAM mem-
ory In the address range specified by the user. The user can then trans-
fer this information to/from the diskette lor other 1/O device) using
SYSTEM 66 software routines.




LOADING THE PROM PROGRAMMER ROUTINES

There is one PROM programmer object file supplied on the PROM
Programmer diskette, PROM®n, where ““n" is the program relaase revi-
sion letter. File PROM®n occupies from $0200 to $OFFF.. User pro-
grams can be loaded starting at $1000. To load the PROM®n program,
use the SYSTEM 65 Load Command L. Then enter tha file name
(PROM*n) and disk drive number desiced. Since the PROM*n prog

Next, the data to be copied to the PROM device can be loaded using
the L command. In this example, the file USERIN was loaded. Type 5
lor 6] to start the routines. Next, enter the device type. If a 2716
was entered, the message TMS 2716 (Texas Instruments) PROM? will
be printed, Enter Y for yes or N for no, The routines will reprint the
device type for verification each time a new function is requested.
A single character should now be entered to Indicate the function

may occupy the same memory area in which user's data may resice,
an offset may be applied to the user's data to locate it to $1000 or
above (See Load, Verify and Dump functions with offset). PROM®n
uses page 0 ($0080—$009A) and page 1 ($0100—$01FF),

NOTE

The SYSTEM 65 RUN/STEP switch must be in the Run position
for PROM programming,

After the program is ioaded, use the five (5) key to start the PROM
Programmer routines for a 1 MHz system or the six (6) key for a
2 MHz system. The 5 (or 6] key may also be used for reentry into
the PROM Pr Once the i are entered, the
only way to exit back to the SYSTEM 65 monitor is to press the
ESC key, if the program is waiting for input, or the Reset switch,

The PROM Programmer PROGRAM PROM (P) and VERIFY PROM
(V) functions require that the data to be programmed and/or verified
be in RAM memory prior to execution. If the program data resides on
diskette (or other media), use the SYSTEM 65 Monitor L command to
loed the object code into memory before entering the PROM pro-
grammer functions with key 5 (or 6). Alternatively, use the PROM
Programmer L command to load the program data with optional offset
after the PROM Programmer functions have been entered.

PROM PROGRAMMER OPERATION

Before entering any of the PROM Programmer functions to follow,
ensure that the required PROM device is installed in the desired PROM
socket — the SYSTEM 65 front panel socket or the PROM Programmer
Module’s PROM socket — per the PROM Device Insertion/Removal
instructions. The PROM P i may be d in
the sbsénce of an installed PROM device, but this may cause verify
errors.

CAUTIONS

1. insert a PROM device only when SYSTEM 65 power is on
and either the Monitor prompt (< ) or the PROM Programmer
prompt (=) is the last character displayed on the system termi-
nal. Failure to do so may cause damage to the PROM device.

2. DC power to the PROM device installed in the PROM socket
is set to zero upon SYSTEM 65 powerup or depression of
the Reset switch. During 8 PROM Programmer function,
DC power is supplied to the PROM socket after entry of the
last address, then the ded PROM progr g fune-
tion is performed. The DC power is removed upon completion
of the programming function, before the next PROM Program-
mer prompt character (=) is displayed.

Once started, the routines will ask the user for certain information,
This information should be entered on the system terminal. For
numbers or addresses, type in the number followed by a space or
carriage return to terminate the number. Leading zeros are not neces-
sary. Only the last four digits of the number are used, If a mistake is
made before pressing the space bar or carriage return, reenter the
correct number (all four digits). If a mistake is made after entering a
number, exit the PROM Programmer routines using ths ESC key or
Resat switch on the front panel and restart with key 5 (or 6), If an
invalid or ber is d the routines will print WHAT?
and ask you to reenter.

toad and initial

d as outlined in the sub text,

<L>IN=F FILE=PROMeC DISkK=1
<%)PROM PROGRAMMER FOR 1| MHZ SYSTEM (VER C)

ENTER 2704)2708+2758,2716/2516, OR 2332
=

THS 2716 PROM?

an

P Lt t T T T
TYPE=

FEEFSELLEERELRIR IS

HTER PROM VERIF' *READ (R> » OR CHECK (C>
Uﬁ‘ MEMORY COMMAND: VERIF?(FMLMB L{%] -ﬂR DUMP <D>

Figure 2. Power-Up and Loading Responses

ADDRESS SELECTION

The ‘lumo‘ deci locati of the RAM
memory used for check i ding, or verifying. The
upper address bits are then nrlppad off to form the address for the
PROM devices, In general, the addresses must comply with the follow-
ing restrictions:

1. Cannot be Page 0 ($0000—$00FF) or Page 1 ($0100—$01FF).

2. Cannot overlap the PROM Programmer routine for file name
PROM®n ($0200—$0FFF).

3.  The last address must be greater than or equal to the first
address entered,

4. The sddress range from first to last must not exceed the
size of the PROM being programmed.

In addition, there are further restrictions on certain PROM deavicss,
imposed by the PROM manufacturer, The 2704, 2708, and TI TMS-
2716 must be programmed using their total sddress space during one
programming. This means that the 2704, 2708, and T1 TM52716 must
start on 8 1/2K, 1K or 2K address boundary, respectively. They also
have to extend 1/2K, 1K or 2K bytes in length, respectively, The 2516,
2532, 2768 and Intel 2716 do not have this requirement. Therefore,
single byte or multi-bytes may be programmed within the address
range of the device. The routines are designed to check for any invalid
address entered and will print WHAT? and ask for the address again.

PROGRAM FUNCTION (THE P COMMAND)

The Program Function (P) loads the contents of SYSTEM 65 memory
inte PROM. It is entered by pressing the P key in response to the
ENTER command message. The routines will ask where any errors
detected during verifying should be printed. This is indicated by the
message ERROR LIST OUT=. Enter any of the standard I/O device
characters {spoce for CRT, P for Printer, etc.).

After the first and last address Is entered, the routines will check to
sen if the PROM s initialized, Since thess PROMs are initialized to an
all-ones condition by placing them under an ultraviolet light, a check
is made prior to programming for an all-one’s condition. If any zero
is detected in the bounds of the address range entered, the messages
PROM NOT INITIALIZED and CONTINUE ¥ or N will be printed.
The user has the option of aborting the programming (type N for no)

Figure 2 is an le of a PROM Prog
along with the user’s responsa.

and initializing the PROM properly or continuing with the program-
ming by typing the Y (yes) key.




It is possible to change a 1 to 0 with the PROM programmer, but the
PROM must be exposed to an ultraviolet light to set the bits back to

one's g to the respect f ar's I
the PROM is initialized or "Y' entered, a star will be printed every
1-5 ds, Indi ing in progress. After prog

the message VERIFYING wlll be prlrmd and the PROM device mli

<%>PROM PROGRAMMER FOR 1 MHZ SYSTEM <(VER C)
Eg‘IER 2704, 270892758 271602516 DR 2532
TN$ 2716 PRONT

SEEEEEEIEEEEEISSSIEES

be verified against the specified RAM locations, This is icall o e
done every time, If there are no errors d d, the 0 D’ONE
will be printed and the next op quested, Any errors detected  gyrep pROM COMMAND: VERIFY (V) s PROGRAM (P) sREAD (R) s DR CHECK (€3
will be printed on the selected 1/O device, '3!1 MEMORY COMMAND: VERIFY (F)sLOADCL) +OR DUMP (D)
VERIFY
Figure 3 shows an example of the Program Function. alﬂk LIST
NOTES Enrtn‘l; FIRST ADDRESS
ENTER LAST ADDRESS
1. A verification error showing a series of 1's in a specific PROM =17FF
bit position after progr may indi a poor ADDR PROM RAM
caused by improper PROM inthePROM 1550 35 A1
sockst, See the PROM Device Insertion/Removal instructions. 7FF 15 33
2. If fuse F1 or F2 on the PROM Programmer Module is blown, ~ PONE
the PROM may not verify correctly, Verify that both are srssssssssssnssestons
good if a verify error occurs. Iet?ﬁci TYPE=

<S»PROM PROGRAMMER FDR 1 MHZ SYSTEM (VER C)
ENTER 2704:2708127581 271612516 OR 2932
=27

THS 2716 PROM?

=

SrsssssssEIBERERREREY

EI'I‘IER PROM COMMANDS VERIFY (V> s PROGRAN (P) s READ (R) » DR CHECK <)
MEMORY COMMAND: VERIFY (F):LDADCL) +0R DUMP (D)
=-p

PROGRAM
m LIST
ENTER FIRST ADDRESS

=10
ENYEN LAST ADDRESS

DONHE

VERIFYING

TONE

P e S S L L S L e

DEVICE TYPE=

2716

P R T R R R e L L 2

ENTER FPROM COMMAND: VERIFY (V3 s PROGRAM (P » READ (R) s DR CHECK {C)
OR MEMORY COMMAND: VERIFY (F)sLOADCL) »OF DUMP (DY

Figure 3. Program Function Example

VERIFY FUNCTION (THE V COMMAND)

The Verify Function (V) verifies the contents of the PROM with the
contents of SYSTEM 65 RAM. It is entered by pressing the V key in
response to the ENTER command message.

The routines will request where any errors detected should be printed,
This is indicated by the message ERROR LIST OUT=, Enter any of the
standard 1/0 device characters defined in the SYSTEM 66 User's
Manual (space for CRT, P for Printer, etc.). Next, type In the first and
last addresses. As soon as the last address is entered, power will be
applied to the PROM device and the contents of the PROM compared
to the respective content of the RAM, If no errors are found, the
message DONE will be printed, and the next operation requested, If
errors are detected, the address, contents of PROM, and contents of
RAM in disagreement will be displayed/printed on the selected o
device. Figure 4 shows an example of the Verify Function with errors.

e T L LY

ENTER PROM COMMAND: VERIFY (V> PROGRAN P) rREﬁ‘IIG)lﬂ! CHECK <C>
DR MEMORY COMMAND! VERIFY CF)>»LDADCL)»OR DUNP (D

Figure 4. Verify Function Example with Errors

READ FUNCTION (THE R COMMAND)

The Read Function (R) reads the contents of PROM into SYSTEM 65.
RAM. It is entered by pressing the R key in responss to the ENTER
command message.

After the first and last addresses are entarsd, power will be applied
to the PROM and the contents copied into the specified RAM loca-
tions. When completsd, the message DONE will be printed and the
next operation requested. Figure 5 shows an example of a Read Func-
tion.

The PROM Programmer READ function resds program data into
SYSTEM 65 RAM memory from PROM. After reading is complete,
save the PROM data on diskette (or other media) using the SYSTEM 65
Monitor D Command after exiting the PROM Programmer functions.
Alternatively, use the PROM Programmer D command to dump the
data with optional offset before the PROM Programmer functions are
exited. The amount to be stored or loaded at one time is limited only
by the RAM locations available.

<5>PROM PROGRAMMER FOR 1 MHZ SYSTEM <VER C)
ENTER 2704,2708,2758,2716,2%16» OR 2532

=271

THS 2716 PROM?

-

sesssssssssssssssrbes

DEVICE TYPE=

2716

e

ENTER PROM COMMAMD: YERIFY (V) PROGRAM (P READ (R} »OR CHECK (L)
OR MEMDRY COMMAND: VERIFY (F>»LOADIL>+0OR DUMP (D>
=R

RERD

ENTER FIRST ADDRESS

=1000

ENTER LAST ADDRESS

=] 7FF

TONE

e LI L LTS 2
YPE=

A it il Ll

ENTER PROM COMMANDE VERIFY (V) PROGRAM(P) « READ (RY » DR CHECK (C)
-

sesesserees
DR MEMORY COMMAND: VERIFY(F3sLOADIL: »OR DUMP <D

Figure 5. Read Function Example




CHECK FUNCTION (THE C COMMAND)

The Check Function (C) is used to check that the PROM is initialized,
It is entered by pressing the C key in response to the ENTER command
message,

After the first and last addresses are entered, power is applied to the
device and all fiad | i are checked for $FF, The message
PROM NOT INITIALIZED will be printed if all locations do not
contain $FF. The message DOMNE will be printed when the Check
Function is complete.

Figure 6 is an le of a sful Check F i

<S»PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER C)

ENTER 2704s2702:2758,2716+2516, OR 2932
=2716

TMS 2716 PROM?T

=t

IE'
2718
sesrrssen

-

ENTER PFOM COD D: WERIFY (Y2 P> s READ (R> »OR CHECK (C)
OF MEMORY COMMAND: VERIFY (F),LOADIL) »OF DUMP (D)

=C

CHECK

ENTER FIRST HDDRESS

=1000

ENTER LAST ADDRESS

=17FF

PROM MOT INITIALIZED

DONE

R s o L L 2 S 2 L2 22
DEVICE TYPE=
2716

B e
ENTER PROM COMMAND: YERIFY (V) s PROGRAN (P) » READ (R) + DR CHECK (C)
OR MEMORY COMMAND: VERIFY (F»,LOADILY+»OR DUNMP (D>

Figure 6. Check Function Example

LOAD MEMORY WITH OFFSET FUNCTION (THE L COMMAND)

The Load Memory with Offset Function (L) copies data from an input
object code file into memory addresses offset by an entered amount
from the addresses on the input file. The entered offset value is addi-
tive with carry from bit 15 ignored, e.g.;

Input File Offset Address in
Address Value Memory
$1000 0 $1000
$1000 $2000 $3000
$7000 $A000 $1000
$E000 $2000 $1000

Figure 7 is an example of the Load Memory with Offset Function.

<3>PROM PROGRAMMER FOR 1| MHZ SYSTEM (VER C)
EN;EQ EF04:2702,2758+2716+ 2516y DR 2532
=2716

NS 2716 PROMT

=H

b L T
DEVICE T
2rie

L

ENTER PROM COMMAND: VERIFY (V) »PROGRAM (P> » READ (R + OF CHECK ¢C)
OF MEMORY COHMAHD: VERIFY (F>sLOADL) »OR DUMP (D)

=L

LOAD
OFFSET=D000 IN=F FILE=AIMEAS DISK=2

i Lt T L
DEVICE TYPE=
2vie

R

ENTER _PROM COMMAMD: YERIFY (V> PROGRAM (P) » READ (RY »OR CHECK (C)
OR MEMDRY COMMAND: VERIFY (F3,LOADCLY +OR DUMP <D

Figure 7. Load Memory with Offset Function Example

VERIFY MEMORY WITH OFFSET FUNCTION (THE F COMMAND)

The Verify Memory with Offset Function (F) compares the contents
of an object code file with the contents of memory at addresses in
memory offset by an entered amount from the addresses on the ref-
erence object code file. The entered offset is additive in the same
manner as the Load with Offset function. The contents of both mem-
ory (MEM) and reference file (FILE) are displayéd/printed along with
the address (ADDR) if any differences in value are detected.

Figure 8 is an example of the Verify Memory with Offset Function
showing two detected errors,

<3>PROM PROGRAMMER FOR 1| MHZ SYSTEM (VER C
(g;ER 27042 2708+2738,2716+2%16, OR 2532
=276

THS 2716 PRONT

=

ssssssssssssesssssese

DEVICE TYPE=
evie

e

ENTER PROM COMMAND: VERIFY (V) » PROGRAM (P) » READ (R) s DR CHECK (C)
OF HEMORY COMMANDT VERIFY (F)+LODADCL)sOR DUMP (DD

VERIFY
DFFSET&D000 IN=F FILE=AIMBAS DISkw2
ERROR LIST

-
ADDR“HEM-F

ILE
1000 36 4C 13F0 7€ ES

B

%\ﬂ CE TYPE=
2716

ssssssssssssssssssans

ENTER VERIFY (V> DGR 2 o READ (R + DR CHECK <C
oR Itlﬂv cmp: VERIFY (F) » LOAD (LY » OR DUMP (D)

Figure 8. th’ify Memory with Offset Function Example
with Errors

DUMP MEMORY WITH OFFSET FUNCTION (THE D COMMAND)

The Dump Memory with Offset Function (D) copies data from memory
to an output object code file with addresses in the output file offset
an d from the add in memory. The entered offset
value is sdditive from the output file to memory with carry from
bit 15 ignored; e.g.:

Output File Offset Address in
Address (FROM=) Value Memory
$1000 0 $1000
$4000 $D000 $1000
$1000 $8000 $9000
$AD00 $1000 $B00O

Figure 9 is an example of the Dump Memory with Offset Function.

<S>PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER C)

ENTER 2704427082738+ 2716,28516 OR 2532

=2716

THE 2716 PROM?

L]

FHESEES4S4E000844

DEVICE TYPE=

2vie

SH54445805080000 0000

ENTER PROM COMMANDI VERIFY (V) s PROGRAM (P) s READ (R} » DR CHECK <C)
ER MEMORY COMMAHD: VERIFY (F)+ LDAD LY s DR DUMP cD}
-

DurP
OFFSET=D000 DUT=F FILE=PRMOUT DISK=2
FROM=4000TO=47FF

MORETH

e LTS L LT
TYPE=

sEessssssEsEIIINS

ENTER PROM COMMAMD: VERIFY (V) PROGRAM (P) s READ CRY » DR CHECK (C3
OR MEMORY COMMAND: YERIFY (F)»LOAD(LY »OR DUMP (DY

-

Figure 9. Dump Memory with Offset Function Example




SPECIFICATIONS

PROM Devices Supported: 2704,2708, 2758, Intel 2716 and Texas Instruments 2716
Programming Time (approximately): 2704 — 100 sec,

2708 — 200 sec.

2768 - 60 sec.

Intel 2716 — 120 sec.
T.1. 2716 — 400 sec.

2616 — 120 sec.
2632 — 240 sec.

Interface: SYSTEM 65 compatible

Module Dimensions: 9.75 in. wide x 6,00 in. high

Edge Connector: BE pins on 0,156-in. centers

Operating Temperature: 0° 1o + 70%C

Power Requirements: +5 VDC # 5% @ 750 ma (fused at 2 amps)
+12 VDC + 5% @ 50 ma (fused at % amp)
-12 VDC £ 5% @ 50 ma.

Fuse Description: F1 — AGC %A-2560V (Bussman)

F2 — AGC 2A-250V (Bussman)
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PROM/ROM MODULE

OVERVIEW

The PROM/ROM Module (Part Number MB5-045) permits system
read only memory to be increased by up to 16K bytes. The
Module provides 16 24.pin DIP sockets for accepting industry-
standard 2708, 2716 or 2758 PROM devices, or 2316 or 2332
ROM devices. PROMs and ROMs cannot be mixed on the Module.

The PROM/ROM Module’s 16K-byte address space is segmanted
into four independent 4K-byte sections. Each 4K-byte section is

FUNCTIONAL DESCRIPTION

In reading the text to follow, refer to the Functional Block
Diagram below and the attached schematics:

e PS00-X-141, the -001 version of the PROM/ROM Module

¢ PS500-X-143, the 011 version of the PROM/ROM Module

The edge connector pin assignments for the PROM/ROM Module
are identical to the Motherboard pin assignments given in Section

provided with a switch for selecting its base address. Further, each 4 of the SYSTEM 65 User's Manual {Document No. 29650 N35).

socket has an individual enable/disable switch, providing resolu-

L M i ith 1 il
tion down to 1K bytes. The PROM/ROM Module comes wit 6 sockets for accepting

the following types of memory devices:
e Up to four 2332 ROMs, or
FEATURES ® Up to eight 2316 ROMs, or
e Up to eight 2716 PROMs, or
e Upto 16 2708 or 2758 PROMs

e SYSTEM 65 compatible
e 16K-byte read only memory capacity

The address hes on the M are set in with
the type and number of PROM or ROM devices installed. Each
socket may also be selected by a switch, Further, each 4K address
space also has a separate switch for selection of its base address.
The Chip Select Logic specifies the PROM/ROM 1o be accessed
and the address lines from the System bus select the memory
location. The selected PROM/ROM device responds by placing
8 bits of data on the data lines (DD through 07) for transfer
to the CPU

® Accepts 2708, 2716 or 2758 PROM devices
® Accepts 2316 or 2332 ROM devices
# Sockets can be individually enabled/disabled

e Base address is switch-selectable for each 4K-byte
address space

e Single +5V supply
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SWITCHES
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CHIP
SELECT cs
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SOCKETS
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SWITCHES AND JUMPERS

The PROM/ROM Module can accommodate a variety of standard
PROM and ROM devices. The user must configure the Module for
his specitic application, and does so with various switches and jumpers
on the Module itself.

The PROM/ROM Module has a total address space of 16K bytes,
divided into four 4K-byte sections. Each 4K section has a separate
base address select switch, S3 through $6, which must be set to the
desired hexadecimal value (0 - Fl. For example, if Switch 83 is set to
C, the base address for Sockets 24, 25, 26 and 27 is $C000 (where $
indicates hexadecimal). Further, each individual socket can be enabled
or disabled from driving the Data Bus by setting/resetting Switches §1
and 82,

There is a further restriction for ROMs: Since ROMs have chip selects,
they will only work in the proper sockets with proper base address
switch settings. For example, a 2316 ROM with CS3=1, C52=0 and
C51=1 will work only in Socket 222 (see Table 4) and with a selected
base address value of 2,6, A or E.

As mentioned above, the PROM/ROM Module must also be jumper-
configured for the device being used. Jumper informatian is given
with switch select tables. The function of each jumper is summarized
in Table 1.

Table 1, PROM/ROM Board Jumper Functions

Jumper No. Jumper Function
1 Connects A12 to Pin 18 of all sockets
2 Enables 1K address selection
3 Connects +12VDC to Pin 19 of all sockets
4 Enables 2K address selection
5 Connects A13 to Pin 21 of all sockets
6 Connects A10 to Pin 19 of all sockets
T Connects A11 to Pin 21 of all sockets
8 Connects +5VDC to Pin 21 of all sockets
9 Connects A11 to Pin 18 of all sockets
10 Connects -5VDC to Pin 21 of all sockets
1 Connects GND to Pin 18 of all sockets
12 Enables active low chip selects on Sockets 27, Z14, 222 and Z29
Table 2. Switch Settings for 2716 PROM Operation
Base Address
(A15, A14, A13, A12) Address A11 Socket Enable/Disable Switch
0 Z5 51-2
53 (0:F) 1 27 s14
0 n 516
k) 1 14 518
0 Z18 522
S5 (0-F) 1 722 2.4
0 224 526
$6 (0-F) 1 229 528
For 2716 PROMs, add Jumpers 4,6, 8, 11 and 12,
Table 3. Switch Settings for 2708 or 2758 PROM Operations
Base Address . Address
(A15, A14, A13, A12) A11 A10 Socket Enable/Disable Switch
0o 0 24 511
o 1 25 512
53 (0-F) ¥ 0 26 513
i 1 Z? S14
0 0 210 515
o1 FAR| 516
54 (0-F) 1 0 Z13 51-7
1 1 Z14 518
0 0 217 5241
0 1 Z18 522
$5 (0-F) 1 0 221 523
11 222 524
0 0 223 525
0 1 Z24 526
B0+ 1 0 728 527
1411 229 s28

For 2708 PROMs, add Jumpers 2, 3, 4, 11 and 12 and add Capacitors C6-C9, C14-C17, C21L£24, C29-C32, C37-C40, ©45-C48, C52-C55 and C59-
C62. All capacitors are 0.1 uf.

For 2758 PROMs, add Jumpers 2, 8, 11 and 12 and jumper left post of Jumper 3 to right post of Jumper 4.



Table 4. Switch Settings for 2316 ROM Operation

ROM Chip Selects*
Base Address A13 Al2 A1l
{A15, A14, A13, A12) Cs3 cs2 cs1 Socket Enable/Disable Switch
0 0 0 Z5 51-2
$310,4,8,C) & g 1 z7 s14
0 1 0 ZN S16
5411,5,9,D) 0 1 1 214 518
1 (i} 0 Z18 522
§5(2,6,A,€) 1 0 : z22 524
1 1 0 224 526
561(3,7,8,F) 1 1 1 229 528

*Assumes C81=A11, CS2=A12 and C53=A13

For 2316 ROMs, add Jumpers 1,4, Gand 6

Table 5. Switch Settings for 2332 ROM Operation

ROM Chip Selects*
Base Address A13 A2
(A15, A14, A13, A12) s2 $1 Socket Enable/Disable Switch
53 10,4,8,C) 0 0 27 514
54 (1,5,9,D) o 1 Z14 518
§512,6,A,E) 1 0 2 524
$6(3,7,B.F) 1 1 zZ29 s28
*Assumes S1=A12 and §2=A13
For 2332 ROMs, add Jumpers 2,5, 6 and 9
INSTALLATION 3. Set the switches on the PROM/ROM module per Tables 2
through 5. The base memory addresses are assigned by four
The procedure below should be used to install PROM/ROM Modules hexadeci hes, S3 through 6. Individual | are
in the SYSTEM 65 chassis or, with appropriate changes, in an Auxil- L i by Swi S1 and 52,
iary Card Cage,
4. Install the required jumpers per directions given with the switch
1. Turn SYSTEM 65 power off. table,
. 1 th i PROM ! i H i-
CAUTION 5. Install the required PR or ROM devices in their appropri
ate sockets.
Never install or remove modules with SYSTEM 65 power 6. Insert the PROM/ROM Modulels) into any vacant slatls) in
on — it may cause damage to the module and/or to the the SYSTEM 65 chassis, .

stern.
System 7. Install the top cover of the SYSTEM 65,

2. Remove the top copver of the SYSTEM 65. 8. Turn SYSTEM 65 power on.




SPECIFICATIONS

Memory Capacity: 16K bytes
Word Length: 8 bits
Interface: SYSTEM 65 compatible
Module Components: 16 24pin DIP sockets
Moduie Dimensions: 9.75 in. wide x 6,00 in. high
Edge Connector: BB pins on 0.156-in, centers
Operating Temperature: 0°¢ to +70°%C
Power Requirements: +5 VDC + 5% @500 ma. with no devices
instailed
LOGIC LEVELS

- o 0 =
Ta Cto+70°C, Ve +5V + 5%

Characteristic Symbeol Min - Max Unit Condition
Inputs (D0-D7, AD-A1S,
#2, RAW)
Input Low Voltage V"_ 08 v ‘IL = 400 pa
Input High Voltage Vik 20 Vee v Iy =40 ua
Outputs (DO-B7)
Output Low Voltage VOL 05 v '01_ =48 ma

Qutput High Voltage “'ou 24 Vcc v IOH =10 ma




DOCUMENT NO. 29650 N41 PART NUMBER
AUGUST 1978 M65-060

R6500 Microcomputer System
PRODUCT DESCRIPTION

EXTENDER CARD

OVERVIEW INSTALLATION
The Extender Card is used to provide easy access to & printed The procedure below should be used to install an Extender Card
circuit module installed in its system enclosure, for signal tracing in the SYSTEM 65 chassis or, with appropriate changes, in an

or troubleshooting. In that context, the Extender Card consists Auxiliary Card Cage.
of 2 series of bus lines connecting the Card’s standard contact
edge, on one end, and a connector used for accepting the stand- 1. Turn SYSTEM 65 power off,
ard contact edge of an 86-pin system module.
CAUTION

This contact edge and the edge connector pins are connectad
pin-for-pin via the bus lines on the Card. Each of the bus lines
is provided with a clip-on terminal to allow test equipment to
be readily connected. With the module under test connected
to the Extender Card and this asserbly installed in the system's
Auxiliary Card Cage or SYSTEM 65 chassis, the user is given

Never install or remove madules with SYSTEM 65
power on — it may cause damage to the module
and/or to the Systemn,

2. Remove the top cover of the SYSTEM 65,

free access to both sides of the module being tested., 3. Remove the desired circuit module from SYSTEM 65,
if installed.

The edge connector pin assignments for the SYSTEM 65 Mother- 4. Insert the Extender Card into any vacant slot in the SYS-

board are given in Section 4 of the SYSTEM 65 User's Manual TEM 65 chassis.

. 0N x " .
L 35} 5. Insert the desired circuit module into the piug on top of

SPECIFICATIONS the Extender Card.

. TEM .
Edge Contacts: 86 pins on 0.156-in. centers 6. TumSYS 65 power on

Edge Connector: 86 pins on 0.156-in. centers

Extender Card Dimensions: 9.75 in. wide x 9.00 in. high
% 0.062 in, thick

srigotoge

o3

(©) Rockwell International Corporation 1978
All Rights Reserved Specifications subject to
Printed in U.S.A. change without notice
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PART NUMBER
M65-070

R6500 Microcomputer System\
PRODUCTION DESCRIPTION

‘l‘ Rockwell

DESIGN PROTOTYPING MODULE

OVERVIEW

The Designing Prototyping Module (Part Number ME5-
070) allows development of custom circuits for installa-
tion in either Rockwell’s SYSTEM 65 Microcomputer

The pin assignments for the Design Prototyping Module's
86-pin edge connector are identical to the Motherboard
pin assignments given in Section 4 of the SYSTEM 65

Development System or in user-designed equipment, via User’s Manual (Document No. 29650 N35).

the Auxiliary Card Cage.

This Module is a SYSTEM 65-compatible printed circuit
module with no mounted components, but with pre-
routed power bus and power return lines, Spaced beside
the power lines are plated-through holes that permit wire-
wrap sockets to be installed. Additional holes, at the top
edge of the Module, permit two 50-pin wire-wrap flat
ribbon cable connectors to be installed.

3TNAOIN ONIdALOLOHd NDIS3A

\NE

Rockwell International Corporation 1978
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INSTALLATION

The procedure below should be used to install a Design Proto-
typing Module in the SYSTEM 65 or, with appropriate changes,
in an Auxiliary Card Cage.

1.

Turn SYSTEM 65 power off.

CAUTION
Never install or remove modules with SYSTEM 65
power on — it may cause damage to the module

and/or to the System.

Remove the top cover of the SYSTEM 65.

Insert the Design Prototyping Module into any vacant
slot in the SYSTEM 65 chassis.

CAUTION

Installation of improperly-operating circuits may
cause malfunction and/or damage to the SYSTEM 65.

Install the top cover of the SYSTEM 65.

Turm-SYSTEM 65 power on.

SPECIFICATIONS

Component Mounting Area:
MNumber of Component Rows:
Number of Hole Rows:
Vertical Hole Spacing:
Horizontal Hole Spacing:

Flat Ribbon Connector Mounting Area:

Number of Connector Areas:
Number of Pins Per Connector:
Module Dimensions:

Edge Connector:

15
30
45 holes on 0.1-in. centers
30 holes on 0.3-in, centers

2
50

7.50 in. high x 9.75 in. wide
% 0.062 in. thick

86 pins on 0.156-in. centers




Now Rockwell Cuts The Low-Cost of R6500 Designing. . .

i

Rockwell

PL/65
A High-Level Language
for the
R6500 Microprocessor Family

In Rockwell's SYSTEM 65, you have one of the industry's
most cost-effective microcomputer development
systems. By coupling SYSTEM 65 with the advanced
low-cost PL/65 Compiler option, you're even further
ahead with valuable savings in time, effort and cost.

Resembling PL/1 and ALGOL in general form, PL/I65

is designed to improve your productivity and efficiency
by simplifying the overall software development effort.

i

The coding is easler, since PL/85's powerful, high level
language statements enable you to implement even
complex applications with minimal programming.

Program readability is enhanced by the self-documenting
nature of PLIB5. This results in programs that are easier
to understand. These programs are easier to update,
too, which means lower maintenance costs.

‘l‘ Rockwell International




PLI65 = Software Simplification

All language features are aimed at improving productivity
by simplifying software development. PL/65’s structured
programming support features encourage modular
program design, and its general control structure for
conditional and iterative looping allows the language

to be applied to highly structured programs.

Coding Flexibility . . . When You Need It Most

PL/B5 allows you to freely mix assembly language
instructions in portions of the program where timing
or code optimization requirements are critical.

This flexibility carries through the compile cycle: The
PL/65 compiler outputs source code to SYSTEM 65's
resident assembler, rather than object code. You'll

be able to enhance or debug at the assembler level

and indeed to drop into assembly language whenever
you desire — a big plus in structured programming.
PLIB5 thereby provides the structuring potential and
programming simplicity of a high-level language, while
retalning the power and flexibility of an assembler.

No “Hidden” Memory Costs With PL/65

And while other microcomputer high-level languages
require adding more memory to the host development
system, PL/65 runs with only 16K bytes of RAM — and
that comes standard with every SYSTEM 65 as do

the dual minifloppy disk drives.

For PDP 11 Users

A PL/65 Compiler and an R6500 cross-assembler are
also available for installation using the RT-11 operating
system.

The PL/65 Package

A pre-programmed minifloppy diskette and the
comprehensive PL/65 User's Manual is available now
from Rockwell and your local Hamilton/Avnet
distributor,

For more information on PL/65, SYSTEM 65, AIM 865,
or the rapidly growing family of R6500 products,
contact

ROCKWELL INTERNATIONAL
Microelectronic Devices

P.O. Box 3669

Anaheim, CA 92803

Attn: Marketing Services

Dir27 RC55
or phone 714/632-3729.
PL/65 LANGUAGE STATEMENTS
Declaration Specification
DECLARE ENTRY
DEFINE EXIT
DATA
Comment Conditional
Assignment IF-THEN-ELSE
IF-THEN
Single-Byte Move BEGIN-END
Multiple-Byte Move CASE
Imperative Branching
SHIFT GOTO
ROTATE CALL
CLEAR RETURN
SET RTI
CODE BREAK
HALT
WAIT Looping
STACK
UNSTACK FOR-TO-BY
INC WHILE
INCW
DEC
DECW
PULSE
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DOCUMENT NO. 29000 D44 PART NUMBER
REVISION 2, OCT. 1978 R2114

R6500 Microcomputer System \
DATA SHEET

1024 X 4 STATIC RANDOM ACCESS MEMORY

SYSTEM ABSTRACT FEATURES
The’ 8-bit RES00 microcomputer system is produced with N- o 450 ns Maximum Access
Channel, Silicon-Gate technology. _“5 performfmoe speeds are e Low Operating Power Dissipation 0.1 mW/Bit Typical
enhanced by advanced system architecture. Its innovative archi-
tecture results in smaller chips — the semiconductor threshold e No Clocks or Strobes Reguired
to cost-effectivity, System cost-effectivity is further enhanced by e Identical Cycle and Access Times
providing a family of software-compatible microprocessor memory, 2
and 1/O devices. . .85 well as low-cost design aids and documen- @ Single +5V Supply
tation, ® Totally TTL Compatible:
All Inputs, Outputs, and Power Supply
e Common Data I/O
& 400 mv Noise Immunity
e High Density 18 Pin Package
DESCRIPTION

The R2114 is a 4096-Bit static Random Access Memory organized
1024 words by 4-bits. It is designed using fully DC stable (static)
circuitry in both the memory array and the decoding and there-
fore requires no clocks or refreshing to operate. Address setup
times are not required and the data is read out nondestructively
with the same polarity as the input data. Common Input/Output
pins are provided to simplify design of bus oriented systems, and
can drive 2 standard TTL loads,

1.910)

(.870)
nn
The R2114 is designed for memory applications where high per- 1.310)
formance, low cost, large bit storage, and simple interfacing are {.250)
important design objectives, It is totally TTL compatible in all !
respects: inputs, outputs, and the single +5V supply. A separate

Chip Select (TS5 input allows easy selection of an individual PIN NO, 1
device when outputs are or-tied. IDENT. (.065)

(WVH ¢ X ¥Z0L) AHOWIW SS300V WOANVH DILVLS vLLZYH

The R2114 is packaged in an 18-pin DIP for the highest possible 3
density and is fabricated with N-channel lon Implanted, Silicon- i ‘}—'-
Gate technol = a technology providing 1l perfi i (.015)
characteristics as well as pr ion against ination allow- (.170) (.008)
ing the use of low cost packaging technigues. f - [ 1.080) (.350) -|~—
(.150) A (,290)
= .110) .021)
090! J
,032 REF, S s
Package Dimensions

As O 180 vce

as 52 173 a7

A4 3 163 A8

Az e 15[ a9

A0 s 143 1101 Ordering Information

Al (e 1343 Vo2

Az &7 123 Vo3 Order Package Access Temparature

cs s 113 /o4 Number Type Time Range

ano® 103 WE

R2114C Ceramic 450 nsec 0% 10 +70%
\ Pin Configuration R2114P Plastic 450 nsec 0°c 10 +70°%¢ )
(E) Rockwell International Corporation 1978 Specifications subject to

Al Rights Reserved

hi
Frinted in U.S.A. change without notice




DATA STORAGE

When WE is high, the data input buffers are inhibited to prevent must be properly established during the entire Write time plus
erroneous data from being written into the array. As long as WE 'WR‘
remains high, the data stored cannot be affected by the Address,

Chip Select, or Data 1/O logic levels or timing transitions, »
Internal delays ara such that address decoding propagates ahead of

ey data inputs and therefore no address setup time is required. If the

Data storage also cannot be affected by WE, Addresses, or the 1/0 Write time precedes the addresses, the data in previously addressed
ports as long as CS is high. Either CS or WE or both can prevent locations, or some other location, may be changed, Addresses
extrangous writing due to signal transitions. must remain stable for the antire Write cycle but the Data Inputs
may change in the beginning of the cycle. The data which is

Data within the array can only be changed during Write time — stable for tpy at the end of the Write time will be written into
defined as the overlap of CS low and WE low. The add the dli i
Read Cycle @
‘re
‘A

‘co f=—TtotD

fex i ‘oHA
Dout 4
M__M
Write Cycle
L Iwc ]
ADDRESS
cs X
lw @
- taw
G - oW
L2020, 002070070 00 0 0 0 00
sy
ow 'oH
Oin
]
Notes:

@ WE is high for a Read Cycle

@ 1, is measured from the latter of €5 or WE going low to the earlier of C5 or WE going high.

Timing Diagrams




SPECIFICATIONS

Absolute Maximum Ratings

Comment

Stresses above those listed under ""Absolute Maximum Ratings”

Temperature Under Bias -10°C 10 80°C may cause permanent damage to the device. This is a stress rating
Storage Temperature 65°C 10 150°C only and functional operation of the device at these or any other
Voltage on Any Pin with Respect to Ground 0.5V to +7V conditions above those indicated in the operational sections of this
Power Dissipation 1.0W specification Is not implied.

Electrical Characteristics

T, =0%C 10 +70°C, Ve = 5V £5% (Unless Otherwise Specified)

Symbol Parameter Min Typ Max | Units Conditions
18] Input Current 10 pA VIN =0 to +5.26V
Lo 110 Leakage Current 10 | wA V|g = 0.46V to 4.0V, CE=20v
- = - 0
ICF1 Supply Current 80 mA VCC 4,75V, lig =0mA, TA 26°C
- - = 0,
Icc2 Supply Current mA “'cc 4,75V, IID 0mA, TA o'c
ViL Input Low Voltage 0.5 0.8 v
VIH Input High Voltage 2.0 VCC
VoL Output Low Voltage 0.4 v o™ 3.2mA
VOH Output High Voltage 24 IOH =-1.0mA
READ CYCLE
tac Read Cycle Time 450 ns
A Access Time 450 ns
tco Chip Select to Output Valid 150 ns
ex Chip Select to Output Enabled 0
‘oto Chip Deselect to Output OFf 150 ns
toHA Qutput Hold From Address Change 50 ns
WRITE CYCLE
‘we Write Cycle Time 450 ns
taw Address to Write Setup Time 0
W Write Pulse Width 250 ns
twﬂ Write Release Time 50 ns
totTw Write to Output Off 150 ns
tow Data to Write Overlap 250 ns
‘oH Data Hold 0
ci/o Input/Output Capacitance at 25°C 10 pF f=1MHz
CIN Input Capacitance at 25°C 8 pF =1 MHz
NOTE: This paramater is periodically sampled and not 100% tested.
A.C. Test Conditions
DUt POl Lavals. . . .ovs s s a o e e ek A R T A B . 0.8V to 2.0V
Input Rlmand Fall TIMe: . < & v c ¢ s e s sessnsacsssssas ss e me PR R sassrssssssreasess 10NSEC
Timing Measurement Levels: Input. . . ... .. .. 0 ueen. R R R sesssaraasta s assss 1BV
L A e R A R e e cessanesess s« OBand 2.0V

Quiputload. . . . ... csnsssnsn B0 oy g . R R R SR . . 1 TTL Gate and 50 pF
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DOCUMENT NO. 29000 D43 PART NUMBER

REVISION 2, OCT. 1977 R2316A/B
" Rockwell R6500 Microcomputer System
2048 X 8 STATIC READ ONLY MENMORY
DESCRIPTION ar o 245 vee (a7 3 zalavee o
=2 23 | 23
The R2316A and R23166 high performance read only memories :g 13 22 g g; :: g ; 22 g:: 8
are organized 2048 words by 8 bits with access times of less than a10 Cla 2103 |aa Cla 21cs3 a3
550 ns anr.:l 450 ns. These Flplh.h are da_simjed to becorr_»patihln = 2008 las s 208 es1 ()]
with all microprocessor and similar applications where high per- A Cls e e Hos laz s 123a10 )
formance, large bit storage and simple interfacing are important a2 17 1250os a1 7 R23168 185 cs2 S
design 2ti These devi oﬂe_r TTL_mrfux an{_! output = 17507 |lao e 1708 (03]
levels with a minimum of 0.4 Volt noise immunity in conjunction as o 16008 o1 s 1607
with a +5 Volt power supply. as [J10 150cs1 lo2 0 15[ 06 3
The R2Z316A/8 operate totally asynchronously. No clock input A8 11 s T i o Apace >
is required. The three programmable Chip Select inputs allow snND = leno - -
eight 16K ROMs to be OR-tied without external decoding. Both a
devices offer three-state output buffers for memory expansion, " " .
Pin Configuration ]
Designed to replace two 2708 BK EPROMs, the R2316B can m
eliminate the need to redesign printed circuit boards for volume >
mask pr i ROMs after p yping with EPROMs, U
FEATURES =
—
Vee GND <
® 2048 x 8 Bit Organization g
® Single +5 Volt Supply
A0 — @ b—o1 m
e Metal Mask Programming At— £ b b—o2 g
— w —
e Two Week Prototype Turnaround :g 8 5 16,384 BIT 3 g: o
® Access Time — 550 ns/450 ns (max) Ad = 'y :>1 ROM e e 05 s
s Totally Static Operstion As—]z o CELL ARRAY o <
- = E
e C letely TTL C o M—E 5 }b—o7 —_—
Y ol o N
#® Three-State Qutputs for Wire-OR Expansion g
# Three Programmable Chip Selects ﬁ 0
& R2316A — Replacement for Intel 2316A ¢
e R2316B — Pin Cornpnt!btt with ﬂga EPROM HIP SELECT] 00
— Replacement for Two 2708s DECODER ]
Ordering Informati COLUMN =
rdering Information DECODER Lo
Order Package Access Temperature 110F 18)
Number Type Time Ra [
nge cs2
R2316AC  Cersmic 850ns  0°C 10 +70%C CST NGNS, 0 O | S8
R2316AP Plastic 650 ns 0°C 10 +70%C Block Diagram
R2316BC Ceramic 450 ns 0°c 10 +70°C
R2316BP Plastic 450 ns 0°¢ 10 +70°C
\n custom number will be assigned by Rockwell. )
Al Rm‘ﬁmn-d = it Specifications subject to

Printed in US.A. - change without notice



SPECIFICATIONS
Absolute Maximum Ratings

0° to +70%
65°c 10 +150°C
0.5V to +7.0V
05V 10 +7.0V
0.5V 10 +7.0V
1.0wW

(o] Ing T
Storage Temperature
Supply Voltage to Ground Potential
Applied Output Voitage
Applied Input Voltags
Power Dissipation

D.C. Characteristics

Comment

Stresses sbove those llsted under “Absolute Maximum Ratings”
may cause permansnt damage to the device. These sre stress
ratings only. Functional operstion of this device at thesa or any
other conditions above those Indi In the I I
of this sp ication Is not implied and exp to absolute maxi-
mum rating conditions for extended periods may affect device
rellability.

T, = 0°C 10 +70°C, V(. = 6.0V £5% (unless otherwise specified)
Symbol Parameter Min Max Units Test Conditions
VOH Output HIGH Voltage 2.4 Vcc Volts VOC = 4,75V, IOH =200 uA
VOL Qutput LOW Voltage 0.4 Volts Vcc - 4,75V, IOL- 2.1 mA
VIH Input HIGH Voltage 2.0 VCC Volts
v, L Input LOW Voltage 0.5 08 Volts See Note 1
Il.r Input Load Current 10 A Vcc =525V, 0Vv=s Vln = 5.25V
'Lo Output Leakage Current 10 BA Chip Deselected
Vm" = +0.4V to Vcc
Icc Power Supply Current o8 mA Qutput Unloaded
Vcc = 5,26V, vln = Vcc
Mote 1: Input levals that swing more negative than -0.5V will be clamped and may cause damage to the device.
A.C. Characteristics
Ta™ 0°c 10 +70°¢, VCC = 5.0V £5% (unless otherwise specified)
R2316B R2316A
Symbal Paramaeter Min Max Min Max Units Test Conditions
KACC Address Access Timea 450 550 ns Outputload: 1 TTL load and 100 pF
tco Chip Select Dalay 260 300 ns
o Chip Deselect Delay 260 300 ns Input transition time: 20 ns
‘QH Pravious Data Valld After 20 20 ns Timing refarence levels:
Address Change Delay Input: 1.6V
Qutput: 0.8V and 2.2V
Capacitance
t, = 25°C, f = 1.0 MHz, See Note 2
Symbol Parameter Min Max Units Test Conditions
CI Input Capacitance pF All pins except pin under test tled to AC ground
Co Output Capacitanca 10 pF

Mote 2: This perameter i periodically sempled and Is not 100% tested.

INFUTE ‘oo.o.o.oo

VALID

KA A AN
X J’m’ R
P o o o Y

CHIP
SELECT DISABLED
INPUTS

DATA

OUTPUTS HIGH IMPEDANCE

" —tacc

Timing Diagram




Typical Characteristics

Access Time vs Capacitive Load Access Time vs Supply Voltage
700 700
B0O 600
| R2316A
500 TYPICAL o 500
£ | R23168 TYPICAL R2316A
I s T YPICAL 2 400 o
Q -~ I
= |
TYPICAL R231
=< 300 — . 1 ”§ 300 8
7 Vg = 4.75V
200 g 3B 200 |
S T,=25%
100 1TTLLOAD | 160 17TL LOAD _|
| Cy =100pF Cy_ =100 pF
0 ! L 0
0 100 200 300 400 500 600 700 35 40 45 650 55 60 65 7.0
Cp —pF Ve — Volts
Supply Current vs Ambient Temperatura Supply Current vs Supply Voltage
40 140
120 120
100 100
< <
R e ——1 _ TV¥Pica, g 0 TYPICAL
| e N
r—
8 — (%]
L O 60
40 40
20 Vg =525V | 20 T, = 28% |
0 o (] o JO 1 0 (+] n I |
0° 10° 20° 30° 40° s0®° 60° 70 35 40 45 50 55 60 65 170
T, — AMBIENT TEMPERATURE — 0°C Ve — Volts
Packaging Diagram
Ceramic Package Plastic Package
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DOCUMENT NO. 29000 D48 PART NUMBER
REVISION 3, JAN. 1979 R2332, R2332-3

‘l‘ Robkwell i

DATA SHEET

4096 X 8 STATIC READ ONLY MEMORY

MASK PROGRAMMABLE
DESCRIPTION e >
Ve GHD suFinNe  saiFEmc 258

The R2332 is a high performance, 32,768-bit static Read Only =22
Memory, organized 4,096 words by B bits. The device is an in- T i T T ==T
dustry standard, 24-pin, dual-indine package, and is available in
zeramic or low cost plastic packages., This fully static 32K ROM .“.:‘a':’r‘“‘“
is compatible with all eight bit Nchannel microprocessors includ- RECEIVERS
ing the RG500 family of microprocessors. The R2332 offers TTL k]
input and output levels with @ minimum noise immunity of LELL AMAY.
0.4 volts.

SELECT

DECODER
The R2332 operates totally asynchronously; no clock input is 7

required, Two programmable chip select inputs allow up to four
R2332 32K ROMs to be OR-tied without external coding. The
device provides three-state output buffers for memory expansion, Oao

FEATURES

e 32,768 bits, organized in 4,096 8-bit words

COLUMN DECODERS

Tol 166y 8
OUTPUT BUFFERS

o Max access time: 450 ns for R2332
300 ns for R2332-3 RDwDE“ﬂ:}E—ﬁ s
® Typical power dissipation is 400 mW taf 234
® Drives one TTL load and 100 pF
® Single +5-volt power input
@ Totally static operation, no clock input required
@ Completely TTL compatible ADDRESS INPUT RECEIVERS |
e Two programmable chip select inputs
e Three state outputs for memory expansion é é (L !L (L $ $ JJ é J)
® Identical cycle and access tima TTLIETL R 282z
R2332 Block Diagram
AT 1 4 . :
= 24 [ vee t+sv) Ordering Information
A8 [ 12 23 [] a8
as 3 22 [ A Order Number: FI2332_|_ _[ or R2332-3__
A4 [ 4 21 [ s2/52/nC* Temperature Range:
a3 [1s 20 [ s1/57/Nc* Nosuffix = 0°C to +70°C
& o, o
az s 19 [ a0 E = -40°Cto+85°C
{Industrial}
a7 18 [ an MT = 55°C 1o +125°%C
A0 []s8 12307 (Military)
M = MIL-STD-883,
a0 (39 16 [Jas pieeintiee
a1 {10 15 [Jas — Package:
Q2 Jn 14 []04 G Coraiis
GND [ 12 13Jas P = Plastic
{Not Available for
: M or MT suffix)
*Mask-programmable ootion
NOTE: Cuntact your local Rockwell Representative for
\ R2332 Pin Configuration availability. j
Rockwell International ion 1979 5
@ i Corporation p-dﬁuﬂm -::::‘o

Printed in ULS.A.




SPECIFICATIONS
Maximum Ratings

Rating Symbol Value Unit
Supply Voltage Vcc 0.3 to +7.0 Vdc
Input Voltage Vln 0.3 10 +7.0 Vde
Operating Temperature T %
Commercial 0 to +70
Industrial -40 to +85
Military -55 to +125
Storage Temperature Tsra 55 to +150 %
This device ins input p ion against due to high static voltages or electric fields; however, precautions should be taken to

avoid application of voltages higher than the maximum rating.

Electrical Characteristics

Ve = 5.0V 2 5% (unless otherwise specified)

Symbol Parameter Min Typ Max Units Test Conditions
VOH Qutput HIGH Volitage 24 \."cc Volts Vcc = 475V, IOH =-200 uA
vDL Output LOW Voltage 04 Volts Vcc =475V, loL= 21 mA
le Input HIGH Voltage 20 VCC Volts
\.I'“_ Input LOW Voltage 0.5 08 Volts
lLI Input Load Current 10 A Vcc = 5.25V,0V = Vin = B.26V
I Output Leakage Current +10 A Chip Deselected, V., . = 5,25V,
2o = +0.4V
cht Bfice ""cc
lee Power Supply Current mA Ve =5.25V
80 120 0°C to 70°C, R2332
80 150 55°C to +1259C, R2332
80 135 0°C to 70°C, R2332-3
CI In.put Capacitance 7 pF vV, c™ 5.0V, chip desslected, .
pin under test at OV, TA =25C,
CO Output Capacitance 10 pF f=1MHz
Timing Characteristics
Vg = 5.0V £ 5% (unless otherwise specified)
R2332 R2332-3
Symbol Paramater Max Max Units Test Conditions
ta Address Access Time 480 300 ns Output load:
1 TTL load, 100 pf
Input transition time: 20 ns
tco Chip Select Dalay 200 150 ns Timing reference lavals:
Input: 1.5V
oE Chip Deselect Delay 200 150 ns Output: 0.8V & 2.0V
Timing
N N B B A AN N Y
ADDRESS SXXX U XN ALID
INPUTS X0 7 bl
"‘A oy A’A’l‘
CHIP X XRXIAIHKIX XX KKK AN O RRRARAAIRANRRY
fHlher ZSBEIIRIIN AN
INPUTS XK AR ALK C IO e,
DATA
OUTPUTS “ijiGH IMPEDANCE
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Rockwell Microcomputers Are Dedicated to
The Real World of Equipment Systems

Rockwell designs its microcomputers to provide
basically all-LSI functional systems for your
equipment, m_achin&s and products.

Too often, the savings and performance promised
by other microprocessors are short-changed
in the real world of designing equipment systems.
These microprocessors are no more than computational
~ sub-systems and adding required peripheral and
support circuitry cuts the heart out of
anticipated savings.

The most visible evidence of the economics of
Rockwell’s system-eriented microcomputers is the
success of their applications . . . consumer products
and games, cash registers, weighing scales and business
equipment, advanced terminals, automotive controls
and diagnostic equipment, instrumentation, process
and production controls, telephones and other
telecommunications equipment. . .

PPS
PMOS
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SCANNING RADIO

‘L‘ Rockwell International

Microelectronic Device Division
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Here Are Highlight Reasons Why Rockwell’s

System-Oriented Microcomputers Give You

Products That Cost Less, Do More

System Options - Rockwell offers five compatible microcomputer
families, from onedﬁ? rs through multi-chip eight-bit systems. You
select the most cost-eifective microcomputer for your immediate product
needs knowing that expansion and changes are only a few LSI chips and
simple program modifications away.

LSI Circuit Options - Rockwell provides LSI circuit options as interfac-
ing and controlling circuitry for Eriphera]s in the real world of your
equipment. For keyboards, displays, printers, memories, telecommunica-
tions and even peripherals like floppy disks, you simply select the appro-
priate LSI circuit . .. And you can add or m“if. interfacing LSI chips
with small program modifications - - you don’t have to re-do your total
program,

Powerful, Flexible Instruction Sets - Rockwell’s software is ingeniously
designed to simplify P?rc}'fmm assemnbly and debugging. Multi-function
instructions reduce ROM requirements; instructions can often be pooled
to reduce ROM requirements by 30% versus other approaches (and
Rockwell offers an 8K x 8 ROM so that more compfex equipment has
minimfim parts’ count).

~ Parallel Processing/Partitioned Intelligence - Rockwell uses the economies
of LSI techniques for all 1/0 and peripheral control functions, distribut-
ing various levels of intelligence over the system to permit concurrent

* execution. This distributed processing structure lowers costs and increases
© system throughput. Simplified bus control, system flexibility and enhanced
| software modularity are other advantages. On-chip memory address and
decode, on-chip interrupt logic in IO and peripheral controller devices,

and innovative instructions are among other design strategies used to
achieve the high system performance and economies of Rockwell micro-

8 computers.

To speed the design of your equipment
systems, Rockwell backs its All-LSI,
System-Oriented Microcomputers with
efficient design aids and complete
documentation . . . Or, Rockwell will
design a custom system for you, and even
produce it as a subassembly if you desire . . .

and Rockwell provides microprocessor systems
meeting all levels of reliability- - -
commercial and military

TRANSACTION TELEPHONK'




This Summary of Typical PPS Applications Spells Out

The Versatility of Rockwell’s All-LSI Microcomputers

ACCOUNTING MACHINES
* STAND ALONE or TERMINAL

APPLIANCE CONTROLS

CASH REGISTERS
® STAND ALONE
* TERMINAL (POS)

COIN CHANGER CONTROL —-

CONTROLS - GAS PUMP/TRAFFIC

CONTROLS — MACHINE TODL/PROCESS

* SIMPLE
* COMPLEX
GAMES

® PINBALL, TV, STAND ALONE,
& HOME COMPUTERS
EQUIPMENT CONTROLLERS

® LINE PRINTERS
* DRUM PRINTERS

* DOT MATRIX PRINTERS
* KEYBOARD-DISPLAY

INSTRUMENTATION
* SIMPLE/SMART

RADID TUNERS/SCANNERS

SCALES
® COMMERCIAL
* CONSUMER

SECURITY SYSTEMS

TELEPHONE
* TRANSACTION or REPERTORY DIAL
* SWITCHING

TERMINALS
* PORTABLE
* DISPLAY (CRT)
* FLOPPY DISK

TYPEWRITERS (ELECTRIC)

TV TUNERS

UNIVERSAL LOGIC MODULE



Now - Select The Cost-Effective Rockwell Microcomputer

For Your Equipment System . . .

Your Future’s Built In

(SEE PAGE 4)

MINIMUM MICROCOMPUTER (Ls1 CHips)____ S I N 2 s

DIRECT BUS DRIVING CAPABILITY (LSI CHIPS) SNt o sy oy sz

{NOTE: PPS system design and LS/ interface chips permit extensive expansion of
PPS systems beyond chip levels indicated)

LSI SYSTEM OPTIONS:

» 5110 conTroLLen oevices ORGSR RIS A
* LS| COMMUNICATIONS I/0 DEVICES
PARALLEL L TONCHIR s A R

« DIRECTLY ADDRESsABLE 0 DEvices — DI EE
T
seRaL o) R I S
* DIRECTLY ADDRESSABLE MEMORY
S T
RAM (¢ or 58T BYTES) [ G N INSSON I

(NOTE: PPS system design and 1/0 chips permit memory expansion many
times the maximums indicated through banking and software control)

SYSTEM PERFORMANCE CRITERIA:

« oaTAwoRD LeneTH s DGR
* INSTRUCTION woRD LENGTHS (817s) — [SNENSRGIROEIY DS I
UL — o]
* DECIMAL ADD/SUBTRACT msrnmm@-- 800 [ i BN
« DATA MANIPULATION (us/BYTEID__ L LA REE e BT B e
* TABLE SEARCH ( p.S.*BYTEIl@—._— Hias [Reo% 1 A6E e

« BURST DATA TRANSFER ( S/BYTE) T ARG

« INSTRUCTIONS I e T

WP ney M el b
@ TvPicAL

T DR WA RS POOiE REER B
PROGRAMMING AIDS Universal A /s with Personality Boards for all systems. Assem.hfer pro-
grams in Fortran also available directly or via timesharing, Devel, nodule:

-- and all documentation. -
s e R




Versatile One-Chip Rockwell PPS-4/1 Microcomputers Offer
Low-Cost Options for A Surprisingly Broad Product Range

RAM
(SEE TABLE)

INPUT/OUTPUT

18 8¢

EXTERNAL
TIMING

ROM
(SEE TABLE)

Y FREQUENCY
CONTROL

DISCRETE
1/0 PORTS

CONDITIONAL
INTERRUPTS

SERIAL SERIAL SERIAL 5 -
SHIFT OUTPUT  INPUT INPUT WO POBES
CONTROL PORTS

Rockwell PPS-4/1 one-chip microcomputers.
“CMOS POWER @ PMOS PRICES”

Features/Models MM75 MM76 MM76C* MM7BE  MM77 MM78 MM76L  MM7GEL MM77L  MM78L
ROM (X8) 640 640 640 1024 1344 2048 640 1024 1536 2048
RAM (X4) 48 48 48 48 96 128 48 48 96 128
Total I/0 Lines 22 n 39 k1l 3 3 n k]| K] an

Cond. Interrupt 1 2 2 r ] 2 2 2 2 2 2

Parallel Input 4 8 L} B B B 8 8 8 8

Bidirectional

Parallel B 8 8 8 8 B 8 B 8 8

Discrate 9 10 10 10 10 10 10 10 10 10

Serial - 3 3 3 3 3 3 3 3 3
Package (In-Line) 28 gin 42 pin 52 pin 42 pin 42 pin 42 pin 40 pin 40 pin 40 pin 40 pin

dual quad quad quad quad quad dual dual dual dual

Power 15V @ 70mw (typical) 551011V @ 15aw (oypica) |

*Two 8-bit or one 16-bit presetable up/down counter



Details of PPS<4/1 One-Chip Microcomputers

Available as Production Chips or as Prototype Chips (internal ROM is blank)

Part numbers of Prototype Chips are shown in parentheses below.

Standard Models
Part Number Part Number
MM76  Has CPU, 640 x 8 ROM, 48 x 4 ROM, ATEXX MM78  Same as MM77, but has 2048 x 8 ROM AT8XX
internal clock log!i)c;‘nd 31 1/O lines. (A7698) and 128 x 4 RAM. 42-pin package. (A7898)
42-pin package. Designed for consumer
product applications.
MM75  Similar to MM76, but has only 22 1/0 A75XX Low Power, Low Voltage Models
lines. 28-pin package. Designed to (A7698)
meet low-cost requirements.
MM76C Has all features of MM76, but also has ATIXX MM76L Same internal features as MM76. B76XX
a hiﬂ‘l&red (1 MHz) counter and 39 1/O (A7999) 40-pin package. (B7698)
lines. 52-pin package. o
MM76E Same as MM76, but has 1024 x SROM.  AB6XX N s b vt s MO, By
42.pin package. (A7698) FREREE:

MM77 Has CPU, 1344 x 8 ROM, 96 x 4 RAM, ATTIXX MM77L Same internal features as MM77, but B77XX
internal clock logic and 31 1/O lines. (A7798) has 1536 x 8 ROM. 40-pin package. (B7899)
42-pin package. Versatile 4-bit micro-
computer for peripheral controllers, MM78L  Same internal features as MM78. B78XX
universal logic, etc. 40-pin package. (B7899)

For Production Chips, minimum quantity is 1000 with your ROM encoding data.

The Rockwell XPO-1. . . Low Cost Single-Board Development System With ROM-Resident
Utility/Debug/Monitor Program. . . Based on PPS-4/1

You'll find PPS4(1 program development easy and inexpensive =
with our single-board Xb0-1 System Development Micro- Assembler/Editor Program Devices
computer. Briefly, XP(-1 has these features:
MM76 PD MMT76 Assembler/Editor Program ATB06
e Your choice of MM76, MM77 or MM78 One-Chip Device
Microcomputer
® 1K x 8 instruction RAM for your program (2K x MM77/78 PD gdhftl‘i ;;‘gg‘gfg Assembler/ A7807

8 optional)

o 20-key hexadecimal keyboard for program entry
and control

o Five-digit hexadecimal display shows address and
data

® ROM - resident Supervisory Program Device chip
holds Utility/Debug/Monitor Assembler/Line
Editor program.

o Current loop interface, for reading or punching
paper tape on an ASR-33 TTY

e 100-pin edge connector, to interface to your
prototype product

XPO-1 Options
Part Number
XPO-1/76 XPO-1 with MM76 Development XPO-1/76
Circuit (A7699)

XPO-1/77 XPO-1 with MM77 Development XPO-1/77
Circuit (A7799)

XPO-1/78 XPO-1 with MM78 Development XPO-1/78
Circuit (A7899)

MM76C Adapter Kit PE00-D301




PPS4 and PPS4/2 Microcomputer Options

EXPANDED
MEMORY

DIRECT DIRECT DIRECT
INPUT/ out IN
OUTPUT 16 1/0 PORTS




Details of PPS-4 and PPS$-4/2 Microcomputer Options

CPU Devices

42

Part Number

PPS-4 CENTRAL PROCESSOR UNIT
(CPU) WITH INTERRUPT. Receives
and decodes 8-bit instruction words to
perform 4-bit arithmetic and logic
operations.

PPS-4/2 CENTRAL PROCESSOR
UNIT (CPU). Designed to combine
with A17XX or A23XX ROM-RAM-
1/0 to provide a basic two-circuit
microcomputer. PP5-4/2 uses identical
instruction set as PPS4 but includes
clock generator function within CPU.
Bus drive capability; (100 pF, 10 chips).

12660

11660

RAM Devices

256x4
512x4

RANDOM ACCESS MEMORY (RAM).
RANDOM ACCESS MEMORY (RAM).

10432
10932

ROM Devices

1Kx8
2Kx8
4Kx8
BKx8

READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).

ADSXX

AB6XX
ABSXX

ROM/RAM Devices

ROM-RAM. 704 x 8 ROM; 72x 4
RAM.

ROM-RAM. 1024 x 8 ROM; 116 x 4
RAM.

ROM-RAM. 1536 x 8 ROM; 128 x 4
RAM.

ROM-RAM-/0. 2048 x 8 ROM; 128 x

4 RAM; 16 one-bit I/O ports.

ROM-RAM-1/0. 1024 x 8 ROM; 128 x
4 RAM; 16 one-bit 1/O ports.

ROM RAM-1/0 EVALUATION
CIRCUIT. For emulation and program

den]uﬁmem of PPS-4/2 systems using

ALTXX or A23XX. ROM is disabled.

AOTXX

A17TXX

A23XX

AlLT799

Supplementary Devices

CLK

BIC

RIC

CLOCK GENERATOR. Generates the
bnsn: clock sigrals A and B for PPS4
PPS-8 microcomputer products.

BUS INTERFACE CIRCUIT. Permits
core, static memories, and TTL IO
access to the PPS bus.

INTERVAL TIMER. Provides four 12-bit
counters that may be used for a variety
of real-time counting/timing applications
in conjunction with PPS-4 family circuits.

4K RAM INTERFACE. Provides inter-
face with standard N-channel 16-pin 4K
RAM circuits for program or data mem-
ory. Performs all refresh and control
functions.

10706

10931

11049

10929

Input/Output Devices

GPI/O

GENERAL PURPOSE INPUT/
QUTPUT, Provides 12 discrete inputs
and 12 discrete outputs, all TTL com-
patible, for direct data exchange or
status and control function exchange
with an external peripheral device.

10696

SDC

PIjO

LRC

Part Number

DISPLAY CONTROLLER. Provides

control of a 16-digit 7/8 segment dis-
lay. Uses internal buffer, decode
gic and output strobes.

GENERAL PURPOSE KEYBOARD
AND DISPLAY CONTROL. Pro-
vides 64-key strobing, key debounce
2-key rollover protection, 9-key buf-
fering, and two 16 4-bit character
display buffers with automatic
segment/digit strobing.

PRINTER CONTROLLER. Provides
21 4-bit character print buffers and
automatic control and timing for the
commm.lly-available Shinshu Seiko
g;lmenz, Models 101, 102
and n be adapted to other

pnmers

KEYBOARD/PRINTER CONTROLLER.
Provides complete control for the Shinshu
Seiko Model 310 and 320 as well as Precisa
Model 388-16 and 388-21 printers and the
Jablllt}’ of seanrung and buffering a

~key keyboard.

SERIAL DATA CONTROLLER. The
SDC is a digital receiver-transmitter that
interfaces the PPS-4 or PPS-8 to a serial
communications channel. The SDC is
capable of half and full-duplex o;

tion at synchronous rates up to UK bps
(PPS-8) or 100K bps (PPS-4) and asyn-
chronous rates up to 18K bps (PPS-8) or
ulébps (PPS-4). Cawhk of program-
mal
lengthof 5,6, 7, Sbm mn,odd or no
parity; one or two stop bits.

TELECOMMUNICATIONS DATA
INTERFACE. The TDI is an advanced
type of modem with UART (Universal
Asynchronous Receiver/ Transmitter)
capabilities which provides both full-
duplex and half-duplex asynchronous
data transmission at 1200 bits per
second over non-conditioned voice-
grade telephone lines.

VICTOR DOT MATRIX PRINTER
CONTROLLER. A two-chip set used
to provide complete control of the
Victor alphanumeric dot-matrix

inters, Models 130 and 150. Printer

ontroller 10736 provides control of
printing, paper movement, and ribbon
color selection. Character Generator
15380 is a special ROM which con-
tains all of the coding xequued. to pnnt
out selected characters in dot-matrix
patterns.

PARALLEL INPUT/OUTPUT. Bus
companble with PPS-4 11'“'111 PPS-&L to
ible 1/0 lum, Programmable to oper-
ate in static, clocked or discrete mode.
In static and clocked, performs parallel
1/O on 4 or 8-bit bytes. In discrete,

16 1/O lines are individually controlled
while 8 lines still operate in parallel

LRC PRINTER CONTROLLER. On
one chip, all logic and encoded ROM
to generate 64, single or double width,
5 x 7 ASCII code characters in maxi-
mum lines of 40 characters. Provides
single or multiple paper feeds with
forward and reverse option, T2L and
CMOS compatible. Optional parallel
or serial interface to a host system
provided.

10814

10788

10815

10930

10371

10736/
15380

11696

RC7000




Standard LSI Options Expand The Demonstrated
Power of Rockwell PPS-8 Microcomputers

FLOPPY DISK PARALLEL DATA

: CONTROLLER CONTROLLER
0936 A A :
- VI

PARALLEL DATA SERIAL DATA

COMTROLLER CONTHOLLER
“ 10453 \.A:——-:>

GENERAL PURPOSE a
xeveoanoaoismay | [ TERVALTHE

CONTROLLER _:) <

EEYBOARD
APRINTER
b CONTROLLER

VICTOR PRINTER GENERAL PURPOSE

ISPUT/OUTPUT
CONTROLLER CONTACLLER




~ The Same Instructions and Most of The PPS-8 Options
Add Flexibility to Rockwell PPS$-8/2 Microcomputers

PARALLEL I/O PARALLEL I/O

EXPANDED
MEMORY

IN ouT INPUT

SERIAL CLOCK SERIAL CLOCK

Reduce System Costs of Your Terminals with Microcomputers ...
and Custom High-Speed MOSLSI Integral MODEMs.

Using the same power supplies vou provide for your PPS

microcomputers, a Rockwell MOS-LSI modem as an

integral part of your terminal system can further

reduce your costs, Rockwell supplies its

ti&h‘speed (4800 to 9600 bps) MOS-
modems as subassemblies

with customized interfaces

for your system. Rockwell

MOS-LSI modems are de-

signed only for integral

incorporation in the system,

Minimum quantity is 1,000

modem subassemblies per

year.

Rockwell Modems

are available on

a quote basis

only,

EE—




Details of PPS-8 and PPS8/2 Microcomputer Options

CPU Devices

82

Part Number

PPS-8 CENTRAL PROCESSOR
UNIT (CPU). Receives and decodes
§-bit instruction words to perform
8-bit arithmetic and logic operations.

FPPS-8/2 CENTRAL PROCESSOR
IUNIT (CPU). Designed to combine
with A21XX or A22XX ROM-RAM-
1/O-CLK to provide a basic two-
circuit mictocomputer. PPS-8/2
uses identical instruction set as
PPS-8.

11806

RAM Devices

256x8

RANDOM ACCESS MEMORY (RAM).

10809

ROM Devices

1Kx8
2Kx8
4Kx8
BKx8

READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).
READ ONLY MEMORY (ROM).

ADSXX
AS2XX

ABEXX

ROM/RAM Devices

A22

ROM-RAM-1/0 WITH CLOCK. 2048 x
B ROM; 64 x 8 RAM; on-chip clock; 16
parallel [/O ports; 1 automatic serial /O
port; 16-bit lnte;v:l timer. Designed to

with
mds cm

RAM-I/0 EVALUATION CIRCUIT.
For emulation and development of
PPS-8/2 systems using the A21XX.
ROM is disabled.

ROM-RAM-1/0 WITH CLOCK. Same as
A21XX but with 1024 x 8 ROM.

A21XX

A2199

Supplementary Devices

BIC

ITC

RIC

CLOCK GENERATOR. Generates the
basic clock signals A and B for PPS-4 and
PPS-8 microprocessor products.

BUS INTERFACE CIRCUIT. Permits
core, static memories, and TTL 1/0
access to the PPS bus.

INTERVAL TIMER. Provides four
12-bit counters that may be used fora
variety of real-time counting/timing
applications in conjunction with PPS-8
family circuits.

4K RAM INTERFACE. Provides inter-
face with standard N-channel 16-pin 4K
RAM circuits for program or data
memory.

10931

11049

10929

Input/Output Devices

FDC

DIRECT MEMORY ACCESS
CONTROLLER. Allows PPS-8 I/O
devices to access RAM devices directly
without disturbing CPU program exe-
cution. Eight independent, prioritized
DMA channels are provided.

PARALLEL DATA CONTROLLER.
Provides a flexible programmable
mte.rflcz to external devices or for

PPS
The device provides two independent

each of which Jpv:r'at:srin a variety
of parallel data transfer modes.

FLOPPY DISK CONTROLLER.

Provides control of data transfer to and
from a floppy disk. Provides user-defined
and/or IBM-compatible formats. Serves
up to four drives. Single or double density.

10817

10453

10936

GPljO

SDC

LRC

Part Number

GENERAL PURPOSE INPUT/OUTPUT.
Provides 12 discrete inputs and 12 dis-
crete outputs, all TTL compatible, for
direct data exchange or status and con-
trol function exchange with an external
peripheral device.

I!SI’LA:" NTROJI?.INER. huwg:m
control of a 16-digit segment

Uses internal buffer, decodes logic and
output strobes.

GENERAL PURPOSE KEYBOARD AND
DISPLAY CONTROL. Provides 64-key
strobing, key debounce, 2-key rollover
prol:tmon, 9-key Imﬂ‘arﬂg_ and two 16
4-bit character display buffers with
automatic segment/digit strobing.

PRINTER CONTROLLER. Provides 21
4-bit character print buffers and auto-
matic control and timing for the
commercially-available Shinshu Seiko
Company printers, Models 101, 102 and
104, Can be adapted to other printers.

KEYBOARD/PRINTER CONTROLLER. .
Provides complete control for the Shinshu
Seiko Model 310 and 320 as well as Precisa
Model 388-16 and 388-21 printers and the
ability of scan: and buffering a
ﬁlp-kev keyboard. ind s

SERIAL DATA CONTROLLER. The
SDC is a digital receiver-transmitter that
interfaces the PPS4 or PPS-8 to a serial
communications channel. The SDC is
capable of half and full-duplex nips%;(- vos
tion at synchronous rates up to

(PPS-8) or 100K bps (PPS—4S and asyn-
chronous rates up to 18K bps (PPS-8) or
12K bps [PPS-d-] Capable of programm-
able modes;

length of 5, 6, 7, 8 bits; even, odd, or
no parity; one or two stop bits.

TELECOMMUNICATIONS DATA
INTERFACE.

The TDI is an advanced fype of mod.em wnh

UART (Uni

Transmitter) capabilities which provides both

10696

10814

10788

10789

10815

10930

10371

full-duplex and hali-duplex asynchronous data

transmission at 1200 bits per second over

non-conditioned voice-grade telephone lines,

VICTOR DOT MATRIX PRINTER
CONTROLLER. A two-chip set used
to provide complete control of the
Victor alpha-numeric dot-matrix printers,
Models 130 and 150. Printer Controller
10736 provides control of printing, papsr
movement, and ribbon color selection.
Character Generator 15380 is a special
ROM which contains all of Lhe oud.mg,
ired to print out sel
in dot-matrix patterns.

PARALLEL INPUT/OUTPUT. Bus
compatible with PPS4 and PPS-8 to
provide 24, bidirectional, T2L compat-
ible 1/O lines. Programmable to operate
in static, clocked or discrete mode. In
static and clocked, performs parallel
1/O on 4 or 8-bit byies. In discrete,

16 1/O lines are individually controlled
while 8 lines still operate in parallel.

LRC PRINTER CONTROLLER. On
ane chip, all logic and encoded ROM

to generate 64, single or double width,
5x7 ASCII code characters in maximum
lines of 40 characters. Provides single
or multiple paper feeds with forward
and reverse option. T?L and CMOS
compatible. tional parallel or serial
interface to a host system provided.

10736;'
15380

11696



The Compatibility of LSI Circuit Options Verifies

The Built-In Expandability of Rockwell Microcomputer Families

LSI CIRCUIT

PART NO.

cPU P/N 11660_P/N 12660_P/N 12806_P/N 11806
ROM/RAMs
e AOB( 704x8/ 72x4) ADBXX
* A07 (1024 x 8/116 x 4) AD7XX
* A20 (1536 x 8/128 x 4) A20XX
ROM/RAM/I-Os
© A17 (2048 x 8/128 x 4/16 /0 PORTS) | A17XX
* A21(2048 x 8/ 64 x 8/17 /O PORTS) | A21XX
* A22 (1024 x 8/ 64 x 8/17 1/0 PORTS) | A22XX
* A23(1024 x 8/128 x 4/16 /O PORTS) A23XX
ROMs
* 1Kx8 AD5XX £ u
* 2Kx8 AB2XX i i
+ 4Kx8 ABBXX £ %
* 8Kx8 ABBXX
RAMs I
o PPS256x4 10432 —
* PPS512x4 10932
* PPS256x8 10809 i
MEMORY INTERFACES ; I I
* BUSINTERFACE (BIC) 10931 e =
* 4K NRAM INTERFACE (RIC) 10929
COMMUNICATIONS INTERFACES I l
* SERIAL DATA CONTROLLER (SDC) 10930 2
* PARALLEL DATA CONTROLLER (PDC) | 10453 ! % &
* TELECOMMUNICATIONS DATA 10371
INTERFACE (TDI) %
CONTROLLERS : I : I -
* DISPLAY CONTROLLER (DC) 10814 FATQBET
* GENERAL PURPOSE I/0 (GPIO) 10696
* GENERAL PURPOSE KEYBOARD/ 10788
DISPLAY (GPKD)
* PRINTER CONTROLLER (PC) 10789
* KEYBOARD/PRINTER CONTROLLER (KPC)} 10815
* VICTOR DOT MATRIX PRINTER (VPC)___] 10736/15380
* DIRECT MEMORY ACCESS CONTROLLER_] 10817
(DMAC)
+ FLOPPY DISK CONTROLLER (FDC) 10936
* PARALLEL INPUT/OUTPUT (PI/0) 11696
 LRCPRINTER CONTROLLER (LRC) RC7000
SUPPLEMENTARY DEVICES
e CLOCK GENERATOR (CLK} 10706
« INTERVAL TIMER (ITC) 11049
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Select What You Need for Your System ... Rockwell Provides

All Documents/Design Aids for Total System Development of ;

All of Its Microcomputer Families




Rockwell Microcomputer Design/Development Aids
Fit Your Real World Where Meeting
Cost and Marketing Goals Is The Critical Design Issue

Rockwell backs its system-oriented - ASSEMBLE PROGRAM
microprocessor families with total
system support - - - complete, easily Option 1: Purchase PPS-MP
understood documentation, time- UNIVERSAL ASSEMULATOR with
saving assemulators or assembler appropriate SYSTEM “PERSONALITY™
software for program assembly, . MODULE. . . see next page. This is the
debug and checkout; evaluation most economic, expeditious procedure
modules and prototype chips for for most systems. With an assemulator,
field testing. . .everything designed you're able to perform total system
to speed your design cycle and cut design/development I'unr:lions_ =a
your design costs. program assembly_, debug, verify, real
time emulation of prototype system.
Steps in Your Equipment Design For field testing of prototypes, you
purchase prototype evaluation modules,
COMPILE YOUR EQUIPMENT dumping your assembled program from
FUNCTIONAL SPECIFICATION the assemulator into PROM,
BLOCK-DIAGRAM THE MOST Option 2: You can use your own
COST-EFFECTIVE PPS SYSTEM computer by purchasing the appropriate
Fortran I'V Cross Assembler and Simula-
Rockwell's Product Descriptions, tor programs.
Programmers’ Manuals and Electrical/
Mechanical Specifications tell the Option 3: You can use PPS develop-
whole story. And our Applications ment programs on worldwide timeshare
Engineers are as close as your systems.

telephone. -
ORDER MASK-ENCQDED ROMS
- FLOW-CHART SOFTWARE RE._ 7 s

QUIREMENTS/SUBROUTINES % s Your Assemulator automatically pro-
s 7 F .

vides you with the encoded tape with
= ;""1"{::
el S8
3

which Rockwell can develop your
ROM mask. Prototype quantities are
provided for your pre-production
system evaluation.

SPECIAL NOTE:

f
With the purchuse of « PPS-MP UNIVERSAL J
ASSEMULATOR, you can utteid, at no
charge, u 4-day PPS DESIGNER'S COURSE,
Courses are conducted in the U.S.A. in
California and New Jersey. In Tokyo, Japan;
also in Munich, Germaiy.




The Rockwell PPS MP Universal Assemulator... One Box Does It All:
Program Assembly... Debug... Emulation... Incoming Device Testing

You save in front-end design aid
investment and gain remarkable re-
ductions in design time with the
Rockwell PPS MP Universal Assemu-
lator. This specially designed micro-
computer has self-contained capabili-
ties to aid your development ot pro-
grams for all PPS systems. The basic
unit is for PPS-8 and 8/2 systems.
For others, you simply plug in the
appropriate ‘*Personality” module.

e Assemulator aids total system
development, performing assembly,
test, debug, verification, real-time
laboratory emulation of prototype
system, PROM encoding, ROM mask
code generation . , . and you can
even use your Assemulator for
incoming device testing.

These Features Tell
Why You Want a PPS MP
Universal Assemulator
in Your Equipment
Development Lab

Powerful Software - - -Supervisors, Assemblers,
Text Editor - for programpzssembly, debug, lab and Rockwell makes
prototype checkout. your total system development easy . . .

e s frgn; LSI chip I;sele';:tmn, proirar; assembly,
® Uses mnemonic codes, symbols, decimals or hexa- ebug through prototype check-out . . .
decimal constants. PPS documents, assemulators, software,

® Provides listing of source program statements and evaluation modules - - - Everything’s Ready For You
resulting object code

® Formats object code for loading and executing on

assemulator

; . OBJECT LISTING

® Flags statements with actual or potential errors, e 1 T
Utility and Debug Features . . . pr2

N [] i aURs 007

e Set up to 8 breakpoint traps wA Pent rab0. 4
s 0900 SoCFEé2 LX1 S3aURCE
# Single step operation 0802 808D LY
" - 0B0S BOFF Al 0

e Trace printout of CPU registers ss0s 57 A

" L.1) 6 SaCY RAL
o Selective trace on I/O and branch sson :enl:nzcr

e 0l a9 8 BACK
® Trace at selected memory addresses 8800 53 X
BO0E 75 5

* Examine or change locations in program or data
memory; change register contents in CPU

® Read program into RAM; output program from
RAM TRACE OF CPU REGISTERS

® Go to address selection

® Provides I/O interface with TTY ASR-33 Trice vir Braiieh € !
: ’ IDBYSII!"'__ rorce on Branein Coriniii
TI 733-ASR or R8-232C devices. S988C 81 74 00 0a 0074 05 00 00 IFFF 17 00
" »080C @2 T4 00 03 007a 05 00 00 AIFFF AF L1
Text Editor Features . .. ___) »080c 0a 7a 00 02 0074 03 00 00 JFFF AP 00
1 n : =080C @8 7a 90 81 90Ta 0S5 B0 09 IFFT AF 00
® Uses fast searching techniques »080C 10 74 00 80 0074 05 08 98 IFFF IF 00 »

T ' 1 . . » P A X ¢ Y X D LULL LI 5 C »
o Facilitates inserting, deleting or changing source
program statements

Hardware Options . . .

 Paper tape reader Typical Register Trace ...

o Memory expandable to 32K bytes Thii Rockwell Universal Assemulator Makes Debug Easy!
i

* Floppy Disk Operating System



Rockwell Microcomputers - Design/Development Aids

PPS MP Universal Assemulator

Part Number
PPS MP UNIVERSAL ASSEMULATOR 19703013
The PPS MP Universal Assemulator is a
microcomputer system which simplifies
PPS development procedures. The basic

unit p T ing,
debug and system emulation capabilities
for Pkﬂ and PPS-8/2 systems. The
unit includes 6K of memory (4K m
and 2K data), interfaces for both W‘
and RS-232C terminals and a front panel
Elurinsaa h;;admnﬂ keyboard and
isplay. By installinga * i
module (described beluw; the user can
emulate, p and debug PPS-4,
PPS4/2 or fg-if] systems using the
same assemulator.

Assemblers for the PPS product line are
furnished to convert source program
codes, Comprehensive utility and debug
functions are ROM resident to assist in
every step of product of product develop-
ment, A powerful Text Editor is provided
to allow easy update of source programs.

Part Number
UNIVERSAL PROTOTYPING MODULE 19703018
(7 x 12). This module allows user to
prototype to own requirements on a PCB
that inserts directly into the PPS MP Assem-
ulstor back plane bus. Allows the user to
readily interconnect a variety of devices
during product development and
evaluation. Delivered with three Burndy
42-pin sockets and 200 wire wrap pins.

BOARD EXTENDER. Permits vertical 19703D24
ion of PPS-MP A I’ dul
for free access outside the chassis.

T Evalnation Madul
P ion

“Personality” Module Options

PPS-4/1 PERSONALITY MODULE. The 19703D40
PPS5-4 Personality Module provides the

circuitry necessary to make PPS MP uni-

versal assemulator compatible with PPS-

4/1 microcomputer. Utilization of this

module along with the universal proto-

typing module (19703D18) permits

development, checkout and emulation of

PI’S-‘."I‘ (MM76 and MM77) systems.

PPS-4 PERSONALITY MODULE. The 1970341
Personality Module makes the PPS MP
i k patible with
the PPS-4 and PPS4/2 microcomputer.
It permits the develo; t, checkout
and emulation of PP;T:;{I 4/2 systems.

PPS-4/1 PROCESSOR MODULE - MM76 19703D43-6
Contains A7699 prototyping circuit, two

10931 Bus Interface Circuit (BIC) devices

and sockets for four PROM's.

PP5-4/1 PROCESSOR MODULE - MM77 19703D43.7
Same as MM76 module above, but has
AT799 prototyping circuit.

PP§-4/1 PROCESSOR MODULE - MM78 19703D43-8
Same as MM76 module above, but has
ATBY9 prototyping circuit,

PPS-4/2 PROCESSOR MODULE. Con- 19703D02
tains PPS4/2 CPU, clock, two ROM/

RAM/I/O chips A17XX, 256 x 4-bit RAM

and 32 1/0s, 256 x 4-bit additional scratch

pad memory and one GPI/O.

PPS-4 PROCESSOR MODULE. Contains 20102002
PPS-4 CPU, clock, two PPS-4 RAMS (256 x

4-bit data storage) and two GPI/Os (24 dis-

crete inputs plus 24 discrete outputs).

PPS-8 PROCESSOR MODULE. Contains 20180007
PPS-8 CPU, clock, two 256 x 8 RAMS,

two Parallel Data Controllers {PDC) pro-

viding four parallel 8-bit data paths and

a Direct Memory Access Controller

(DMAC).

Memory Evaluation Modules

Memory Module and Associated Opti

INTERNAL BUS BUFFER MODULE., 19703D17
One Bus Buffer is required for each 8K of

memory when 2K x 8 bit (20180D01)

modules are utilized.

8K NRAM MODULE (for PP§ MP 20180023
Assemulators). Includes two 4K RAM

interface devices, P/N 10929, and sixteen

16-pin 4K RAM, P/N 1604-8P plus logic

and switching to accomodate the PPS MP

Assemulator, In the assemulator the 8K x

B-bit words (PPS-8) or 8K x 4-bit words

(PPS-4) may be used as either data or

instruction memory.

8K NRAM MODULE (w/o RAM devices) 20180D25
Same as above, but with sockets only for

PPS-8 RAM MODULE. Contains eight 20180D01
(256 x 8) PPS-8 RAMs that provide 2K x

8 data storage. May also be configured

as 2K x B read/write instruction storage

for ROM emulation.

PP5-4 RAM MODULE. Contains eight 20102D17
PPS-4 RAMs (256 x 4-bit) that provides

2K x 4-bit data storage. May also be

configured as 1K x 8 read/write instruc-

tion storage for ROM emulation.

PPS PROM MODULE. Contains sockets 20102063
and interface logic for sixteen 256 x §

PROMs, Provides up to 4K x 8 bytes of

data memory or instruction memory.

PPS ROM MODULE. Contains sockets 20102019
and interface logic for eight A0SXX or

AS2XX ROM devices. Provides up to

8K x 8 bytes of instruction memory or

16K x 4 bytes of data memory.

PPS BUS-TO-TTL INTERFACE MODULE. 20102027
Provides two bus interface devices and

30 fanout buffers for interfacing the PPS

system to core memory for nonvolatile

data storage of TTL RAMs for ROM

emulation.

RAM devices.
E:OH_ PR];)GR?MNERHOD‘ULE 19703D15
ntains logic for programming and veri-
fying PRO?zcvia the front pa“n.'g] socket.
Miscellaneous Options
PAPER TAPE READER, 120 CPS. 19703003

Mounted directly on face of assemulator
and includes all interfacing control logic.

TTY MOD KIT. Permits use of ASR-33 19703D12
teletypes with paper tape reader. (Not

required with hiﬁgfgpeed reader option).

Mod Kit is installed in user’s TTY.

SYSTEM ANALYSIS MODULE (SAM). 19703019

This option consists of a transmitter and
receiver module to extend the assemulator
bus for customer use in prototyping, It
provides for in circuit lation and com-
plete testing of systems.

Input/Output Evaluation Modules

GP1/0 MODULE. Contains four GPIfO 20102036
devices and TTL input and output buffers.

Provides 48 TTL buffered discrete inputs

plus 48 TTL buffered discrete outputs.

UNIVERSAL PROTOTYPING 20102D55
MODULE. Allows the user to readily
interconnect a variety of devices during

oduct development and evaluation,

module board consists of a § x 7 inch

ug-in circuit card compatible with PPS

ystem Evaluation and Development
Modules, Delivered with three Burndy
42-pin sockets and 200 wire wrap pins.




Rockwell Microcomputers - Design/Development Aids (con't)

Software Packages

Part Number
PPS-8 CROSS ASSEMBLER - 19703D20*
FORTRAN IV. Programs to convert PPS-8
bly lang! to microp

hine code. A by 1 is fully
symbolic and symbol cross-referencing is
provided together with diagnostics of pro-
gramming errors. Special assembler fea-
tures are provided to enable efficient use
of unique architectural features of the
PPS microprocessors.

PPS-8 SIMULATOR - FORTRANIV.
Programs to functionally simulate execu-
tion of PPS-8 programs. Simulators are
interpretive and provide bit-for-bit dupli-
cation of microprocessor instruction
executing timing, register contents, etc.
Direct user control over execution con-
ditions; RAM/register contents, interrupts,
1/O data, etc., is provided.

PPS-4 CROSS ASSEMBLER -
FORTRAN IV, Programs to convert
PPS-4 assembly language to micro-

rocessor machine code. Assembly

nguage is fully symbolic and symbel
cross-referencing is provided together
with diagnostics of programming
errors, Special assembler features are
provided to enable efficient use of
unique architectural features of the
PPS microprocessors,

PPS4/1 CROSS ASSEMBLER -
FORTRAN IV. Programs to convert
PPS<4/1 assembly language to micro-
hine code. A bl
rlnguagg is fully symbolic and symbol
3 ] x

19703D21*

19703D25*%

19703D51*

with diagnostics of programming
errors. Special assembler features are
provided to enable efficient use of
unique architectural features of the
PPS microprocessors.

*Each package conlains an output format program and is
designed to run on 24-bit or greater word length computers.

D tation

PP5-4 PROGRAMMER'S REFERENCE
MANUAL. Provides a complete descrip-
tion of the PPS4 microcomputer system
as it relates to program development and
instruction set usage. This manual is
written for designers with little, o1 no

rogramming background, and explains

w to write assembly language pro-

grams for the PPS-4 and how to imple-
ment those programs in the end product.
Price $5

PPS-4 MICROCOMPUTER BASIC
DEVICE MANUAL. Provides a detailed
description of each device in the PPS-4
Parallel Processing System family of
MOS/LSI chips. The manual includes
block diagram analysis of the circuits,
pin-outs timing and interface require-
ments and general characteristics
required for system design. Price $5
PPS-4 PROGRAM LIBRARY. A refer-
ence d t ¢ ising a ¢ i

of sub i initialization pro

and supportive examples for PPS-4 pro-
gram development. Price 35

PPS4 TYMSHARE TYMCOM-X

SYSTEM OPERATING MANUAL. This
manual provides instructions and refer-

ence data to assist designers in the develop-
ment of computer-aided desizn (CAD)
programs using the TYMCOM-X Systems

for PPS-4 Parallel Processing Systems. Price 55

29400N31

29003N40

29400N33

29002N20

PPS-4 GENERAL ELECTRIC
INFORMATION SERVICES OPERATING
MANUAL. This manual provides instruc-
tions and reference data to assist designers
in the development of computer-zided
design (CAD) programs using the General
Electric Information Services System for
PPS-4 Parallel Processing Systems. Price §3

PPS-8 GENERAL ELECTRIC
INFORMATION SERVICES OPERATING
MANUAL. Asabove, but for PPS-8
Parallel Processing Systems. Price 85

PPS-8 PROGRAMMER'S REFERENCE
MANUAL. Provides a complete descrip-
tion of the PPS-8 Microcomputer System
as it relates to program development and
instruction set usage. This manual is
written for designers with little, or no
Krosx:mming background, and explains

ow to write assembly language programs
for the PPS-8 and how to implement
those programs in the end product. Price §35

PPS-8 MICROCOMPUTER BASIC
DEVICES MANUAL. Provides a detailed
description of each device in the PPS-8
Parallel Processing System family of
MOS/LSI chips. The manual includes
block diagram analysis of the circuits,
pin-outs, timing and interface require-
ments and general characteristics
required for system design. Price §5

PP5-8 PROGRAM LIBRARY. A refer-
ence d t prising 2 ilati

of subroutines and initialization proce-
dures for PPS-8 program development.

Price 35

PPS MP ASSEMULATOR OPERATOR's
MANUAL. This manual provides a
detailed description of, and operating
procedures for, the PPS MP Assemulator,
an invaluable aid to programmers, and
equipment designers developing systems
using the PPS-8 Parallel Processing System
family of devices. Price §5

PPS ELECTRICAL AND MECHANICAL
SPECIFICATIONS MANUAL. This manual
describes all physical and electrical specifi-
cations of the PPS Family of Parallel
Processing System devices, This manual

is essential for designers concerned with
operating voltages, frequency limits, timing
criteria and pin-out allocations in PPS-4 or
PPS-8 systems. Price §5

PP5-4/1 OPERATOR’S MANUAL FOR
PPS-MP UNIVERSAL ASSEMULATOR.
This manual provides a detailed descri;rsion
of, and operating procedures for the PPS-

MP / when developing
using the PPS-4/1 family of devices. Price §5

MM76 SERIES MICROCOMPUTER
PROGRAMMING MANUAL. Provides
a plete guide to program develop
ment for the MM76 series of PPS-4/1
microcomputers, and is written for
designers who have little or no pro-
gramming background. Price $5

MM77, MM 78 SERIES MICRO-
COMPUTER PROGRAMMING
MANUAL, Asabove, but for the MMT7,
MM78 series of PPS-4/1 microcomputers.
Price §5

XPO-1 USER'S MANUAL. Full details
tell you everything you need to develop
PPS4/1 programs with the XPO-1. Price §5

Part Number
29004N20

29800N30

29800N32

20164N40

29800N40

29800N36

29480N10

29400N37

29410N44

29410N38

29410N45



"~ You Can Dcpmend on Rockwell for
_ _Microcompl_l_tcr Circuits and Subassemblies
~~  That Match Your Most Demanding Specifications

Rockwell has a 40,000,000-plus annual
LSI chiﬁ Sroduction capaci‘tjy, coverirjf
both PMOS and NMOS products . . . And
Rockwell is now delivering thousands of
microcomputer devices and modules to
meet the production schedules of manufac-
turers of consumer products and games,
automobiles, telephones, commercial and
military equipment . ..... . Rockwell,
with corporate sales approaching six billion
dollars and whose production responsi-
bilities has included programs like NASA's
Space Shuttle has the resources and the
motivation to meet your microcomputer
specifications and requirements . . .

To cut the cost of your equipment systems,

_l_inckwel! provides you with system-oriented,

" all-LSI micrucump_[:-t-éfé_ﬁa(;ked by

“efficient design aids and complete
documentation . . . or, Rockwell will design

a custom system for you and even
produce it as a subassembly if you desire . . .
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BPPS
PPS-4/1 One-Chip
Microcomputers







DOCUMENT NO. 29000 D35

P/N A76XX AND A76XXE

PARALLEL PROCESSING SYSTEM (PPS)

PPS-4/1 One-Chip
Microcomputer Family

DATA SHEET

MM76 and MM76E

one-chip microcomputer systems

SUMMARY

The Rockwell MM78 and MM76E onechip microcomputers fit
the needs of Equipment Designers seeking low-cost systems capa-
ble of performing functions in the range of medium complexity.
They are distinguished from petitive micropre by
superior 1/O capability, and by other functional features.

The MM76 and MM7BE are pin and instruction-set compatible.
The MM76E has larger Program Memory (ROM) capacity, making
it an easy design step-up if end-product requirements are increased
during development based on the MM76.

On single LS| chips, the MM76 and MM7GE provide complete
4-bit lel i — Central P ing
Unit (CPU), Instruction Decode, one Program Save Register,
Program Memory (ROM), Data Memory (RAM), Program Counter
(P), Data Address register (B), 10 1/O discrete Drivers/Receivers,
two 4-bit parallel 1/O channels, two 4-bit parallel Input channels,
a Serial 1/O port, Interrupt and Control logic, and a self-contained
four-phase Clock Generator circuit.

Both microcomputers provide Data Memory (RAM) capacities
of 48 4-bit words. Their Program Memory |ROM) capacities are:

ROM RAM
8-Bit Bytes 4-Bit Bytes
MM76 640 438
MM76E 1024 48

In addition to stand-alone applications, the MM76 and MMT76E
can be directly included in other multichip systems as dedicated
controllers or in other functions. Also, two or more MM76 and/
or MM76E one-chip microcomputers can be directly combined to
perform parallel processing or control operations. In the design of
families of end-products, a total range of features can be originally
dh d*so that i ingly higher levels of performance can be
produced by | wiring and chip additi mini
mizing design costs and production inventories.

To facilitate system and program . Rockwell provid,
powerful development aids — see under “"Features™ at right. Typi-
cally, a Rockwell-trained Desig can I an MM76 pro-

gram in less than four weeks; an MM76E in about four weeks.

(E) Rockwell Internationsl Corporation 1978

All Rights Rewrved
Printed in U.S.A

L= 22 Mot

MM76 and MM76E Pin Configuration

FEATURES

MM76 — 640 8-bit bytes of program memory

MM7GE — 1024 8-bit bytes of program memory

48 4-bit data words {192 bits)

Clocked simultaneous serial input/output capability

Externally lled serial input/output capability

Two interrupt request input lines

TTL and CMOS compatible

Arithmetic logic unit and four working registers

31 input/output ports

Large instruction sat — over 50 instructions

Multif ion i ions increase ghp:

Single power, supply operation (15 volts £5%)

Low power (75 milliwatts typical, 126 milliwatts max)

Powerful development aids:

— General Electric Software Assembler

— Evaluation Module 19703D426

— PPS Universal Assemulator with PPS-4/1 Personality
Board for Program and Hardware Development

= XPO-1 System Development Microcomputer

« Development Circuit (P/N ATE698 for both MM76 and
MM76E) provides address and data lines so that Program
Memaery can be in external PROM or RAM for amulation
purposes,

— Scheduled and Special Training Courses

— International Applications Engineering Support

Specifications subject to
change without notice
Rav. 4, August, 1978
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FUNCTIONAL DESCRIPTION

PROGRAM COUNTER (P) and SA REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction, The address in the P Register is automatically
incremented esach cycle time during normal operation to address
the next instruction. In addition, instructions are available to
alter the address in the P Register as necessary to fetch an instruc-
tion from any address in program memory.

The SA Register is a “"save” register which saves the incremented
value of current address in the P Register during subroutine
execution, This provides a means of returning from & subroutine
directly to the next i after the call.

PROGRAM MEMORY — READ ONLY MEMORY (ROM)
The ROM ides the

age for instructi and

ired to op the mi Under | of the
Program Counter the ROM will read out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instruc-
tions pulled from ROM to provide cnntrn! for data transfers,
arithmetic , other pr g functi and input/
output operations,

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations
in RAM and the discrete input/output ports are addressed by the
4 bits in BL and the 2 bits in BU.

A ber of Itif ion il i i ly modify
B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
(A, ALY, and C)

The primary working register in the MM76 is the Accumulator
(A), It is the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform either binary
or decimal arithmetic. C may be loaded into the Accu-
mulator from the md only memory or varisble data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register (B). The
Accumulator is also the primary path for 4-bit parallel or serial
input or output data,

CLOCK CONTROL (VC, CLKIN, EXCLK, and OSCILLATOR)

The internal Oscillator and Clock circuit generates a four-Phase A
B clock signal used for all internal logic functions, The A B clock
terms are also brought out so external logic can be synchronized.
The clock frequency h a norrunel 80 kHz £50%. When precise tim-
ing is ired, a q y may be input at CLKIN.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input
or output values, hold intermediate results, or be used as a register
for timers, counters, comparators, etc.

A BUFFER

The contents of the Accumulator or 4 of the bits from the 16 x B
Decode Matrix may be output for control, display, or data transfer
functions through the A Buffer. The A Buffer holds the data for
output until new data is d from the A | or the
Decode Matrix, or until the power is turned off,

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full eight outputs for the Decode
Matrix.

CHANNEL 1 INPUT PORTS (PI1 through Pl14)

The parallel input port PI1 through P14 will be loaded into the

of the A upon d. The F are
TTL ible and are sy i (phase 1 time) so that
asynchronous input signals may be used.

CHANNEL 2 INPUT PORTS (PI5 through PI8)

The inverted state of the inputs at parallel input ports PIS thru
PI8 will be loaded into the Accumulator upon command. The

i are TTL ible and are sy d (phase 3 tima)
s0 that asynchronous input signals may be used,

CHANNEL A 1/O PORTS (RI01 through R104)

The four parallel input/output ports RIO1 thru RI04 provide a
masked input capability and an output from either the 16 x 8
Decode Matrix or d ly from the A I .

CHANNEL B I/O PORTS (RI05 through RI08)

The four parallel input/foutput ports of Channel B function the
same as the four ports of Cl A, Together, they provide an
8-bit parallel output.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops, The receivers are
TTL cor ible and synchr i

DISCRETE INPUT/OUTPUT PORTS (D1/00 through DI/08)

There are ten discrete input or output lines each of which can be
controlled individually under program control, The receivers are
fully synchronized so that asynchronous input signals may be used,

16 X 8 DECODE MATRIX

The Decode Matrix provides a means of decoding the contents
of the Accumulator to provide an B-bit output suitable for driving
various displays or other external devices. The user may define any
code desired. The leoprnnnt Circuit version of the MM76 has a
BCD to seven ided, A I

of 0 thru F produce 0 thru9,A, -, P, d, E aru.‘l blank respectively.
The carry flip-flop controls one independent output line.

S REGISTER — SERIAL INPUT/OUTPUT ~ SHIFT COUNTER

The 5 Register is a 4-bit serial-in/serial-out, parallel exchangs,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.




PPS-4/1 MM76 AND MM76E INSTRUCTION SET

Input/Qutput Instructions
sS0s Set Output Selected
- RAM Addressing Instructions ROS Resat Output Selected
XAB Exchange A with BL SKISL Skip on Input Selected Low
LBA Load BL from A 1BM Input Channel B ANDed with A
LB Losd BU=0, BL=Immediate OB Output from A to Channel B
EOB Exclusiva OR BU 1AM input Channel A ANDed with A
LBL Load B Long OA Qutput from A to Channel A
INCE Increment B 10s Serlal Input/Output
DECB Decrement B :; : :"D": g:lﬂﬂ': ; R
. npu annael an omplamen’
gg Manipulatlun Inllrlloﬂolu INT1H Skip If INTY Input is Low
B R Sii lfINTO i e e
nput is
SKB.F skln on Bit False DINO Skip if INTO Flip-flop is Reset
Reg to Register | i SEG1 Decoder Matrix Output to Channel A
XAS Exchange A and § SEG2 Decoder Matrix Output to Channel B
LsaA Load S from A Conditional Transfer | i
Regi Memory | i TC Transfer on Carry Set
L Load A from Memory TNC Transfer on No Carry Set
x Exchange A and Memory TLC Transfar Long on Carry Set
XDSK A with M v. D BL and Skip if TLNC Transfer Long on No Carry Set
BL cwnu to 18 TBF Transfer on Bitin Memory False
XNSK A with M y. | BL and Skip if TBT Transfer on Bitin Memory True
BL Counts to 0 TLBF Transfer Long on Bit in Memory False
Arnhmnie Instructions IIEBT irlmfnr Long on“Blt in Memory True
-
Add Memory to A TNE T::Hﬁmn: :: : L] M::'r:
M: Add Memory with Carry 10 A TLE Transfer Long on A = Memory
ACSK Add Memory with Carry to A and Skip on No Carry-out TLNE Transfer Long on A # Memory
ASK Add Memory to A and Skip if No Carry Overflow TIH Transfer if Input High
DC Decimal Correction TIL Transfer if Input Low
cOoM Complement A TLIH Transfer Long if Input High
RC Rasat Carry TLIL Transfer Long if Input Low
sC Set Carry
SKNC Skip on Ne Carry HUM Addressing Instructions
LAl Load A with Immediate Field Return from Subroutine
AlISK Add Immadiate and Skip on No Carry-out "TSK .I'?r'::";' '": %"‘F
Logical Comparison Instructions NOP No Op::':tlan."
SKMEA Skip If Memory Equals A TL Transfer Long
SKBEI Skip if BL Equals Immediate Field ™ Tra and Mark
SKAEI Skip If A Equals Immediate Fiald TML Transfer and Mark Leng
10 DISCRETE
INPUT/OUTIUTS
IO INTH
T
vis | . 3 v
: LTIPLEXER
Voo E: "‘“f""“l ORIVERS AND RECEIVIRS
1
e
DATA ADDRESS 148 x4}
B REGISTER M
INSTRUCTION 1
DECODE 1
A “)
Vo
Voo m e A ‘:{:‘l‘l:ﬁ? " CHANNEL A
180K WEFDR O 14
ROGRAM
o474 COUNTER |—ad 162 B DECODE
i : ( ) MATRIX
L)
SR g |
DRIVERS AND f=
Vi MCEIVERS ?OIE_T"“E' ®
0,00 uf sons
H
% G M~y NN I~
2 % AL o SERIAL
e out
X Ve
< CICILLATOR '_—'_,
Ecmnap_ L S l-NDClOC.K [ ccn‘ls:(x I I_"“"'“—l ““"’“
_,_ it | I
T
: g e o
X A TET LY Mg
TYPCAL e CHANNLL | CHANNIL 2

PPS-4/1 MM76 and MM76E System Block Diagram




SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage:
VDD = 15 Volts £56%
{Logic 1" = most negative voltage Vy_and Vg .)
VSS = 0 Volts (Gnd.)
{Logie "'0" = most positive voltage V| and Vo)
Systemn Operating Frequencies:
B0 kHz £50% with external resistor

Device Power Consumption:
75 mw, typical

Input Capacitance:
<5 pf

Input Leakage:

Open Drain Driver Leakage (R OFF):
=10 pa at -30 Volts

Oparating Ambient Temperatura (TA):
09¢C to 709C (TA = 259C unless otherwise specified.)
Storage Temperature:

-659C to 1209C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
(with respect to VSS)

Maximum negative voltage on any pin -30 volts.

Maximum positive voltage on any pin +0.3 volits.

<10 pa
LIMITS [VSS = D) LIMITS [VSS = +5V] TIMING
ISAMPLE/ TEST
INPUT/QUTPUT SYMBOL MIN TYP Max MIN TYP MAX Go0OD) CONDITIONS
Supply Current {Average) [T sma  Bma Sma Bma VDD = 18,78V
| tor voR T = 280C
Discrate /0 ViH -1.0v 4,0V @34
BI/0 601G § ' 42V +o.av
©1/0 0.0 ACN B00 ahma 500 ohms |
01/0 6.9 RON 400 ohms aooanms] 07 f
Channel 1 Ingut Vim LBV 3.5V 8
LRl VL 4.2V 0BV
Channel 2 Input Vim SLEV 435V P
PiBPIE Vi AV e
1/ Channe! A Vin EET] “35V .3
RIMO1-ALOS VL a2v *QBV
RON 750 ohma FR0onms|  #2° 6.0 ma max,
VO Channel B8 Vin LEV +3.5V o3
A0S AIOS Vi 4.3V +0.BV
RON 280 ohera 250 ohms | #2° .0 ma mas
DATA 1 Vil rLov 4.0V o4
Vi A2V +0.8V
DATA O AON 00 chms S00 ohms |  #4'* 2.0 ma mas.
INTD Vin 15V +3.6V P
VL 4.2V 0.8V
INTY ViH 1.6W 435V . ,‘
m rE ~0.8v
Clock VoH EE-TY +4.0v CL = B0 pf Imax)
A, 0P, (8] Voo 10.0¢ s.0v ALY
EXCLE ViM 1BV 3.5V # max, = B0 kHz
VL 2.0V 4.0V 407
CLK IN Vil 1.0V 4.0V
Vi 10.0" 5.0V
Shif Clock Vin oV oV 034
Ciock viL aav 0BV
AON T 00 ohma So0chms| o4 " 2.0 ma max.
WCee Vin SEK LE%
Vi
FO Vin -0V s2.0v Bpacial sireuin
ViL 8.0V 1OV
“Srate by §2 (mini
**Same a4 above axcept $4 mirimum ot $2 of &
*+*Cannect VG 10 VDD through a resisror: 56K for BO KHa or ATELL for 100 KHz
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one-chip microcomputer system

SUMMARY

The Rockwell MM75 one-chip microcomputer is primarily designed

to fit the lowest cost requi of equi Jesi But in
jdition to cost ge, it provides system functions not pres-

ently available in competitive microprocessors.

On a single LS1 chip, the MM75 provides a complete 4-bit parallel
microcomputer system — versatile Central Processing Unit (CPUI,
Instruction Decode, One Program Save register, Program Memaory
{ROM), Data Memory (RAM), Program Counter (P), Data Address
Register (B}, nine input/output discrete drivers/receivers, two 4-bit
parallel input/output channels, one 4-bit parallel input channel,
Interrupt and Control logic, and a self-contained Clock Generator

circuit.

In addition to stand-al system licati the MM75 can be
directly included in other multi-chip systems as 3 dedicated slave
controlier.

To facilitate system and program development, Rockwell provides
powerful development aids — see under “Features” at right. Typi-
cally, a Rockwell trained desig can an MM75 program
in about 4 weeks. The MM75 has the same instruction skt as the
MM76. Therefore the MM76 development circuit is used to sup-
port MMT75 prototype and program development.

FEATURES

INILSAS SZWIN — H3LNdIWODOHDIIN L/¥-Sdd

e 640 8-bit bytes of program memory (5120 bits)
e 48 4-bit data words (192 bits)
- Two interrupt request input lines
. TTL and CMOS compatible
. Arithmetic logic unit and four working registers
e 22 inputfoutput ports
. Large instruction set — over 50 instructions
* RIOB/INT1 1 28 107 &  Multifunction i ions increase through
RIOY 32 271 Rio6 ®  Single power supply operation (15 volts £5%)
RI02 a3 263 RiOS ®  Low power (75 milliwatts typical, 125 milliwatts max)
RIO3 CJa 2503 1nTO ®  2B-pin, dual-in-line package
RiIO4 5 24 po o Powerful development aids:
pioo e 220p14 — General Electric Software Assembler
pi/o1 7 2200 ki3 — Evaluation Module 19703D43-6
pijo2 s 213pi2 = PPS Universal Assemulator with PPS-4/1 Personality
ooalJse 20 g1y Board for Program and Hardware Development
owoa 10 19 vss = XPO-1 System Development Microcomputer
pi/os T 11 18 vpp — Development Circuit (P/N A7698) provides address and
DI/O6 q 12 17T ve data lines so that the Program Memaory can be in exter-
pifo7 413 1600 4 nal PROM or RAM for emulating the MM75.
vss [J14 158 pyos — Scheduled and Special Training Courses
*RIDB=INT1 — International Applications Engineering Support
\ PPS-4/1 MM75 Pin Configuration j
() Rockwell International Corporation 1978 Specifications subject to
All Rights Reserved change without notice

Printed in U.5.A. Rev, 2, August, 1978




FUNCTIONAL DESCRIPTION

PROGRAM COUNTER (P) and SA REGISTER

A BUFFER

The of the A ! or 4 of the bits from the 16 x 8
chndl Matrix may be output for control, display, or data transfer

The Program C: ins the ROM ad of the next pro-
gram instruction. The address in the P Register is mmaﬂullv
incremented each cycle time during normal ion to

the next | jon. In addition, are lable to

aiter the address in the P Register as necessary to fetch an instruc-
tion from any address in program memory.

The SA Register is a “save’ register which saves the incremented
value of current address in the P Register during subroutine
execution, This provides a means of returning from a subroutine
directly to the next instruction after the subroutine call,

PROGRAM MEMORY — READ ONLY MEMORY (ROM)
The ROM ides the for i and

i to the microc . Under | of the
mewn Counter the ROM will fud out. the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instruc-
tnons nulled from ROM to provide :cmml for data transfers,
ari { other p i i and input/

output operations,

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) md B Lower (BL). Data Iacnions

in RAM and the di i tput ports are add; i by the
4 bits in BL and Ih|2hlttil\BU
A k of Ttif i i i ly modify

B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

S REGISTER

The S Reagister is a 4-bit register which is used as a working register
or an auxiliary storage register to the Accumulator. It can be used
as @ temporary storage register executing the XAS instruction.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
(A, ALU, and C)

The primary working register in the MM75 is the Accumulator
{A). Itis the Accumulator which ties with the Arithmetic Logic
Unit i.'Al.Ul and the Carry flip-flop (C) to perform either binary
or d | arithmetic. C may be loaded into the Accu-
mulator from the read only memory or variable data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register (B). The
Accumulator is also the primary path for 4-bit parallel input
or output data,

CLOCK CONTROL (VC, OSCILLATOR)

The internal Oscillator and Clock circuit generates a four-Phase
clock signal used for all internal logic functions. The A clock
term is also brought out so external logic can be synchronized,
The clock frequency is a nominal 80 kHz £50%.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input
or output values, hold intermediate results, or be used as a register
for timers, counters, comparators, etc.

f hrough the A Buffer. The A Buffer holds the data for
output until new data is ived from the A i or the
Decode Matrix, or until the power is turned off.

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full eight outputs for the Decode
Matrix,

CHANNEL 1 INPUT PORTS (P11 through P14)

The mllel input port PI1 through Pl4 will be loaded into the

upon i, The i are TTL ik
and are synchronized (phase 1 time) so that asynchronous input
signals may be used.

CHANNEL A 1/O PORTS (RI01 through RI1D4)

The four parallel input/output ports RI01 thru RI04 provide a
masked input capability and an output from either the 16 x 8
Decode Matrix or directly from the Accumulator,

CHANNEL B I/O PORTS (RI05 through R108)

The four parallel inputfoutput ports of Channel B function the
same as the four ports of Channel A. Together, they provide an
8-bit parallel output. RIOB also has the capability to be used
as a conditional interrupt (INT1).

CONDITIONAL INTERRUPTS (INTO and OPTIONAL INT1)

The conditional interrupts INTO and RI08 (INT1) may be used to
detect external signals and set internal control flip-flops. The

s are TTL compatible and synchronized with INTO sam-
pled at phase 3 and RI0B sampled at phase 1.

The conditional interrupts (edge detect) input lines in the PPS-4/1
family are very useful, B of pinpoint limitati the INT1
is incorporated in the RIOB line. The RIO8 lina can be used in
two ways as part of the parallel 1/O Channel B or as the INT1
line. When used as an interrupt line, RIO8 will respond to the
INT1H and DIN1 commands. When used as part of the bidirec-
tional I/O Channel B, it is controlled with the IBM, OB and the
SEG2 instructions.

DISCRETE INPUT/OUTPUT PORTS (DI/OO through DI/08)

There are nine discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used,

16 X 8 DECODE MATRIX

The Decode Matrix provides a means of decoding the contents
of the Accumulator to provide an 8-bit output suitable for driving
various displays or other external devices. The user may define
any code desired. The Development Circuit version of the MM76
has a BCD to seven segment conversion provided. Accumulator
contents of O thru F produce O thru 9, A, -, P, d, E and blank
respectively. The carry flip-flop controls one independent output
line,




PPS-4/1 MM75 INSTRUCTION SET

HAM Addressing Instructions
XA Exchange A with BL

Input/Qutput Instructions
SOs Set Output Selected

LBA Load BL from A ROS Reset Output Selected
LB Load BU=0, BL=Immedlate SKISL Skip on Input Selected Low
EOB Exclusive OR BU IBM Input Channel B ANDed with A
LBL Load B Long OB Output from A to Channel B
INCB Increment B 1AM Input Channel A ANDed with A
DECB Decrement B OA Ou\sug‘rom A“tb Channel A
B t M, lation Instructions n Input Channel 1_
e Saet Bit INT1H Skip if INT1 Input (RI08) is Low
a Aesat Bit DIN1T Skip f INT1 Flip-flop is Reset
SKBF Kk itF INTOL Skip If INTD Input is High
o el DINO  Skip i INTO Flip-fiop is Reset
qisw to Register Instructions SEG1 Decoder Matrix to Channel A
Exchangs A and & SEG2 Dacoder Matrix to Channel 8
LSA Load § from A C -
Rewter Memory Instructions Tc
Eﬂld A from Mnmmy TNC
x xchange A and Memory TLG Transt Corry Sat
XDsSK Exchange A with Memory. Decrement BL and Skip if TLNC -n'.::“:: tﬂg m Norgtrrv Set
BL Counts to0 15 L TBF Transfer on Bit in Memory False
XNSK Exchange A with Memory. Increment BL and Skip if TBT Transfer on Bit in Memory True
BL Counts 10 0 TLEF ler Long on Bit in Memory False
Arlﬂlmatl: Instructions TLBT Long on Bit in Memory True
Add Mamory to A TE on A = Memory
AC Add Mamory with Carry to A TNE on A ¢ Memory
ACSK Add Mamory with Carry to A and Skip on No Carry-out TLE Leng en A = Memory
ASK Add Memory to A and Skip on na Carry-out TLNE Long on A # Memory
DC Decimal Correction TIH Transfer if Input High
COM Complemant A TiL Transfar If Input Low
RC Reset Carry TLIH Transfar Long if Input High
sC Set Carry TLIL Transfar Long if Input Low
o R et ROM Addressing Instructions
LAl Load A with Immediate Field n.",am from Subroutine
AlISK Add Immediate and Skip on No Carry-out RTSK Return and Skip
Logical Comparison Instructions T Transfer on Page
SKMEA  Skip if Memory Equals A NOP No Operation
SKBEI Skip if BL Equals Immaediate Fiald pl\:! :fn::::r Lo:?w ‘
SKAEI Skipif AE Is | ediate Fiald ra ran ar
i il TML Transfor and Mark Long
9 DISCRETE
NPT S/OUTPUTS
N12 .—L——?
LT 3 ; ‘
voy ——1 TRV g N I CRIVERS AND RECEIVEAS l
RN
T
DATA ADOREYY 8 . 4
3 RLGISTER R
1

INSTRLCT IO
oCOon

ROM
el By

FROGRAM
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A w
/ 4 o
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RECHIVIRS B

| 12+ & DECODE |
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PPS-4/1 MM75 System Block Diagram




SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage: Open Drain Driver Leakage (R OFF):
VDD = 15 Volts +5% 10 pa at -30 Volu
(Logic 1" = most negative voltage V) and Vg .}
VSS = 0 Volts (Gnd.) Operating Ambient Temperature (TA):
(Logic "0 = most positive voltage V| and Vgp.) 0°C to 709C (TA = 259C unless otherwise specitied.)

Systern Operating Frequencies: Storage Temperature:

B0 kHz £ 50% with external resistor -559C to 120°C

Device Power Consumption:
78 mw, typical ABSOLUTE MAXIMUM VOLTAGE RATINGS

(with respect to VSS)
Input Capacitance:

<5pf Maximum negative voltage on any pin -30 voits.

Input Leakaga: Maximum positive voltage on any pin +0.3 volts.

<10 ya
LIMITS (VSS = 0) LIMITS (VSS = +5V) TIMING
(SAMPLE/ TEST
INPUT/OUTPUT SYMBOL MIN TYP MAX MIN TYP MAX GOOD) CONDITIONS
Supply Current (Average) DD Sma 8ma 5ma B ma vDD =-15.75V
for VDD T = 259
Discrate 1/0's Vil -1.0v +4.0v ®34
DI/O 0-DI/O 8 VL -4.2V +0.8YV
DIfO 0-6 RON 500 ohms 500 ohms ! ! i
2 -0 ma max.
D1/0 6-8 RON 400 ohms 400 ohms |
Channel 1 Input Vin 1.5V +3.5V 61
Pi1-Pl4 Vi 4.2V +0.8V
1/O Channel A Vin 1.5V +3.5V 63
RIJO1-RI/O4 ViL 4.2V +0.8V
ROMN 250 ohms 250 ohms a2* 6.0 ma max.
110 Channel B ViH 1.8V +3.5V P
RI/05-RI/O8 ViL -4.2v +0,8Y
RON 250 ohms 250 ohms g2t 6.0 ma max,
INTO ViH 1.6V +3.5V ¢3
viL 4.2V +0.8V
Ok Vo — - €L = 50 pf (max)
A VoL -10.0V -5.0V T
NErye Vin 86K £5%
ViL
= ViH -0V FROM Special circuit
VL 6.0V 1.0V
*State ished by $2 (mini impedance after ¢4).
**Same as above except $4 minimum at $2 of next cycle.
*** Connect VC to VDD through a resistor: 56K¢ for B0KHz or 47K@ for 100 KHz.

ROCKWELL INTERNATIONAL - MICROELECTRONIC DEVICES
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SUMMARY

The Rockwell MM7BC one<hip microcomputer is a complete
4-bit parallel processing system — CPU, ROM, RAM, 1/O. It
features a programmable 16hbit, 1-MHz-input, high-speed up/
down counter which can be configured in 14 different modes,

The functional versatility and economics of the Rockwell MM76
family of one-chip microcomputers are made easily available to
Designers through the commonality of their instruction sets,
Designing with the MM76C involves only two new instructions,
but these are based on existing codes within the identical instruc-
tion sets of the MM76 and MM7GE.

For the MMT76C, the functions of MM76 instructions SEG 1 and
SEG 2 are combined into a single SEG 1 instruction that outputs
8 bits from the Decode Matrix into Channel A and Channel B.
MM76EC instruction SEG 2 is new, but it uses the MMT76 operating
code. The new MM76C SEG 2 instruction initiates the Counter
Mode of operation. When in the Counter Mode, four of the I/O
i i perform which are used to pro-
gram the MMTJEC to perform a variety of counter/shift register
operations.

The 14 different Counter Modes available to the MM76C designer
are detailed in the Counter Operation table. Basic Counter Mode
configurations are:

® One 16bit counter and associated data holding registers
e Two Bbit counters and associated data holding registers
e Two B-bit counters with one B-bit data holding register and
one 8-bit shift register

The MM76C 4-bit parallel processing system provides a versatile
Central Processing Unit (CPU), Instruction Decode, One Program
Save Register, Program Memory (ROM), Data Memory [RAM),
Program Counter {P), Data Address Register (B}, ten 1/O discrete
Drivers Receivers, two 4-bit parallel 1/O channels, A Serial 1/O
port, Interrupt and Control logic, and a clock circuit which will
accept external clock inputs or generate the clock internally and
provide a clock signal output for synchronization.

\n additi

1o stand-al plications, the MM76C can bedirectly
included in other multichip systems as a dedicated controller,
Also, two or more MM76C and/or MM76 cne-chip microcom-
puters can be directly combined to perform parallel processing
or control operations. In the design of families of end-products,
a total range of features can be originally designed so that increas-
ingly higher levels of performance can be produced by low-<ost
wiring changes and chip additions, minimizing design costs and
production inventories.

The 14 modes in which the counters can operate makes this
device especially adaptable to use in Motor Control and Scale

icati Other 1] lications are: Freq y C

Timers, Synthesizers, Digital-to-Analog Converters, Analog-to-
Digital Converters, and Open or. Cloted Loop Control Systems.

To facilitate system and program developmert, Rockwell provides
powerful development aids — see under “Features,”

MM76C

one-chip microcomputer with high speed counter

FEATURES

e High Speed Counter with the following features:

= Programmable to function as one 16-bit counter or as two
independent 8-bit counters

— Operates in two input modes: Event input up/down and
quadrature input up/down

— Count up or down atup to 1 MHz rate under external control
— Multiple programmable operating modes

= Automatic preset operation

— Serial 8-bit input/output option

37 input/output lines

640 B-bit bytes of program memory

48 4-bit data words (192 bits)

Clocked simultanecus serial input/output capability
Externally controlled serial input/output capability
Two interrupt request input lines

TTL and CMOS Interface compatibility

Arithmetic logic unit and four working registers

Three modes of clock operation (external crystal input for
precision clock frequency)

Large instruction set — over 50 instructions
Multifunction instructions to increase throughput
Single power, supply operation (15 volts £5%)
Low power (200 milliwatts typical)

Powerful development aids:

— General Electric Software Cross Assembler

— PPS Universal Assemulator with PPS-4/1 Personality Mod-
ules for Program and Hardware Development

= XPOD-1 System D Micr

— Development Circuit (P/N A7999) provides address and
data lines so that Program Memory can be in external
PROM or RAM for emulation purposes

= Scheduled and Special Training Courses

— |nternational AEEIications Engineering Support

Rockwell International Corporation 1978
All Rights Reserved
Printed in US.A.

Rewv. 1, August, 1978
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FUNCTIONAL DESCRIPTION

PROGRAM COUNTER (P) and SA REGISTER
The Program Counter contains the ROM address of the next pro-

CHANNEL 2 INPUT PORTS (PI5-PI8)
The inverted state of the inputs at perdle! input ports PI5 thru

gram instruction. The address in the P Register is automatically PI8 will be loaded into the A upon The
incremented each cycle time during nnrmai ion to i are TTL ible and are sy d (phase 3 time)
the next i i in it i are ilable to so that asynchronous input signals may be used.

alter the address in the P Register as necessary to fetch an instrue-
tion from any address in program memory.

The SA Register is a “'save™ register which saves the incremented
value of current address in the P Register during subroutine
execution. This provides a means of ing from asub i
directly to the next i after the sut ine call,

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides the storage for instructions and constants
required to operate the microcomputer. Under control of the
Program Counter the ROM will read out the addressed instruc-
tion which is to be decoded and executed,

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instruc-
tions pulled from ROM to provide control for data transfers.
srithmetic operations, other processing functions and Input/
output operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations
in RAM and the discrgte input/output ports are addressed by the
4 bits in BL and the 2 bits in BU,

A ot awdiih e g o ty modify
B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
(A, ALU, and C)

The primary working register in the MM76 is the Accumulator
{A). It is the Accumulator which ties with the Arithmetic Logic
Unit {ALU) and the Carry flip-flop (C) to perform either binary
or decimal arithmetic. Constants may be loaded into the Accu-
mulator from the-read only memory or variable data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register (B), The
Accumulator is also the primary path for 4-bit parallel or serial
input or output data.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input
or output values, hold intermediate results, or be used as a register
for timers, counters, comparators, ete.

A BUFFER and B BUFFER

The of the A | or 8 bits from the 16 x 8 Decode
Matrix may be output for control, display, or data transfer func-
tions through the A and B Buffers. The A and B Buffers hold the
data for output until new data is d from the I or

the Decode Matrix, or until the power is turned off.

CHANNEL 1 INPUT PORTS (PI1-PI4)

The parallel input port P11 through Pl4 will be loaded into the

of the A upon The are
TTL compatible and are synchronized (phase 1 time) so that
asynchronous input signals may be used.

CHANNEL A 1/O PORTS (RI/O1-R1/04)

The four paralle! input/output ports RI/O1 thru RI/O4 provide 8
masked input l:apabilltv and an output from either the 16 x 8
Decode Matrix or di y from the A

CHANNEL B 1/O PORTS (RI/O5-RI/O8)

The four parallel input/output ports of Channel B function the
same as the four ports of Channel A. Together, they provide an
8-bit paraliel output.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
axtarnal signals and set internal commi flip-flops, The receivers
ore TTL ible and sy

DISCRETE INPUT/QUTPUT PORTS (D1/00-DI/09)

There are ten discrete input or output lines each of which can be
controlled individually under program control, The receivers are
fully synchronized so that asynch input signals may be used.

16 X 8 DECODE MATRIX

The Decode Matrix provides a means of decoding the contents
of the Accumulator to provide an 8-bit output suitable for driving
various displays or other external devices. The user may define
any code desired. The Development Cm:ult version of the MM76C
has a BCD to seven ided. A

contents of 0 thru F produce O thru 9, A, - P, d E and blank
respectively. The carry flip-flop controls one independent output
line.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S Register is a 4-bit serial-infserial-out, parallel exchange,
register which is used as either an auxll;nrv storage register or
buffer for the si serial inp i The
shift rate can be lled either i iy of—- Iy.

CLOCK CONTROL, (XTLIN, XTLOUT, XPWR, and
OSCILLATOR)

The MM76C has three selectable modes of clock operation, These
modes are:

1. A, BP Mode (Slave). In this mode the MM76C accepts A and
BP clock inputs from an external source.

2. Internal Oscillator Mode. In this mode the MM76C generates
the A and BPclocks for its own use and also outputs them for
use in synchronizing other devices. Provides a 100 kHz £40%
clock.

3. Crystal Driven Mode. This mode allows an external crystal to
drive the MM7BC clock circuits and is used where precision
timing is reguired. Designed to interface a color TV 3.57 MHz
crystal which is divided down to produce 8 89 kHz clock.

HIGH SPEED COUNTER CIRCUITS

Control Flip-Flops

The Control Flip-Flops (CR1, CR2, and CR3), in combination
with the Control Register, set up the logic to control counter
operation. The initial SEG 2 instruction sets the Control Flip-
Flops to the Counter Mode which starts counter operation.




Control Register

The Control Register is a 4-bit register, which combined with the
Control Flip-Flops, sets up the logic to control the function and

Counter, under program control, will accept event input from the
Lower Counter carry out or from an external input at a frequency

configuration of the Upper and Lower Ci and iated
Data Registers, The control word is shifted into the Control
Register through the external input C/DI, either from en exter-
nal source or the output from the S Register.

Lower Counter and Input Logic

The Input Logic network, under control of the Control Register,
controls the inputs to the least significant digit (LSD) position of
the Lower Counter. The Lower Counter is an 8-bit bi-directional,
high speed ble of ing event inputs at 1 MHz
rates, Under program control the data (count) in the Lower
C can be i ferred to the Lower Data Register

vith disturbing or inter ing the Lower Counter. In addi-
tion, the Lower Counter may be logically connected in series with
the Upper Counter to form a 16-bit counter.

The Lowser Counter can operate in either of two input modes
designated Event input and Quadrature input. When in tha Event
mode the Input Logic sets the Lower Counter to count on the
leading edge of each positive going pulse input at PC1, and can
count at up to 1 MHz rates. The counter will count up or down
depending on the input at PC2. When in the Quadrature mode
the Input Logic pts and decodes the phase relationship of two
similar signals, one of which is input at PC1 and the other input
at PC2. These two signals are out of phase by 90 degrees and the
counter will count up or down depending on which signal is lead-
ing. In the Quadrature mode the counter counts each transition
of both inputs, and can count at up to 250 kHz on each input.

Upper Counter

The Upper Counter is an 8-bit, bi-directional counter which may
be preset with data from the Upper Data Register. The Upper

not di half the clock frequency. As with the Lower
Counter, the data in the Upper Counter can be parallel transferred
to the Upper Data Register without disturbing or interrupting the
Upper Counter.

The ability to be preset to any desired data allows the Upper
Counter to generate an overflow or carry out after any predeter-
mined number of event inputs. When in this mode the Upper
Counter will automatically be preset with the same value after
each overflow.

Lower Data Register

The Lower Data Register is an B-bit latching register which will
accept and hold data from the Lower Counter under program
control, Data in the Lower Data Register can be transferred to
the Accumulator 4 bits at a time under program control. Data
latched into the Lower Data Register is retained until new data
is parallel transferred in from the Lower Counter or until a new
power on sequence is initiated.

Upper Data Register

The Upper Data Register is similar to Lower Data Register but
has two eadditional functions. Tha Upper Data Register can
parallel transfer its data to the Upper Counter as well as receive
data from the Upper C . In under prog con-
trol the Upper Data Register can function as an B-bit shift register
and receive data from an external source via the CD/| input using
the SCC/D shift clock.

Data in the Upper Data Register may be shifted out through the
Upper Carry Flip-Flop to CA16/D output. As with the Lower
Data Register, the data in the Upper Data Register can transfer
to the Accumulator 4-bits at a time under program control.

DESCRIPTION OF THE 14 MODES OF COUNTER OPERATION

Control Reg. One Two UDRis | Lwr Upr Reset By:* Presat Up/Down Enable
16-Bit | 8-Bit Shift Ctr Ctr Upr Control
Mode |8 4 2 1 Ctr Ctr's Reg. Input | Input | Lwr Upr Ctr Lwr | Upr Cwr r
1 0 00 X a LC [(1)(2) (1)(2) 3) QPR | LC U U
200 0T 0 Y X Q Lc |2 (3)(4) | aPR | LC u
3 |]0o 0o 1 @ X E e (2| (1@ | @3 PC2 | LC U U
4 |10 0 1 1 X E Lc |ini(2) (3)(4) | PC2 | LC U U
6§ |0 1 0 X Xee X a (1 (2) QPR U
6 |0 % 1 X x=- X E (1) {2) PC2 u
7 1 0 0 O X a E 1) 2) 3) QPR | DOWN u u
8 1 0 ¢ 1 X a E 3} (3) (4) | QPR | DOWN u
9 B N R x E B 1) 2) 3) PC2 | DOWN u u
10 1. 0 1'% x E E 1 (3) (4) | PC2 | DOWN v u
1 1 1 0 0 X o] E 1 2) (3) QPR | UP u u
12 N TRRE - TR | X Q E 1 (31(4) | aPR| UP u
13 Tt 1 1 o X E E (1) 2) (3) PC2 | UP u u
14 T 1 1 1 X E E (81} (314} | PC2 | UP u u
*Both Lower and Upper Counters and Data Reglsters are reset by PO|, and Control Reglster |s forced to Mode 1.
**In Modes § and &, since the UDR Iz functioning as a Serial Shift Register, only the LC can be read. |f UC needs to be read, exit
Mode 5 or 6 and enter Mode 1, 2, 3, or 4.
***1AM (CRA1 + CR2) reses UDR,
(1) = {Inst. lAM) CR1 UDR = Upper Data Reglster UCC = Carry from Upper Counter
(2) = (Inst. 1AM) CR2 Q = Quadrature Input D = Down (count down)
{3) = (Inst. 1BM) (CR1 + CR2) E = Event Input U=Up (countup)
(4) = Automatic Preset, LCC = Carry from Lowar Counter QPR =Q phase i !
(UDR —= uc)




SPECIFICATIONS

52.PIN IN-LINE SOCKET

Burndy P/N: DILE-52P1
Burndy Corp., 931 S. Douglas
El Segundo, Calif, 90245

OPERATING CHARACTERISTICS

VDD = 15 Volts £5%

(Logic 1" = most negative voltage V_ and Vg )

V5SS = 0 Voits (GND)

(Logic “0" = most positive voltage Vi and VgH)
System Operating Frequencies:

100 kHz £40% (internal clock)

Input Capacitance:
<6 pf
Input Leakage:
<10 pa
Open Drain Driver Leakage (R OFF):
<10 paat -30 Volts
Opcrsting Ambient Temperature (TA):
0°C to 70°C (TA = 25°C unless otherwise specified)
Storw% Temperature:
55°C 10 120°%C
ABSOLUTE MAXIMUM VOLTAGE RATINGS
{with respect to VSS)

Device Power Consumption:

200 mw, typical , INT, EXT, 250 mw, typical, XTAL

Maximum negative voltage on any pin -30 voits,
Maximum positive voltage on any pin +0.3 volt.

Limits (VSS = 0) Limits (VSS = +5V) Timing
(Sample/ Test
Input/Qutput Symbol Min Typ Max Min Typ Max Good) Conditions
Supply Current (Averaga) 1 12 ma (INT) VDD = 18,75V
for VDD b 16 ma (XTAL) A
Discrote 1/0's Vin -1.0V +4,0V e e
DI/O 0-DI/O 8 ViL -4,2V +0.8V
DI/o 05 R 500 ohms
4 2 poD stime oz 3.0 ma max.
DI/C 69 Ron 400 ohms 400 chms
Channel 1 Input ViH -1.5v +3.5V a1
PI1-PI14 ViL g 4,2V +0.8V
Channel 2 Input ViH -1.5V +3.5V
PIS-PIB Vi -4.2v +0.8V s
1/0 Channal A Vin 1.5V +3.5V
RI/O1-RI/O4 viL -a,2v +0.8v it
Ron 250 ohms 250 ohms | 02°* 6.0 ma max.
1/0 Channel B8 ViH 1.5V +3.5V
RI/OS-AI/08 VL -4.2v +0.8V Le
Ron 250 ohms 250 chms | @2* 6.0 ma max.
DATAI ViH EEY +3.6V
| viL -4.2v +0.8V L
DATAO : Ron 500 ohms 500 ohms [ 3.0 ma max.
INTO I vin -1.5V +3.6V ©
viL -4.2V +0.8V
INT? Vin -1.5V +3,6V
ViL 4.2V +0.8V L
Clock g VaH 1.0v +4.0V 5.0V CL # 50 pt (max)
A, BP, (B) VoL 10,0V 5.0V
XPWR Vin VSs Vss
ViL VDD VDD
XTLIN, XTLOUT ViH Crystal
ViL 3,579 MHz
Shift Clock Vin 1.5V +3.6V o8
CLOCK ViL -4.2V +0.8V
Ron 500 ohms 500 chms | @4** 2.0 ma max.
PO ViH 2.0V +3.0V
ViL 6.0V .0V Special circuit
PC1 ViH -1.5V +4.8V oc
ViL -4.2v 0.8V
PC2 ViH -1.5V +4.5V e
ViL -4.2v +0.8V
CAB LOWER CARRY Ron 500 ohms e
ouT 500 ohms
CA16/D UPPER CARRY Raon 500 ohms ]
SERIAL DATA OUT 500 chms
SYEV SERIAL EVENT Vin 1.6V 3.8V e
INPUT VIL -4.2V +0.8V
SCC/D SHIFT CLOCK Vig -1.0v +4.0V ——
CONTROL/DATA ViL -10.0V +0.8V
C/DI CONTROL/DATA VIH 1.0V +4.0V P
INPUT VL =10.0V +0.8V
ENABL Vin 1.5V +3.5V B
ViL -4.2v +0.8V
*State bli by @2 ( i after 84)
**Same as above except B4 minimum at @2 of next cycle,
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PPS-4/1 MM76C INSTRUCTION SET

RAM Addressing Instructions

XAB Exchange A with BL

LBA Load BL from A

LB Load BU=0, BL= immediate
EOB Exclusive OR BU

LBL Load B Long

INCB Increment B

DECB Decrement B

Bit Manipulation Instructions
s8 Set Bit

RB Reset Bit

SKBF Skip on Bit False

Register to Regi k 2
XAS Exchange A and S
LSA Load § from A

Register Memory Instructions

L Load A from Memory

X Exchange A and Memory

XDSK Exchange A with Memory. Decrement BL and Skip if
BL Counts to 15

HKNSK Exchange A with Memory. Increment BL and Skip if

BL Counts to 0
Arithmaetic Instructions
Add Memory to A
AC Add Memory with Carry to A
ACSK Add Memory with Carnto A and Skip on No Carry-out
ASK Add Memory to A and Skip if No Carry Overflow
Dc Decimal Correction
COoMm Complement A
RC Reset Carry
sC Set Carry
SKNC Skip on No Carry
LAI Load A with Immediate Field
AISK Add Immediate and Skip on No Carry-out
Logical Comparison Instructions

SKMEA  Skip if Memory Equals A
SKBEI Skip if BL Equals Immediate Field
SKAEI Skip if A Equals Immediate Field

Input/Output Instructions
508 Set Output Selected
ROS Reset Output Selected
SKISL  Skip on Input Selected Low

1BM Input Channel B ANDed with A
*1BM Same Plus Presets Upper Counter
0B Output from A to Buffer B
1AM Input Channel A ANDed with A
1AM Same Plus Clears Appropriate Counters
oA Output from A to Buffer A
108 Serial Input/Output
" Input Channel 1
n Load A from LS 4 bits of Upper or Lower Data Reg.
12C Input Channel 2 and Complement
*12Cc Load A from MS 4 bits of Upper or Lower Data Reg.

INT1H  Skip if INT1 Input is High

DIN1 Skip if INT1 Flip-flop is Resat

INTOL  Skip if INTO Input is Low

DINO Skip if INTO Flip-flop is Reset

SEG1 Decode Matrix Output to Channels A and B
"SEG2 Puts MM76C in Counter Mode

Conditional Transfer |
TC Transfer on Carry Set
TNC Transfer on No Carry Set
TLC Transfer Long on Carry Set
TLNC Transfer Long on Mo Carry Set
TBF Transfer on Bit in Memory False
TBT Transfer on Bit in Memory True
TLBF Transfer Long on Bit in Memory False
TLBT Transfer Long on Bit in Memory True

TE Transfer on A = Memory

TNE Transfer on A # Memory

TLE Transfer Long on A = Memory
TLNE Transfer Long on A # Memory
TIH Transfer if Input High

TIL Transfer if Input Low

TLIH Transfer Long if Input High
TLIL Transfer Long if Input Low

ROM Addressing Instructions

RT Return from Subroutine
RTSK Return and Skip

T Transfer on Page

NOP No Operation

TL Transfar Long

™ Transfer and Mark

TML Transfer and Mark Long

*Instruction Functions when MM76C in Counter Mode.



DOCUMENT NO. 29000 D49
P/N B76XX AND B86XX

LNl PARALLEL PROCESSING SYSTEM (PPS)\
DATA SHEET
PPS-4/1 One-Chip MM76L and MM76EL

Microcomputer Family low-voltage, low power
one-chip microcomputer systems
SUMMARY m—

The Rockwell MM76L and MM76EL S 1 :: :m_”
4-bit parallel processing systems. Both the MM76L and MM76EL N

are low voltage (6.5 to 11 volt range), very low power (15 milliwatts XTLNCY 3 38 Difos
typical) versions of the well known MM76 one-chip microcomputer. XTLOUTH 4 37 oo
All of the microcomputers in the family of MM76 microcomputers voo—Os 363 D1/06
fit the needs of Equi gners gl 1 systems cap- P12s as DI/O5
able of periormmo funetions in the range of medium complexity. TEST7 34 pi/oa
However, the MM76L and MM76EL are especially desirable where PI6C] 8 33 piyoa
low-cost battery operation as the primary or backup power source P s a2 pifo2
is required, or where power consumption or heat dissipation is a PIs] 10 40 PIN 31 DI/O1
consideration, or where portability is required. The entire MM76 P17 11 DiF 303 o1/00
family of microcomputers is distinguished from competitive micro- P13g 12

processors by superior 1/0 capability, and by other functional fea- 20 CLOCK
tures identified on this page. ::: 1: 28I DATA O
The MM76L and MM7BEL are pin and instruction-set compatibla. PO :5 ;; 2:;.‘" ;
The MM7BEL has larger Program Memory (ROM) capacity, making NTO 416 nioa

it an easy design step-up if end-product requirements are increased

during development based on the MM76L. ':I;; = :“”
On single LSI chips, both the MM76L and MM76EL provide com- RIOS E H:g‘;
plete systems consisting of the following functional areas: a versa- vss RIO7
tile Central Processing Unit (CPU), Instruction Decode, one Pro-

gram Save Register, Program Memory (ROM), Data Memory (RAM),

Program Counter (P), Data Address Register (B), 10 1/O discrete

Drivers/Receivers, two 4-bit parallel 1/O channels, two 4-bit parallel MM76L and MM76EL Pin Configuration
input channels, a Serial 1/O port, Interrupt and Control logic, and a

self-contained four-phase Clock Generator circuit.

The Data Memory (RAM) and Program Memory (ROM) capaci-

ties are: s e FUNCTIONAL FEATURES

x:;g;L 1(6);2 : g :2 : : ®  Software compatible with MM76 and MM76E

®  Standard 40-pin Dual-In-Line (DIP) package
In addition to stand-alone applications, the MM76L and MM76EL ®  MM76L — 640 B-bit bytes of program memary
can be directly included in other multi-chip systems as dedicated ®  MM76EL — 1024 B-bit bytes of program memory
controllers or in other functions. Also, two or more MM76L and/or ® 48 4-bit words (192 bits) of data memory
MM7BEL micr s can be directly i to perfarm " Crocknd § serial i o bility
ing or control i In the design of families . lly serial input/ il
of end-products a total range of features can be designed so that e Two murrum request input |II1.!
increasingly higher levels of perf, can be by low- ®  TTL and CMOS compatible
cost wiring changes and chip additions, minimizing design costs - Arithmetic logic unit and four working registers
and production inventories, * 31 input/output ports
The MM76L and MM7EEL are available in commercial and indus- ®  Lenge mivachion =t = o 50 instructions
trial versions. These versions differ only in their operating tem- *« M 1 instructions increase throughp
perature ranges, as follows: *  Single power supply operation (-8.5 volts -2.5, +2.0 volts)
®  Low power {15 milliwatts typical, 25 milliwatts max)
0°C 1o +70°C (Commercial): MM76L end MM76EL *  Powerful development aids:
40°C 10 +85°C (Industrial): MM76L-2 and MM76EL-2 — General Electric Software Assembler
— Evaluation Module 197030436
NEW ELECTRICAL FEATURES — PPS Universal Assemulator with PPS-4/1 Personality
. Battery Compatible {-6.5 to -11.0 volt operation) Board for Program and Hardware Development
- Low Power ~ 15 milliwatts nominal @ -8.5 volts — Development Circuit {P/N B7698 for both MM76L
L] 4 Clock Modes including external crystal and MM76EL) provides address and data lines so that
. Low Impedance Drivers Program Memory can be in external PROM for emula-
DI/O — ess than 100 ohm @ 10 ma : tion purposés.

RIO — less than 250 ohm @ 6 ma - Sdudulad and Speclal Trulnlrlg Courm
. Mask Programmed Pull-downs on Outputs, (five values) - i i 9 9 Support
- Mask Programmed Pull-downs on Inputs
—

(S) Rockwell International Corporation 1978 Specifications subject to
All Rights Reserved i

g E change without notice
Pri ; oy
inted in U.S.A Rev. 1, August, 1978

SINILSAS TI9ZWIN ANV T9ZWIW - ¥3LNdINODOYUDIW T/t-Sdd




FUNCTIONAL DESCRIPTION

PROGRAM COUNTER (P) and SA REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction. The address in the P Register is automatically
incremented uch cycle llmn during normal operation to address
the next | In , instructi are le to alter
the address in the P Register as necessary to fetch an instruction
from any address in program mamory.

The SA Register is a “save” register which saves the incremented
value of current address in the P Register during subroutine execu-
tion, This provides a means of returning from a subroutine directly
to the next instruction after the subroutine call.

PROGRAM MEMORY ~ READ ONLY MEMORY (ROM)

The ROM provides the nor:ge for instructions and constants
required to operate the micr . Under | of the Pro-
gram Counter the ROM will read out the addressed instruction
which is to be decoded and executed.

INSTRUCTION DECODE
The Instruction Decode logic circuitry interprets the i

A BUFFER

The of the A or 4 of the bits from the 16 x 8
Decode Matrix may be output for control, display, or data transfer
functions through the A Buffer. The A Buffer holds the data for
output until new data is d from the A I or the
Decode Matrix, or until the power is turned off.

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full sight outputs for the Decode
Matrix.

CHANNEL 1 INPUT PORTS (P11 through P14)

The parallel input port PI1 through P4 will be loaded into the
of the A I upen d. The receivers are

TTL compatible and are synchronized (phase 1 time) so that

asynchronous input signals may be used.

CHANNEL 2 INPUT PORTS (PI5 through PI8)

The inverted state of the inputs at paraliel input ports PIS thru
PI8 will be loaded into the A | upon i. The

pulled from ROM to prowde control for data lrarl:fers, arithmetic

otherp ions and i foutput operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower {BL). Data locations in
RAM and tha discrete input/output ports are addressed by the 4 bits
in BL and the 2 bits in BU.

A number of multifunction instructions simultaneously modify
B Upper and cause B Lower to be automatically incremented or
decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A, ALU, and C)

The primary working register in the MM76 is the Accumulator (A).
It is the Accumulator which ties with the Arithmetic Logic Unit
{ALU) and the Carry flip-fiop (C) to perform either binary or deci-
mal arithmetic. Constants may be loaded into the Accumulator
from the read only memaory or variable data may be loaded from,
or exchanged with the random access memory (RAM) under con-
trol of the Data Address Register (B). The Accumulator is also the
primary path for 4-bit parallel or serial input or output data.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input or
output values, hold intermediate results, or be used as a register for
timers, counters, comparators, etc.

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, and BP)

The internal Oscillator and Clock circuit generates a four-phase A
BP clock signal used for all internal logic functions. The A BP clock
terms are also brought out so external fogic can be synchronized.
The clock for the MM76L and MM76EL can be selected to operate
in one of four modu as shown by thu table below. These options

are TTL ible and are sy [phase 3 time)
30 that asynchronous input signals may be used.

CHANNEL A 1/0 PORTS (RI01 through R104)

The four parallel input/output ports RI01 thru RI04 provide a
masked input capahility and an output from either the 16 x B
Decode Matrix or directly from the Accumulator.

CHANNEL B 1/O PORTS (RI05 through RI08)

The four parallel input/output ports of Channel B function the
same as the four ports of Channel A. Together, they provide an
B-bit parallel output.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set mternat :ormal flip-flops. The receivers are
TTL ible and sy

DISCRETE INPUT/QUTPUT PORTS (DI/O0 through DI/09)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

16 X 8 DECODE MATRIX

The Decode Matrix provides a means of decoding and contents of
the Accumulator to provide an B-bit output suitable for driving
various displays or other external devices, The user may define any
code desired. The Development Circuit version of the MM76 has a
BCD to seven segment conversion provided. Accumulator contents
of O thru F produce O thru 9, A, -, P, d, E and blank respectively.
The carry flip-flop controls one independent output line.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER
The S register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an lumhary storagn reglmw or
buffer for the si serial . i The

are d by 9 ied to the VC and XTLIN pins. shift rate can be controlled either Iﬂ!lfl‘\l”\! or :xterna!lv
Pins

Mode Vg XTLIN XTLOUT Al/O BP I/0 Frequency
INTERNAL Ve VSS - out ouT 100 kHz £30% @ 8.5V
EXTERNAL GRD CLOCK - ouT ouTt 400 — BOO kHz'@ 8.0V
CRYSTAL GRD XTAL XTAL ouT ouT =800 kHz @ 8.0V
SLAVE Vpb Vob = IN IN 100 kHz — 50 kHz @ 8.5V
*Can be adjusted to vary freq - ly set to Vpp




PPS-4/1 MM76E AND MM76EL INSTRUCTION SET |npwuuq;ut Instructions

R Set Output Selectad
RAM Addr 05 Resat Output Selected
%00 ::;:':‘gf;‘s % SKISL  Skip on Input Selected Low
LBA Laad BE from & 1BM Input Channel B ANDed with A
LB Load BU=0, BL=Immediate OB Qutput from A to Channel B
EoB Exclusive OR BU 1AM Input Channel A ANDad with A
LBL Loed B Leng E)AS g::nlult frozloA to Channal A
INCB h rial Input/Output
DECB Ll LA L9 e il S
nput Channel 2 and Complemant
Bit Manlwinst.i?ral II‘nnmetimu lualim H g:}p :: ::;: Ianu:? is l.‘ou;
(=] lip-flop Is t
SBKBBF ::I:Lﬁ“sn False IDN‘I!:IDL S Inlput ilpHigh 5
INO - Skip if INTO Flip-flop is Resat
qu“ to Register Instructions SEG1 Decoder Ma QOutput to Channel A
Exchange A and 5 SEG2 Decoder Ma Output 1o Channel B
LSA Load § from A Conditional Transfer Instructi
Regi Memory | : TC Trensfer on Carry Set
L Load A from Memory TNC Transfer on No Carry Set
x Exchange A and Memory TLC Transfer Long on Carry Set
XDSK Exchange A with Memory. Decrement BL and Skip if ;'B-;'c ;wns:ar ng;u_n ':r Cay Ig:l'
BL Counts to 15 ransfer on Bitin Memory 80
XNSK  Exchange A with Memory. | t BL and Skip if ToE Jrmetor Oik BLL 0 M miory Trum
Bl Coints 5o 0 NNy - P TLBF Transfer Long on Bit in Memory False
Avithrlmnc eoiiiiing PE'BT ;nn:'hr Lor;\n onMI!It in Memory True
ranster on - amory
Add Memory to A
Ac Add Memory with Carry to A P:E 1::::::: E'c‘u‘:u :r!:ﬂme{ﬁvomary
ACSK Add Memory with Carry to A and Skip on No Carry.out TLNE Transfer Long on A # Memo
ASK Add Memory to A and Skip if No Carry Overflow TIH Transter if Input High N
oc Decimal Correction TIL Transfer if Input Low
ggM :::s‘)l‘;::::t A PI._IH Transfer Long if Input High
(|8 Transfar Long if Input Low
sC SetC
SkNG s:'p A ki HOM Addressing Instructions
LAl Load A with Immadiate Field Raturn from Subrautine
AISK Add Immediate and Skip on Mo Carry-out -':TSK ::‘:;," ’"?‘ SP‘"D
l.ugu:al Comparison Instructions NOP No. Op:‘;:tionm
SKMEA Skip If Memory Equals A TL Transfar Long
SKBEI Skip If BL Equals Immediate Field T™ Transfer and Mark
SKAEI| Skip If A Equals immediate Field TML Transfer and Mark Long
10 DISCRETE
PNPUTSOUTRITS
W Tl .—f—j.
. i .
2 MULTIPLEXER
Vo =4 I " DRIVERS AND RCEIVERS
1
e al
T
DATA ADDRESS 148w d)
" S REanTte )
INSTRUCTION -
DECODE T
v
o e & L
— it P o e i
Bt c wFFER O 14t
< %‘
o ::S mmunm 1
g — @_-
L)
B L
DAIVERS AND ‘::a“,w,,‘
ECEVIRS M0 34 2l
DATA |
$5E CLOCK OITION g
s cLock
cDNP!ClIONi **  woum [~ B cLock)
| Al _]._. DATA ©
SERIAL OUT)

Ve o———] [ ?
¢ OSCILLATOR —
ATLOUT AND CLOCK [ Akl BECEIVER | RCEVER |

WALUE _L
edieo v [ -| |
T 0 KHs " "
“i A w TEST -4 -
Vg XTLIN CHAMNEL | CHANMIL 2
crvstaL oeTION

PPS-4/1 MM76L and MM76EL System Block Diagram



SPECIFICATIONS

OPERATING CHARACTERISTICS
Supply Voltage:
Vpp = -B.5 Voits -2.5, +2.0 Volts
{Logic “1" = most negative voltage V_and Vg_.)
Vgs = 0 Volts (Gnd.)
(Logic “'0" = most positive voltage Vy and VoH.)
System Operating Frequencies:
(1) Internal: 100 kHz Nominal at Vi, = 8.5V
(2) External 800 kHz Crystal: 100 kHz
Device Power Consumption: 15 mw, typical

Input Capacitance: <5 pf
Input Leakage: <1C ua
Open Drain Driver Leakage (R OFF): <10 Wa at -30 Volts
Operating Ambient Temperature iTAI
0°C to +70°C (Commercial): MM76L and MM76EL
40°C to +85°C (Industrial): MM76L-2 and MM76EL-2
Storage Temperature: -55°C to 120°C
ABSOLUTE MAXIMUM VOLTAGE RATINGS
(with respect to VSS)
Maximum negative voltage on any pin -30 volts,
Maximum positive voltage on any pin +0.3 volts,

- 0,
TEST CONDITIONS: Vpp = -85V, Ty =257C
LIMITS (VES = 0) LIMITS (V5SS = +5V) TIMING
{SAMPLE/ TEST
INPUT/OUTPUT SYMBOL MIN TYP MAX MIN TYP MAX GOOD) CONDITIONS
Supply Current [a]a] 1.75ma 3Ima 1.75ma 3Ima
{Average) for VDD
Discrete 1/0's ViH -1.0V .0V @34
o1/0 09 VL -4.2v +0.8V
RON 100 ohms 100 ohms @2" 10.0 ma max,
Channel 1 Input VK -1.5V +3.6V 1
PI1-Pl4 VL -4.2V +0.8V
Channai 2 Input ViH -1.8V +3.5V $3
PIE-PI8 ViL -4,2v +0.8V
1/0 Channel & ViH -1.5V +3.5v b4
AI01-RIO4 Vi -4.2V +0.8V
RON 250 ohms 250 ohms p2* 6.0 ma max,
1/0 Channel B ViH =16V +3.5V &
RIOS-RI08 ViL -4.2v +0.8V H
RON 250 ohms 250 ghms 2 6.0 ma max.
DATA | ViH -1.0V +4.0V P
Vi -42v +08V
DATA O RON 500 ohms 500 chms P4 3.0 ma max.
INTO Vin Y +35V s
viL -4.2v +0.8V
INT1 Vin 15V asv Fa
Vir -4.2v +0.8V
Clock VoH -0V +4.0V CL = 50 pf (max)
A, BP, (B) VoL 5.0V ov
XTLIN ViH 1.0V +35V
Vi 60V 1oV g osigh
Shift Clock ViH 1.0V 4.0V 0%
viL -4.2v +0.8v
RON 500 ohms 500 ohms P4 2,0 ma max,
Ve ViR Vo= 11,0V max.
ViL
PO ViIH 28V +2.5V Special circuit
ViL 5.0V ov
*State blished by $2 (mini i after ),
**Same as above except 4 minimum at $2 of next cycle.
NOTES:
MASK PROGRAMMED PULL-DOWN RESISTORS PULL-DOWNS ON INPUTS
ON OUTPUTS MOS FET pull-d are also ilable as an option on the PI,

Resistor pull-downs are available as an option on all RIO and DI/O

These pulld are itoV D" The following
vaules £ 25% are available: 3K, 5K, 10K, 5&, 25K, and Open
Circuit.

INT, and DATA | inputs. The output current is 50 pa £ 25 pa
with the input grounded and Vp,, at 8.5 volts.

ROCKWELL INTERNATIONAL - MICROELECTRONIC DEVICES



DOCUMENT NO. 29000 D01
P/N A77XX AND A78XX

U\LESCC  PARALLEL PROCESSING SYSTEM (PFD)
DATA SHEET

PPS-4/1 One-Chip

Microcomputer Family M M 77 an d M M 78
one-chip microcomputer systems

SUMMARY

The Rockwell MM77 and MM78 one-chip microcomputers are pin
and instructi t compatible syst designed to ically
implement a wide variety of equipment. Their large instruction
set is augmented by powerful multi-function instructions. 31 1/0
ports further identify the power of these systems. Serial 1/0 capa-
bility, which can be clocked simultaneously or externally control-
led, extend their power,

On single LS| chips, the MM77 and MM78 provide complete 4-bit
parallel processing systems — Central Processing Unit (CPU),
Program Memory (ROM), Data Memory (RAM), Program Counter
(P}, Instruction Decode, two Program Save registers, Data Address
register (B), 10 1/O discrete drivers/receivers, two 4-bit parallel 1/0
channels, two 4-bit parallel input channels, a serial input/output
port, interrupt and control logic, and a self-contained four-phase
clock generator circuit.

ROM RAM

8-Bit Bytes 4-Bit Bytes
MM77 1344 96
MM78 2048 128

In addition to stand-alone system applications, both microcom-

puters can be directly interfaced with other multi<hip systems as

dedicated slave controllers or for other purposes. Also, two or FEATURES

mare MM77 and/or Ml\:ﬂ'}& SYSTEMS can De_durectf\r combined to e MM77 — 1344 B-bit bytes of program memory and 96 4-bit
perform parallel processing or control operations, data words

To facilitate system and program development, Rockwell provides ® MM78 — 2048 B-bit bytes of program memory and 128 4-bit

powerful development aids — ses under “Festures” at right, dluta words

SINILSAS 8ZININ ANV LZWW—HILNdWODOHIIW L/t-Sdd

Typically, a trained programmer can complete an MM77 program e Clocked simultaneous serial input/output capability
in about six weeks and an MM78 program in about eight weeks. e Externally controlled serial input/output capability
e Two interrupt request input lines
® TTL and CMOS compatible
& Arithmetic logic unit and six working registers
8P e o \ - 42=———= DI/09 ® Two-level subroutine nesting
A = K] Ly ——— ] oi/o8 e 31 input/output ports
CLKIN [ — K] 40 ————a DI/O7 ircui i
o Easy circuit level testing by user
EXCLK B=/]==3 ¢ 39E=——= DI/O6 e Large Instruction set — over 50 instructions
vC [— A 38 == DI/O5 _ gt 4 ®;
VDD el 37Tk Di/04 o Multifunction instructions increase throughput
Vvss 7 36 B=——o0smy DI/O3 o Single power supply operation (15 volts £5%)
NC — : gs =——= D02 ® Low power (75 milliwatts typical, 125 milliwatts max)
VSS — 4 =——== pI/01 P
P4 — EE] == Di/00 o Powerful mvelwent aids:
PIB —— I} 32 —— INT1 — General Electric Software Assembler
P13 —=—===eq12 Sl|== INTO ~ Evaluation Module 19703D43-7
::; — :: gg ? g:;i IO — PPS Universal Assemulator 19703013 with PPS-4/1
P2 [———— 1] 28 e CLOCK Personality Board 19703D40-7 for Program and
:!E?U i? \_/ ;2,; —— gl'gg Hardware Development
Pl -*== 18 25 ._.== AlIO2 =~ Development Circuits provide address and data lines so
PO e 19 24 by RO that Program Memory can be in external PROM or RAM
RIOG g? 23 Ri1O8 for emulation purposes. MM77 Development Circuit Is
RIoE = N =i BIO? PIN AT798; MM78 is P/N A7898.
— Scheduled and Special Training Courses
PPS-4/1 MM77 and MM78 Pin Configuration — International Applications Engineering Support
(©) Rockwail International Carporation 1978 Specifications subject to
All Rights Reserved change without natice

Printed in U.S.A, Rev. 4 October, 1978



FUNCTIONAL DESCRIPTION
PROGRAM COUNTER (P), SA REGISTER, and B REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction, The address in the P Register is automatically
incremented each cycle time during normal operation to address
the next i i In addition, instructions are available to alter
the address in the P Register as necessary to fetch an instruction
from any address in program memory.

The SA Register is & “save” register which saves the incremented
value of current address in the P Register during subroutine execu-
tion. This provides a means of returning from a subroutine directly
to the next instruction after the subroutine call.

The SB Register provides a second hardware stack register so that
two levels of subroutines may be nested in the microcomputer,

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides the age for i (| and

required to the micre . Under | of the Pro-
gram Counter the ROM will read out the addressed instruction
which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arithmetic
i otherp ing f ions and input/ operations.,

DATA ADDRESS REGISTER (B}

The Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM are addressed by all 7 bits and the discrete i I

X REGISTER

The X Register is an auxiliary register which may be used as tem-
porary storage for 4 bits of data without reference to data mem-
ory. The X Register is also used as a data path to the X Buffer
output register and from receiver inputs.

CHANNEL 1 INPUT PORTS (PI1 through P14}

The parallel input port P11 through P14 will be added to the con-
tents of the A upon d. The sare TTL
wpatible and are sy i (phase 1 timel so that asyn-

chronous input signals may be used.

CHANNEL 2 INPUT PORTS (PI5 through PI8)

The inverted state of the inputs at parallel input ports P15 thru PI8
will be loaded into the A I upon d. The receiv-
ers are TTL e ible and are sy d (phase 3 time) so
that asynchronous input signals may be used,

CHANNEL A 1/O PORTS (RI01 through RI04)

The co of the A I may be output for control or
data transfer purposes through the A Buffer. The A Buffer
will hold the data output until new data is output or power
is turned off.

CHANNEL X 1/O PORTS (R105 through R108)

The four parallel inputfoutput ports of Channel X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO and INT1)

ports are addressed by the 4 bits in BLmnﬁlculnninSl:rh
between 0 and 3.

A ber of Itif i instructi imul ly modify
B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR and ARITHMETIC LOGIC UNIT

(A, ALU, AND C)

The Primary working register in the MM77 and MM78 is the
Accumulator (A). It is the Accumulator which ties with the
Arithmetic Logic Unit {ALU) and the Carry flip-flop (C) to per-
form binary arithmetic. By means of software routines, decimal
arithmetic can be performed. Constants may be loaded into the
Accumulator from the read only memory or variable data may be
loaded from, or hanged with the d BCCESS mMemory
(RAM) under control of the Data Address Register (B). The
Accumulator is also the primary path for 4-bit parsllel or serial
input or output data.

A BUFFER

The of the A I may be output for control, dis-
play, or data transfer functions through the A Buffer. The A Buf-
fer holds the data for output until new data is received from the
Accumulator or until the power is turned off,

X BUFFER

The X Buffer comprises four latches which will output the last
bit pattern loaded until either a new Output X Register command
is executed or power is turned off.

The ditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL ijble and synck i with INTO sampled st
phase 3 and INT1 sampled at phase 1.

DISCRETE INPUT/OUTPUT PORTS (DI/00 through DI/08)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synck 1 50 that asy input signals may be used.

CLOCK CONTROL (VC, CLKIN, EXCLK, and OSCILLATOR)

The internal Oscillator and Clock circuit generates a four-Phase A B
clock signal used for all internal logic functions. The A B clock
terms are also brought out so external logic can be synchronized,
The clock frequency is a nominal 80 kHz *50%. When precise
timing is required, a reference frequency may be input at CLKIN.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 96 4-bit characters. Data memory can be used to buffer
input or output values, hold intermediate results, or be used as
a register for timers, counters, comparators, etc., when the MM77
or MM78 is used 25 a universal logic element.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S Register is a 4-bit serial-in/serial-out, e,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.




PPS-4/1 MM77 AND MM78 INSTRUCTION SET 3

Comparison Instructions
RAM Add, SKMEA Skip if Memory Equals A
g s o L SKBE!  Skip if BL Equals Immediste Field
LBA Load BL from A SKAEI Skip if A Equals Immediate Field
LE Losa BL,BU + O TAB Table Look Up
EOEB Exclusive OR BU Inpub"Clulput Instructions
LBL Load B Long Set Output Saelected
INCE incremaent B ROS Reset Output Selected
DECB Decramant B SKISL Skip on Input Selected Low
SAG Specisl Address Generation loxx glpm X;romﬁﬁ 10 5-8
Bit Manipulation | IRERE 4 10510 58
SB P Set 5|:1m““°m oA Input A Receivers to A and output A to RIO 1-4
RB Aeset Bt 108 Serial Input.n’oumu:
or Sl ru fi RS Semaayi ey
RW" to T_lzi;ﬂxr ::‘:ut\-:u:llom INTIL Skip if INT1 Inputis Low
XAS ExEhange A aid s INTOH Skip If INTO Inpul is High
Xax Exchange A and X Conditional Transfer |
TC Transfer on Carry Set
nrithman: Instructions TNC Transfer on No Carry Sat
Add Memory to A TLC Transfer Long on Carry Set
ic Add Memory with Carry to A TLNC Trensfer Long on No Carry Set
Dcﬁl{ Ad’dirl:‘.l:lném w::hfnrr\r to A and Skip on Carry-out TBF Transfer on Bit in Mamory False
com muﬂ p :: o TBT Transfer on Bitin Memory True
e & plement TLBF Transfer Long on Bit in Memory False
= s“mc.fwm TLBT Transfer Long on Bit in Memory True
SKNC  Skip on No Carry ThE e oo A Mo
LAI Load A with Immediate Fleld TLE Transfer Long on A = Memory
AISK Add Immediate and Skip on No Carry-out TLMNE Transfar Long on A # Memory
ROM Addressing Instructions TIH Transfer if Input High
AT Return from Subroutine TiL Transfer if input Low
RTSK RAeturn and Skip TLIH Transfer Long if Input High
T Transfer on Page TLIL Transfer l,.ong if lnput Low
NOP No Operation gl Memory
TL Transfar Long L Load A from Memory
TLE Transfer Long Banked o Exchange A and Memory
}—ul. ;rlns:ﬂ nng mw: g XDSK Exchange A with Memory. Dacrement BL and Skip if
ransfar an ar| ang BL Counts to 15
TMLE Transfar and Mark Long Banked KNSK Exchange A with Memory. Increment BL and Skip i
BL Counts to O
10 DASCALTE
AT OUTMUT S
pop N —t—,
e 4 5 i
01 f
m,m MULTERLXER
Voo —-I-o W | BRIVELS AND RECEIVINS I
Tk LA,
! R
.I OATA ADDRESS MW7 (T d
ruIsI il ‘[r;e"‘]}l
IMNSTRUCTION
GLeont T L
FOWER ON
RESET
cmeutt - “ Vo
DRIVIRS AND —
e
) L]
Lad ?MII.I
V”D__T ol
A
X x
BUFFER .
scise geobendered o pe L
RO 58
¥,
g e sm-\-.
0.09 1 3
H SHIFT SHIFT
Yoo [** ecise = clock
ALl » SERIAL
54K out
e = ?
T OSCILLATCR —
Esclua\mq.u -l AMD CLOCE |_ contaoL I [ RECEIVER I ] RCHLIVER ]
s T e T
55 O
G 1 I Il
FRECISION x A 5 Plies ,,!_[.
QSCILLATOR cux CHANNEL | CHANNIEL 7

PPS-4/1 MM77 and MM78 System Block Diagram




SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage: Open Drain Driver Leakage (R OFF):
VDD = 15 Volt £5% “£10 pa 2t -30 Volts
(Logic 1" = most negative voltage V| and Vg .}

VSS = 0 Volts (Gnd.) Operating Ambient Termperature (TA):

(Logic "0 = most positive voltage V) and Vgn.) 09C to 70°C (TA = 259C unless otherwise specified.)
System Operating Frequencies: Storage Temperature:
80 kHz +50% with external resistor -659C o 1209C

Davice Power Contumption:

M/ ol ABSOLUTE MAXIMUM VOLTAGE RATINGS

{with respect to VSS)
Input Capacitancae:
<S5pf Maximum negative veltage on any pin -30 valts.
age: Maximum positive voltage on any pin +0.3 volts.
LIMITS V5SS = 0) LIMITS {VSS = +5V] TIMING
ISAMPLE/ TEST
FUNCTION SYMBOL MIN TYP MAX MIN TYP MAX GoOoD) CONDITIONS
Supply Currant { Averagel oo sma Bma Sms Bma VDD = 1575V
for v T = 259C
Duscrete 1/O' L Vi LoV +4.0v 03
DI/O 0-01/0 9 Vi a2V +O.BY
HON . 500 ahms 500 ghma|  #2° 3.0 ma max.
Channel 1 input Vin 15V 435V o
PP viL 42v o8
Thannal 2 Input Vin TEV 3V =
PISPIR ViL a3V +0.8v
WO Channel & M LEV 3.5V 03
LU-TRL T ViL A3V 0BV
ROM 500 ohms SO0 ohmy 92" 2.0 ma max
VO Channel X Vil 1oV oV Mot wyne.
ALOS-RI/CE vie v sasy | M
@1 and 2.
ROM 500 ohma 500 ohemd 92 2.0 ms max.
DATA | ViH -Lav a0V 4
Vi 4.2V +0.8v
DATA O RON sac”
INTO Vin 1.8V 128V 03
VL FEl +0.av
INTY ik 1.5V +2.6V o
VL 4.2V +0.8Y
Clogk Vam 1.0% 4,00 €L = 50 ot (max.)
&, B, () VoL 100V 5.0V
EXCLK Vi EE ~a.8V STRAR F max = 80 kM2
ViL nav -2.0V
CLE IN Vin 1.0V ~a.0v
ViL 3 100V 5.0V
Shift Clock ViH L0V a0V s34
Closk Vie -4V +0LBV
RON 500 ohma s 2.0 ma man.
Vigses Vin BEK £5%
Vi
PO ik 2.0V s2.0v Spacial chrcuit
L 8.0V v
ty 92 {mini i after g4l
a4 above axcept &4 minimum &1 $2 of next cyole.
"' Connast VE 10 VDD through a resistor: S6K L far B0 kM2 or 47K 11 for 100 kHe




DOCUMENT NO. 29000 D57

P/N B77XX AND B78XX

PARALLEL PROCESSING SYSTEM (PPS)

DATA SHEET

PPS-4/1 One-Chip
Microcomputer Family

SUMMARY

The Rockwell MM77L and MM7BL microcomputers are com-
plete 4-bit paraliel processing systems. Both the MM77L and
MMTEL are low voltage (6.5 to 11 volt rangel, very low pawer
(15 milliwatts typicall versions of the well known PPS-4/1 one-
chip microcomputer. All of the microcomputers in the family of
PPS4/1 microcomputers fit the needs of Equipment Designers
seeking low-cost systems capable of performing functions in the
range of i [ . H er, the MM77L and MM78L
are especially desirable where low-<ost battery operation as the
primary or backup power source is required, or where power con-
sumption or heat dissipation is a8 consideration, or where porta-
bility is required. The entire PPS-4/1 family of microcomputers
is distinguished from competitive microprocessors by superior
1/Q capability, and by other functional features identified on
this page,

The MM7TL and MM78L are pin and instruction-sst compatible.
The MM78L has larger Program Memory (ROM) capacity, making
it an easy design step-up if end-product requirements are increased
during development based on the MM77L.

On single LS| chips both the MM77L and MM78L provide com-
plete systems consisting of the following functional areas: a ver-
satile Central Processing Unit (CPUI, Instruction Decode, two Pro-
gram Save Registers, Program Memory (ROM), Data Memory
(RAM), Program Counter (P), Data Address Register (81, 10 1/0
discrete Drivers/Receivers; two 4-bit parallel 1/O channels, two
4-bit parallel input channels, a Serial 1/0 port, Interrupt and Con-
tral logic, and a selfcontained four-phase Clock Generator circuit.
The Data Memory (RAMI and Program Memory (ROM capaci-
ties are:

ROM RAM
MM77L 1536 x 8 96 x4
MM78L 2048 x 8 128x 4
In add 10 d-alone i . the MM77L and MM78L

can be directly included in other multi-chip systems as dedicated
controllers or in other functions. Also two or more MM77L and/or
MM78L microcomputers can be directly combined to perform
parallel processing or control operations. In the design of families
of end-products, 3 total range of features can be designed so that
increasingly higher levels of performance can be produced by low-
cost wiring changes and chip additions, minimizing design costs
and production inventories.

The MM77L and MM78L are available in commercial and indus-
trial versions. These versions differ only in their operating tem-
perature ranges, as follows:

0°C to +70°C {Commercial): MM77L and MM78L

40°C 1o +85°C (Industrial): MM77L-2 and MM78L-2

NEW ELECTRICAL FEATURES

- Battery Compatible (6.5 10 -11.0 volt operation)
e  Low Power 15 milliwatts nominal @ 8.5 volts
e 4 Clock Modes including external crystal
'] Low Impedance Drivers
D10 less than 100 ohm & 10 ma
RIO less than 250 ohm @ 6 ma
- Mask Programmed pull-down Resistors on Outputs
. Mask Programmed Enhancement FET pull-downs on Inputs

MM77L and MM78L

low-voltage, low power

one-chip microcomputer systems

8P .1 40 DI/09
A g2 38[oi/o8
XTrour 43 asovor
xTLn s a7 blos
Ve OJs 36[DI/OS
Vpp s 35 DI04
vss 7 34[oi/o3
TESTC]8 33[oro2
rial]e 323 oo
Fig ] 10 nQoico
P13 11 303 INTY
PI7 []12 28 D INTO
Pig CJ13 28 DATAI
piz T 14 27 DATAOD
pis 15 26JCLK
(AN = T 25 [ RIOS
ro []17 24 RID3
rios ] 18 233 RIO2
RIOS 19 2200 RO
RIOD7 20 213 Ri08

MM77L and MM78L Pin Configuration

FUNCTIONAL FEATURES

Software compatible with MM77 and MM78

Standard 40-pin Dual-In-Line {DIP) pack

MM77L — 1536 B-bit bytes of program memory

MMT78L — 2048 B-bit bytes of program memory

96 4-bit words (384 bits) of data memory for MM77L

128 4-bit words (512 bits) of data memory for MM78L

Serial input/output capability

Two interrupt request input lines

TTL and CMOS compatible

Six working registers

31 inputfoutput ports

Large instruction set — over 50 instructions

Multifunction instructions increase throughput

Single power supply operation (-8,5 voits, -2.5, +2.0 volts)

Low power {15 milliwatts typicall

Powerful development aids:

—  Ewvaluation Module PE01-D002 or -D003

—  PPS Univeral Assemulator 19703D13 with PPS4/1
Personality Board 19703D40 with Adapter Module for
Program and Hardware Development

= Dewelopment Circuit (P/N B7898 for both MM77L and
MM7TEL) provides address and data lines so that Program
Memory can be in external PROM or RAM for emula-
tion purposes,

~  Scheduled and Special Training Courses

= International Applications Engineering Support

LR B B B B B B B B B B AN ]
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FUNCTIONAL DESCRIPTION

PROGRAM COUNTER (P) and 5A REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction. The address in the P Register is automatically
incremented each cycle time during normal operation 1o address
the next instruction. In addition, instructions are available to alter
the address in the P Register as necessary to fetch an instruction
from any address in program memory.

The SA Register is a “'save’ register which saves the incremented
value of current address in the P Register during subroutine execu-
tion. This provides a means of returning from a subroutine directly
to the next i after the ine call.

The SB Register p a second h e stack register so that
two levels of subroutines may be nested in the microcomputer,

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides the storage for instructions and constants
required to operate the microcomputer. Under control of the Pro-
gram Counter the ROM will read out the addressed instruction
which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arith-
metic i other p i and input/outp
operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower {BL). Data locations in
RAM are addressed by all 7 bits and the discrete input/output
ports are addressed by the 4 bits in BL when the value in BU is
between 0 and 3.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
(A, ALU, AND C)

The Primary working register in the MM77L and MMT7BL is the
Accumulator (A). It is the Accumulator which ties with the Arith-
maetic Logic Unit {ALU) and the Carry flip-flop (C) to perform
binary arithmetic. By means of software routines, decimal arith-
metic can be performed. Constants may be loaded into the accu-
mulator from the read only memory or variable data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register (B), The
Accumulator is also the primary path for 4-bit parallel or serial
input or output data.

DATA MEMORY (RAM)

The Random Access Memory (RAM] data memory can be used to
buffer input or output values, hold intermediate results, or be
used as a register for timers, counters, comparators, tc.

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, and BP)

The internal Oscillator and Clock circuit generates a four-phase A
BP clock signal used for all internal logic functions. The A and
BP clock terms are also brought out so external logic can be
synchronized. The clock for the MM77L and MM7BL can be
selected to operate in one of four modes as shown by the table
below. These options are selected by control voltages applied to
the VC and XTLIN pins.

A BUFFER

The contents of the Accumulator may be output for control, dis-
play, or data transfer functions through the A Buffer, The A Buf-
ter holds the data for output until new data is received from the
Accumulator or until the power is turned off.

X BUFFER

The X Buffer is a 4-bit latch that will output the last bit pattern
loaded until either a new Output X Register command is executed
or power is turned off.

CHANNEL 1 INPUT PORTS (PI1 through PI4)

The parallel input port P11 through P14 will be loaded into the
cont of the A upon command. The receivers are
TTL compatible and are synchronized (phase 1 time) so that
asynchronous input signals may be used,

CHANNEL 2 INPUT PORTS (PI5 through PI8)

The inverted state of the inputs at parallel input ports P15 thru
PIB will be loaded into the A lator upon i, The
receivers are TTL compatible and are synchronized [phase 3 time)
s0 that asynchronous input signals may be used.

CHANNEL A 1/O PORTS (RI01 through R104)

The contents of the Accumulator may be output for control or
data transfer purposes through the A Buffer. The A Buffer will
hold the data output until new data is output or power is turned
off.

CHANNEL X 1/O PORTS (RI105 through R108)

The four parallel inputioutput ports of Channel X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL ible and synchronized

DISCRETE INPUT/OUTPUT PORTS (DI/00 through DI/09)
There are ten discrete input or output lines each af which can be
controlled individually under program control, The receivers ara
fully synchronized to that asynchronous input signals may be
used.

X REGISTER

The X Register is an suxiliary register which may be used as tem-
porary storage for 4 bits of data without reference to data mem-
ory. The X Register is also used ai a data path to the X Buffer
output register and from receiver inputs.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simultanecus serial input/output functions, The
shift rate can be controlled either internally or externally.,

Pins
Mode vc XTLIN XTLOUT A BP Frequency
INTERNAL Ve VSS - ouT ouT 100 kHz +30% @ -8.5V
EXTERNAL vss CLOCK - ouT ouT 400 — 800 kHz @ 8.0V
CRYSTAL VsS XTAL XTAL ouT ouT 800 kHz @ 8.0V
SLAVE Vop Vpbp - IN IN 100 kHz — 50 kHz @ 8.5V

*Can be adjusted to vary frequency — Normally set to Vpp




PPS-4/1 MM77L AND MM78L INSTRUCTION SET

Logical Comparison Instructions

RI\M Addressing Instruction SKMEA Skip Ef Memory Equals A
st - SKBEI  Skip if BL Equals Immadiste Field
xchange A with BL SK =
LBA Load BL from A AEI Skip if A Equals Immediate Field
LB Load BL.BU =+ O TAB Table Look Up
EOB Exclusive OR BU Input/Output Instructions
LBL Load B Long 508 Set Output Selected
INCB Increment B ROS Reset Output Selected
DECB Decrement B SKISL Skip on input Selected Low
SAG Special Address Generation Ix Input X from RIO 58
Bit Manipulation Instructions ol Siitmur & 02 13 0.8
5B y Set Bit oA Input A Receivers 10 A and output A to RIOD 1-4
RE Reset Bit Ios Serial Input/Output
A g il
Reulstsr to Register Instructions INTIL Skip if INT1 Input is Low
><As té::::ﬁ;?nmond # INTOH Skip if INTO Input is ngp
diti :
XAX Exchange A and X o bl i i
“’i‘h“‘“" lx;‘dmhﬁ:‘:\r:v N, THC Transfar on No Clrl'v Set
TLC Transfer Long on Carry Set
C Add Memory with Carry to A TLNC Transfer Lang on No garrv Set
ACSK Add Mamory with Carry to A and Skip on Carry-out TBF Transfer on Bit In Mamaory False
Dc Decimal Correction TBT Transfer on Bitin Memory Trus
com Complemant A TLBF Transfer Long on Bit in Memory False
:cc sﬂ-:::t Carry TLBT Transfer Long on Bit in Memory True
et Carry TE Transfer on A = Mamor
SKNC Skip on No Carry TNE Franstor on A ¥ M.mor:
LAl Load A with Immediate Fleld TLE Transfer Long on A = Mamory
AISK Add Immediate and Skip on No Carry-out TLNE Transfer Long on A # Memory
ROM Addressing Instructions TIH Transfer if Input High
Return from Subroutine TiL Transfer if Input Low
RTSK Return and Skip TLIH Transfer Long if Input High
Transfer on Page TLIL Transfer Long if Input Low
NOP No Operation Hnlmr Memory Instructions
TL Transfer Long Load A from Memory
TLE Transfer Long Banked Exchange A and Mamory
;ML ;rmsl‘or andd m.r: XDSK Exchange A with Mumorv. Decrement BL and Skip if
ransfar an ark Long BL Counts to 15
TMLB Transfer and Mark Long Banked XNSK Exchange A with Memaory, Increment BL snd Skip if

EL Counts to O

16 DHSCRETE
INFUTYOUTAUTS

Tk
DRIVERS AND ‘ﬂ:fl\'tkl

i )
2y =] |

L2

T
RAM
DATSLAUENSS L m,.4||
MMTBL (138 4
1B STRUCTION
DECODE

FOWER ON
[
Vo
B ls AN — CHANBEL A
D— mad P-4

® i)
wo
i R
kO 58

SERIAL
M

SEE CLOCK OPTION

TABLE FOR PROPER
CONMECTIONS 5 SHIFT
| o N S, VRGN %5t

| Al SERIAL
cur
Vo o—
< OICHAATOR T
xTLOu AND CLOCE AL L m HCHviE
L !
T I Il |
e A o TEST it L]
CRYSTAL OFTIOM CHARNEL | CHARNIL 3

PPS-4/1 MM77L and MM78L System Block Diagram



SPECIFICATIONS Input Capacitance: <5 pf

OPERATING CHARACTERISTICS el Leaaoe =10 g
Supply Voltage: Open Drain Driver Leakage (R OFF}:l 10 pa at -30 Volts
Operating Ambient T T
Vpp = -8.5 Volts -2.5, +2.0 Volts - = Ta
(Logic “1"" = most negative voltage V| and Vg .) 0°Cto +70°%{Cummcrcial]: MM77L and MM78L
Vss = 0 Volts (Gnd.) 40°C 10 +85°C {Industrial): MM77L-2 and MM78L-2
(Logic “0" = most positive voltage Vi and Vgu.) Storage Temperature: -55°C to 120°C
System Qpwrating Froquenoies: ABSOLUTE MAXIMUM VOLTAGE RATINGS
(1) Internal: 100 kHz Nominal at Vop = B85V {with respect to VSS)
(2) External 80O kHz Crystal: 100 kHz Maximum negative voltage on any pin =30 volts,
Device Power Consumption: 15 mw, typical Maximum positive voltage on any pin +0.3 volts,
— 9E0
TEST CONDITIONS: Vpp =85V, Ty =25"C
LIMITS (V5SS = 0) LIMITS (V55 = +5V) TIMING
ISAMPLE/ TEST
INPUT/OUTPUT SYMBOL MIN TYP MAX MIN TYP MAX GOOoDI CONDITIONS
Supply Current oo 1.75ma 3Ima 1.76ma 3 ma
{Average) for VDD
Discrate 1/0's Vin 10V 0V 03, ¢4
D10 09 Vi -4.2v +0.8V
RON 100 ohms 100 chms P2 10.0 ma max.
Channel 1 Input ViH 15V +3.5V &
PI1-PI4 VL -4.2v +HL.8V
Channel 2 Input ViH 1.5V +3.5v 83
PIS-PIB viL -4.2V +0.8V
170 Channel A ViH sV +3.6V. 4
RIO1-RI04 ViL -4.2V +0.8V
AON 250 ohms 250 ghms p2* 6.0 ma max,
1/0 Channel B Vid -1.5V +3.6V b4
RIOS-RIOB ViL -4.2v +0.BV
AON 250 ahms 250 ohmsg P2 6.0 ma max.
DATA | Vin -1.0V +4.0V P
ViL -42v +0.8V
DATA O RON 500 ohms 500 ghms P4 3.0 ma max.
INTO ViH -1.5V 35V &3
ViL -4V +0.8V
INTY § ViH 1.5V +3.5V 81
ViL -4.2v +0.8V
Clock Vou -1.0v +4.0V CL = 50 pf (max)
A, BP VoL S0V ov
XTLIN ViH 1.0V +3.5V 4
viL 6.0V -1.0v oV
Shift Clock m =1.0v +4,0V 3, 84
ViL -4.2v +H0.8Y ik
RON 500 chms 500 ahms pas- 2.0 ma max.,
Ve ViH V = 1.0V max.
ViL
PO ViH 25V +2.5V Special circuit
ViL 50V ov
*State by $2 (mini i after 94},
**Same as above except $4 minimum 21 $2 of next cycle,
NOTES:
MASK PROGRAMMED PULL-DOWN RESISTORS PULL-DOWNS ON INPUTS
ON QUTPUTS

MOS enhancement FET pull-downs are also available as an option
Pull-down resistors are available as an option on all R10 and DI1/O on the PI, INT, and DATA | inputs. The output current is 50 ua
outputs, These pull-downs are connected to Vpp. The following £25 pa with the input grounded and Vpp at -8.5 volts.

values £25% are available: 3K, 5K, 10K, 15K, 25K, and Open

Circuit.

ROCKWELL INTERNATIONAL - MICROELECTRONIC DEVICES
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. PARAL CESSING SYST
‘l‘ X e LEL PRO STEM (PPS) \
APPLICATION NOTE

SERIAL COMMUNICATIONS PROTOCOL
FOR MULTIPLE PPS-4/1 SYSTEMS

A simple P | can be imp two PPS=4/1 m-t.rupmcssms using only five interfoce lines. In order to
prevent both units from pting fo transmit simul ly, onep must be desi d as the Master and the other os the Slave, The
Master initiates all icati The Slave responds to ds and inquiries from the Master,

COMMUNICATIONS BUS

The Communications Bus consists of the Serial Channel lines — Serial Data Out (DATAQ), Sericl Data In (DATAL) and CLOCK — and twe bi-
directional handshake lines (D1/Q), One of the handsheke lines will be used to transmit the Data Ready control signal (DR), the other will be
used to fransmit the Xmit Acknowledge control signal (XA). The connection of these lines is shown in the Serial Communication Bleck Diagram.
The normal (inactive) state of the hondshake lines is low (driver off), which results in o "wired-CR" crrangement thot cllows either processor to
“raise™ the line by turning on its output driver,

COMMUNICATIONS PHASES

C ieati Iy ducted in two phases. During the Command Tronsmission Phose, the Moster trammits o command or inquiry to
the Slove. Durmg the Dnlu Transmission Phase, the Slave respends by transmitting one or more data words,  The general sequence of events
for each phase is described in the text to follow, and illustrated by the accompanying timing dicgrom,

Command Transmission Phase
The sequence is:

1
1

RECEIVER SENIES DU HIGHR AND [

et e

TRARHAITES S IEE | gl

AMND DEQFS DATA RADY

RECEIVER WAH S DR (0% AND

DBOPS malT A0k NOMLEDGE it

1, Both hendshoke lines are low, indicating o "clear to send” condition, Voo
2, Master transmits the command code to Slave vie the Serial Channel, MASTER 1o SLAVE
Eight cycles are needed to tronsmit four bits.
ol P —ryrryryr— L
3, Moster raises DR, T
4, Slave senses DR high, saves command in RAM buffer and raises XA, b o
5. Master senses XA high, ond drops DR. o
6. Slave senses DR low, and drops XA, DATA e DATAL
7. Slave decodes command and performs required function, Voo
Data Transmission Phase 1ok
The sequence is: SERIAL SERIAL
CLOCK| ———— 31 —= |cLock
1. Both handshake lines are low, Indicating @ “clear to send” condition, S Crock
2. Slave transmits dato to Master via the Serial Channel. Eight cycles po
are needed fo transmit four bits, 10
3. Slove roises DR. AD
s " e
4, Master serses DR high, saves date in RAM buffer ond raises XA
Vi
5. Slave senses XA high, and drops DR, 3
6. Master senses DR low, and drops XA, 1ok
7. Slove senses XA low, ond steps 2 through & cre repeated for the oyo TN T Y T e el
required number of dato words, including a four=bit checksum value,
In the event of a checksum emor, Master will transmit o new command
and the entire process will be repeated, PP5-4/1 SERIAL COMMUNICATION BLOCK DIAGRAM
SERAL CEEET] BEEEE
DATA + t
i - ——
DATA [ | I i I 1 |
READY 1 1 1 i I
e — | T o
% Ry | I i =4 [
ALL LINES LOW “CLEMR 1O SiND~ =
PRANSAITIER D5 SAAL DATA, = == o= == = 1 II I
TEANGAITTER A0 SWTARADY | o e e e — — 4 |
(B3
|
|
|
|

A4 LIS LOw AGAIN 1.ulloi ____________ =1

e
\ SERIAL DATA HANDSHAKE TIMING DIAGRAM /
Rockwell International Corporation 1977 RockweH Microslectronic Devices

Al Rights Reserved P, 0. Box 3669
Printed in US.A. Anaheim, Calif. 92803
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PARALLEL PROCESSING SYSTEM (PPSN
APPLICATION NOTE

‘L‘ Rockwell

PPS-4/1 PROTOTYPING WITH 2708 PROM'S

Rockwell offers development circuit devieas to suppart the prototyping of the PPS-4/1 Family of single-chip microcomputers. Such devices are available for the MM78, MMT7
and MM7E series in both 52-pin quad in line pockoges (ATE98, AT798 and ATEPE, raspactively) and éd-pin dual in line pockages (AT499, ATT99 and ATEPY, respectivaly),

Each development circuit device Is funetionally identical to its i
foce to external memaries for emulation purposes,

This li

CIRCUIT DESIGN
Figura | shows the wiring required 1o directly |

unit

part, except that the ROM portien of the chip has been replaced by circuits that inte

RN 1 L

rate @ simple, p o system protatyping wiing the above circuits with 2708 PROM,

wrioce o FPS-4/1 development circuit to 2708 PROM's, The MM77 52-pin device, the AT798, is wsed in this exomple, but with

proper of pinout diff o simi P con be uied for any of the development circuit devices in the Family,
Since tix of the eleven PROM oddreus lines ore timeshared with instruction dota lines, the oddress (P~ P11} is latched with the rising edge of the A clock (end of 82) to provide
@ sloble oddress 1o FROM throughout the cycle. The PROM Chip Select signal, T3, is g d by decoding the most significont eddress kit P11, during 3 ond 4. Figure 2

shows the timing waveforms before (20) and cfter (2b) the oddress is lotched,
The puli-down resistors on shered oddress lines are floated during the chip select peried to reduce looding effects on outputs of the selected PROM,

PROGRAMMING CONSIDERATIONS

In programming o FROM for use with the circuit shawn, it should b noted that the input data (11-18) must be low true (negativa logic). That is FF (Vi @ 2708 ping ©1-08=H)
ll d os 00, ED is interp of 12, and 5o on.  Therefore, the bit pattern to be programmed must be inverted for amembled codes for proper instruction execution by

is interp
the A7796,
Mast PROM Programmers on the market ore derigned to permit this type of inversion with either o switch or @ set of program patehes.
PROM Programmer is being used to progrom 2708 PROM's, make the following pregrom patchas:

If the PPS=MP Universal Assemulater

Data Memary Location I 5/B for Inversi
45E 00 FF
6835 40 &l
TIF (1] &1
720 A2 A1
]
.| 1
ol
8l - I 3 7 I ]
72, 12 }—4 Al 021
i I—WV‘—"' 4 5 7 10
e} A2 fok]
i L 8 mem P s i ")
gl | LV\N\* 1" 10 5 = 13
a4 os}—1
il | L [E) 12 4 14
L AS 08—
% | . 1 is 3 15
7
o . Lo o i B
o
g
E
<

Figure 1.

35 -1y NOTE: Z1 AND ZZ ARE CMOS 40110 OR EQUIVALENT
PIN 14 TO GND AND PIN 7 TO =5V,
o AA .“"P{w + ALL RESISTORS ARE 6.8K 1 5%, 1/4W, UNLESS

PP5-4,1 DEVELOPMENT CIRCUIT DEVICE ATT%8 WITH 2708 PROM

S.INOHd 80LZ HLIM ONIdALOL1OHd L/V-Sdd

OTHERWISE NOTED,

A

Rockwell International Corporstion 1978
All Rights Reserved
Printed in U.S.A.

Rockwell Microelectronic Devices
P.0. Box 3662
Anaheim, Calif, 92803



A CLOCK (A)

B CLOCK (B)

CHIP SELECT (C3)

ADDRESS OUT
OF A7798 (P1)

wy
o
[P R
£s8
=]
&8
a.

A CLOCK (A)

B CLOCK (B)
(2b.)
CHIP SELECT (CS)

ADDRESS
LATCHED (A0)

Figure 2, TIMING DIAGRAM



NOW . . . with a Rockwell $495
XPO-| System Development
Microcomputer You Can Customize
a $3 PPS-4/1 Microcomputer for
Your Million Dollar Product . . .

XPO-I

PPS-4/1
SYSTEM DEVELOPMENT
MICROCOMPUTER

You buy XPO-1 as an effective system de-
velopment microcomputer. It's furnished with
your choice of a PPS-4/1 one-chip mic-
rocomputer Development Circuit (MM786,
fae 7 v MM?77 or MM78) and a device containing the
s Supervisory (Utility/Debug/Monitor) program.
------ PR Youuse XPO-1 to: 1) familiarize yourself with

: : the capabilities of the PPS-4/1 microcompu-
ter; 2) develop and debug your software pro-
gram; 3) exercise this program in realtime on
your prototype equipment; 4) modify your
program as necessary; 5) produce your pro-
gram as a ROM mask tape.

XPO-I — Self-Contained, Tested
One PC board: CPU, RAM, I/O, clock, keyboard,

display; tested, ready to use; supplied with XPO-|
Instruction Manual, PPS-4/1 Programmer's Man- Rockwell International
ual and PPS-4/1 Product Description.



This XPO-I Functional Diagram
Shows You the Power of the

PPS-4/1 System Development
Mic_rocomputer it

TP

L

YOUR
PROTOTYPE
- PRODUCT

ATT99, ALL I/O LINES
e <:> A7ee9, |~ ARE ON EDGE

c
A7899 (TTLICMOS COMPATIBLE)

A

OPTIONAL
1IKX8
RAM

TTY 20 MA
xp0_1 CESRENT

LOOP
INTERFACE

ADDRESS | DATA

[2]5]4]A[F]

sTep | exec|wriTe| Reap
D | E
A
5 | e
s T | 2
Hhsta KEYBOARD
; (HEXADECIMAL)

o|lsle|o
w

wWl=jm|m

Three XPO-I Models Currently Available

XPO-1 MODEL INCLUDED SYSTEM DEVELOPMENT DEVICES PRICE, EACH

XPO-1/76 MM76 Development Circuit (A7699), $495
Supervisory PD (A7800)

XPO-I/77 MM77 Development Circuit (A7799), $495
Supervisory PD (A7800)

XPO-1/78 MM78 Development Circuit (A7899), $495
Supervisory PD (A7800)



PART NUMBER SYSTEM DEVELOPMENT DEVICES PRICE, EACH

A7699 MM76 Development Circuit $ 45
A7799 MM77 Development Circuit $ 55
A7899 MM78 Development Circuit $ 65
A7806 MM76 Assembler/Editor Program Device (PD) $100
A7807 MM77 and MM78 Assembler/Editor PD $100
A7800 Universal PPS-4/1 Supervisory PD $ 50

(NOTES: PPS-4/1 Development Circuits are identical to production versions, but have no ROM.
Special internal leads connect to external instruction memory (RAM). Program Devices
(PD) are specially programmed PPS-4/1 microcomputers. You need buy only one XPO-|
model to get the board for all three PPS-4 families. You can quickly see what additional
devices you must purchase for other families.)

TYPICAL XPO-1
SYSTEM DEVELOPMENT FLOW

i ENTER SOURCE CODE
WITH TEXT EDITOR

XPO-I Has Powerful System
Development Functions:

GO ASSEMBLE FOR ERRORS,
EDIT AND PRINT OUT

YES,
ASSEMBLY
ERRORS?

Supervisory (Utility/Debug/
Monitor) Program

GO

By providing this program in the ROM of a Go OBJECT MODIFY
PPS-4/1 one-chip microcomputer, the following EDIT PROGRAM gggnﬁgim
functions are controlled: Keyboard and display ‘
control: for most operations, the display shows
current address in hexadecimal code and data SR ‘YES< PROGRAM NEED)
contained at the indicated address. TTY control: TRACE DEBUGGING?
including reading, punching and verifying binary + NO
tapes. Program Execution: sets up to 12 address-
ed breakpoints and allows single step or real time RAUN ROM

EMULATION WITH
RAM

program execution; displays and alters Data RAM,
Instruction RAM and CPU registers; allows pro-
gram execution to continue from breakpoint.

EMULATION OKAY
WITH PROTOTYPE
HARDWARE?

Assembler/Line Editor Program PROGRAM
Again, by providing this program in a PPS-4/1 PROM/EEPROM

ROM, a large number of functions are effectively +

controlled: controls the TTY and RAMSs during as-

sembly and edit; allows symbolic source and pro- R veTEn D

vides a binary object output; accepts up to seven PROM/EEPROM

character symbols (1K bytes in Symbol Table with
optional expansion to 2K bytes); during edit, you

can copy, delete, orinsert changes or additions on

a line basis.

GENERATE
AOM MASK
TAPES
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DOCUMENT NO. 81800M01 PART NUMBER
REVISION 2, JAN. 1979 R24

MODEM PRODUCTS X
PRODUCT PREVIEW

R24 2400 BPS Modular Modem

INTRODUCTION FEATURES/BENEFITS
The Rockwell R24 is a high-performance synchronous e LS| high density; low power
2400 bps DPSK modem. Utilizing MOS/LSI technology, ® 2400/1200 bps modes
the R24 consists of three modular building blocks. It is * Transmitter-Differential phase modulation
innovatively designed to enable its economic # Receiver-Coherent phase detection
integration by system designers in a broad range of ® Bell 201 B/C. CCITT V.26 compatible
communication, computer, and control equipment. * CCITT A/B and U.S. phase options

# Operating modes:
Having Bell 201 B/C and CCITT V.26 compatibility, the Half duplex (2 wire)
modular R24 offers the user sufficient flexibility to Full duplex (4 wire) X 3
customize a 2400 bps modem to his specific packaging ® Qutstanding performance over unconditioned lines
and functional requirements, With a minimum amount ® LSTTL/CMOS compatible digital interface
of interface circuitry, the modem can be configured for ® Fixed compromise equalizer
operation on dedicated lines or on the general switched ® /.27 compatible scramblaljfdescrambler
network. # Answer-back tone generation

» Clear-to-send delay options
o New sync option provides rapid resynchronize
* Maximum power consumption approximately 3 watts

MODULE VERSATILITY e Total module area less than 25 sq. in.

The versatility of the R24 design is achieved by dividing
the modem’s functions into three modules. Each module
is encased in a plastic package which can be plugged into
standard connectors or can be wave soidered on one or
more printed circuit boards. The pin spacing is on 100
mil. centers.

R24 MODEM EVALUATION

To facilitate evaluation and design-in of the R24 modem
for new and existing equipment designs, Rockwell has
packaged the three modules with interfacing circuitry on
an R24 Modem Evaluation Board (R24MEB) -- see right.
Supplied with complete Applications Notes, the R24MEB
can be easily combined with terminal systems for real-
time performance evaluation.

INJAOW HYTNAOW Sdd 00v¢ ved

RECEIVER

MODULE DIMENSIONS

w L H PINS i 2
R24-TRANSMITTER 2-3/4" | 2.3/4" 1/2" | 39 pins e ]_
R24.R1 RECEIVER 2.3/4" | 2.3/4" 12" 15 pins =

R24-R2 RECEIVER 2-3/4" | 31/2" | 1/2" | 31 pins R24 MODEM EVALUATION BOARD IR24MEBI
(Metric Equivalents: 2-3/4": 69.85 mm;

1/2* 1270 mm; 3-1/2": 88.90 mm)

s 7y

@ Rockwell International Corporation 1979 Specilications subjpect 1o
Resarved

AN Rights change without notice
Printed in U.SA




R24 FUNCTIONAL DIAGRAM

INTERCONNECT INTERCONNECT

MODULE R24-R1

S RECEIVE COMPROMISE CARRIER
BAND-PASS FILTER EQUALIZER DETECTOR
v RECEIVER AUTOMATIC
REF
RECEIVER f“;m';g Fes [Copen DEVICE pre=— GAIN CONTROL.

MOS/LSI ﬂ
lﬁ-}: RECEIVER Q—J DECISION ﬁ ot

OSCILLATOR A ag\;:f:, DATA
w— T R e Sl AT
MODULE R24-T L
ANALOG ATTENUATOR Igw“',"“”‘s"m DAC Fhingue DATA
FILTER MOos/Lsi CONTROL
TRANSMITTER : _
1+Vaee | & LAY T
| TRANSMITTER
1 l KTRL OSCILLATOR
CONTROL INTERCONNECT
POWER SUPPLIES: ENVIRONMENTAL SPECIFICATIONS
+5VDC = 5% at 100ma (max.) Operating temperature: 0°C to 60°C
+12VDC = 5% at 75 ma (max.) Storage temperature: —40°C to +80°C
—12VDC + 5% at 125ma (max.) Relative humidity: to 95% (non-condensing)

For more information contact your local Rockwell Rep-
resentative or Regional Office, or Telecom/Subsystem
Marketing, Rockwell Microelectronic Devices, P.O. Box
3669, Anaheim, CA 92803. TWX 910-591-1698. Tele-
phone: (714) 632-5535.

‘l Rockwell International
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the future in memories is here now...

@\ Rockwell

BUBBLE MEMORY DEVICES
and MODULES

»
iy

w5
Sgﬁ
D=2
SSo
DSE

1/8-MEGABYTE SUBSYSTEM
EXPANDABLE TO 2 MEGABYTES

The characteristics of bubble non-volatile bubble memories to fill the “‘gap”’
memory systems ideally suit them N between semiconductor RAMs and bulk storage
as auxiliary memory for micro- systems (especially fixed and moving head disks
processor-based equipment and Ebebeibl il | and tapes) in computers. Rockwell International
as primary memory for recorder- remM256 [l has committed resources to a bubble memory
type applications. Solid-state [ ] [ business dedicated to providing you with
reliability, per-bit cost and low technological leadership Rockwell
access times also qualify and volume production. ‘l ;
International

Rockwell

1678, A Corp




The Rockwell RBM256 bubble memory device stores
266,500 bits of data. It represents the latest advances in
materials, architecture and packaging. Its reliability has
been engineered on the basis of accelerated test data
accumulated over a number of years.

The RBM256 is composed of 282 loops, each containing
1025 bubble positions. The device operates with a 260-bit
data block, thus using only 260 of the available 282 loops.
Binary data are stored in 256 loops and the remaining four
loops are available to hold system “*housekeeping” bits.

In a typical application where eight RBM256 devices are
used in parallel, the extra bits may be used to provide a
16-bit block address header and a 16-bit CRCC word suffix.

= o

GUARD GROUND &

DETECTOR 1| 2 }

ycoit- |8 |

ycoiLt+ |9 |

256K-BIT block-access
BUBBLE MEMORY

REPLICATE/READ BLOCK ARCHITECTURE
1025 BLOCKS OF 260 BITS
150 KHz OPERATION AND DATA OUTPUT
<4mS AVERAGE ACCESS TIME
18-PIN DUAL-IN-LINE WIDE-TRACK PACKAGE:
0.1 INCH PIN CENTERS

* DETECTOR SENSITIVITY:

>2.2mV/mA FOR A ONE

< 1.0mV/mA FOR A ZERO
* — 10°CTO + 70°C OPERATION (case temp.)
* — 50°CTO + 100°C NON-VOLATILE,
NON-OPERATING STORAGE

The RBM256 transfers data at 150 KHz, taking less than
four milliseconds (average) to access the first bit of a block.
Throughput is preserved during read operations with the
device's replicate/read block architecture in which bubbles
read at the detectors are actually duplicates of the loop-
resident bubbles.

Packaged in a 18-pin, molded plastic DIP, the RBM256
occupies only 1.2in. x 1.2 in. It consumes only 820 mW of
power and offers the advantage of - 10°Cto + 70°C case
temperature operation. Non-operating, non-volatile storage
rangeis —50°C to + 100°C.
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As you can see from the preceeding pages,
Rockwell's bubble memory products make it
easy to get your development programs up
and running, quickly and efficiently

The RCM650 Bubble Memory Controller and
the RLM658 Linear Module are designed to
form a cost-effective subsystem. The RCM650
Controller supports up to 16 RLM658 Modules,
so your system capacity can be readily
expanded up to 2 megabytes.

BUBBLE MEMORY
SYSTEM APPLICATIONS

RCMES0

BUBBLE CONTROL MODULE BUBBLE MEMORY MODULE(S)
ADDRESS g vy g gglll\-ﬂ'i
iE < CONTROL
CONTROL RE500
BUFFER uP
CONTROL
MEMORY
CONTROL
| DECODE CELL
<}_ l—r Logic : OPERATORS
DATA #| DATA AND SENSE
REDUNDANCY AMPS
BUFFER
CHIP
MAPPING

BUBBLE MEMORY DEVELOPMENT SYSTEM

Rockwell offers you an easy way to get bubble
memories up and running in your development
lab. It's done by ordering a “-megabyte bubble
memory subsystem option (one RCM650 Con-
troller and two RLMB58 Linear Storage Modules)

o
.

installed in a SYSTEM 65 microcomputer
development system. By coupling the versatility
of SYSTEM 65 with the reliability of bubble
memory storage, your bubble memory develop-
ment can begin immediately.

Rockwell's SYSTEM 65 is one of the industry’s
most powerful microcomputer development
systems. Based on the popular R6502 CPU,

it comes standard with such features as two
mini-floppy disk drives and 16K bytes of static
RAM (both totally user-dedicated), plus ROM-
resident debug, monitor, symbolic text editor
and two-pass assembler programs.

SYSTEM 65 includes six vacant slots for adding
additional memory and /0O modules, but with
an auxiliary card cage you can expand to the
full 2-megabyte bubble memory subsystem
capability.
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Since most users will want to employ bubble
memory storage devices in parallel configura-
tions — generally nibbles or bytes — Rockwel

offers to package its RBM256 devices in linear

modules best suited to your OEM design.

The block diagram below shows the elements
of a generalized linear module, and shows not
only the devices, but the sense channels, coil

BUBBLE MEMORY
LINEAR MODULES

drivers and operator logic (transfer, replicate
and generator pulses) needed to support them.

The chip-mapping PROM retains redundancy
information (good- and bad-loop maps) for the
module’s devices. The system controller uses
this PROM information to skew and deskew
the block data streams. This method ensures
minimum difficulty during incoming inspection,
system development and “‘shmooing"’.

LINEAR BUBBLE MEMORY MODULE

> =
coiL
COIL ENABLE DRIVERS Y
COIL DRIVER (4)
SENSE
STROBE AMPL &
CLAMP LATCH MAGNETIC
READ/WRITE T Device:

OATAINOUT (T ) 21
MUX

GENERATE

DEVICES
4 .[RBM 256)

TRANSFER IN

TRANSFER OUT

REPLICATE cuT

REPLICATE STRETCH

PROM ENABLE

FUNCTION
DRIVERS

ARl

PROM CLOCK

-—

PROMDATA

CHIP

MAPPING

PROM
512 x 4}

Fa &

BOARD ADDRESS 8

)

BOARD ENABLE

BOARD
SELECT

1-MEGABIT LINEAR BUBBLE MEMORY MODULE (RLM658)

The RLM658 is a pre-packaged linear module

which provides one megabits of bubble memory

storage, via four parallel RBM256 devices.

This module operates at 100 kilobytes per
second and when used in conjunction with an
appropriate controller, is compatible with
Rockwell's SYSTEM 65 and many 6800 micro-
computer development systems.

The RLM656 is designed to be used in
combinations of two to 16 modules in a system
environment providing from 256 kilobytes to

2 megabytes of storage.

* One-megabit capacity

* Four RBM256 devices in parallel

* Designed for combining for byte-wide operation

* Designed for combining up to 2-megabyte capacity
* 100-Kilobyte/Sec operation

* Totally compatible with SYSTEM 65

To implement a bubble memory subsystem
based on linear bubble memory modules,
controller circuitry is required. Rockwell
provides versatile approaches which are
described inside this brochure.



BUBBLE MEMORY
CONTROLLER MODULES

Since each user’s application is different, Using the knowledge gained through years of
Rockwell firmly believes that the only practical applying programmable microprocessors to
approach to bubble memory control is to con- system solutions, Rockwell can produce the

sider the unigue requirements of each individual  simplest, most cost-effective controller for your
system. Especially in the design phase, off-the particular OEM application.
shelf controllers are restrictive.

BUBBLE MEMORY CONTROL MODULE (RCM650)

The RCM650 is designed to complement the are required for SYSTEM 65 compatibility.
one-megabit RLM658 linear module in SYSTEM Circuits to the right of the dashed line are
65 applications. It is totally software compatible  required to service the bubble memory.
with SYSTEM 65 and the 6502 microprocessor,
and can control from one to 16 RLM658

* Controller for one to 16 RLM658 modules

modules. * Software compatible with SYSTEM 65 and 6502
The RCM650 block diagram below illustrates microprocessor

the two fundamental types of circuitry on the * Bus compatible with SYSTEM 65

module. Circuits to the left of the dashed line * Byte parallel operation in 256-byte blocks

BUBBLE MEMORY CONTROL MODULE
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WANVAN, OPTIONS FOR OEM
BUBBLE MEMORY SYSTEM
DESIGN

Rockwell's philosophy is to provide system
designers with bubble memory products that
facilitate the design and evaluation of your
memory subsystems.

The architecture and parameters of the RBM256
device were established after extensive dis-
cussions with system designers. The device
specifications have won universal acceptance.

Availability of a self-contained development
system like the SYSTEM 65 with bubble memory
option was advocated by many system designers
interested in compressing evaluation and design
time. However, to provide the widest possible
applications flexibility, Rockwell also supplies
general and specific module approaches.

To assist you in achieving the unique topology,
architecture, board size and bus structure you
want for your equipment design, Rockwell has
established an experienced Bubble Memory
Design Team. You can tap this engineering
support by contacting Rockwell International,
Bubble Memory Products, D/822, RD45, P.O. Box
3669, Anaheim, CA 92803. Telephone: (714)
632-3321.

For information on prices, delivery and ordering
of Rockwell Bubble Devices, Linear Bubble
Memory Modules, Controller Modules or the
RMS65 Development System, contact your
local Rockwell Representative or the Rockwell
Sales Office nearest you.

w
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256K-BIT BUBBLE MEMORY DEVICE

OVERVIEW

The Rockwell RBM256 bubble memory device stores 266,500 bits of
data. II P the latest ad in materials, architecture and

its has been on the basis of acceler-
ated Iesl dala accumulated over a number of years.

The RBM256 is composed of 282 loops, each contalning 1025 bubble
positions, The device operates with a 260-bit data block, thus using
only 260 of the avallable 282 loops. In a typical application binary data
are stored in 256 loops and the remaining four loops are available to
hold system “house-keeping" bits. Where eight RBM258 devices are
used in parallel, the extra bits may be used to provide a 16-bit block
address header and a 16-bit CRCC suffix.

RE
The RBEM256 transfers data at 150 KHz. taking less than four milli- FEATU S
seconds {average) to access the first bit of a block. Throughput is i licatelread block arehitect
preserved during read operations with the device's repii ead 5
block architecture in which bubbles read at the detectors are actually * 1025 blocks of 280 bits
duplicates of the lo ident bubbles. * 150 KHz operation

-3 ; * <4 mS average access time

* 18-pin dual-inine wide-track package; 0.1 inch pin centers

Packaged in an 18-pin, molded plastic DIP, the RBM256 * D itivil

Y:
>2.2 mVimA foraone
< 1.0 mV/maA forazero

only 1.2 in. x 1.2i0n It conuumes approximately one watt of power
when power d on duty cycle.

The RBM256 oh‘m - 1D‘C to +70°C case temperature operation at
100 KHz and —10°C to +65°C case temperature operation at 150
KHz, Non-operating, non-volatile storage is — 50°C to + 100°C.

GUARD GROUND £

* —10*Cto +65°C operatlon @ 150 KHz(case temp.)
+ =10*Cto +70°C operation @ 100 KHz (case temp.)
* =50*Cto +100°C non-volatile, non-operating storage

u_r——m -] TRANSFER/REPLICATE
b W]

DETECTOR 1| 2 fe o T

17 1-
) I-) TRANSFER IN

HI GENERATE

+) GENERATL

{+) TRANSFER IN

I+) TRANSFER/REPLICATE

veon [ a]

I-} X coiL

LOOP 279"

LOOP “281"

v o+ 9]

i) X COIL

| OUTPUT PORT

STORAGE LOOPS

INPUT PORT

N

JOIA3d AHOW3N 371899N49 L18-X195¢

@ Rockwell International Corporation 1979
All Rights Reserved
Printed in U.S A




FUNCTIONAL DESCRIPTION

The 256K-bit bubble device uses a block replicate access design, as
shown in the architecture diagram. Data blocks are stored in the
loops with the odd bits on one side of the die and the even bits on the
other. A block Is formed using the same ralative bit position in each
loop. Thus, there are as many biocks as bit/loops, and a block length
equals the number of loops. Functionally the die is formed of three
parts: a storage area composed of |ha loops, an output pon com-
posad of ag h

magnetic flux that forces all of the bubbles to one p
for each 360" rotation.

Two orthogonal ¢olls, X and Y, are driven 90* out of phase with X
leading Y to provide a clockwise rotating magnetic field in the plane
of the bubble device. This results In circulation of the magnetic
domains around the device circuit loops and Into proper orientation
with me device opsrator curcuut elements enabling read, write,

and transh p il 1o be p d Thaoolls
rmy be driven either {within p

) or in a stop-start mhemllllam mode without data Im

and an input port of hnln g and a fer-in
switch. The loops are arranged as long, two bit wide recirculating
registers. The ports are at half way points at either end of the loop.
Surrounding the active area of the die is a guardrall composed so that
bubbles can traverse only from the active area to the inactive area at
the die edge.

Redundancy is utilized to Increase yield and reduce device costs. 260
of the 282 minor loops are guaranteed to mee! specifications. The
host system must avoid writing bubbles Into the bad loops and ignore
any information read from them. D loops are identified during
factory testing. A list of these is supplied with the device.

At the Oulpul Port of the die, the loops are tangent to a series of

i ‘When by the appropriate
cornrnm current pulse, both the odd and even halves of a block of
data are either d from or ! out of the loops into a
pair of read tracks. The valid information sites alternate with idle

Both X and Y coils can be driven from a common voltage supply with
either sine, trapezold or triangle current wave forms. A triangle drive is
recommended as being most consistent with digital switching
drivers.

Coil drive and electrical load data are listed in the data tables for
triangle drive operation with field rates of 100 KHz and 150 KHz.

Operation at other f will result in appropriate proportional
change in drive volitage il AC and power
dissipation.

Basic non-volatility is created by the use of permanent magnets
arranged so that thelr flux is perpendicular to the surface of the die,
Thns flux ull.oﬂea the stability criteria that permits right clrcular

sites. The bubbles propagate along the read tracks to the s
and then through the guardrail and out of the active die area. The
number of steps from loop O to the detector (B4 steps) and loop 1 to
the detector (85 steps) differ by one. Thus, from the detectors continu-
ous, interlaced data emerges.

Detection uses the magnetoresistive effect. The two sets of active
and dummy d are ¢ d in bridge configurati to give
a high degree of nolse llation. Each is posed of
a 260 high stack of chevrons. In the detector, the “right circular
cylindrical” domain is stretched into a "right elliptical cylindrical”
domain that is the same width as a bubble, but as long as the 260
chevron stack. The flux from the stretched bubble interacts wltn the
permalioy detector pattern and ges its The

change is translated into a difference signal by a current passing
down the two id the active the
information (bubble or no bubble) and the dummy detector never con-
taining a bubble. The dummy is placed In the adjacent chevron stack
80 that maximum matching occurs and any common mode nolse |s
minimized. When a bubble moves to the dummy detector, that detec-
tor is not used.

bubbles) to exist. The permanent magnets are
chusen with a temperature coefficient that matches the bubble die
so that the bubbles have nearly over the
ture range.

Non-volatility is guaranteed for data In the storage loops and the input
port. NonJ«olatilIly of data in the output port is only assured during

the pletion of a block tion. Thus, an op

In the oulpul pon should not be interrupted. System timing should
be g so that one p ional cycle is p before
areplicat] ionla pted.

The following shows the timing the diff t

functions during the writing and reading ol one block of data. The
delays given are Integral numbers of drive field cycles measured from
the 0° drive field reference point just preceding the first function, to
the 0° reference point just prior to the second function, Timing of a
function within a field cycle is listed in the electrical characteristics,

There Is also a mini delay b i i t and

A pairof g it ing of a single ductor path, g b

serially blocks of data equal in length to the number of minor loops.
The bubbles propagate along a pair of input tracks until the first bit in
the block is opposite loop “0". On the odd side of the die, the second
bit is opposite loop “'1'. A series of transfer switches are activated by

* t (or vice versa). This is necessary to insure that me major
track is clear of any bubbiles prior to the feror

DELAYS

asingle current pulse and the les are
Into the appropriate minor loops. The remaining bubblss odd num-
bered bits from the even half or even numbered bits from the odd
half — are shifted out h the guard rail.

Within the device package, the die is surrounded by lwo onhouo»
nally wound colls that are used to create an Y

Transfer Out to First Bit Generate

209
Transfer Out to Transfer In 500
Replicate Out to First Bit Detect B84

Repetitive T tarlR O 282

WRITE SEQUENCE

Transfer Qut to Transfer In

Transfer OQut to First Bit Generate

Y

/L vzzzz7a

|
Field I
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0 1 209 Generate

210 V") 510
Transier Out TransferIn
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GENERAL PARAMETERS

Number of minor loops: 282
Useable minor loops: 260
Minor loop bits: 1,025
Usetul chip bits: 266,500
Mounting feotprint: (1.2 inj2
Weight: 36gm

ABSOLUTE MAXIMUM RATINGS

PIN 1~ F

RBM256 PACKAGE

462 MAX
EATING PLANE
- 040
f"'.lzs

018
TYP agg

i

Lmn
TYP

}-PIN 18

Paramelter Min. Typical Max. Units
Storage Temperature -55 +125 "
Non-Volatile Storage Temperature =50 +100 *C
Operating Temperature (Case)
@ 100 KHz =10 +70 *C
@ 150 KHz =10 +65 G
Generator Dissipation 20 s mw
Transter-In Dissipation 0.75* 2008 mvw
iTranster Di 1.7 2004 mw
D Element Di: (4/Device) 35 1508 peery
Interelement Voltage 100 v
Relative Humidity 95 k3
External Magnetic Fields 50 Oe
DRIVE INFORMATION Do KAt S S
Field Rate
Parameter 100 KHz 150 KHz Units
StartiStop Dimcllon@ 0x20 0=+ 20 Deg,
Peak Drive Field® 55+ 5 55=5 Oe
[~ Stop Undershoot (Max) @ 1.0 1.0
Coil Differential Voltage 11+ 04 16 = 0.4 "]
Coil Power Loss 072 0.80 W
xGColl
Inductance 4+ 2 44 = 2 wH
DG Resistance 39 3.9 Q
AC Resistance 35 45 +]
Peak Current 054 0.54 A 180°
Loss 0.40 0.46 w =%
Y-Coil
Inductance Bx2 Bzx2 uH
DC Resistance 16 1.6 -3
AC Resistance 22 3.0 ]
Peak Current 065 065 A Drive Field
Loss 032 044 w Sgnel Detetions +Y
Bias Field 155 155 Qe
Bias Margin (Min) 8 8 Oe
Note: All values Inal uniess otherwi itied
ix p—.




DETECTOR INFORMATION

Parameter Min. Nom. Max. Units
Resistance, Active 1000 1200 1400 2
Resistance, Dummy 1000 1200 1400 Q
1" signal® 2.1 mVimA
“g" Signal@ . 1.0 mvImA
Detector Sensitivity 11 mvimA
Induced NoiselLeg 30 mv
Differential induced Noise 05 mv
Detector Current 5 8 ma

M | = ! . ===
. \ / _\'\}.
“Datector” "*Dummy*
R Region Response Region
|- — 4 =]
-\\Jh P " j_ vo ®
I)(
Detector Signal Definitions t:._,—\/ & b
Note: Signal polarity shown for detector common at
OPERATOR INFORMATION lower potential.
Amplitude Maximum
Resistance Dnln\r@ Width Amplitude Deviation Undershoot @
Operator ) (Deg.)* (Deg)* (mA) (mA) (mA)
Generator 0 =1 120 = 30 10 = 5@ 200 = 25® * 2B® 10
Transfer In 315 = 30 280 = 30 220 = 20@ 25 = 5@ +2 2
Transter Qut 280 = 30 220 + 20@ 25 & 5@ * 2®
Cut 330 + 30 15:5@ 100 + 20 ::5@
Replicate 12675 3
Xfer 100 = 20@ 35 = 7@ 2@
Note: *360 degrees per period.
trige € 100 0S; by €2000S A1 100 KHz, one period = 104 S

At 150 KHz, one period = 6.66uS

® 90%
0% 90% 30%

50%
® o) J 10
@ 50% 50% e, _?:_"_ ‘;ﬁb 20%
o @ 50%
Jw% 0% 4 10% 10% ¥
2;::" ko 2 I Puise Definitions @ ; (5

Note: Data contained herein subject to change without notice.
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1-Megabit Linear Bubble Memory Module

OVERVIEW

The RLMESE is a pre-packaged “linear” module that provides one
megabit of bubble memory storage, via four parallel RBM256 bubble
memory devices.

The Module operates on 4 bit “nibbles” at 100 KHz and when used in
conjunction with an appropriate controller, is compatibie with Rock-
well's SYSTEM 65 and many 8800 microcomputer development
systems.

The RLMB58 is designed to be used singly or in pairs to achieve byte-
wide operation. Up to eight single dules or pairs of dules may
be bi to provide ities from 256 thousand to 2 million
nibbles or bytes.

GENERAL DESCRIPTION

The Module four 256K ic bubble ices using the
block access design and organized as a 256K x 4 bit memory, All of
the electronics necessary 1o operate the devices, sense amplifier,
coil drivers, generator, and logic circuits are Included on the Module,
The four devices operate in paraliel providing four bit wide data which
is routed to 4 of B data interface lines, determined by a switch setting.
The block length as seen at the output is 282 bits long, of which 260
are guaranteed valid. Typically, four are designated as address bits
and 256 as data bits. The Identity of the 22 defective loops Is con-
tained in a PROM resident on the Module.

The ALMES58 is designed to be used in memory systems designed
hil to include g and a I dul
Specifically, the RLM658 was designed as an oplion to the Rockwell
SYSTEM 65 development system for the RE500 family of micro-
processors, Since the bus structure of that system precludes com-

ication b except through the bus circulitry, two

different connectors are used:

= P1is the standard edge connector for the bus and is used only for
voltages and ground.

* P2 is used for bus timing, control, and data signals between the
RLMB658s and their controller.

APPLICATIONS

Designed for & wide range of commercial and Industrial applications,
the memory Introduces a new family of amall, efficient, solid-stdte
secondary stores that exploit the many advantages of advanced
bubble domain technology.

The memory provides all of the recognized benefits of bubble domain
technology — small size and low power . . . high refiability due to the
complete absence of moving parts . . . higher storage density than any
other type of serial memory . . . and low per-bit cost due to both high
storage density and amenability of the technology to automated
batch production processing.

In addition, the memory offers its own bination of unigue b
— an extremely large capagcity (10* bits) . . . non-volatility . . . non-
d i dout derate access time and burst operation for

The combination of system benefits give commercial and industrial
users a highly versatile, cost-eflective memory suitable for use In
Intelligent terminals, multipurpose displays, super calculators, micro-
computer peripherals, back-up for volatile main memories, and data

- in dedi d to point-of-sale, data entry, store-
and-forward, control, credit authoriza-
tion, text editing, and service functi Since each
Medule contains all electronics required to suppert the storage
elements, the user provides only power supply, timing, and data
handling capability.

control, |

FEATURES

Non-volatile data storage
Non-destructive readout

TTL compatible interface

Busable interface — up to 16 modules (2 megabytes)
One megabit capacity

256K x 4 bit memory organization

100 KHz operation

Can be combined, for byte-wide operation
All lingar electronics included

High raliabllity — no moving parts
SYSTEM 65 compatible

" s s 8 8 880888

INTERNAL TO RLM658

All linear functions:
Coil drive
Generator drive
Detection system
Transfer in and out drive
Replicator drive
TTLinterface — busable
Moduie select decoding
Defective loop data

EXTERNAL TO RLM658

Power supply
Power fail warning
Clock & subtime generation
Data buffering & formatting
Addressing system
Read/write coordination

increased flexibility . . . interface busing for multi-modular system
Wtion and growth.
LA 1978

All rights Reserved
Printed in US.A

Specitications subject to
change without notice.
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FUNCTIONAL DESCRIPTION

The ALMB58 interface utilizes TTL levels, with the low level (GND)
being active (true) for the operational signals. Each of the various
Is is designed to be fu Independent.

When DC power is applied, the signal OAF must be applied 20 milli-
seconds prior to activation of any control signals. This is required to
an voltage in the replicate/transfer

circultry. Some users Ilnd that this req is best fied by
leaving OAF always active. The rm!mcm'I Ihun |a ready to accep! com-
munds. All are i —no d willbe
the p of the module select terms and

board enable.

The four bubble devices are driven in parallel by coil driver circuitry
controlled by four timing terms, (OAF-ODF) as shown in the Coil Drive
Timing Diagrarn. The COILNF signal activates both the X and Y coil
and, with sub-timing, turns the X coil on 90 degrees before the Y coil.
Each sub-timing signal must be 90 degrees wide to generate the
proper triangular waveforms. Phase zero is defined at the peak of the
X current. Thus, the fourth quadrant signal ODF is actually the first
applied which establishes the X current.

A minimum run duration will be 509 cycles for writing and 366 cycles
for reading one block of data. When the coils are turned off, a mini-
mum of 30 microseconds is required before turning the coils back on.

The sense electronics consist of bridge completion resistors, pre-
amplitier, sense amplifier and latch, Data on the oulput lines are valid

until the next cycle, provided the Modul bled and the
system remains in the read mode.

The in, fer out and out its are all ted
in parallel, the four gt ircuits are sing driven.

Each of the functi are by p g & current puise
through the respective loop on the surface of the bubblu die. Sincethe
loop design is for a low duty cycle current pulse, all are AC coupled
to protect against burnout due to incorrect input logic signais. The
generators may be activated every bit time, but the other signals may
not be activated more often than every 282 bit times, (one hlock

length). Further p i ircuitry is employed to prevent
overusage of the signal,
READ AND WRITE SEQUENCES

|——1025 STEPS OF DATA MOV EMENT—-———-—1

The die is organized as 282 minor loops of data, each containing 1025
bit positions, for a total of 289,050 bit locations. To reduce chip cost
by increasing production yields, only 280 of the 282 loops are required
to be operational. At final test of the magnetic cell, the 22 “most
ginal" loops are d d and fied so they can be
bypassed in operation of the device. Every memory system must
avoid writing bubble information into these loops and ignore any
information read from them. The usef controlier masks out those
loops declared defective. The Module utilizes an on-board PROM to
retain the loop redundancy information, Each time a read or write
operation is performed, the PROM s accessed to use the loop redun-
dancy information as a data mask.

Before entering data into the the add d block
must be positioned at the out switch. A ion of the
Transfer-Out line (TOF) will empty that block of data on the read track
and clear the memory location. After a delay of 208 run cycles, data
entry is begun by putting the Read!Write line (R'WF) to ground, which
the data g tion for all four channels. When
R/WF is at ground, lhe Generata pulse (GENF) must be present and
data must be valid on four data input lines. Data being entered must
be used in conj lon with the tive loop lon so that 260
valid data bits are spaced into the 282 operating loops, | d
with 22 zero data bits at the location of the bad loops. Eighteen run
cycles later, the Transfer-in (TIF) line is activated and a block of data s

to the loop of each of the four devices.
Data are read in a non-destructive manner by activating the replicate
out signals when the block fon is itloned at the out
switch nding to the desired add and by driving the Read/

Write signal high. This stretches and cuts each of the bubbles in the
addressed block. One of the resulting bubbles remains in the loop,
the other is put into the read track. After a delay of 84 run cycles, the
data cutputs are valid, This process continues for 282 bits, ylelding
a 282 x 4 data block, Used in Junetion with loop

tion, the 260 valid data bits are identified.

A minimum 282 cycle delay is requi i

Out and/or Transfer-Out This that the read track
is entirely clear of bubbles prior to the next transfer or replicate
funsction.
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l
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INTERFACE & TIMING DEFINITION

The following signals appear in the interface connector, P2. Power DIOO— Data in-data out tristate bidirectional line. Ground indi-
and ground are taken from the edge connector, P1. Signals with an Dio7 cates a ‘0, high a *1", open when the module is not
“F* suffix are active in the low (ground) state. selected. Input data shouid change state at 0 nS; Output
BRDENF  Board Enable. The module is activated by applying a iy o e
ground to this line. The signal must be utilized in con- SR O = DEgEREIY.
Junction with other memory module board enable signals
(BRDOF-BRD2F) In order 1o select the desired module. GENF Generate, A timing signal used to generate a bubble.
In multi-board sy . Up to 8 modules or module pairs
may be enabled. ROCF Replicate Out Cut. A timing signal which, when ener-
COILNF  Coll Enable. This signal activates the coil drive circuitry Rk, BAPNOISE B IOOK Of I8 SDW) CISR-SEN08 i0aps: t
and initiates data movement. COILNF must be on one the mead track. ROGF must nol-ocour: In the first cycle
P cycle mini and offa of 30 micro- after COILNF is activated.
ds before baing gized again. Typically, COILNF " :
remains on for several hundred cycles, 1o permit access ROSF 1IRes;lic:.;le llOul Stretch. Used in conjunction with ROCF
to an entire block of data. It must be on prior to activating OrMploning.
any operational signal such as TIF, TOF, ROC, etc.
RIWF F the approp cper-
In the event of a power fail waming, COILNF must be ator for the read and write functions. High activates the
turned off before BRDENF, to prevent 1oss of data. read ( dition), ground the write. The
signal should change state at 0 Ns.
OAF— Four coll driver timing signals, each defining one quarter
ODF of an operation cycle.
TIF Transfer In. A timing signal which, when energized, trans-
As a special case, signal OAF must be true for 25 mS fers a block of data from the write track into the storage
prior to activating COILNF. Most users leave OAF always loops.
active. Also note that active operation begins with ODF,
which establishes the X field prior to beginning the cycle. TOF Transfer Out. A timing signal which, when energized,
It then cycies as the fourth quarter phase. transfers a block of data from the storage loops onto the
read track.
COIL DRIVE SIGNALS
0 o* o*
) = |
COILNF —— e 30 us MIN -—-—-———b—l

ODF I

I
|
I
|
=

OCF

e

!
_—
|
l

|
}_l
R SRt ... ol T




PROMF PROM Enable. An anable signal used to start outputting

PCLKF

goodibad loopinf, with the

of the data output or data input. Address zero of ma
PROM is blown for all four chips and may be used as a
marker, Add “ong" tha ion of loop
“zero” of the bubble memory device.

PROM Clock. A 1WK'HZG'IOGC used to advance the PROM
ining the 4

BRDOF—  Module Select Addresses. Module select decode lines

BRD2F

which select the module. A DIP switch on each module
allows each module In a system to be programmed for a
unigue address. When the plus (+) side is pressed the
switch Is closed and is grounded. Position 2 is lower bits;
3is BRDOF; 4 is BRD1F; and 1 is BRD2F.

PO0O—PO7 PROM Data Output. Bad loop information, as output from

the PROM. PROM outputs appear on either PO1-PO3 or
PO4-PO7 as determined by a switch setting. A high level
indicates a bad loop. Data on the data output lines s not
valid during that cycle.

INTERFACE TIMING REQUIREMENTS

OAF j— 2500 = 55ns
1 I
0BF I+ 2500 + 55ns ——J |
I
OcF +— 5000 + 55ns ——é-!.q_ 2500 = 55ns ._._,!I |
1
ODF | e 7500 = 55ns —-—I 2500 £ 55n8 ———w=
| ey - 415 = 110ns 1
ROCF 1560 = 440nsw»- |
l | | 280 = 110ns |
ROSF | l |4__ 2360 = 440ns —a-l !
i r
TIF OR TOF| [—-_..= 7780 = 660ns ]-— B110 £ 440nS ———im
] L
GENF : 1-..-_ 3330 + BBOns _a-l I-Qﬂx)ﬂ:‘]l]mmg :
|
COILNF #=| [= 0+ 100ns Max. - < 55ns - | I-t-
o)
I 1 |
PROMF 4 OPTIONAL —-I & |
2555ns Max — oy ST ;
DATAOUT / |
VALID 0

DATA IN
VALID ﬁéééﬂ

PCLKF

l= 0 - ISOnsMIn

|
1
¥ 0-1 {- 0 + 150ns Min,

~ 100ns Min.
|-+ 100ns Min.

e/




GENERAL PARAMETERS

Capacity 1,066,000 bits Electrical Characteristics
Organization 1025 blocks e Min. | Max | units
260 x 4 bits/block -
i VoL | OutputLow Voitage 0.4 v
Access Time (mSec)* Min. Avg. Max. g = 16mA)
Read 0.84 5.96 11.09 IOL OQutput Low Current 18 mA
Write 209 7.22 12.34
Cycle Time (mSec)* VOH C\‘l‘ru tput High Voltage 24 v
Read 366 8.78 13.91 Veg = 475V)
Write 5.09 1022 1534 Ton | Output Figh Garrent 400 )
*Access time is the time to the first byte read or written; Vn= 4.75V)
Cycle time is access time plus one block read or write cc
time. v"_ Input Low Voltage 08 v
Modes Block Read/Block Write Wi | 'nputLow Current -20 mA
Data Transtor Rate, Max. 100,000 nibbles/sec. Voo = 525V
DC Power Requirements +12V  =-=12V  +5V  Power VlH Input High Voltage 20 v
Operating BOA 21A TBA 135w —
Stand-By A 21A 4BA  BEW W s ‘2’;\';;'“‘ Ba 2
All voltage tolerances are +5% at Input connector. cc ™ ™
Voltage ing is not | as long as the
memaory is not being operated.
Temperature Range
Operating (ambient) 0°C to 70°C (measured at bubble device
~ case)
Non-Volatile Storage —40*Cto +85°C
Non-Operating —40*Cto +125°C
100 linear ft./min. of cooling air is recommended over the
component side of the RLMB658 to maintain the case
temperature of the RBM256 bubble memory devices at
or below 70°C.
Size 9.75" x 6.0" x 0.65
(247.65mm x 152.4mm x 16.5mm)
Weight 0.88 Ib. (400 grams)
Relative Humidity Up to 80% without condensation
Vibration & Shock That encountered in handling and serving
electronic hardware.
> X
COIL ENABLE i PR TN
COIL DRIVE (4)
=
AMPL & %
LATCH
READ/WRITE - .
DATA IN/OUT 21 4 -(RBM256)
= = BN CI‘H-—’
e -+
GENERATE TION
TRANSFER IN EE?UC'EIIIg
TRANSFER QUT
REPLICATE CUT »
REPLICATE STRETCH
PROM ENABLE =
PROM CLOCK NG
2-" H PROM
PROM nam it a 1612 4)
BOARD ADDRESS — 3 N soaro
BOARD ENABLE BALESE

RLM658 Module Block Diagram




CONNECTOR PIN LISTS

CONNECTOR P1 CONNECTOR P2
Pin Signal Pin  Signal Pin Signal
1 +5V 1 BRDIF 21 OAF
2 48V 2 BRD2F 22 OCF
3 45V 3 BRDENF 23 PO2
A 45V 4 BRDOF 24 POE
B +5V 5 DI04 25 SPARE
C +5v 6 DIOO 28 SPARE
n -1y 7 DIOs 27 GND
M =12v 8 DIOn 28 GND
16 +12v 8 DIO3 29 PO3
T +1v 10 TIF 30 ROCF
41 GND 11 DIO7 31 POO
42 GND 12 SPARE a2 GENF
43 GND 13  DIO6 33 PO4
W GND 14 SPARE 34 PROMF
X GND 15 D102 B PO1
¥ GND 16 RWF 38 PO5
17 OBF ar PO7
18 COILNF 38 ROSF
19 SPARE 3 TOF
20 ODF 40 PCLKF
OUTLINE DIMENSIONS
821.5M REF PN 2
{ i S REFPINAD
DL:E.. |_’\ LI | “HCD.] B00 12,7 MAK,
f -— AT —-] \ f
\ 88|
= - e SemEsse Mmmmm
] v
SH10N
BEs 1
r_: ] i
1 |
8,000 ' |
i) TOLERANCES:
| oy
| X0k - & 000
.
" | :
,m'lt‘? _1“ #n
COMPONINTICIRCUITAY
T FREE AREA 100 (2.54)
B.TBO(1T2.21)
S.750 (247 88)

REFPIN T
PiM A OPPOSITE
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‘l Rockwell

ROCKWELL-COLLINS
FILTER PRODUCTS

SAW FILTERS

Rockwell produces one of the industry's largest
selection of Surface Acoustic Wave (SAW) Filters.
SAW Filters are available with center frequencies
from 20 MHz to 100 MHz and fractional
bandwidths from 0.2 percent to 15 percent.

Rockwell SAW Filters are fabricated on quartz and lithium niobate substrates,
and will compliment your design with phase linearity, a flat group delay and
controlled amplitude and time response. Further, they're designed to perform
in temperatures from -55°C to 85°C, and are produced in microelectronic
industry-compatible packages. Rockwell can respond to your custom re-
quirements from 100 to 500 MHz center frequency.

SAW DELAY LINES

Like the SAW Filters our SAW Delay Lines are
available with center frequencies from 20 MHz to
100 MHz, with custom requirements to 500 MHz.
We offer a variety of both linear and dispersive
Delay Lines with time delays between 0.1 mic-
roseconds and 10 microseconds. Tapped linear
delay lines are also offered.

COLLINS DISC-WIRE MECHANICAL
FILTERS

The popular Collins Disc-Wire Mechanical Filters
are available with center frequencies from 60 KHz
to 500 KHz and fractional bandwidths from 0.1
percent to 9 percent. And they're offered with a
wide selection of both Symmetrical Bandpass and
Single Sideband types, and are built with either
magnetostrictive or piezoelectric transducers.

Coliins Disc-Wire Mechanical Filters provide excellent discrimination against
unwanted signals by steep-skirted selectivity while achieving a flat-topped
frequency response. Electrically and mechanically stable, the filters tolerate
extreme temperature changes with minor frequency shift, and give continuous
service without aging or failing.

The filters are sealed in molded-phenolic cases or hermetically sealed metal
cases. Values of stability with temperature vary from 2 to 10 ppm/°C between
-40°C and 85°C, depending on the filter.
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LOW FREQUENCY NARROWBAND MECHANICAL FILTERS

Rockwell-Collins’ 3.5 to 70 KHz Mechanical Filter flatpacks are designed for
narrow bandwidths in the 0.2 percent to 1.5 percent bandwidth/center fre-
quency range.

These Filters utilize flexure mode, 2 and 3 pole resonators composed of stable
iron-nickel alloy bars and piezoelectric ceramic transducers. Small size (1/2
cubic inch) and low cost make the filters ideally suited for Omega Navigation,
selective calling systems, telephone multiplex, telemetry, centralized control
systems, Sonar, mobile radio and FSK telegraph applications.

DELAY-CONTROLLED HIGH

PERFORMANCE SSB FILTERS

The Disc-Wire Mechanical Filter product line in- i

cludes high performance Single Sideband Filters

with controlled envelope delay characteristics for I

data communication systems. In many applica-

tions, these filters are used without equalization. ol

See illustration for one of the available designs. A g -

majority of those cases with more stringent re- b

quirements can be satisfied with a “prescription” i g m

equalizer. This combination provides satisfactory % m
+1 +2 +3

performance at a moderate cost. L %

8

]

ATTENTUATION (DB
]
¥ VARIATION

FREQUENCY FROM CARRIER (KHz)
DELAY - CONTROLLED FILTER

Delay - Controlled Filter

WHO WE ARE

We— Rockwell-Collins — are an acknowledged leader in the filter industry. It's a reputation we're proud of, and one that we've
earned through an involvement of 25 years in Mechanical Filters and 10 years in Surface Acoustic Wave devices.

We maintain this reputation by commitment to providing our customers — government, military, commercial and the public —
the state-of-the-art products at competitive prices and on-target delivery schedules. We're actively involved in all phases of
production, from the R & D and design effort, through to manufacturing, quality control and getting our products out to you.

We have filter products to meet virtually any design requirement. And if we can't satisfy your needs with an off-the-shelf device,
we'll custom design and produce it to your specifications.

That's who we are, now let's hear from you.

ROCKWELL INTERNATIONAL
4311 Jamboree Road
Newport Beach, CA 92660

ATTN: J.W. CAMPBELL
M/S 503-130

or phone 714/833-4632.

Printed in U.8.A./June 1978/523-1001802-001F2)
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Collins Low Frequency Mechanical Filters

1.0 Introduction to Low Frequency Mechanical Filters

The low frequency mechanical filter consists of two metal alloy bars bonded to piezoelectric ceramic trans-
ducers and coupled mechanically with wires which also act as the supporting structure, See figure 1. The
bars are made out of a constant modulus nickel-iron alloy whose temperature coefficient is adjusted by heat
treatment to help compensate for the high positive temperature coefficient of the ceramic. The composite
resonators operate in the flexure mode with wires coupling the bars torsionally. Figure 2 shows the equiva-
lent circuit of the filter.

1.1 Practical Design Limits

The mechanical filter may be designed as a Chebyshev, Butterworth, TBT, Linear Phase or Bessel filter in
either a 2, 3 or 4 pole (resonator) configuration. The Chebyshev (equal passband ripple) designs are avail-
able with ripple values ranging from .01 to 1.5 dB. Typical response curves for these designs are available
in standard filter handbooks!

Coupling Wire

NI-FE Alloy Bar

Figure 1. Low Frequency Mechanical Filter

G. Hansell, Filter Design and Evaluation, Van Nostrand Reinhold Company, 1969.
Howard W. Sams, Reference Data for Radio Engineers, 1968.
A. Zverev, Handbook of Filter Synthesis, John Wiley and Sons, Inc., 1967,




The practical design limits for low frequency mechanical filters are illustrated in figure 3. The fractional
bandwidth (BW3p/F ) varies from .2% to 1.5% over a center frequency {FO} range of 3.5 to 70 kHz.

The fractional bandwidth is further influenced by the environmental restrictions (shock and vibration) and
the type of design, such as Chebyshev or Bessel.

Typically, Chebyshev designs having fractional bandwidths between .2% and 1.5% can be achieved for shock
levels to 100 G's and vibration levels to 10 G's.

An attenuation comparison for .25 dB ripple Chebyshev filters is presented in figure 4 and a linear phase
equiripple (.5° error) design in figure 5.

Static Capacitance Coupling Wire Analogy
of the Ceramic

¢ S —.
Source

Resistance

Load
Resistance

Y|
A
Ay
/1

/
L

Resonator Analogy

Figure 2. Equivalent Circuit of A low Frequency Mechanical Filter

Percent Bandwidth

; I |
2 4 6 8 10 20 40 60 80 100

Frequency (kHz)
Figure 3. Practical Design Limits of Low Frequency Mechanical Filters




Shape Factor

01 2 3 4 5 6 7 8 910 20
10
\‘ M“\..
- 1-Pole
20
3-Pole \
4-Pole | . Py

~2-Pole, 2-Zero

NYINU | T

Attenuation (dB)
8
A7
V.
\
\
A

\

4-Pole,4-Zero —|

8
L
Pt
4

Figure 4. Attenuation Comparison for .25 dB Ripple Filters
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Figure 5. Attenuation Comparison for Linear Phase Equiripple (.5° Error) Filters




The Chebyshev designs are primarily for tone selectors while the linear phase designs are used where phase
or FSK modulation is transmitted. The linear phase designs have 0 dB ripple and a low ringing impulse
response (4% ringing for a 2-Pole). Typical mechanical filter specifications are tabulated in table 1. The
values are interrelated (and therefore not independent) and are a function of the type of design, i.e. a very
narrow filter would probably not have a high level shock specification.

Table 1. Mechanical Filter Specifications and Characteristics

Specifications Minimum Typical Maximum
Center Frequency (F) 3.5 kHz 70 kHz
Fractional Bandwidth BW3 4p 0.2% 1.5%

Fo
Number of Poles (Resonators) 1 4

Characteristics _ Minimum Typical : Maximum
Insertion Loss 1dB 3.56dB 10dB
Terminating Resistance 2Ka 20 KQ 50 KQ
Temperature Coefficient of F, + 3PPM/°C £ 10 PPM/°C £ 25 PPM/°C
Temperature Coefficient of BW3 4g 500 PPM/°C
Passband Ripple 0dB 0.2dB 1.5dB
Vibration (10 Hz to 2000 Hz) 1G 10G's 15G's
Shock 16 G's 100 G's 1500 G's
Differential Phase Vs. Input Level 0.5° 0.5° P

(=70 to —10dBm)

Volume 05 IN3 0.5IN3 1.0IN3




1.2 Enclosure Styles

There are four enclosures currently available with low frequency mechanical filters. Three of the enclo-
sures (PA, FS, and LC) are plastic, the fourth (FP) is a hermetically-sealed metal case. It is recommended
that the ‘LC’ case be used whenever possible as it is significantly lower in cost.

Case style ‘PA’ is a plastic version of the ‘FP’ enclosure. It is normally not available except under special
circumstances.

The ‘FS’ enclosure is used only on 2-Pole filters which have a ‘fail-safe’ requirement, i.e. the input can at no
time short circuit to the output. This type of filter is normally found in railway systems, people carriers and
automated rapid-transit trains. The enclosure is rated for a —20° C to +95°C environment and is not
hermetically-sealed. )

The *LC’ case is made of plastic and is ultrasonically sealed. It is rated for a —55°C to +95°C environment.
Filters in these enclosures have been tested with two consecutive cycles of Mil-Std 202, method 106 for a
total time of 20 days at 90% humidity. During the 20 day period filters are thermally-cycled from —10°C
to +65°C and intermittently vibrated at 9 G’s. This test is designed to evaluate the resistance of component
parts to tropical environments. Although the cases and the filters withstood this environment, they may not
be able to withstand extremely long period environments because of the permeability of the plastic case.
However, if the user provides an additional moisture barrier such as ‘post-coat’, filters in this enclosure will
pass a more rigorous environment.

The alternative enclosure for tropical or high altitude service is the ‘FP’ case style. This is a cold-welded
metal enclosure with glass to metal terminal seals. The filters in this package are rated for a —55°C to +95°C
environment and guaranteed to meet the moisture resistance test. A disadvantage is that they are several
times more expensive than the ‘LC’ enclosure.

1.3 Application Circuits
The following constraints are suggested limitations on the application circuit, Although these values may be

exceeded without damage to the part, the filter will operate in a non-linear portion of its spectrum or will
not meet the specifications.

Signal input level (across the terminals): 1Vrms
DC voltage across the terminals: 50 VDC
Source and load termination: * 5%
Stray capacitance across the input/output terminals to ground: 50 pf Max

The application circuits of figure 7 demonstrate the use of bridging capacitors (C4, C5) which are used to
convert a monotonic response to an elliptic function response. Bridging the filter wit% a capacitor between
the input and output terminals provides the attenuation poles (transmission zeros) shown in figure 4. This
capacitor is typically about 30 pf in value. Although there is a substantial improvement in the filter's shape
factor (the ratio of the bandwidth, at a specified attenuation level to the 3 dB bandwidth) the disadvantage
with this technique is that the attenuation level in the stopband of the filter decreases as the bridging
capacitance is increased. See figure 4 for an illustration of a 2 Pole — 2 Zero design.

" A method used for realizing greater performance from a mechanical filter and still maintain a high stopband
attenuation level is to cascade two or more units. This method results in an addition of the attenuation
levels of each filter at any specific frequency.

The cascading is accomplished by using an active network to prevent interaction between the filters. The
network could be either a transistor buffer amplifier or an Op-Amp. See figure 7.
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Mechanical Rg — Source Resistance
Filter R — Load Resistance
Rl Cy.C, — Bridging Capacitance
(optional)
5 AN-1  — Active Network
2-Pole Filter (customer supplied)
C1 Cy
B s ke & ~— =k —
Mechanical Mechanical
Filter Filter

AN-1

Cascaded Filter with an Active Impedance Matching Network

Figure 7. Low Frequency Mechanical Filter Circuit Configurations

1.4 Applications for Low Frequency Mechanical Filters

Small size and low cost make the filters ideally suited for Omega navigation, selective calling systems,
telephone multiplex, telemetry, centralized control systems, Sonar, mobile radio and FSK telegraph
applications.

Low frequency mechanical filters can also be used to delay a signal by a specific amount. The delay of the
filter is inversely proportional to the bandwidth of the filter and directly proportional to the number of
poles, therefore, the delay can be accurately controlled. See section 2.5 for additional information.




2.0 Characteristics of Low Frequency Mechanical Filters
2.1 Center Frequency Vs. Termination

In normal applications of low frequencx mechanical filters, the resistive terminations (Rg and R| ) shown in
figure 7, should not deviate more than = 5% from the specified values. That is, the terminations affect the
actual center frequency to some extent. For example, if a filter with a nominal center frequency of 10 kHz
and a 50 Hz bandwidth has both its source and load resistances increased by 5% above the specified values,
the filter center frequency(E3H £ E3L) will increase by .6 Hz. If Rg and Ry_are changed (from the specified

value) in opposite directions, small changes (2% to 3%) are off-setting, and there is no center frequency shift.
For large variations (in opposite directions) in Rg and R , the effects are not completely offset, and the
insertion loss and passband ripple of the filter will increase.

Stray capacitance between the input/output terminals and ground should not exceed 50 pf. Additional
capacitance beyond this value will cause changes in insertion loss and center frequency. An increase to
150 pf will result in a .5 dB change in loss and a 75 ppm change in center frequency in the above example.

Deviation of Center Frequency — Hz

1 1
00 2 4 6 8 10

Deviation of Termination — %

Figure 8. Variation of Filter Center Frequency with Resistive Termination




2.2 Center Frequency Vs. Input Voltage Level

Low frequency mechanical filters remain very linear with drive level up to 0.5 v, at which point they rapidly
become non-linear. See figure 9. The shift in the center frequency at a ten volt level is enough to move
some filters out of specification. Also, along with the non-linear effects, excessive drive level causes time
dependent changes in the ceramic material. These changes cause the center frequency of the filter to be
lower after being driven at a high voltage level. Once the drive level is reduced the filter response begins

to return to its original frequency.
2.3 Differential Phase Vs. Input Voltage Level

The differential phase at the center frequency of a linear-phase equiripple (.5° error) filter is 0.5 degree over
an input level variation of 60 dB, namely —10 dBm to —70 dBm. The change in phase is due to a center

frequency shift caused by the nonlinearity of the input transducer.

2.4 Input to Output Level Linearity

The linearity of the output signal level to the input level at the filter center frequency is 0.1 dB over an
input voltage range of 60 dB (—10 dBm to —70 dBm).
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Figure 8. Variation in Center Frequency with Input Voltage Level




2.5 Group Delay Response

The approximate group (envelope) delay for a mechanical filter can be determined from figures 10, 11, 12
and 13 as well as the following equation.

Group delay (sec) _ NGD NGD = Normalized Group Delay from figures 10, 11, 12, or 13
at center frequency — 7 g 5 0 BW3 4g = 3 dB Bandwidth (in Hz)
Example:

The group delay for a 2 Pole .1 dB Chebyshev filter which has a 40 Hz bandwidth is

N=2

BW3 dB =40 Hz

NGD from figure 12 = 1.4 sec

14 .

Group delay = = .011 sec = 11 msec

40

Normalized Group Delay, Sec
~
T
w

Mormalized Frequency

Figure 10. Group-Delay Characteristics for Linear Phase (Phase Error = .5°) Filter
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Figure 11. Group-Delay Characteristics for Chebyshev Filter with 0.01 dB Ripple
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Figure 12. Group-Delay Characteristics for Chebyshev Filter with 0.1 dB Ripple
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Figure 13. Group-Delay Characteristics for Chebyshev Filter with 0.5 dB Ripple



2.6 Impulse Response
Figures 14 thru 17 can be used to approximate the impulse response ringing value of a mechanical filter.

A definition of ringing is the ratio of V4/V5 in percent.
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For example:
A two-pole mechanical filter designed as a linear-phase filter has an impulse response ringing value

of 4%.

N=2

V4 = .02 from figure 14

V4 = .48 from figure 14

2 pries 02

Impulse response ringing= — X 100=— X 100=4.1%
Vs 48

A three-pole .5 dB Chebyshev design has an impulse response of 21%.
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Figure 14. Impulse Response for Linear Phase (Phase Error = .5°) Filters
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Figure 17. Impulse Response for Chebyshev Filters with 0.5 dB Ripple

2.7 Spurious Responses

Mechanical filters have resonant frequency overtones very similar to those found in quartz crystals. These
overtones occur at multiples of the fundamental; the multiples are 2.4, 4.8, 7.6, 10.6, etc.

As an example, a mechanical filter designed for Omega navigation system applications at 10.2 kHz will have
spurious responses (frequency overtones) at 24.5, 49, 77.5 and 108 kHz.

These overtones are inherent to the flexure mode of vibration used in the design of low-frequency mechanical
filters. They cannot be suppressed without compromising the filter design. The odd-numbered modes, 2.4
and 7.6, are normally 50 dB below the fundamental. Suppression of these occurs because of the transducer
coupling method utilized to drive the fundamental mode. The even-numbered overtones, 4.8, 10.6, have
levels approximately 15 dB below the fundamental. These modes cannot be suppressed internally, however,
a low-pass filter can be used to reject these higher frequency modes. Another alternative is the use of a
bandpass “roofing” filter. See figure 22. The ‘roofing’ filter will reject both the low frequency microphonic and
the high frequency spurious responses. It should be placed after the mechanical filter i.e., the incoming signal
should go through the mechanical filter first, then through the ‘roofing’ filter. In this way, the microphonic
responses are rejected as wall as the spurious responses. The ‘roofing’ filter should be compatible with the
mechanical filter; it should not affect its passband response.




2.8 Aging

Aging is defined herein as the change of center frequency with time. Since insertion loss and bandwidth do
not change an appreciable amount, they will not be considered.

The low frequency mechanical filter has four components and processes which are likely to contribute to
aging problems: the nickel-iron alloy bar, the ceramic transducer, the solder bond between the bar and
transducer and the welds that connect the coupling wires to the bars. When heat treated properly, the
nickel-iron alloy bar is very stable. Because its mass is much greater than any of the other components, the
stability of the bar helps to compensate for the instability of the ceramic and solder bond.

Since the aging characteristics of low frequency mechanical filters are dependent on the ratio of the ceramic
transducer mass to the nickel-iron alloy bar mass, the rate of aging for various types of filters is not only
dependent on the center frequency, but perhaps, to a greater extent, on the design bandwidth of the filter.
The narrower the bandwidth, the smaller the ceramic transducer need be. This means that the narrower band-
width filters will age, as a percentage of their center frequency, less than wider bandwidth filters at the same
frequency.

The aging rate of a mechanical filter is predictable and always in the positive direction. The aging (A f) of a
filter can be computed using the following equation, where t is the time in days, BW is the 3 dB bandwidth
in Hertz and t, is 10 days, the time required to manufacture a mechanical filter.

Af=.02 BW (Log -t—r&}

For example: A 12 kHz filter which is 50 Hz wide at 3 dB after 5 years will have aged:

Af=.02 (50) Log 2389 — 326 1,

2.9 Reliability

The MTBF (mean time between failures) is 3 X 107 hours. This is based on field data which was accumulated
over a period of several years.

3.0 Environmental Effects
3.1 Temperature Effect on Center Frequency, Loss and Bandwidth

Design techniques for low frequency mechanical filters utilize compensating factors which minimize the
shift of the filter center frequency with a change in temperature.

The center frequency shift vs. temperature is normally compensated to a tolerance of * 10 ppm/°C overa
temperature range of —20°C to +65°C. The tolerance can be as high as £ 25 ppm/°C for the largest fraction-
al bandwidth filters. The filters may be used over larger temperature ranges, such as —55°C to +95° C with-
out any physical damage or permanent effect on the frequency response characteristics.

The variation of insertion loss with temperature is typically * 1 dB (with a maximum variation of £ 1.5 dB)
over a temperature range of —20°C to +656°C. The narrower the filter bandwidth the smaller the insertion
loss variation,

Bandwidth normally changes very little with temperature in absolute terms. A typical variation for a filter
with a 100 Hz bandwidth would be 1.5 Hz over a temperature range of +25°C to +65°C. This is a bandwidth
shift of +375 ppm/°C.

The variations in center frequency, loss and bandwidth due to temperature change are temporary in nature;
the filter will return to its original condition when the temperature is restored to +25°C.



3.2 Shock

A resilient rubber shock mount is used to isolate the mechanical filter structure from shock forces which
could cause damage. This mount allows the average filter to withstand 100 G, 6msec, shocks without a change
in the filter response. Certain mechanical filters can withstand 1500 G's of shock before permanent damage
aceurs.

3.3 Vibration

The internal shock mount, that so effectively isolates the filter from shock, also does an excellent job against
vibration forces. The average filter will safely withstand a constant 10 G vibration level between 10 to 2000 Hz.
At approximately 15 G's the elastic limit is reached causing the filter to become permanently damaged.

Often it is not only important that a filter survive a specific vibration level, but it is also important that it
retains the proper response characteristics during the vibration. While the attenuation response shows
little change, there is some variation of phase and some microphonic effects during vibration. These are
important characteristics in applications like Omega navigation systems,

The variation of phase of an Omega filter as a function of vibration frequency is shown in figure 18. It will
be noticed that there is a peak deviation point around 400 Hz. The reason for the peak is that the entire
filter structure has a resonance at this point. This structural resonance also has an effect on the microphonic
noise level.

1.0
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Figure 18. Variation in Phase with External Vibration (10 G Level)




Figure 19 illustrates the levels of microphonic responses of a 100 Hz bandwidth Omega filter. These levels
were measured while the filter was vibrated at a constant 5 G level over the frequency range of 50 to 4000 Hz.
The maximum output occurred at 525 Hz at a level of —50 dBv.

In applications where these levels are intolerable, special structural designs can be incorporated into the
equipment in order to dampen the vibrations around 500 Hz. Methods such as mounting the filter near a
brace or an equipment corner, using a low-Q rubber or elastomer as an external filter mount and other
vibration suppression techniques will help in limiting the phase shift and amplitude response microphonics.

A successful technique for attenuation of the low frequency microphonic responses is the use of a highpass
filter network. These filters are placed in the signal path between the mechanical filter and the detector.
Figures 20, 21 and 22 illustrate 3 types of filters which may be used to reduce microphonic responses.
They differ in the type and number of components required. The improvement in microphonic amplitude
response as a result of using these filters is presented in figures 23 through 26.

The filter circuit of figure 20 will attenuate the microphonic level by approximately 15 dB. It is a single
section consisting of 1 reactive component, however, it will not attenuate any spurious frequencies above
the filter passband.

The high-pass circuit of figure 21 consists of 3 reactive components and will attenuate only frequencies
below 9 kHz. This LC circuit provides 60 dB of rejection at microphonic frequencies.

A “roofing” bandpass filter may be used to attenuate both the spurious modes at high frequencies and the
microphonic signals at low frequencies. One circuit which may be used appears in figure 22. The complexity
of this circuit is a function of how much attenuation is required by the user, i.e., additional sections provide
greater attenuation.
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Figure 19. Omega Filter Microphonic Response
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3.4 Moisture Resistance

The four available low-frequency mechanical filter enclosures have been tested to MIL-STD-202, method 106.
This strenuous test is used to evaluate materials which are subjected to high humidity tropical environments.

The test consists of ten days at 90—95% humidity with the temperature being cycled from —10°C to
+B5°C. At the end of each 24 hr. cycle, the filter enclosures are vibrated ata 9 G level.

Two enclosures, ‘LC’ and ‘FP’, passed the test without a change in the filter response or the enclosure.
Although the all-plastic ‘LC’ enclosure passed the test, it should receive additional moisture protection,
such as “post coat”, if the filter is to be subjected to this type of environment for a long period of time,
The additional moisture barrier is necessary because most plastics are permeable to moisture, therefore,
there would be an eventual effect on the filter response. No precautions need to be taken with the all-metal
‘FP’ enclosure.

The plastic ‘PA’ and ‘FS' enclosures were also subjected to the above moisture test. On these, the epoxy
seal around the cases showed signs of degradation and cracking. Moisture apparently enters the filters
through the damaged seal, however, the filter response was unchanged and the filters functioned normally.
It is not recommended that these enclosures be used in tropical environments because of the possibility of
seal failure.
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Figure 23. Omega Filter Microphonic Response
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For additional information on Collins mechanical filters,
please call or write: Filter Products Marketing, Rockwell
International - 4311 Jamboree Road, Newport Beach,
California 92660.

Telephone: 714 833-4632
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Surface Acoustic Wave Devices

1.0 INTRODUCTION

Rockwell International has pioneered in the design
and development of Surface Acoustic Wave (SAW)
devices through its Electronic Research Center and
the Rockwell Science Center. The R&D program has
been conducted over the past 10 years. The wide range
of experience and knowledge acquired during this
period enabled Rockwell to emerge in a leadership
position in the field of Surface Acoustic Wave devices.
Filter Products, a major producer of mechanical filters
for the past 25 years, now is offering production
devices and can respond to your development needs.
Qur filter production and product line experience is
being applied to the newest mechanical filter, the
SAWD.

Located in Newport Beach, California, Rockwell Filter
Products has complete facilities for all tooling,
processing, assembly and test for SAW devices on a
production basis. Our production setup allows us to
engage in applications for customer prototype
designs, from concept through production, or to build
existing designs. We are in a position to accommodate
your SAW needs and assist you in determining your
requirements.

This publication is designed to acquaint you with
currently available SAW technology from Rockwell

Mask

International, Fiiter Products. It describes the basic
device and provides the necessary information to
specify production applications when ordering
Rockwell SAW devices. For basic technical
information, a good general reference is H. Mathews,
Surface Wave Filters, John Wiley & Sons, 1977.

1.1 Masks

Rockwell has extensive design experience in filter and
delay line applications. Based on this expertise, mask
tooling is created internally for use by our wafer
fabrication production department. Fabrication and
assembly area personnel have twelve years of
experience in fabricating both high-grade custom and
consumer MOS/LSI devices. The test area uses the
best, up-to-date production equipment available on
the market today. Within this facility a MIL
environmental test area for full qualification testing is
included and operates in accordance with MIL-Q-
9858. A department is completely dedicated to the
assembly and test of SAW devices.

il o

Fabrication




1.2 Resources

In addition to the extensive internal operations support
in filter technology and LS| processing, Rockwell's
Electronic Research Center in Anaheim, California
and its Science Center in Thousand Qaks, California,
provide technological support. Both centers are
presently engaged in research and development of
SAW devices.

The benefits derived from new technology and
processing techniques, such as Very Large Scale
Integration, E-Beam and X-ray Lithography, are
available today at Rockwell for application in present
and future SAW devices.

2.0 GENERAL DESCRIPTION OF SAW DEVICES

A Surface Acoustic Wave Device (SAWD) is a simple
component in both its physical structure and in its
operating principles. The structure, in its most basic
form, consists of an array of metal electrodes
deposited on a slice of quartz or other crystaline
substrate. One set of electrodes acts as the input,
whereas the other set of electrodes supplies the
output. In addition, one or two inductors may be used
for tuning purposes. These components, when
packaged, comprise the basic device.

Figure 1 illustrates the simple operation of these
devices. The input and output electrodes are shown

Figure 1. Surface Acoustic Wave (SAW) Device.




deposited on a piezoelectric material. The material
undergoes mechanical stress when subjected to an
electrical field, causing mechanical vibrations.

Figure 1 illustrates that when avoltage is applied tothe
input set of electrodes, which perform the function of
an input transducer, an electrical field is generated
between each pair of transducer fingers. The fingers
act like plates of a capacitor, located side-by-side, as
illustrated in figure 2.

The field generated between the electrodes causes the
quartz crystal, where quartz is used as a substrate, to
vibrate. These mechanical or acoustic vibrations then
spread out in directions that are determined by the
angle at which the substrate was cut from its parent
crystal. One of these vibrations is a surface acoustic
wave (SAW) that can be likened to the action of an
ocean wave or to the rolling wave produced by an
earthquake. This wave confines itself to the surface on
the electrode side of the crystal, and penetrates only
minutely into the substrate, thus deriving its name.
Since the crystal is cut at a specific angle, the waves
propagate in directions both toward and away from the
output transducer. Waves that travel away from the
output transducer are absorbed in the damping
material (RTV), as shown in figure 2. Waves that travel
toward the output transducer produce an eletric field
between the fingers which, in turn, generate a voltage
across the output. Converting surface acoustic waves
to electrical energy is the reciprocal effect as that of
generating surface acoustic waves at the input
transducer.

3.0 TECHNICAL DESCRIPTION

This section describes the frequency, and time
response of SAW devices.

3.1 Center Frequency and Bandwidth

Surface acoustic waves are a series of crests and
troughs that travel across the surface of the substrate.
When the signal frequency is such that the spacing
between a crest and trough is the same as the spacing
between adjacent fingers, then a peak output occurs.
In other words, the crests create and sum one polarity
of voltage, and the troughs create the opposite polarity
in the other set of electrode fingers. As the frequency
varies on either side of the frequency of maximum,
some cancellation occurs and the output voltage
decreases. When the frequency is such that the sum of
the voltages generated across the electrodes equals
zero, a null, or transmission zero, is obtained. This can
be seen in the filter frequency response curve shown in
figure 3.

Center frequency (fo) is directly related to finger
spacing and the bandwidth is determined by the null,
or transmission zero frequencies, f, 4, f_4,f,5, f o, etc.
In equation form:

fo = 211 (v = velocity, f = spacing between adjacent
fingers)

fo Ll
BW =— (N = number of finger pairs in each
transducer)

AMPLITUDE ——=

4

B R T e A R

FREQUENCY —*

Figure 3. SAW Filter Frequency Response.
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Figure 2. Electric Field Distribution Between
Transducer Fingers.




3.2 Time Delay and Phase

Time delay in SAW bandpass filters remains constant
with frequency change, thus, a linear phase is
obtained. This relationship makes SAW filters unique
in their operation. This is the result of the fact that
velocity of surface acoustic waves remains constant
with frequency change; therefore, the time required for
a wave front to travel between transducers is a
constant. This characteristic is very similar to that
found in non-recursive digital filters and can be of
great value to the system designer. In fact, the shape of
the curve, shown in figure 3, can be varied by varying
the amount of overlap between adjacent electrodes
and the delay still remains constant with frequency
change.

The concept of finger overlap is represented by the
crosshatched regions in figure 4. When a surface
acoustic wave front moves across the electrodes, a
voltage that is proportional to the amount of finger
overlap is generated by the transducer.

Therefore, if the wave is in the form of an impulse, the
output amplitude response, with time, is identical to
the shape of the finger overlap (which is commonly
referred to as the apodization pattern). You may recall
that if the response to an impulse is known, then, by
applying the Fourier transform, the amplitude
response is also known. Thus, by shaping the
apodization pattern, we can shape the passband
amplitude response either to be round (see figure 3),
fiat, or to have uniform ripples. We can also increase
the steepness on both sides of the amplitude response.

3.3 Delay Time

In SAW delay lines, achieving specified delays of a
signal without distortion is of primary concern. Again,
delay time is a function of surface acoustic wave

Figure 4. Acoustic Signals Generate Voltage
Between Finger Overlaps.

velocity and of distance between input and output
transducer. This function is expressed as:

DT = % (d = distance between transducer arrays
and v = wave velocity)

Surface acoustic wave velocity is determined by the
type of substrate material used. For ST-cut quartz the
velocity is 3180 meters per second and for Lithium
Niobate it is 3488 meters per second. Therefore, to
obtain the same delay in both cases, the transducers,
when Lithium Niobate is used, must be spaced further
from each other than when quartz is used.

When choosing a substrate material, temperature
characteristics of the material and its ability to achieve
a required bandwidth with minimum loss are probably
of greater importance than velocity. Where fractional
bandwidths of less than 5 percent (bandwidth divided
by center frequency) are required, an ST-cut quartz
substrate should be used. This material has electro-
mechanical coupling properties great enough to
enable filter termination without excessive insertion
loss. The concept of electro-mechanical coupling is
similar to the limiting of bandwidth in an amplifier by
shunt capacitance. This is because the input and
output impedances of the SAW devices can be
represented by a shunt RC; and the resistance and
capacitance related by the electro-mechanical
coupling. Where bandwidths greater than 5 percent
are required, a Lithium Niobate substrate should be
used. Lithium Niobate (LiNbOg) is less stable than ST-
cut quartz by more than an order of magnitude.
However, because of the wider filter bandwidth this is
of less importance.

The previous paragraphs covered filters and simple
delay lines. By electrically separating the finger pairs,
a tapped delay line can be formed. Also, by varying the
spacing between fingers from one end of the
transducer to the other, a dispersive (time delay varies
with frequency) delay line can be realized. In this
manner, compressors and expanders, convolvers and
correlators can be designed for modern signal
processing systems.

4.0 SPECIFICATION PARAMETERS

SAW devices are characterized by the measurements
and specifications of key parameters outlined in this
section. Some of these parameters are common to
both filters and delay lines. Since most designers are
familiar with lumped parameter filters such as LC,
crystal, mechanical or resonator filters, a distinction
will be made where SAW technology basically differs.



4.1 Ripple Distortion

Ripple or response variation is the amplitude change
over the SAW passband, between specified limits in
frequency or in overall response. Compared with
lumped parameter filters, where the overall number of
peak-to-valley reversals in amplitude are equal to the
filter poles, SAW filters have an overall smooth
response with usually one or two main peaks.
However, due to the triple transit effect, a fine grain rip-
ple of short frequency exists that is normally low in
magnitude. See figure 5. A 0.5 dB overall response
variation over the 1 dB filter bandwidth is typical;
however, this can be modified by specific shaping
requirements. Fine grain ripple will typically be less
than 0.25 dB but may be greater for wider bandwidth
filters.

4.2 Bandwidth

The specified bandwidth is defined as the range of
frequencies where the filter response provides either
less (passband) or greater (stopband) attenuation
than specified. Figure 6 shows a typical 3 dB band-
width for the passband and 40 dB bandwidth for the
stopband range.

The actual 3 dB bandwidth is greater than the fixed
point difference and the actual 40 dB bandwidth is less
than the fixed point difference.

4.3 Shape Factor

The shape factor is the ratio of the bandwidth at ahigh
loss to that at a low loss. This is expressed in the
following typical equation:

BW40dB

Shape Factor (40/3) = ———
BW3dB

—

OVERALL RIPPLE

ATTENUATION (DB)

FREQUENCY

Figure 5. Overall and Fine Grain Ripple.

Shape factor is more often specified in lumped
parameter filters to relate to the number of “poles”. In
SAW filters, the nature of the transition band, the
desired bandwidth and the second-order effects are
critical in determining the exact shape factor as
compared to number of poles and finite zero
realizations in lumped-parameter devices. Generally,
low shape factors can be realized in SAW devices.
Variations due to temperature and manufacturing tol-
erances make it necessary to specify frequency points
and shape factors that are looser than the average
response.
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Figure 6. Actual Bandwidth and Specified 3 dB
and 40 dB Points.
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4.4 Center Frequency

Center frequency, which is sometimes a reference
frequency, often is the arithmetic average of F3L and
F3H. This number may or may not be meaningful
depending on system parameters.

4.5 Insertion Loss

Insertion loss is the loss of the filter at its maximum
response with respect to the circuit response at the
same frequency, with the filter replaced by an input to
output shorting element. Insertion loss depends on
bandwidth, material used, triple transit suppression
required and on the interface circuitry. For presently
available SAW filters, the loss typically ranges from 10
dB to 25 dB. Within general design practices, the loss is
extremely stable from unit to unit and over a given
temperature range. See figure 7 for a theoretical
analysis of minimum insertion loss as a function of
percent bandwidth for quartz and Lithium Niobate for
two bidirectional transducers.

4.6 Spurious Responses

Several types of spurious responses occur in SAW
filters. Harmonic transmission is where an additional
response occurs at a multiple or fraction of the center
frequency, depending on the design. The amplitude of
these responses can frequently be reduced either by
the design, the interface circuitry or by other filtering
in the external circuitry. In many cases, responses as
great as 30 dB must be tolerated. It should be noted,
however, that if shielding is adequate, the rejection is
typically 60 dB to 80 dB or greater over an extremely
wide range.

Figure 8 illustrates typical cases of spurious responses
caused by bulk modes, feedthrough, and fundamental
modes which are impossible to suppress completely,

4.7 Time Delay

a. Absolute Delay — The absolute delay is defined
as the minimum delay or the delay at the center
frequency. In SAW filters, this delay is controlled
solely by the center-to-center spacing of the
transducer arrays. Typical delays are from 0.1 to
10 microseconds.

Delay is notinfluenced by shape factor. However,
very low shape requirements do cause an
increase in array size which means that the center
of the input and output have a greater separation.
In addition, interface circuitry can also add to the
total delay.

b. Delay Variation — Delay variation, or delay dis-
tortion, is the variation of the delay over the fre-
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quency band of interest. Typically, thisisthe 1dB
bandwidth. An outstanding feature of SAW
device technology is that delay variation is very
small and is affected only by second-order
effects, such as triple transit and interface
circuitry. As a result, SAW filters do not require
equalizers and are excellent for applications in
data transmission, PSK, QPSK, BPSK, etc., where
delay distortion is critical. For a comparison of
delay variation in a typical SAW filter and in a
lumped-parameter Butterworth filter, see figure 9.

4.8 Time Response

The time response is directly related to the overlap
finger pattern although it is somewhat distorted by
three factors: feed-through, triple transit, and
regeneration.

a. Feed-Through — Since electro-magnetic waves
travel at 100,000 times the speed of surface
acoustic waves, precursor signals will be present
in the SAW filter. By careful design and mechan-
ical construction of filters or delay lines, these
signals can generally be reduced to 40 dB or
more below the desired response. See figure 10.
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b. Triple Transit — Due to the bidirectional nature of
the transducers, the acoustic signal is reflected
back, from output to input, and back again
arriving at three times the desired delay time. In
choosing proper termination and other design
criteria, this can be reduced to 40 dB or more
below the desired time response.

c. Regeneration — Acoustic waves that are regen-
erated by the finger pairs, sometimes cause a
slight “smearing” at the upper end of the desired
time response. This occurs generally 40 dB or
more below the main response.

4.9 Time — Bandwidth

This is a measure of the pulse compression/dispersion
for a dispersion compression/expansion delay line.
Devices that are presently available have a typical TBW
(time-bandwidth) product of 30 to 150. Figure 11
shows a plot of time vs. bandwidth.

4.10 Temperature

The operating temperature range of SAW devices is
limited by shifts allowable in their specification. Basic
construction and materials used in these devices are
extremely stable over a very wide temperature range,
easily covering the -50°C to +85°C MIL range. Very
high temperatures of +125°C are not desirable due to
thermal expansion. However, they will cause no
damage to the SAW devices. Temperature shift of the
center frequency and delay time are important factors
in SAW devices. Figure 12 shows frequency shifts for
ST-cut quartz and Lithium Niobate substrates as a
function of temperature.
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Figure 9. Delay Variations of SAW and Lumped
Resonator Filters.

Figure 10.




4,11 Other Parameters

Solid construction makes SAW devices extremely
insensitive to shock and vibration, making them
comparable to hybrid microelectronic circuit
components. All internal parts are secured by epoxy
and elastomers.

Specifications:

Shock — MIL-STD-202, Method 213,
Test Condition C

Vibration — MIL-STD-202, Method 204,
Test Condition E

Humidity — MIL-STD-202, Method 103,
Test Condition B

Salt Spray — MIL-STD-202, Method 101,

Test Condition A

The extremely simple construction, use of redundant
connection paths and proven procedures, make SAW
devices  highly reliable and result in long-life
operation.

5.0 PACKAGING

To provide low-cost packaging, SAW devices use
standard microelectronic packages wherever pos-
sible. It is sometimes necessary to use
machined/casting type packages for some custom
applications. The standard lower cost, hermetically-
sealed packages available for SAW filters have high
reliability and excellent performance criteria.
Standard pin configurations are used on the packages
shown in figure 13.

The TO-8 package is limited to wideband, short-delay
devices not to exceed 10 mm in transducer length.
Interface circuitry must generally be external.

TIME BANDWIDTH RANGE
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The Dual-Inline Packages (DIP) allow for much nar-
rower bandwidths and greater delay times. Internal
interface circuitry for matching fixed terminations may
be included inside the package.

A low-cost plastic package may be used in high
volume applications for commercial devices. Whatever
your specific application might be, Rockwell
packaging engineers will assist you in finding a
cost/performance effective solution.

5.1 Shielding

Internal shielding is incorporated into the SAW filter
package, where necessary. It might be necessary for
the user to supply additional external input/output
shielding to obtain the maximum system benefits.

5.2 Cost/Performance Trends

Since packaging is a high-cost element in SAW
technology, Rockwell is continuing the development
of packages to obtain better cost/performance
effective solutions.

6.0 APPLICATION INFORMATION

This section describes application effects for interface
circuits, buffering, shielding, power levels and
spurious responses.
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Figure 11. Time — Bandwidth Product Limits.
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Figure 13. SAWD Packages.

6.1 Interface

In order to obtain maximum usage of surface acoustic
wave device capabilities, it is necessary to properly
optimize interface between the device and the circuit
in which it is used. Rockwell Filter Products design
engineers have extensive experience in the design of
filter interface circuits and invite you to discuss your
particular application with them.

If the SAWD must operate between a user specified
source and load, then a combination of inductors,
capacitors, resistors or transformers may be needed.
In many cases, these components can be mounted
inside the package, thus greatly simplifying the
interface network required externally. If mounting
these components inside the package is not desirable,
Rockwell Filter Products engineers can recommend
suitable external circuitry to be used. Generally, we
can also supply interface circuits to match resistive
source and load requirements from 25 ohms to 1250
ohms.

6.2 Buffering

When using SAW devices, it is desirable to keep the
VSWR “seen” by the device as close to 1:1 as possible.
This is to minimize the variation in performance
characteristics of the device. A recommended
maximum ratio is 1:1.25. Due to the accompanying
mismatch, passband characteristics and insertion loss
are the most susceptible characteristics.

6.3 Shielding

Adequate shielding in input and output terminals is
important to achieve the full effect of suppressing

unwanted signals in the filter. This is particularly true
when using IC flatpack cases. Frequently, it has been
found that the spacing between the circuit board and
the package for wave soldering is sufficient to degrade
performance appreciably. In this case, it is necessary
to provide a barrier on the circuit board.

6.4 Power Levels

The power handling capabilities of SAW devices are
generally controlled by the voltage and frequency that
may appear across the transducers. Signal voltages of
up to 5 to 10 volts are usually acceptable in the 30 to
300 MHz frequency range, with the higher voltage
being applicable to the lower end of the frequency
range.

6.5 Spurious Response

In some cases, spurious responses exist outside the
passband. In these cases, it may be desirable to
provide additional low-pass or high-pass filtering or to
provide a bandpass “roofing” filter.

We invite you to contact Rockwell Filter Products’
design engineers and they will recommend a solution
to this problem. They will assist you in determining
proper interface circuitry and to allow you to utilize all
of the high performance characteristics that are buiit
into Rockwell Filter Products surface acoustic wave
devices.




7.0 FUTURE TRENDS

At present, our product line offerings for production
SAW devices are limited to the 20 MHz to 100 MHz
frequency range. We have built SAW devices such as
filters, delay lines, dispersive delay lines and program-
mable tapped delay lines over the range of 10 MHZ to
500 MHZ.

For our production devices, in the future we also
expect to extend the bandwidth range of our product
line down to 0.1 percent and up to 25 percent and the
delay times from 0.1 to 20 microseconds, We further
plan to offer technology for low insertion-loss filters
and to make improvements in time-bandwidth product
ranges.

7.1 Programmable Tapped Delay Lines

To supply the need for a fast switching correlator,
Rockwell Filter Products has developed a “Program-
mable Tapped Delay Line" that operates at a center
frequency of 70 MHz with a chip rate up to 10 MHz. This
device provides 128-bit correlation and is program-
mable through fast switching CMOS/SOS LSI chips.
Coding may be changed in a serial mode in less than 5
microseconds at a 5-volt operating level. Eight chips
are used to progam 16 taps each with possible
serial/parallel combinations.

Printed in U.S.A./March 1978/523-1001889-001F2J

CUSTOM REQUIREMENTS

Rockwell Filter Products welcomes your inquiry and
will be pleased to discuss your SAW device custom
requirements with you. Qur Electronics Research
Center or our Science Center can provide you with
state-of-the-art devices for your research products.
We can also provide production back-up for devices
that are feasible to produce. Whatever your SAW
device requirements are, let Rockwell Filter Products’
engineers share with you 10 years of research and
development experience in surface acoustic wave
devices.

Contact:

Rockwell International
Filter Products
4311 Jamboree Road
Newport Beach, CA 92660
Telephone 714/833-4632
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CRC 8000, 8001 — Binary to Dial Pulse Dialer

DIAL PULSE

DIGITAL

=

16 Digit First-In-First-Out (FIFO) Memory
Asynchronous Operation

10pps (2KHz Clock) Dial Pulse Operation with a Minimum
650ms Interdigit Time

20pps (4KHz Clock) Dial Pulse Operation with a Minimum
325ms Interdigit Time

CRC 8000, TTL Input compatible
CRC 8001, MOS Input compatible

ELECTRONIC

SYSTEM CRC 8000, 8001

CENTRAL
OFFICE

The dialer accepts binary data, stores the data in a first-in-
first-out memory, and generates dial pulses at normal tele-

phone rates. Internal timing is derived from an external
2KHz or 4KHz clock. With a 2KHz clock, a 10pps (60%
break/40% make) dial pulse frequency having a minimum 650
ms interdigit time is generated. If a 4KHz clock is used, the
dial pulse frequency is 20pps and the interdigit time is re-
duced to 325ms minimum. The memory section is necessary
as the incoming data rate may be much faster than the
normal dial pulse output rate. Binary codes one (1) through
fifteen (15) produce the same number of dial pulses. A binary
zero input produces sixteen (16) dial pulses.

CRC 8030 — Dual Tone Multi-Frequency Detector

TOUCH - TONE®

DIGITAL

CENTRAL

FRONT END

FILTER/LIMITER

OFFICE

CRC 8030

ELECTRONIC

Digital range filter detects all 16 Touch-Tone® signal
combinations

Detects a tone pair in 22 ms to 39 ms

Digital logic impervious to frequency or bandwidth drift
caused by time, temperature, or voltage

Automatic internal reset when no tones are present

Variable pulsewidth Strobe output provides increased
talk-off protection

Binary or 2-of-8 coded outputs option

Inputsioutputs can be left floating when not used
Single or dual power supply option

On-chip oscillator — 3.579545 MHz color-burst crystal
Central-office-quality detection

Excellent talk-off protection — As little as one hit on Miteltest
tape (CM 7290)

SYSTEM

DIGITAL &

Dual-Tone Multi-Frequency (DTMF) or Touch-Tone® signal-
ing has made telephone communication faster, more efficient
and more convenient than dial pulse signaling. Touch-Tone®
telephone instruments or automatic dialers generate a tone
pair representing the ‘‘dialed’” number and send them over
the lines to a receiver which detects the tones and reliably
identifies the number.

Utilizing a digital filter algorithm, the CRC 8030 provides
a low-cost and high-performance solution for DTMF
detection.

A strobe output indicates when the output data are valid.

When linked with a front-end band-split filter/limiter, the
CRC 8030 implements a complete DTMF receiver.

This design approach provides the optimum technological
benefits of analog and digital design techniques.

® Registered trademark of AT&T




DTMF to Dial Pulse Conversion

TOUCH - TONE®

FRONT END

]
CRC 8030 CRC 8001
FILTER/LIMITER | |

DIGITAL

A DTMF to dial pulse converter can be easily i
using the CRC 8030 and the CRC 8001.

mplemented

For example, where electronic switching systems (ESS) are
not available, the CRC 8030, a Dual-Tone Multi-Frequency
Detector, and the CRC 8001, a Binary to Dial Pulse Dialer,

QOFFICE

can be utilized to convert Touch-Tone® signals to dial pulse
signals. The CRC 8030 decodes Touch-Tone signals to their
binary equivalent and the CRC 8001 converts the binary
information to a train of pulses compatible with the standard
telephone dial pulse signals.




CRC 8000, 8001

‘l‘ Rockwell

MOS/LS! TELECOMMUNICATIONS DEVICES )
TECHNICAL BULLETIN

Binary to Dial Pulse Dialer

16 Digit First-In-First-Out (FIFO) Memory
Asynchronous Operation

10pps (2KHz Clock) Dial Pulse Operation with a
Minimum 650ms Interdigit Time

20pps (4KHz Clock) Dial Pulse Operation with a
Minimum 325ms Interdigit Time

TTL Compatible

General Description

The CRC 8000 and CRC 8001 are P-channel enhance-
ment mode MOS Binary to Dial Pulse Dialer utilizing
ion implant, low threshold voltage processing. The
Dialer accepts binary data, stores the data in a first-in-
first-out memory, and generates dial pulses at normal
telephone rates. Internal timing is derived from an ex-
ternal 2KHz or 4KHz clock. With a 2KHz clock, a
10pps (60% break/40% make) dial pulse frequency
having a minimum 650 ms interdigit time is generated.
If a 4KHz clock is used, the dial pulse frequency is
20pps and the interdigit time is reduced to 325ms min-
imum. CRC 8000 and CRC 8001 are identical except
for their input interface. CRC 8000 inputs are TTL
compatible and CRC 8001 inputs are MOS compatible.
The devices are available in a 16 pin dual-in-line pack-
age.

The CRC 8000 can be installed in telephone central
office stations to perform binary to dial pulse conver-
sions. In areas where electronic switching systems
(E88) are not available, the CRC 8000 and CRC 8030,
a Dual-Multi-Frequency Detector, can be utilized to
convert Touch-Tone® signals to dial pulse signals. The
CRC 8030 decodes Touch-Tone signals to their binary
equivalent and the CRC 8000 converts the binary
information to a train of pulses compatible with the
standard telephone dial pulse signals.

Operation

Digits, in the form of four binary inputs, are loaded
asynchronously relative to the clock into a 16 digit
first-in-first-out (FIFO) memory. This memory section
is necessary as the incoming data rate may be much
faster than the normal dial pulse output rate. Binary
codes one (1) through fifteen (15) produce the same
number of dial pulses. A binary zero input produces
sixteen (16) dial pulses.

Dialer operation is controlled by the “Load” and
“Memory Read Inhibit” inputs. A load pulse is required
in order to input each digit into the FIFO. With a
2KHz clock, the maximum data entry rate is 500 digits
per second.

\0 AT&T Registored Trademark

CRC 8000, 8001

The Memory Read Inhibit line can be used to delay the
Dial Pulse Output. If the Memory Read Inhibit line is
low (binary zero), the first digit entering the FIFO
memory initiates the dialing sequence. The digit is
transferred from the memory to a down counter that
generates the appropriate number of dial pulses. Inter-
nal timing produces the proper interdigit time betwes:n
pulse trains. If there is a pause in the binary date
input, the circuit generates an extra length interdigit
time in a manner identical to that created by a rotary
dial,

A high level (binary one) Memory Read Inhibit prevents
the reading of the memory thereby causing a pause.
During this condition, existing data in the FIFO will
be stored until Memory Read Inhibit is released (low
level). When the inhibit line is changed from a low
level (binary zero) to a high level (binary one), a dial
pulse train in process will be completed before pausing.
Additional digit data may be input to the FIFO
memory as long as the 16 digit capacity is not exceeded.

The Busy output line is high when there is data in
memory or dial pulses are being generated.

The Reset input is a “Master Reset”. If the Reset
input line is low, Busy is set to a low level and Dial
Pulse Out is set to a high level. The outputs will
remain in that state until a new digit is input to the
FIFO.

Technical Characteristics
MAXIMUM RATINGS
Mon-operating voltages with no damage to device
Supply Voltage Ve . . . . W e Vgg - 5.0V

Supply Voltage Vg™ . . . . . . . . . Vgg:2l0VW
Positive Voltageonanypln . . . . . . \I5 * 0.3V
Negative Vu“m on any pin . Vgg - 200V
Power Dissipation at 25°C . 275mw

= +5.0V, V, =-12 DV
cuntlnqsl'emwnluuoflnuu (case) . .
Storage Tempaerature Range (case) . . .

INTERNAL CLOCKS

. .0°C10+70%
. -559¢ to +1850%C
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RECOMMENDED OPERATING CONDITIONS/ELECTRICAL
CHARACTERISTICS FOR 10pps OPERATION

Unless Otherwise Noted Vss =+5.0V, VGG =.12.0V, VDD = 0.0V,

0°C<Ty < 70°C, and clock frequency = 2,0KHz + 5%
PARAMETER MiN TYP MAX UNITS CONDITIONS
Power Supplies
Vss Supply Voltage 4.75 5.0 5.25 v Vpp = 9.0V s i
Vgg  Supply Voltage -13.0 -120 | -11.0 v Vpp = 0.0V
Inputs
Vni(0)  Logical “0* Input voltage -1.0 0.0 0.8 v
Vin(l)  Logical 1" input voltage Vgg-0.7 Vgg+0.2 v See Note 2
Cin Input capacitance 10 pF Vin = Vsg - 1OV
Input Timing
fe Clock repetition rate 1.9 2.0 2,1 KHz See Note 3
toc Clock duty cycle as 50 55 % Applies to
t, Input pulse rise time 40 500 ns all iInputs
1 input pulse fall time 40 500 ns including clock
tH Load pulse width *“High" 1.9 ms See
L Load pulse width “Low™ 0.1 ms Timing
a1 Data set-up time 0.5 ms ! Diagram
taz Data hold time 1.75 ms
thaL Memory Read Inhibit stable
time relative to Load 650 ms Sen Note 4
‘MDP Memory Read Inhibit stable
time relative to Dlal Pulse Out 650 ms See Note 4 )
tg Reset pulse width 1.0 us
NOTES 2. All inputs of CRC 8000 have “on chip" 3200 +30% ohm pull-
up resistor to Vgg and are suitable for being driven by TTL.
All inputs of CRC 8001 have a high impedance input (no pull-
1. Other supply p ters are per ible including Vgg = 0.0V, up resistor) and are suitable for interface with MOS devices.

Vpp = -6V, and Vgg = -12V. Input/output pa-rametm will

be adjusted accordingly.
Min, Typical Max,

3. For 20pps operation, a 4.0 KHz is clock required. If the clock
has a 5% tolerance, the operating specification can be derived
from the above table. All parameters will remain the same

xin ﬁ'; :;g 'gg :(5)2 except for the following timing parameters which will be
in . reduced by one half: tyy, t11, tgo, tMr, tMDP: tDPDs tDPs
Vout (0) 0.0 0.0 -5.6 tppPLs 'DPH, tip- Similarly, a 10 KHZ clock could be used,
Vout (1) -2.6 0.0 0.0 producing a 50pps output rate.
PARAMETER MIN TYP MA X UNITS CONDITIONS

Outputs

Vout(0) Logical “0” output voitage 0.4 v link = 1.6 mA

tylout)  Output fall time 500 ns 90% to 10%

Vout(1)  Logical ¥1” output voitage 2.4 v lsource ® 0:1 mA

tlout) Output rise time 400 ns 10% to 90%

Output Timing

topo Dial Pulse Out Delay 700 900 ms

top Dial Pulse Perlod 95 100 108 ms See Note 3

tDPI. Dial Pulse Width “Low"™ 57 60 63 ms and Timing

topH Dlal Pulse Width “*High" 38 40 42 ms Diagram

to Dial Pulse Interdigit Time 650 740 ms

tp Busy Low/High Delay 2.1 ms

tha Busy High/Low Delay 10 us

Power

P Power Dissipation 125 275 mw
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4. To prevent a dial pulse train from being output, Memory Read
Inhibit must be stable prior to initiating that pulse train. This
stabilization point is specified for two cases: (1) If no pulse
trains are presently in process (e.g., the device has been reset),
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Memory Read Inhibit must be stable 650ms after the load
pulse was initiated;(2) If a pulse train is in process, to prevent
the next pulse train from being output, Memory Read Inhibit
must be stable 650ms after the interdigit time was initiated.

Packaging and Ordering Information

The Binary to Dial Pulse Dialer is available in a 16-pin
hermetically sealed ceramic dual-in-line package (see pin
assignments and package dimension diagram). Order by
type numbers.

CRC 8000-1-3 (ceramic DIP) 765-1892-001

CRC 8001-1-3 (ceramic DIP) 765-5841-001

For further information on Rockwell MOS/LSI Stand-
ard Products, call or write your local Rockwell Sales
Office at:

MOS/LSI Products

Rockwell International
Microelectronic Devices

4311 Jamboree Blvd.

Newport Beach, California 92663
Telephone: 714-833-4638, 4634
TWX 910-595-1705

NOTE: Collins MOS/LSI Products is now a part of Microelectronic Devices, Rockwell International.
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CRC 8030
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DATA SHEET

Dual Tone Multi-Frequency Detector

Digital range filter detects all 16 Touch Tone® signal
combinations

Detects a tone pair in 22 ms to 39 ms

Digital logic impervious to f[requency or bandwidth
drift caused by time, temperature, or voltage
Automatic internal reset when no tones are present
Variable pulsewidth Strobe output provides increased
talk-off protection

Binary or 2-of-8 coded outputs option

Inputsfoutputs can be left floating when not used
Single or dual power supply option

On-chip oscillator — 3.579545 MHz color-burst crystal

Central-office-quality detection

Excellent talk-off protection — As little as one hit on
Mitel test tape (CM 7280)

DTMF Signaling and Receivers

Dual-Tone Multi-Frequency (DTMF) or Touch-Tone®
signaling has made telephone communication faster,
more efficient and more convenient than dial pulse
signaling. Touch-Tone® telephone instruments or auto-
matic dialers generate a tone pair representing the
‘““dialed” number and send them over the lines to a
receiver which delects the tones and reliably identifies
the number. DTMF signals are defined by a 4 x 4 audio
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tone matrix as illustrated in figure 1. Each digit is repre-
sented by one tone from the low-group and one tone
from the high-group. These non-harmonically related
frequencies protect the message against false-keying by
stray signals and voice-generated tones.

A DTMF receiver must recognize the dual tones within
a certain bandwidth while tolerating dial tone, noise,
input amplitude variation and “‘twist” or amplitude
differential between the two tones. In addition, the
receiver has to comply with timing restrictions imposed
by the DTMF generation process and meet other specific
requirements of the particular application.

CRC 8030 General Description

The CRC 8030 provides a low-cost and high-performance
solution for DTMF detection. Utilizing a unique digital
filter algorithm, the patented* CRC 8030 performs
the key critical functions of a DTMF receiver. When
used in conjunction with a front-end band-split
filter/limiter, the CRC 8030 implements a complete
DTMF receiver (figure 2). This design approach pro-
vides the optimum technological benefits of analog and
digital design techniques.

HIGH-GROUP
aTwE ANMLOD — e yosis DECODED
SIGNAL LOW.GROUP AL 8530 DUTPUTS

L

& 214778
Figure I. Touch Tone™ Pad ( Dual Tone Multi-Frequency
Signaling)

Figure 2. DTMF Receiver Utilizing CRC s0:30

:’JQJ‘?--’}/

@ Registered trademark of AT&T

*U.5. Patemt No. 1016371
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The exact requirements for the front-end filter/limiter
vary with the particular receiver application. For
example, high quality central office receivers require
a more selective front-end filter. Conversely, low-noise
environment keyphone systems can use a less stringent
front-end filter design.

DTMF receivers historically have been implemented
with all-analog filtering techniques, i.e., phase-locked
loops, LC filters and active filters. Compared to a
phase-locked-loop receiver, the CRC 8030 provides
much superior performance, Compared to LC or active
filter receivers, the CRC 8030 can be manufactured for
a significantly lower cost while providing improved
performance. The CRC 8030 provides the economy,
performance, size and reliability benefits of digital
MOS/LSI. The CRC 8030 is packaged in a 28-pin DIP.

Applications

The CRC 8030 can be applied to all systems requiring
DTMF detection. This includes the traditional tele-
phony systems: keyphone, PABX, central office, inter-
com and mobile radio communications. Other applica-
tions include computer signaling and control systems.
Where it is necessary to interface with a dial pulse
system, the CRC 8030 and the CRC 8000 (a Binary-to-
Dial-Pulse Dialer) implement a DTMF-to-dial-pulse
conversion system.

The CRC 8030 has been functionally designed to pro-
vide optimum performance for a wide variety of DTMF
detection applications.

Operation

The CRC 8030 is a DTMF detector implemented with
PMOS ion-implantation processing. This detector
accepts group-filtered and square-shaped DTMF fre-
quencies and converts them to binary data or 2-of-8
coded data in 22 ms to 39 ms; out-of-tolerance fre-
quencies are rejected. The device ignores the first few
pulses of the input signal in order to prevent errors in
detection due to the transients from the Touch-Tone®
pad. The signal is then analyzed several times by a
digital range filter prior to being accepted as valid. As
soon as the range filter has recognized a frequency
below 1680 Hz, the Audio Detect (AUD) output is
enabled, This output provides the user with a signal for
controlling the limiter gain at the receiver front-end. A
Strobe (ST) output indicates when the output data are
valid.

Once a digit is accepted as valid, the CRC 8030 will
ignore any change in tone frequency until either the
high-group or low-group tone disappears for more than
10 ms. When this occurs, the device is reset internally
and will be ready to accept another Touch-Tone®
digit. This feature provides immunity to frequency
drift that could be caused by Doppler shift. Should a
frequency in either the high- or low-group disappear
for less than 10 ms, the gap is bridged resulting in only
one digit.

A block diagram of the CRC 8030 is shown in figure 3.
The functions include timebase generation, wave shap-
ing circuitry, range counters with correlation circuitry,
and the output timing and decoding functions.

Vss Voo Vgg 1633 Hz DISABLE (N16)
PR |
STROBE
l [ CONTROL {SC)
Fo— | wave RANGE CORRELATION -.—'— BINARY DUTPUT
" SHAPING ™l counter FUNCTION i SELECT (BIN)
| P OQUTPUT HOLD {HLD)
[
TEST | AUDID DETECT (AUD)
ENABLE (TE)
| ﬁ—- SILENCE RESET (SIL)
X
1
L—I TIMING AND —‘——]" STROBE (ST}
xil, | TIMEBASE DECODING | 1ona iy,
2 e
1336 Hz
3579545 MHz 1 HIGH-GROUP
TEST | | + 1477 Hz OUTPUTS
DUTPUT (X0) = 1633 Ha
| : 01/897 uzl
_| o WAVE RANGE CORRELATION D2/770 Hz
fL SHAPING COUNTER [ ™| FuNcTION  [™] I:was_r—z‘m E%wﬁp;gur
e &l
| ob/sar iz |
beetins _______._f.{_.;_.__J
| T
CHIP INHIBIT (INH) caz c15 €2
21477-10

Figure 3. CRC 8030 Block Diagram.



Technical Characteristics

Maximum Ratings: Non-operating voltages with no
damage to device —

Supply Voltage VR . vo oo vovmniuies Vgg -8.0V
Supply Voltage Vo. . .o oo oo vnn e Vgg -21.0V
Positive Voltage onany pin........... Vgg +0.3V
Negative Voltageonany pin.......... Vgg -20.0V
Power Dissipation (0°C < T4 < 70°C)...... 200 mW

Operating Temperature Range (case). . . .09 to +700C*
Storage Temperature Range (case) . . -65°C to +150°C

*An extended temperature range device will be avail-
able in the future.

Inputs and Outputs

The inputs and outputs are illustrated in figure 3 and
are described below with a positive logic convention
assumed. However, the operation is defined such that
when a 2-of-8 output format is chosen, the Strobe and
the low-group outputs display data with a negative
logic convention. The high-group outputs always dis-
play data in a negetive logic convention. Detailed timing
is shown in the timing diagram, figure 4.

Inputs

Logic levels are MOS compatible. Inputs BIN, INH,

HLD, SC, N16, and TE have on-chip active pull-up

devices to Vg with a minimum of 50 K2 resistance;

therefore, no connection is required to these pins if a

high-level input is desired.

« High- and low-group DTMF signals (FL, FH) — These
are the filtered and square-shaped DTMF tones. When
no signal is present, both input levels should be low
(most negative level).

e Binary Output Select (BIN) — If this input is low
(most negative level), the decoded outputs are dis-
played in a binary format and Strobe (ST) pulses
from a normally low state to a high state (figure 4).
If this input is high or open, the decoded outputs
are displayed in a 2-of-8 code and Strobe pulses
from a normally high state to a low state.

¢ Chip Inhibit (INH) — If this input is low, the device
is inhibited from decoding any DTMF tones. When
decoding binary, the outputs stay low. When decod-
ing 2-of-8, the outputs stay high. If this input is high
or open, the outputs function normally. Chip Inhibit
is also a master reset except for the output data
registers when Output Hold is low.

e Qutput Hold (HLD) — If this input is low, the output
data, if valid, are stored in the output registers. If
the input is high or open, the outputs will function
normally.

¢ Strobe Control (SC) — This input controls the pulse-

width of the Strobe (ST) output.
When Strobe Control is high or open, the signal is
analyzed for the full 39 ms data acquisition (tpa1,
Long Strobe) period. If the input tone-pair is
detected within 22 ms, then the Strobe (ST) output
pulsewidth is at a maximum of 17 ms. If detection
takes more than 22 ms, the Strobe pulsewidth is
reduced by the extra time needed for detection. If
the signal is detected after the 39 ms period, no
Strobe pulse will occur.

When Strobe Control is low, the input signal is
analyzed for a 33 ms period (tpa2, Short Strobe).
If the tone is detected within 25 ms after its incep-
tion, then the Strobe pulsewidth is 8 ms. If detec-
tion occurs after 25 ms, then the Strobe pulsewidth
is reduced by the lag time. If no signal is detected
within the 33 ms period, no Strobe pulse will occur.
When a Short Strobe is selected, a higher quality
input signal must be present in order to be accepted
as a valid signal. Thus, voice or noise signals on the
telephone line, which require a longer detection
time, will be ignored by the chip. As a result, the
device has a higher immunity to false-keying when
Strobe Control is low.

In either case, the tone pair may be detected, but
the Strobe signal may not necessarily be generated,
depending on the quality of the input tone-pair.

e 1633 Hz Disable {(N16) — If this input is low, the

device will not respond to the 1633 Hz tone, thus
improving the talk-off rate. If this input is high or
open, the device will respond to the 1633 Hz tone,

¢ Clock Inputs and Control (X1, X2, TE) — The

CRC 8030 contains an on-chip oscillator for a
3.57954 MHz parallel resonant crystal. This crystal is
connected to X1 and X2 and TE is held high or left
open. As an option, an external 447,443 kHz oscil-
lator can be used to clock the CRC 8030. In this
case, X1 is the 447.443 kHz clock input, X2 is left
open, and TE is held low. For some applications (e.g.,
using several CRC 8030 devices on a board), it is pos-
sible to drive the chip with an external 3.579545-
MHz clock at pin X2, while leaving the TE pin open, and
tying pin X1 to VSS.

Qutputs

All outputs feature open-drain devices. With a single-
power supply (Vgg = Vpp), they will drive LPTTL,
MOS or CMOS inputs. With a dual power supply, they
will drive the base of a transistor. The open-drain out-
put devices must be tied through a pull-down resistor
to a negative voltage between Vpp and VGG (when used);
the value of this resistor depends upon the type of interface.
Typically:

Resistor Interface
1.5K0 LPTTL

10.0Kf2 MOS or CMOS
7.5K02 Base of a Transistor

These outputs can also drive LEDs. For more design
details, consult the Collins Application Note,
“CRC 8030 Telephone DTMF Receiver™.

s Decoded Qutputs (D1/697 Hz, D2/770 Hz, D4/852
Hz, D8/941 Hz, 1209 Hz, 1336 Hz, 1477 Hg,
1633 Hz) — These outputs display decoded infor-
mation in either a binary or a 2-of-8-coded format
as described below.

When a 2-0f-8 format is selected (BIN input is held
high or left open), all 8 outputs are utilized. When a
particular digit is decoded, the corresponding high-
and low-group outputs go low (figure 1). For




RECOMMENDED OPERATING CONDITIONS/ELECTRICAL CHARACTERISTICS
Unless Otherwise Noted Vgg = +5.0V, Vg = -8.0V, Vpp = 0.0V
09C = T4 < 700C

Positive Logic
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
Power Supplies
Vgg +4.75 +5 +5.25 v
Vee -13.0 -8.0 Voo v
Voo [
Inputs
VINtm Logical 0™ input voliage -130 -8.0 Vgg-4.0 v
Vinli1)  Logical 1" input voltage Vgg-0.7 Vggt0.2 v
RIN Input impedance 50 kit
Cin Input capacitance 100 pF Vin = Vgg-1.0V
t &y Input voltage rise or fall time 15.0 us Voltage swing 10% to 90% of final level
Input Timing
Fy Clock Crystal Frequency 3579545 MHz 20.005%
Fo Optional Clock Frequency 447.443 KHz 10.005%
DC Clack duty cycle 45 50 55 % Optional Clock
t, Input clock pulse rise time 40 200 ns 10% to 90% of final level Optional
g Input clock pulse fall time 40 200 ns 90% to 10% of final level Clock
Detected Frequencies Low Group 697 Hz
770 Hz
852 Hi
941 Hz Bandwidth range:
: B -1.910 -3.2%
Detected Frequencies High Grou 1209 Hz
2 - B 1336 Hz +2.0to +3.3%
1477 Hz
1633 Hz
10C Input signal (FL or FH) duty cycle 30 50 70 %
Qutputs*
VouT!0) Logical "0" output voltage VGG + RL lgink
t(OUT)  OQutput fall time 22RLCL
VouT!1 Logical “1"” output voltage Vgs0.4 v IsouRce = 2.0 mA
1 [OUT) Output rise time 4 us 10% to 90% of final level (with 30 pF load)
Qutput Timing
tgp Silence Period 9.4 10 106 ms
tR Silence Pulsewidth 1.0 1.1 1.2 ms
DAl Data Acquisition Time Option 1 22 39 ms
tpaz Data Acquisition Time Option 2 25 a3 ms
tauD Audio Detection Time 1.5 5 8 ms
ty Output Hold Set-up Time 10 HS
tiNH Chip Inhibit Pulsawidth 2 us
Cy Clock 2 kHz
Cis Clock 16 kHz 201 %
Cya Clock 32 kHz
tgq Strobe Pulsewidth Option 1 1] 17 ms
g2 Strobe Pulsewidth Option 2 0 8 ms
Power
Ppy Power Dissipation (Dual Power Supply) 200 mW Vgg = 5.25V; Vgg = -13V
P2 Power Dissipation (Single Power Supply) 180 mw Vgg =5.25ViVgg = Vg =0V

*For a full description of the output butfer capabilities, refer to the CRC 8030 Application Note.

21477-11



FL YL W L
FH Y/ o’ LA

OUTRI HOLE! . 20" — o
g

[
CHIP INHIBIT " —— !
t aubl |
]
AUDIO DETECT —_—l—/ i ! N
]
1
BINARY OUT o : N
i
20FB80OUT \ 1 /
I"'—t DA1 ts1

STROBE LONG

t

DAZ2 t
STROBE SHORT l —Ps :l
SILENCE RESET h = ‘R

- tsp tsp

NORMAL HOLD OPERATION

|
OUTPUT HOLD \I L i / I

BINARY OUT —————/______-_—_———_L —————

OUTPUT HOLD OPERATION
CHIP INHIBIT \ [
=i YNH |-

OUTPUT HOLD "1™

e ——n

2-0F-8 OUT 1\ !

INHIBIT OPERATION

— ——=—— QUTPUT LEVELS FOR BINARY OPERATION

OUTPUT LEVELS FOR 2-OF-8 QUTPUT OPTION

21477-12
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Outputs (continued)

example, for digit 1, D1/697 Hz and 1209 Hz out-
puts will go low when detected. All other outputs
remain high.

When the binary format is selected (BIN input is held
low), the high-group outputs operate as described
above. The low-group outputs (D1/697 Hz, D2/770
Hz, D4/852 Hz and D8/941 Hz) provide the binary
coded information. These binary outputs are nor-
mally low and go high when a tone is detected. The
outputs are defined by the above matrix:

* Strobe (ST) — This output indicates when the out-
put data are valid. Validity is defined as detection
within 39 ms or 33 ms depending upon the level of
Strobe Control. For a description of the operation,
refer to the inputs BIN and SC and figure 4.

* Silence Reset (SIL) — This output pulses to alow level
when silence is detected, This oceurs 9 ms after the
interruption of a signal on either high- or low-group
inputs. This output can be used to reset any external
logic or to exercise the Output Hold option. The chip
will reset itself after the Silence Reset output returns
to a high level. Silence reset pulses at 10 ms intervals
until a signal is present on either Ff, or Fy.

¢ Audio Detect (AUD) — Audio is defined as energy
carried by any frequency lower than 1680 Hz. AUD
remains low when both FL and FH are low; AUD
will go high if either FL or FH is toggling and will
return to a low level as soon as Silence Reset returns
from a low to a high level. This output may be used
to control the admissible level in the Front-End cir-
cuitry (off-chip) or to give advance notice of a
tone-pair,

e Test Qutput (X0) — When using the 3,579545 MHz
crystal on-chip oscillator, X0 will display a 447.443
kHz clock. If the 447.443 kHz external oscillator
option is utilized, X0 will display a 55.930 kHz
clock. The X0 output frequency will be the X1 input
frequency divided by 8.

* Clock Outputs (C2, C16, C32) — These outputs
will generate 2 kHz, 16 kHz and 32 kHz clocks,
respectively.

DTMF Receiver Design

The CRC 8030, in conjunction with a front-end analog
filter/limiter, implements a complete DTMF receiver.

Touch-Tune® Matrix: Binary Qutputs
1209 1336 1477 1633
D1 D2 D4 D8 D1 D2 D4 D8 01 D2 D4 D8 D1 D2 D4 D8
697 1 0 0 o0 | g Lef] 1 1 0 0 1 0 1 1
770 0 0 1 0 1 0 1 0 0 1 1 0 0 1 1 1
852 1 1 1 0 0 0 0 1 1 0 0 1 1 1 1 1
941 1 1 0 1 0 1 0 1 0 0 1 1 0 0o 0 0
21477-13

Figure 2 illustrates this design. With this approach, a
central-office-quality receiver with the following speci-
fication can be implemented:

e Input Dynamic Range -26 dBm to +8 dBm

L T L IR TSI 1P -8 dB to +4 dB
* Valid Tone Tolerance ... ................ +1.5%
¢ Invalid Tone Reject Limit .. .............. +3.5%
¢ Tone Burst (minimum) .. .40 ms ON, 11 ms OFF at

12 bursts per second

Inasmuch as the front-end filter is an essential part of
the total receiver, its characteristics have a major impact
on the performance of the system. For example, for
high-quality central-office receivers, a more selective
front-end filter is required. Conversely, low-noise
environment keyphone systems will operate with a
less stringent front-end filter design. In view of the
differences in specifications for DTMF receivers, the
front-end design must be tailored for the particular
application. Several manufacturers have off-the-shelf
hybrid products which meet these filtering require-
ments. For more details concerning these design con-
siderations, refer to the Collins “Application Note —
CRC 8030 Telephone DTMF Receiver”

For specialized applications, the CRC 8030 has several
mask programmable features. The parameters that can
be programmed include the bandwidth, detection time,
strobe time, silence time, and output decode format.
Contact Collins Applications Engineering for details.

Packaging and Ordering Information

The DTMF Detector is available in a 28-pin, hermetic-
ally sealed ceramic dual-in-line package and in a 28-lead
ceramic chip carrier (see pin assignments and package
dimension diagrams). Order by type number.

CRC 8030-1-3 (ceramic DIP) 765-5795-001
CRC 8030-4-3 (ceramic carrier) 765-5795-003

For further information on Rockwell MOS/LSI Standard
Products, call your local Rockwell Sales office or:

MOS/LSI Marketing
Rockwell International
Microelectronic Devices
3310 Miraloma Avenue
Anaheim, California 92803
Telephone (714) 632-2558
TWX 910-591-1698
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CRC 8030
Rev. 5/78

‘l‘ Rockwell

MOS/LSI TELECOMMUNICATIONS DEVIC@
APPLICATION NOTE

CRC 8030 Dual Tone Multi-Frequency Receiver

I. Introduction

The CRC 8030 is a patented* MOS/LSI Dual-Tone
Multi-Frequency (DTMF) detector. Utilizing a digital
filter algorithm, the CRC 8030 provides a low-cost and
high-performance solution for DTMF detection.
When linked with a front-end band-split filter/limiter,
the CRC 8030 implements a complete DTMF receiver
(figure 1). This Application Note, along with the
CRC 8030 Data Sheet, provides the necessary infor-
mation required to design a DTMF receiver, Inasmuch
as the specifications for receivers vary with the appli-
cation (e.g. central office, keyphone), the requirements
for the front-end design also vary. The key element of
this Application Note is a discussion of wvarious
approaches to the receiver design, plus a set of two
typical test results based upon two solutions. The
complete table of contents is listed below:

Table of Contents:

I. Introduction
II. DTMF Signaling
III. Specifications for DTMF Receivers
IV. General Description of the CRC 8030
V. Front-End Design
VI. Test Results
VII. DTMF to Dial-Pulse Conversion

VIII. Interface Capabilities of the CRC 8030
HIEH-GROUP
ANALOG
S Dt e =
LOW-GROUP
214779

Figure 1. DTMF Receiver Utilizing CRC 8030

1l. DTMF Signaling
DTMF signaling has made telephone communication
faster, more efficient and more convenient through the

use of a push-button pad in lieu of a rotary dial, Touch-
kl‘one@ telephone instruments or automatic dialers gen-

erate a tone pair representing the “dialed” number and
send them over the lines to a receiver which detects the
tones and reliably identifies the number (figure 2).
This receiver can be part of a keyphone installation, a
PBX or a central office. Given the differences in
specifications of these three types of installations, the
design requirements for the receiver will vary. The
DTMF receiver must recognize the dual tones within
a certain bandwidth while tolerating dial tone, noise,
input amplitude variation and “twist” (i.e, amplitude
differential between the two tones). In addition, the
receiver has to comply with timing restrictions
imposed by the DTMF generation process.

1
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Figure 2. Touch Tone® Pad (Dual Tone Multi-Frequency
Signaling)

111, Specifications for DTMF Receivers

A survey of several telephone industry OEM suppliers
has led to the specifications shown in figure 3. Addi-
tional specifications such as rejection of a third tone,
maximum silence bridging interval and signal-to-noise
ratio, tend to vary from one manufacturer to another,

IV. General Description of the CRC 8030

The DTMF Receiver can be implemented in two sec-
tions: The CRC 8030 (Digital Design) and a front-end

(Analog Circuitry) which will interface with the tele-

phone lines (see figure 1). )

o Registered trademark of AT&T

*U.S. Patent No. 4016371

Y Asuanbaig-njnpy auoj jeng

19A1990




Keyphone PBX Or PABX Central Office
Input Level Dynamic Range -10dBm to +3 dBm -16 dBm to +3 dBm -26 dBm to +6 dBm
(into 600£2)
Twist (for valid tones) -3dB to 0.dB -6dB to 0 dB -8 dB to +4 dB

Dial Tone Frequency
(Present during first digit
dialing)

None

350 Hz and 440 Hz
at -10 dBm

350 Hz and 440 Hz or
possibly: 480 Hz or 680 Hz
at -10 dBm

Frequencies Used For
Touch-Tone®

697,770, 852, 941, 1209,
1336, 1477 Hz. Unused com:-
binations: 941 and 1209,
941 and 1477 Hz.

Same tones +1633 Hz

Same tones +1633 Hz

Figure 3. DTMF Receiver Specifications.

The front-end is an essential part of the total receiver;
its characteristics will certainly have a major impact
on the quality of the system. This subsystem receives
the tone pair from the telephone line and puts out
two square wave signals corresponding to the high
group and low group inputs of the CRC 8030.

The CRC B030 accepts these inputs and converts

Tone Burst (Minimum) Can vary. 40 ms ON, 40 ms OFF 40 ms ON, 40 ms OFF
Repetition Rate (Maximum) | 12 pps 12 pps 12 pps
Silence Bridging Can vary. 15 ms or less 15 ms or less
Valid Tone Tolerance +1.5% +1.5% +1.5%
Invalid Tone Reject Limit +3.5% +3.5% +3.5%
(Maximum)
21577-8

them to binary or 2-of-8 coded outputs within as little
as 22ms (figure 4). The device ignores the first few
pulses to prevent any error due to transients or noise
spikes present on the line. It bridges any silence or
gap of 10ms or less, and otherwise resets the data
registers in order to accept a new tone pair. For more
details of the operation of the device, see the
CRC 8030 data sheet.

Touch-Tone® Matrix: Binary Qutputs
1209 1336 1477 1633
D1 D2 D4 D8 D1 D2 D4 D8 D1 D2 D4 D8 D1 D2 D4 D8
697 1 0 0 0 0 1 0 1 1 0 0 1 0 1 1
170 0 0 1 0 1 0 1 0 0 1 1 0 0 1 1 1
852 1 1 1 0 0 0 0 1 1 0 1 1 1 1 1
94 1 1 0 1 0 1 0 1 0 1 1 0 0 0 0

Figure 4. Touch Tone® Matrix — Binary Outputs

21577-9



V. Front-End Design

The DTMF Receiver front-end provides the following

functions (see figure 5).

» Couple AC signals from the line without disturbing
the balance or the impedance. In some cases such
as direct interface with the telephone instrument,
DC power will also have to be supplied.

e Reject the dial tone while receiving the first tone
pair. This function is not necessary in most key-
phone applications.

* Separate the DTMF signal into tones belonging to a
high group and to a low group using band-splitting
filters.

* Reduces the adverse effect of “twist” or level dif-
ferential between the two tones.

* Accept a wide dynamic range of the composite
input signal level.

* Minimize the effect of noise.

* Produce square wave outputs at voltage levels com-
patible with =2 CRC 8030 inputs.

In view of the differences in specification of the key-

phone, PBX and central office (CO) DTMF receivers,

the front-end design will have to be tailored to these
particular applications. However, CO and PBX
receivers have close characteristics and can thus use a
single design. Figure 5 illustrates the front-end design
for these applications.

A. Keyphone Application (Figure 6)

In this case, the front-end needs to be as simple and
as economical as possible while satisifying the input
signal requirements. Note in figure 6 that only a single
AGC is required. The main components at the front-
end design are:

1. Transformer — with a typical ratio of 1:1 Ry,
range: 60092 to 20 KQ depending on the
requirements.

2. Chokes — Needed only for providing power to
Touch-Tone® pad. A typical value would be 150mH.

3. AGC —This circuit can be built either with discrete
components or with IC’s such as the LM 870. It
can also be obtained in hybrid form from various
manufacturers. In order to prevent any mixing pro-
ducts from developing, the AGC will have to be as
linear as possible. Otherwise harmonics of the low-
group frequencies will fall into the higher-group
and detection is impeded.

HIGH GROUP THRESHOLD Fu
FILTER AGC LMITER e =
TELEPHONE
LINE
LINE DIAL TONE
COUPLING REJECT [
et
F
LOW GROUP THRGwOw. |k
FILTER g LIMITER
11477-5

Figure 5. Front-end Block Diagram for CO or PBX Quality Receiver

o
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150mH v i :EE"
Tu WwuF
LINEAR
AGC
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+

F
TELEPHONE | |
LINE

Figure 6. Keyphone Application Schematic.

114776




The AGC amplifier can be omitted entirely if the
input level dynamic range is limited to a few dB as
it is often the case.

Input dynamic range: -13 dBm to 0 dBm (assuming
a 3 dB insertion loss for the transformer)

4, Low-Pass Filter — attentuation at 1209 Hz: 30 dB
typical. Such a filter can be achieved using a pas-
sive LC design or an Active RC network. Insertion
loss is typically 6 dB and ripple +1 dB. Several
manufacturers have designed filters specifically for
this application, although the frequency roll-off
varies from one product to another. The response
curve suggested for the keyphone application is
shown in figure 7.

In some keyphone systems where the 941 Hz/
1209 Hz combination is not used, the filter require-
ments become somewhat less stringent.

408

11477-7
Figure 7. Low-Pass Filter Specification — Keyphone
Application

5. High-Pass Filter — attenuation at 941 Hz: 30 dB
typical. The comments in the low-pags-filter sec-

tion are applicable. The response curve suggested
for keyphone applications is shown in figure 8.

He 1209 Hr 1700 Hr

114778
Figure 8. High-Pass Filter Specification — Keyphone
Application

6. Limiter: (figure 6) — the function of this limiter
is to:

e provide a threshold Vpy below which input
signals are ignored. Thus, the output will be:

“1" for ViNy = VTH
“0” for Viy < VrH
* provide a level shift:
“1” at Vgg
“0”at Vgg
An illustration is provided in figure 9.

11477-9
Figure 9. Limiter Operation

B. PBX and CO Application
In this case three different approaches can be taken
for the circuitry following the band-splitter:

¢ AGC and comparator
* Comparator with “dynamic’ threshold
¢ Hard limiter

The purpose in all three methods is to:

¢ eliminate the effect of twist

e prevent noise amplification when no signal is
present

e provide square-wave outputs with MOS-compatible
levels

1. Band-splitter followed by AGC and Comparator:

(figure 10)

a. Input Amplifier — linearity is essential, otherwise
mixing products do develop and the CRC 8030
inputs will display a high jitter content resulting
in a longer detection time. Although this ampli-
fier is not always needed, it can provide a simple
adjustment of the receiver’s lowest allowable
input level.

b. Band-splitter — the roll-off in this case has to be
more severe than in keyphone applications,
typically reaching a 40 dB attenuation between
the high-group and low-group.

In addition, the filters should be of a band-pass

type for the following reasons:
e dial tone rejection of 50 dB or better is
normally achieved

* white noise rejection outside the bands of
interest

¢ third frequency rejection if outside the high
and low groups.

c. AGC — following each of the two filters. This
will provide an excellent twist protection as well
as an extended input level dynamic.

d. Comparator — the threshold is set to reject noise
in the absence of signal.



HIGH-GROUP

Figure 10. PBX and CO Application Block Diagram

2. Comparator with “dynamic” threshold: (figure 11):
Instead of using an AGC circuit to adjust the signal
level at the input of the comparator, the threshold
level is adjusted so that signals levels within the
desired range are accepted by the comparator.

COMPARATOR  |f—=Fy

FROM HIGH-GROUP
FILTER

| |

LEVEL
OISCRIMINATOR

1147711
Figure 11. Comparator with “"Dynamic" Threshold

VI. Test Results
A. Keyphone System

Utilizing the front-end design shown in figure 6, the
performance of the resulting receiver was evaluated.
The high-pass and low-pass filter was implemented
with a Ferritronics 8200-3 dual filter. The attenua-
tion of this filter is 30 dB at 1209 Hz or 941 Hz.

The AGC used has a 0 dBm output level. Thus
Vg = 2.1 VPP (measurements conducted with a
single tone). Following the Ferritronics 8200-3
dual filter, the loss is 7 dB (4 dB insertion loss and
3 dB loss due to the separation of the tone pair),
and Vgy, = Vg =1 VPP.

The threshold of each comparator will then be set at a
compatible level. This level needs to be higher than
the line noise, yet low enough to allow separation
between the high and low groups. Typically, it is
adjusted so that the cut-off frequencies are:

e AGC FH
FILTER
TELEPHOME | TRANSFORMER AMPLIFIER
LINE
LOW-GROUP
" AN AGC FL
FILTER
11477-10

1040 Hz for the low group with 1 VPP single
1080 Hz for the high group tone input.

The result is: Veppyy, = Vg > 100 mV

Testing was conducted using a DTMF synthesizer
(TS-2000) manufactured by Tone Commander Sys-
tems, Inc. The criteria used in accepting a detected
tone pair are:

1. The strobe pulse (STL) has to be present when
detecting 10 consecutive 40 ms tone bursts.

2. The valid tone bandwidth has to be a minimum
of £ 1.5%.

3. The input level dynamic range spans -10 dBm to
+3 dBm (both tones having the same amplitude).

First, the Fpy frequency was fixed and the Fy, fre-
quency varied. The results are as follows:

Fy % REm o
1209 Hz 2.1 697 1.6
2.3 770 1.7
2.6 852 1.8
2.7 941 15
1336 Hz 24 697 1.9
3.0 770 1.9
2.8 862 2.0
3.0 941 2.0
1477 Hz 24 697 29
2.7 770 2.1
2.6 852 1.9
3.2 941 1.9
1633 Hz 2.4 697 1.7
29 770 2.2
29 852 2.0
3.1 941 1.6




Second, the Fy, frequency was fixed and the Fy fre- Effect of Input Noise:

quency varied. The results are as follows: There is no bandwidth change when a 3 KHz white

noise is added to the tone pair, as long as the signal-

to-noise ratio remains above S/N = 18 dB. With a

% v %o Fy +% C-weighted noise, no drop in bandwidth is noticed if
S/N remains above 22 dB.

= gg }ggg gé B. PBX and CO Systems
3.1 1477 1.9 To evaluate the performance for a CO or PBX appli-
3.1 1633 21 cation, the circuitry shown in figure 12 was tested.
Two cascaded Ferritronics 8200 filters (20 dB each)
770 . . =
gg iggg 3 []i provide a selectivity equivalent to that of a 40 dB fil-
3.0 1477 19 ter. The insertion loss was compensated for by ampli-
3.1 1633 21 fying the input signal.
Test data shows that the receiver is actually imper-
852 2.8 209 :
2.6 }336 f g vious to twist within the +4 dB to -8 dB specifications.
3.0 1477 1'9 It can accommodate an input signal with a dynamic
3:1 1633 2:0 range of more than 32 dB.
941 2.6 1209 17 Bandwidth Data:
2.2 1336 1.6 %o EL. +%
2.7 1477 1.6 o8 697 18
2.8 1633 1.7 2.9 770 1.9
29 852 19
3.0 941 1.8
Effect of Twist:
Twist causes the tone with the higher amplitude to be . Fy i
accepted with a slightly wider bandwidth, whereas 2.8 1209 2.0
the tone with the lower amplitude will be seeing a 2.7 1336 2.0
narrower bandwidth. Up to a 4 dB differential can be 3.0 1477 1.9
sustained without any drop in performance. 3.0 1633 2.7
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Figure 12. PBX and CO Application.



Dial Tone Effect:

The bandwidth figures are not altered when dial tone
is added to the tone pair. The measurements were
made with a dial tone of 440 Hz and a level as high
as 16 dB over the composite DTMF signal.

Noise Effect:

When white noise (limited to a 3 KHz bandwidth is
added to the tone pair, there is no significant change
in tone detection bandwidth if the signal-to-noise

VIl. DTMF to Dial Pulse Conversion

A DTMF to dial pulse converter can be easily imple-
mented with the CRC 8030 and the CRC 8001 — a
Binary to Dial Pulse Dialer. A block diagram of the
function is shown in figure 13 and a wiring diagram
is shown in figure 14. The wiring diagram includes
manual switches which can be used to operate the
various features, Refer to the CRC 8000, 8001 and
the CRC 8030 data sheets for performance details.

ratio stays above 20 dB. At S/N = 18 dB, the 1.5% = 1)
minimum bandwidth specification is still met. =35 EE.::: "l encomo [ crcom |- :m}rht
In case of a C-weighted white noise, valid tone detec- 3
tion bandwidth remained the same with S/N = 24 dB. T
It drops to a minimum of 1.5% with S/N = 18 dB. Figure 13. Block Diagram DTMF to Dial Pulse Conversion
1033 M TEST  QUTPUT OUTPUT STROBE
DISABLE ENABLE SELECT HOLD CONTROL
[ L L[ r,k S
flo—=lat s a8 I DATAY 0 2
i {25 DATAZ o3 7 PULSE
et o o DATA4 5 ouv
g OTMF DETECTOR anas ' umaRyTo
ux L
cLae s {1 iy T T % 3 iﬂi ?n.l:l&m " L
AUX INPUT 10 W TR 5V = VEEO——in |
VR -em—— R Lo LY 'J-'sun-vuno—olo
GND » VOO o— i 1§ :m‘m VEGO——e8
CHIP INHIBIT I/_- ‘ 1 5 L sy
7 WAwliz 4 4
+5Y
CLOCK
W
166 15K [ sk [isk L
; ' S
w s
_____ INHIBIT
! % : ’ T i Ir_ TLDD Y —:
il | £ '
| |
. |
10K S 10K 15K |
b S8 S otde? B <
VOB = -7V TO -12V F
« EXTERNAL PULLOOWN RESISTORS REGUIRED ONLY IF OUTPUT IS BEING USED.
21577-10

Figure 14, DTMF to Dial Pulse Conversion.




VIII. Interface Capabilities of the CRC 8030

All control inputs of the CRC 8030 are MOS compat-
ible. When not in use, they can be left floating without
any harm to the chip. When a function is desired, the
proper input is taken to a logic “0"; otherwise, a
logic “1” is implied when the input is left floating.

The output buffers can drive Low Power TTL, MOS,
CMOS logic or the base of a transistor (i.e., in case of
a relay). The configuration of all these buffers consists
basically of an open-drain device. Thus, an external
pulldown resistor is needed to provide the correct
interface.

A. Low Power TTL Drive (see figure 15):

The interface requirement to drive low power TTL is
to sink 180uA at 0.3V and source 10uA at 2.4V, A
single power supply (+5V and 0V) will be adequate.
The recommended value for the external pulldown
resistor (Rp) is 15000 (see figure 18).

CRC 8020 I 1 L Voo
oVes I Ve I
| r
I L
e J |
l l
' | |
| |
o | B I |
| I
| |
| I

'ﬂ J | V“

21577-11
Figure 15. CRC 8030/Low Power TTL.

B. CMOS Drive (see figure 16):

For a CMOS interface, either a single or dual power
supply can be used. For a single power supply (Vgg =
VDD), refer to figure 19 to select the proper external
pulldown resistor (Rp). For example, for Vgg = +5.0V,
Ioy = 0.4 mA, Rp is approximately 10KQ.

C. Transistor Interface (see figure 17):

To design the interface with the base of a transistor,
the output current sourcing (IpH) and the output volt-
age (VOH) are specified by the user. In this case, two
power supplies are required: Typically Vgg = +5V,
VDD = 0V, and Vgg = Vp. From figure 20, the value

DUAL POWER SUPPLY
CAC 8030
Vg | Yoo l Voo
} i
I B :
| ] |_|
| |
1 I
1 I
| |
— 1 ‘I
|
| I
I ]
| |
Vg I ! Vgg
SINGLE POWER SUPPLY
CAC 2030 1Vgg *Vop | cwos
| !
! ]
: 3% |
|
| I
I |
I |
2 | |
]
: t
1 J, |
TYPICALLY: Ry = 10K (I I

21477-2
Figure 16. CRC 8030/CMOS Interface

for Vp can be determined. Rp is calculated as follows:

Rp= VoH —Vp
IoH
For example, let us choose the following parameters:
Iopg=2mA VoH = 4.7V Vgg = 5.0V
Thus, Vgg - Voy = 0.3V, and referring to figure 20,
Vgg - Vp=17V. Hence, Vp = -12Vand Rp =8.35K0.

Figure 21 shows the relationship between VQH and
IoH as a function of Vgg. This figure can be used to
predict output buffer operation for high current drive
interfaces (e.g., LED’). Output fall time (which is
always longer than rise time) can be estimated from
figure 22.

CAC 8030 il

INDUCTOR OF

W,
L RELAY SWITCH

FI

_{

Vss

I
I
|
!
I
I
I
I
I

Vgg |
NOTE: NPN Relay Driver circuit can also be used,

21577-12
Figure 17. CRC 8030/Transistor Interface.



Figure 20. Transistor Interface: IoH vs, (V§s— VoH)

Figure 21. Output Current Capability

gl l . | V66 * Voo * WV
TYPICALLY: SINGLE POWER SUPPLY OPERATION '
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Figure 18. LPTTL Interface: Ipp, vs. VoL, Figure 19. CMOS Interface: Igy vs. Rp
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Figure 22. Fall Time versus Pull Up Resistance

Power Supply Considerations:

Both devices (CRC 8030 and CRC 8001) can operate
with two power supplies as shown in figure 14. The
power supplies can be shifted higher or lower by a
reference factor. As long as the voltage differentials
are kept as specified, proper operation is ensured.
Thus, the following systems are equivalent:

Vss +5 0 +17
VDD 0 -5 +12
VGG 12 17 0

As previously described, the CRC 8030 will also oper-
ate with a single power supply, namely: Vgg = +5V,
VgG = Vpp = 0V.

In case more output current drive is desired and a
higher supply voltage (+12V) is the only voltage avail-
able, a Zener diode can be used to provide the proper
Vgg and Vpp bias. The scheme depicted in figure 23,
illustrates such a solution. This configuration is also
consistent with a front-end filter design using a single-

edged power supply.

[

EXAMPLE:
wa & sw Vgg = 412VTO 415V
Von . '5 -5V
Yoo Vgg * OV
CAC 8030 o
]
:
Vog

- ; 21577.13
Figure 23. Single Power Supply Operation

Multiple Clock Generation

In some DTMF receiver systems, several CRC 8030 are
used on the same PC Board. Instead of using one color-
burst crystal for each DTMF chip, it is possible to
limit the usage to a single crystal for all (typically
four) the IC's present. This is made possible by the X0
output and the TE control pins as shown in figure 24.
See the data sheet for a complete description of these
functions.

b |

x
151 CRC JOPEN]. 2
=y et ® cap
0y, 1 i "
% T i. 1
TE
| =
[oPEN)

| %
1i ot
{OPER) » cre

(141 TE

90877-11
Figure 24. Multiple Clock Generation

For further information on Rockwell MOS/LSI Stand-
ard Products, call your local Rockwell Sales office or:

MOS/LSI Marketing
Rockwell International
Microelectronic Devices
3310 Miraloma Avenue
Anaheim, California 92803
Telephone (714) 632-2558
TWX 910-591-1698

NOTE: Collins MOS/LSI Products is now a part of Microelectronic Devices, Rockwell International.



CRC 8030

Y Tl MOS/LS TELECOMMUNICATIONS DEVICES ")
| TECHNICAL BULLETIN

The purpose of this document is to list some of the
commercially available components that can be uti-
lized to design the front-end filter/limiter for the
CRC 8030. The requirements for this front-end are
described in the CRC 8030 Application Note. Not all
of the components listed meet the suggested specifica-
tions of this Application Note, but they may provide
|satisfactory performance in particular applications.

1. Input Transformer: 600 ohm 1:1

PICO A1160
Bourns 42120011
Aladdin 317-0330

2. Chokes (needed only for providing power te
Touch-Tone® pad).

Torotel 13086 150 mH

3. Hybrid Integrated Filter/Limiter
The following product is designed specifically to
meet CRC 8030 front-end filter/limiter require-
ments. These hybrids provide all of the functions
shown in figure 5 of the CRC 8030 Application
Note (except line coupling).

Mfr Ident. Type
North Micro- 3040 Low-Group
systems
North Micro- 3041 High-Group
systems

4. Low-Group Filters

Mfr Ident. Type
Amperex AFM710 Active, Band Pass
Amperex AFM724 Active, Low Pass
BEI FM953 Active, Band Pass
Cermetek CH-1295 Active, Band Pass

K

CRC 8030 Front-End Components

High-Group Filters

Mfr Ident. Type
Amperex AFM711 Active, Band Pass
Amperex AFM725 Active, High Pass
BEI FM954 Active, Band Pass

Cermetek CH-1296 Active, Band Pass

Dial Tone Reject Filter:

Mfr Ident. Type Impedance
BEI FMB53  Active, Zin High,
Single Notch  Z,, 4 Low
National ~ AF-102 Active, Z;, High,

Single Notch  Z,,,; Low

AGC Amplifier

Mfr Ident.

BEI FMB00
National AF-104

Comparator:
LM 339 or equivalent.

Squaring Translator: (contains AGC and limiting
circuitry).

Mfr Ident.
BEI FM300
Crystal:

3.57954 MHz

Tolerance: +0.005% at 259C. Parallel resonant.
HC-33/V type holder.

18 pF load capacitance.

Mfr: M-tron, Electrodynamics, CTS.

ﬂﬁugmarnd trademark of AT&T
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CRC 8030 Front-End Suppliers’ Addresses

1. Amperex Electronics Corp. 4. CTS Microelectronics, Inc.
(A North American Philips Company) 1201 Cumberland Avenue
P.O. Box 98 West Lafayette, Indiana 47906
Slatersville, Rl 02876 (317) 463-2565
(401) 762-3800 Brian R. Hess

Lee Hermanson

2, B.E.l. Microelectronics (formerly KT1) S Nutionsl Semicorductor Carporstion

2900 Semiconductor Drive
1101 McAimont Street Santa Clara, California 95051
Little Rock, Arkansas 72203 (408) 732-5000
(501) 372-7351

Mike Hollingsworth
6. North Microsystems

3. Cermetek Division of North Electric Company
660 National Avenue 700 Hillsboro Plaza
Mountain View, California 94043 Deerfield Beach, Florida 33441
(415) 969-9433 (305) 421-8450
Jim Cremer David Speed
furni: by Rock I is believed to be accurate and reliabl i no ibility is d by Rockwell for its

use, nor for any infringements of patents or other rights of third parties which rm-y'rew!r from its u;e. No license is grantad by impli-
cation or otherwise under any patent or patent right of Rockwell. We reserve the right to change the data at any time without prior
notification

Printed in USA/Nov. 1977
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T-1 TRI-PORT MEMORY

OVERVIEW FEATURES

The Tri-Port Memory circuit is designed to function as an assem- e B4 x B bit static memory
bly point and temporary storage area for 8-bit T-1 data. It provides

64 8-bit locations of on-chip random access memaory which can be ® Single +5V supply
accessed via external addresses or ial addressing

# Two totally independent read ports
TRI-PORT MEMORY OPERATION
® Multiple Read access time <430 ns (worst case)
The Tri-Port Memory device accepts B-bit parallel input data on

lines A through H. This data is stored in an internal memory ® Sel ble rand or ial-address Write
location that is selected by either random address lines RO1

through R32 or by the device's Sequential Address Counter. e On-chip sequential address counter

Write Select signal WSEL determines the source of the address;

in the logic O state, WSEL selects the random address, in the e Tri-state drivers, for chip-selectable bus operation

logic 1 state, WSEL selects the internal sequential address.
ST e 40-pin plastic dual in-line package
The state of Write Enable signal WE determines whether or not the
data on lines A through H will be written into memory. Data will
only be written into memory when WE goes low {to a logic 0
state) and the address inputs have stabilized.

The on-chip, six-bit Sequential Address Counter is abinary counter
that incr on each positi ition of S ial Clock
(SCLK), When the Counter attains binary 111111, the next
positive transition on SCLK will clear it to binary 000000. The
Counter will also be cleared unconditionally if Reset signal RST

(0vy084H) AHOWIIN LHOd-1HL L-1

has been set to logic 0 when the positive transition of SCLK RO4 1@ 40 Ro2
oocurs. RO8 ]2 39 RO
R16 33 383 AST

The Sequential Read Enable signal, SRE, enables sequentially- Raz a4 37 scLk
addressed read operations. If SRE is logic 0, the sequential WSELCS 36 NC,
sccessed data outputs (SA through SH) will become valid within WE s 35 vbo
430 ns after the next positive transition on SCLK. If SRE is rRH 7 3 NC."
logic 1, and 350 ns have elapsed since the positive transition of RG (8 33 sH
SCLK, the sequential accessed data outputs will become valid GND s 1200s6
80 ns after the negstive transition of SRE. The Sequential Read re 10 =
Data will cease to be valid within 100 ns after the positive tran- RE 11 30 sE
sition of SRE, or within 340 ns after the negative transition of ARD 12 25 sp
WE (in the case of a same-location read/write cycle), or within Rc 13 288 sc
430 ns after the next positive transition of SCLEK. re [CJ14 27088

e rRa CJ18 260sa
The Random Read Enable signal, RRE, enables random-accessed BRRE [J1se 25 SRE
read operations. If RRE is logic 0, the random accessed data A 117 248e
outputs (RA through RH) will become valid within 380 ns after c fmn B 2300
the random address lines have stabilized. 1f RRE is logic 1, and E —]1° 2F
300 ns have elapsed since the random address lines have stabi- G =20 210m
lized, the random accessed data outputs will become valid 80 ns
after the negative transition of RRE. The random asccessed data *PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY TO
outputs cesse to be valid after a positive transition of RRE, or ROCKWELL TESTING, MAKE NO CONNECTION TO THIS
within 340 ns after the negative transition of WE (in the case of PIN,
a same-location read/write cycle) or within 380 ns after the
random address input lines change, Pin Configuration

(©) Rockwell internationa! Corporation 1879 Specifications subject 10
All Rights Reserved change without notice
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WRITE ENABLE AND WRITE SELECT TIMING

o 00 S . e RN
|

il LLLUILIS XTI X777
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WSEL SEQ. READ \_ RAN. READ (—

55— e e TsH
Timing Characteristics

Parameter Symbol Min Typ Max Unit
Random Read Access Time IRA 380 ns
Sequential Read Access Time tSA 430 ns
Random Read Address Setup Time tAS 380 ns
Read Port Disable (to Hi Z) tPD 100 ns
Read Port Enable tpg 80 ns
WE Pulse Width we 170 300 ns
WE Pulse Delay WE1 300 ns
WE Pulse Setup twe2 0 ns
SCLK Pulse Width 15p 220 325 ns
SCLK Frequency 1t 1.544 MHz
Write Data Setup Time tws 180 ns
Write Data Hold Time WH 100 ns
Write Select Setup Time 158 280 ns
Write Select Hold Time 15H 0 ns
RST Setup Time RS 180 ns
RAST Hold Time RH 0 ns




SPECIFICATIONS
Maximum Ratings
Rating Symbol Voltage Unit
Supply Voltage UDO +451t0 455 v
Operating Temperature Range TOP 0to70 %
Storage Temperature Range TSTG -55 to +150 %c
All inputs contain protection circuitry to pravent damage due to high static charges. Care should be top Y i

tion of voltage outside the specification range,

Electrical Characteristics
- - = Sl
[VDD +5V +10%, \l"ss ov, TA 25°¢Cl
Characteristic Symbol Min Max Unit
Input Logic 1" Voltage VIH 2.0 v
Input Logic “'0" Voltage V"_ 08 v
Output Logic 1" Voltage Vou 24 v
QOutput Logic 0" Voltage VoL 0.4 '
Output Source Current IOH -100 HA
Output Sink Current oL 400 BA
Input Capacitance 1‘.:I 5 pF
Output Capacitance Co 25 pF
Power Dissipation (at 26°C) Ppss 300 mw
w wn:

DOT GR NOTEH
TH LetaTe 0400 Max nuu sags
LECER QCETEET N um
n
aisbmMAx
123
aomeMAN
189,30 w1 y o b eopa

[ 147
ool convm, ey r:.'::.-
8 aoes
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e ok ., ._,_

_iae sawiean |
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06 Q V0L WOWEUM
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Packaging Diagram
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MOS/LS! TELECOMMUNICATIONS DEVICES)
DATA SHEET

T-1 SERIAL TRANSMITTER

GENERAL DESCRIPTION B70PTN 18 28| INH
TEST (2 27 BIT3
The Rockwell T-1 Serial Transmitter formats data to be serially FRSYNCC] 2 26y CHCLK
transmitted according to T-1 D2 or T-1 D3 specifications, inserting s8IT =N 25 BIT4
framing and signalling bits along with 24 channeis of 8-bit channel ccis s 24 3BIT2
data. The T-1 Serial Transmitter also provides for alarm reporting ssTE —ds 238ITs
via the Bit 2 inhibit method or, with minimal external logic, via unPLRACT? 22BIT1
the multiframe alignment signal (Fg) modification. unPLREC] 8 218ITe
GND =e 20018177
Figure 1 is a functional block diagram of the T-1 Serial Trans- BiITouT .10 19 voo
mitter. The Mod 193 counter is dri\rel:! .hv the clock at 1.544 MHz synouTC] 11 18PcLock
and is either synchronized to the driving system by input signal Loor 12 177 ALARM
SYNCI!\! or provides synchronization via qutput signal SYNOUT, syncin 113 16[08ITe
Input signal FRSYNC applies synchronization to a Mod 12 counter, BCH a4 15 acH
which identifies the frame of the 12-frame multiframe baing
processed. Pin Configuration
The input data register latches data during each bit period, when FEATURES
the Bth bit of a channel sample is being transmitted. The data
selector outputs the proper sequence of bits, as controlled by a & Single 5V supply, low power Schottky TTL compatible

bit count and frame count.
@ Accepts 8 bits of parallel data as input
The zero channel monitor function causes Bit 8 or Bit 7 (as

H3LLINSNVYHL TVId3S L-1

selected by B7OPTN) to be transmitted as a “one™ if the channel e Generates output as 193 bit serial data stream in T-1, D2
data sample is all “zeros” for any frame except signalling frame or T-1, D3 data format
(Frame 6 or 12). Input INH provides a means to inhibit the zero
channel monitor function. & Provides a channel and frame timing signal.
Two types of transmit formats are provided, a binary output and ® Provides alternate control for alarm reporting and signalling
a paired unipolar output. The unipolar pair provides 8 means to
externally create a single bipolar output with minimal logic. o Provides automatic bit insertion for all zero channel samples.
FRSYNC >
—~ KE
SYNCIN) BIT CNTR FRAME l
cLOCK) MOD 153 CNTR.
5 VDC -
3 SYNOUT
GND>— & L..q
T ‘\IF
T2 « \\“
BIT 3
T 4 E
BITS ] L‘
BITE {7 CLOCK
BIT? & \!L" ] ogutruT P AINOUT
sre z DATA . REG. —» UNPLRA
A - SELECTOR [—> uneLRE

LOOP —
\ Figure 1, T-1 Serial Transmitter /
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T-1 Transmitter Inputs

Any input S0.8V = logic 0, low. Any input =2.0V = logic 1, high.
The transition from a low level to a high level is called a rising edge,
while the converse is defined as a falling edge.

FRSYNC: Frame Synchronization

Frame sync allows the user to force the frame counter to the frame
count of 1. (The first frame of a possible 12.) When high, FRSYNC
directly sets the frame count to be frame 1. |f FRSYNC does not
return to zero before the rising edge of CLOCK, BINOUT, UNPLRA
are transmitted high and UNPLRB is transmitted low. Refer to Figure 6
and Figure 7,

SYNCIN: Synchronization Input

Provides a means to directly reset the Mod 193 bit counter to a bit
position corresponding to the first bit of channel 1. The high level
causes the reset. The first bit of ct 1 1 will be itted fol-
lowing the release of SYNCIN.

TEST: Rockwell Device Test Input

Used only for Rockwell device testing. Keep this input grounded.

CLOCK: T-1 Clock

Maximum frequency = 1,6 MHz

Minimum pulse width = 275 ns

The T-1 bit period is bounded by the rising edges of this input,

INH: Inhibit Zero Channel Monitor

If INH is high, the zero ch | monitor f ion is di . and
Bits 7 and 8 are transmitted per corresponding inputs
Table 1.

For any frame except a signalling frame (Frame 6 or 12) Bit 8 or Bit 7
as selected by B7OPTN will be transmitted as a ““one” if the channel
input data is “"zero” and INH is low.

BITS 1-8: Parallel Channel Data Inputs

Bit 1, the sign bit, will be serially transmitted first, followed by Bits 2
through 8. The falling edge of CHCLKF indicates input channel data
has been clocked into the input register and always occurs during the
transmission of the final bit (Bit 8) of sach channel data sample.

ACH: “A"” Channel Highway Signalling

ACH allows the user to transmit a one bit of signalling per channel as
Bit 8 of each channel data sample in Frame 6 only. ACH is clocked
into the input register by the falling edge of CHCLKF. Refer to Table 1
and Figure 4.

BCH: “B" Channel Highway Signalling

BCH allows the user to transmit a one bit of signalling per channel
as Bit 8 of each channel data sample in Frame 12 only. BCH is clocked
into the input register by the falling edge of CHCLKF. Refer to Table 1
and Figure 4,

S-BIT: Multiframe Signalling Bit

SBIT, in conjunction with CCIS, p an al way o trol
the multiframe lling bit (Fg) The S-Bit input is
transmitted as the multiframe signalling bit (Fg) if CCIS is held high.
Refer to Table 2.

ALARM: Local Alarm

Used for reporting alarm conditions. If the ALARM signal is high, Bit 2
{the most-significant bit) of every channel data sample of every frame
is transmitted as a zero. This is commonly called remote alarm sig-
nalling. ALARM is clocked into the input register by the falling edge
of CHCLKF. Refer to Table 1 and Figure 4.

LOOP: Loop Strap

Provided to aid testing of user i ‘When bled to a high
leves, LOOP forces the unipol tp o it alternating ones
and zeros, dless of input diti Refer to Figure 3.

CCIS: Common Channel Interoffice Signalling Strap

Provides optional 1 for itting an
{even- bered fi ) signalling pattern via the S-Bit input. Auto-
matically programmed SBit IFs]I transmission following Table 2 is
achieved by holding CCIS at a low level.

B70PTN: Bit 7 Option

Provides Bit 7 as an alternate bit position for “one” stuffing, as pro-
grammed by the zero channel monitor function. Refer to Table 1.

VSS, VDD: Ground and Power

VDD = +5 +0.5 Vdc
VSS = Ground, 0 Vidc

T-1 Transmitter Outputs
Low power TTL Schottky compatible. 1" 22.4 Vde, "0" =04 Vde,
CL, 25 pf.

SSTB: 4 kHz Signalling Channel Strobe

SSTB is the leastsignificant bit of the frame counter. Unless it is
directly set by FRSYNC, SSTB will go high as each framing bit (Fy)
is serially transmitted, and will return low as each multiframe align-
ment signal (Fg) is transmitted. Refer to Figure 2.

SYNOUT: Channel Sync Output

SYNOUT provides a means to synchronize to the internal bit counter
(Mod 193). SYNOUT is high for one bit time, beginning just prior to
the first data bit of a frame being serially transmitted. Refer to Fig-
ure 8.

CHCLKF: Channel Clock False

The falling edge of CHCLKF, occurring as Bit 8 of any channel is
being sarially transmitted, indicates input data has been clocked into
the input register. With the exception of an extra bit period extending
the low level duration at frame bit time, CHCLKF is a divide-by-gight
of CLOCK. Refer to Figure 2.

BINOUT: Serial Data Output, Binary Formatted
BINOUT is the binary formatted serial conversion of the parallel input
data. The programmed format of BINOUT follows Table 1 and 2.

BINOUT is synchronously transmitted as a high level if FRSYNC
remains during the rising edge of CLOCK., Refer to Figure 6 and 7.

UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs

Two paired unipolar outputs are p for the purpose of

a single serial data output !l'lﬂlmiﬂioﬂ in bipolar format The unlpoler
output register toggles for each “one” bit to be serially transmitted.
UNPLRA and UNPLRB are itted as for “one"
data bits and as low levels for “zero’” data bits. See Figure 3.

The input signal loop, if high, forces the unipolar outputs to toggle
every bit time, regardiess of input data.

FRSYNC perturbs the current bits being transmitted by UNPLRA
and UNPLRB. If FRSYNC remains high during the rising edge of
CLOCK, UNPLRA will be transmitted as a high level and UNPLRB
will be low. Refer to Figures 6 and 7.



Table 1, Serial Output Data Pr

ing for Channel S

BINOUT representing the serial data out will be a 1" if the below equations are true.

ple Data (Not Fyor Fsl

SERIAL DATA BIT FRAME =6
TO BE TRANSMITTED OR FRAME =12 CCIS =1 AND
(NEXT BINOUT) ANDCCIS=0 ANY FRAME (2)
1st Bit1=1(1) Bit1=1
2nd B2 = 1 (see equation below) B2=1
3rd Bit3=1 Bit3=1
4th Bit4=1 Bitd =1
5th Bit6=1 Bit6=1
6th Bit6=1 Bit6=1
Tth Bit7orB7X =1 B7=1
8th BitBorBB8X =1 Sig=1

(1) Terms Bit 1 thru Bit 8, ACH, BCH and ALARM are the clocked data from the parallel data input register. All other terms are either
complex equation terms or unstored device inputs.
(2} IfCCIS=1theT-1 i

can not ify Frame 6 or Frame 12.
B2 = BIT2 - ALARM

B7 = BIT7 +51G - BIT1 - B2 - BIT3 - BIT4 - BIT5 - 8176 - INH

Sig = ACH - FRAME = 6 + BCH : FRAME = 12

B7X = BYOPTN - BIT1 - B2 - BIT3 - BIT4 - BIT5 - BIT6 - INH - BITS

-BIT6 - INH - BITT

o

B8X = BJOPTN - BIT1-B2 - BIT3 - BIT4 - BIT!

o

Table 2. Serial Output Data Processing for Framing Bits FT' ‘Fs

CURRENT
FRAME
NUMBER REPRESENTED BIT BINOUT BECOMES A “1” IF: (UNLESS STATED OTHERWISE)
1 Fs SBITand CCIS =1
2 FT “0
3 FS SBIT and CCIS = 1
4 FT seqe
5 Fs SBIT=10rCCIS=0
6 FT g
. Fs SBIT=10rCCIS=0
8 Fr nyn
9 FS SBIT=1orCCIS=0
10 F gy
1 Fs SBIT and CCIS = 1
12 FT g

F.r = Framing Bit
F8 = Multiframing Alignment Bit

NOTE: F.I. Bit insertion is automatic and no optional control is provided.



Table 3. Input Timing

MIN MAX UNITS

Ys Buffered Data Setup Time 450 ns
Yn Buffered Data Hold Time 1] ns
g Control Input Setup Time 400 ns
ty Control Input Hold Time 20 ns
35 Asynchronous Control Input Setup Time 350 ns
3y Asynchronous Control Input Hold Time 20 ns
tas SYNCIN Setup Time 200 ns
t4n SYNCIN Hold Time 20 ns

SYNCIN Pulse Width 100 ng
e Frame Sync Setup Time (Return to Zero) 250 ns
ey Frame Sync Hold Time (Return to Zerol 20 ns

Frame Sync Pulse Width 200 ns
55 Frame Sync Setup Time (Non-Return to Zero) 525 ns
tsh Frame Sync Hold Time (Non-Return to Zero) 20 ns

CLOCK (1,544 MHZ)

JuUuuunu oo

NEXT BIT OUT |,|, alsl?|a|1|2| ﬂ|‘|7|3l”s|‘|2|=|‘|s|°|7|n|1|2|

TRANSMITTING BIT |7|'|FT|||zla|‘|5|s|)]g||le s(‘lsl;laJFs||JzIa|a|sis|7|s]l|
CHCLKF | | ’_\—I—\_
INPUT DATA SAMPLE ! | L |
SYNOUT S ‘f |

= _I { ¥ ‘1

icomr z l =

Figure 2, T-1 Transmitter Output Signal Relationship
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Figure 3. T-1 Transmitter Binary, Unipolar Format
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NEXT BIT ORF [
TRANSMITTED 8TH ] l 1STORFy s I 2ND OR 18T 3RD OR 2ND
BIT BEING
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y——_ --J t
BITS 18 2 | 4
o~ ST ESSIFTTH S, \ X/ /L1

e - ton

smeas _/////111[1[////X X/ZZ77/TTTTTTIT
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Figure 4. Input Timing Relationships

SYNCIN _—I\J\\_l i Rt
] ‘—l tas \\

N
(SERIAL DATA ANY BITN X ANY BIT N+1 X 1STBIT,CH 1 X 2ND
OUTPUT)

Figure 5. SYNCIN Timing Relationship
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5] e,
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. \
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Figure 6. Return to Zero Frame Sync Application
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BINOUT ANY BIT N \ X ANY BIT N+1 ‘[ 1ST BIT,CH 1, = 1" \\ 2ND BIT,CH 1

\
UNPLRA X_} I \

I
n XX l [

Figure 7. Non-Return to Zero Frame Sync Application

Table 4. Output Propagation Delay, Worst Case
(Measured from Rising Edge of Clock
Unless, Stated Otherwise)

OUTPUT MAX DELAY UNIT
SSTB 500 ns
SYNOUT 500 ns

Raf from Falling

Edge of Clock
CHCLKF 500 ns
BINOUT 500 ns
UNPLRA 500 ns
UNPLRB 500 ne

I oy Ty L iy OO
| \

ooy \ i [ANRAN
CHCLKF l \ \ \ \ \c—l— SAMPLES DATA EVERY 8TH BIT TIME
::;gga FRAME N X FRAME N+1
l
;:aTmsurrTmG X 8TH, CH=24 X F. OR Fg X pp—

Figure 8. SYNOUT Signal Relationship



SPECIFICATIONS

Maximum Ratings
Rating Symbol Value Unit
Supply Voltage VDD +4.5t0 455 Vde
Operating Temperature Top 0 to +70 %
Storage Temperature Tere 55 to +150 °c
This device contains input protection against damage due to high static voltages or el ic fields; h - ions should be taken to
avoid application of voltages higher than the maximum rating.
Electrical Characteristics
(Vpp = 5.0 £5%)
Characteristic Symbol Min Max Unit
Logical 1" Input Voltage Vou 20 Vpp * 03 v
Logical “0” Input Voltage V“_ 03 08 v
Logical “1" Output Voltage VGH 24 - v
Logical “0" Qutput Voltage VOL - 0.4 v
Qutput Source Current loH -100 - BA
Output Sink Current IOL 400 - A
Capacitance Load L - 25 pF
Input Capacitance (any input) Cin - 5 pF
Clock Frequency - 16 MHz
Power Dissipation PD - 250 mw

1.560)
(830)
11.470) s
(] "'Iml__‘é‘_.“
- ] o1
l.m|-:_ L:ﬂ'l '”'"':l"!;— (.150) R
(588} o5} (vl (28] [.020)

Packaging Diagram
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DOCUMENT NO. R8060D
APRIL 1979

PART NUMBER
R8060

MOS/LSI TELECOMMUNICATIONS DEVICES )

DATA SHEET

DESCRIPTION

The Rockwell T-1 Receiver processes serial unipolar data of a
T-1,D2 or T-1,03 line from which data and a 1.544 MHz clock
have been extracted.

Frame synchronization is accomplished by locating the frame bit
(FT) slternating every 386 bits. Loss of frame sync is indicated
if a frame bit error occurs within two to four F-Bit frames since
the previous frame bit error.

A loss of carrier is indicated if 31 consecutive bit times yield
“zeros” at the input. Carrier loss is reset and frame sync search
begins when a “‘one’ reappears at the TDATA input.

Signaling bits, which occur 193 bit positions after a framing bit,
are monitored to detect signaling frames. The signaling frame
output, SIGFR, identifies the present frame as a signaling frame,
and the S-Bit output at that time identifies which signaling frame
is being processed.

Remote alarm reporting is detected by monitoring the second
received bit of every channel sample of every frame. Analarm is
indicated if 255 consecutive Bit 2 zeros are received.

Channel data bits are output by an eight-bit parailel register. The
rising edge of the signal called channel clock [CHCLK] indicates
the extraction of new output channel data,

Several signals developed from a MOD 386 counter are provided
to aid in the external processing and storage of channel data,
Signals are provided to increment countérs, synchronize counters,
strobe data into memories, etc,

The Rockwell T-1 Receiver chip operates on a single 5 voit supply
and directly interfaces to the low power TTL Schottky logic
family. The Receiver is packaged in 8 28 pin dual inline (DIP).

Timing relationships are given in figures 3 through 5.

FEATURES

e Synchronizes serial T-1, D2 or T-1, D3 signals in less than & ms.
® Extracts 8-bit parallel channel data

& Provides timing signals to capture and synchronize channel and
-frame information

® Monitors and detects

— Errors in signaling bit pattern
— Loss of frame sync

— Loss of carrier

— Remote alarm reporting

e Single 5V supply
kLPTTL Schottky compatible

T-1 SERIAL RECEIVER

TCLk W 28 ETGFR
VDD (+5)CH2 27 [sBCLK
wiHBT 43 26 JTDATA
BzaLRM 4 25 cpes
TesTi s 24 coB7
FRALRMI]6 230 coes
cHoLk 7 22[cpes | CHANNEL
MAXCNTL]8 21 JcpBa :;;“
CHSYNC [Jo 20 coB3
SYNCEN (10 19 cpe2
MR gn 18 [ coe1
GND (o ] 17 J CDINH
CALRM 13 16 sBeIT
SBALRM[]14 15[ TESTO
Pin Configuration
s & 1
VoD »— > v P2 P, 2
ves >—{ " ionpl Pz v:’f s | cnasmies
17‘ ?e DATA
%:: el BITS
[_I__m_i P e
COINM
TOATA o a RAME TESTO
Y NCHROMIZATION "
CIRCINT ERALAM
ToLK c
1.54 MHZ
oerEcTon ot
" ¥
|\mc§: ;“‘ :::cun ‘(’:‘:nl
L CHCLE
MOO 386 m‘!'"c
BT COUNTER )
SBCLK
TIST L] S0IT ALARM T
(LEAVE OFEN S i
= .
SErecTon =

Figure 1. RB060 Block Diagram
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T-1 RECEIVER INPUTS

Any input <0.8V = LOGIC 0, LOW, ZERO. Any input 22.0V =
LOGIC 1, HIGH, ONE. A transition from a low level to a high
level is called a rising edge, while the converse is true for the
falling edge.

TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT

Unipolar T-1 Data is clocked in on the falling edge of TCLK.
Thereafter, TDATA is processed on the rising edge of TCLK.
TDATA must be stable 100 ns before and remain stable 100 ns
after the falling edge of TCLK.

TCLK: T-1 CLOCK

Typical clock frequency is 1.544 MHz. Maximum clock frequency
is 1.85 MHz. The T-1 bit period is bounded by the rising edges of
TCLK.

SYNCEN: FRAME SYNCHRONIZATION ENAELE

Provides a means to disable the automatic resync ssarch initiated
by a FRAME ALARM condition. If the SYNCEN signal is low,
the synchronization f ion is inhibited and ins inhibited
until SYNCEN transitions high. SYNCEN must be stable 200 ns
befare the rising edge of FRALRM, in order to inhibit the syn-
chronization function,

MR: MASTER RESET

Master Feset, when low, performs an initialization clear of the
T-1 Receiver; SBALRM and CALAM are reset to low levels while
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels.
Frame synchronization search begins on the rising edge of MR
provided that SYNCEN signal has been high for 200 ns. Minimum
pulse width is one T-1 clock period.

CDINH: CHANNEL DATA INHIBIT

Provides a means to disable channel data bit outputs. When at a
high level, CDINH forces channel data Bits 1 through 7 high.
Bit B, the least significant channel data bit, is not controlled by
CDINH,

TESTI: ROCKWELL DEVICE TEST INPUT

Used only for Rockwell device testing, no connection to TESTI is
required for normal operation.

VSS, VDD: GROUND AND POWER

VDD = +5.0 0.5 VDC
VSS = Ground, 0 VDC

T-1 RECEIVER OUTPUTS
Low Power TTL Schottky — compatible
CDE (1-8): CHANNEL DATA BIT 1 THROUGH 8

Bit 1 is the sign bit, Bit 2 is the most significant bit and Bit 8 is
the least significant bit. If CDINH is low, new parallel channel
data becomes valid within 200 ns after the rising edge of CHCLK
and remains valid until the next rising edge of CHCLK. If CDINH
is high, channel data Bits 1 through 7 are forced to a high level.
Bit 8, the least signifi bit, is not lled by CDINH. Chan-
nel data Bits 1 through 7 are ensbled or disabled within 150 ns
by CDINH. Refer to Figures 3 through 5.

CHCLK — CHANNEL CLOCK

The rising edge of CHCLK indicates a change of parallel output
channel dats. CHCLK is four TCLKS high then four TCLKS low
except for when an “F" or “S" bit is received. Then CHCLK
stretches to five TCLKS high and four TCLKS low. Refer to
Figures 3 and 4.

CHSYNC: CHANNEL SYNC

Channel Sync occurs one time in a 24 channel period, making it
suitable for synchronizing external counters to the T-1 Frame
rate, CHSYNC goes low one TCLK period before the rising edge
of CHCLK at channel 24 data sample time. CHSYNC returns
high 1 TCLK period after the rising edge of CHCLK. Refer to
Figures 3 through 5.

TESTO: ROCKWELL DEVICE TEST OUTPUT

Designed to sid in Rockwell device testing. No connection required
for normal operation.

WIHBT: WRITE INHIBIT

WIHBT covers the parallel channel data transition period. WIHBT
is for clocking or bing | data into external
memories. WIHBT is high for two TCLK periods, beginning one
TCLK period before the rising edge of CHCLK. Refer to Fig-
ures 3 and 4.

MAXCNT: MAXIMUM COUNT OF 386 MODULOUS

MAXCNT is low for one TCLK period, marking the completion of
a two-frame period cor ding to the d receipt of an
F-bit at the TDATA input. Refer to Figures 4 and 5.

SBCLK: S-BIT CLOCK

SBCLK will be high during the S§-Bit frame and low during the
F-bit frame. The transitions will occur within 300 ns after the
rising edge of TCLK as channel 24 data is being transferred to the
parallel channel outputs. Refer to Figures 3 through 5.

S-BIT: SIGNALING BIT OUTPUT

The S5-Bit output monitors the previous §-Bit received which
occurred two frames before the receipt of the current S-Bit.
An S-Bit output transition occurs one TCLK period after the
rising edge of SBCLK.

During a signaling frame (SIGFR is low), channel 6 or “A"" high-
way signaling is identified by S-Bit output being low. I 5-Bit
is high during a signaling frame, channel 12 or “B" highway
signaling is identified. Refer to Figures 3 through 5.

SIGFR: SIGNALING FRAME

SIGFR identifies frame 6 or 12 when low, If the sequence of five
consecutive received S-Bits is either 0111X or 1X001 {left to
right, s received), STGFR shall go low after the rising edge, but
at leest 375 ns before the falling edge of WIHET corresponding to
channel 1 data sample time. SIGFR returns high one frame later
(193 bits). Refer to Figures 3 through 5.

SBALRM: S-BIT ALARM

SBALRM goes high if the sequence of five 5-Bits received contains
four consecutive ones (01111), and remains high until three con-
secutive "zero™ bits are preceded and followed by a “one™ S-Bit
(10001). The actual transition of SBALRM output occurs after
the rising edge, but at least 375 ns before the falling edge of
WIHBT corresponding to channel 1 data sample time.



BZALRM: BIT 2 ALARM

B2ALRM goes high, detecting a remote alarm condition, if 255
consecutive channel data ples are d with Bit 2 low.
B2ALRM returns high upon the receipt of any channel sample
with Bit 2 high.

CALRM: CARRIER LOSS ALARM

A carrier loss is detected and CALRM is set high if 31 .consec-
utive low level TDATA bits are received. CALRM is reset low,
FRALRM is set high and frame sync search begins when the first
TDATA high level is received.

FRALRM: FRAME ERROR ALARM

FRALAM detects an out-of-frame condition. FRALRM goes
high if:

A) The framing synchronization function is in progress.
B} Within 250 ns after the falling edge of MR.

C) An F-Bit is received which is not the inverse of the last
F-Bit and the same condition also occurred two or three
or four F-Bit frames earlier.

D}  Within 250 ns after the falling edge of CALRM, (CALRM
being reset by high level TDATA bit),

FRALRM goes low upon of the sy
function or within 250 ns after the rising edge of CALRM. (Car-
rier loss condition during frame synchronization function).

OUTPUT CLOCK SIGNALS DURING FRAME
SYNCHRONIZATION FUNCTION

Following the Declaration of Frame Sync loss (FRALRM goes
high), output signals will continue normally for a two-frame
period with the exception of CHSYNC, which has the above
mentioned second frame sync pulse inhibited. Following the two-
frame period CHCLK, CHSYNC, and WIHBT are held high until
frame sync has been located, as indicated by the falling edge of
FRALRM. Frame synchronization takes less than five milli-
seconds. See Figure 2.

L] <

!L- | rrame sy
FRALRM I 1

e———— 2 FRAME PERIOD————=-]
- ans: I iy BN T o

Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization
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FRAME SYNCHRONIZATION SIGNALING SYNCHRONIZATION

BIT (F BIT) PATTERN BIT (SBIT) PATTERN
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FRAME = 24 TIME SLOTS = 193 BITS = 125uS
TIME SLOT =5.18US ONE BIT = 648 Us
MULTIFRAME = 12 FRAMES = 1.5 MS,

FBIT (Fy} FRAME ALIGNMENT SIGNAL SBIT (Fg) MULTIFRAME ALIGNMENT SIGNAL

(ODD-NUMBERED FRAMES) (EVEN-NUMBERED FRAMES)
FRAME FIRST BIT FRAME FIRST BIT

1 1 2 0

3 ] 4 0

5 1 6 1

7 [] 8 1

9 1 10 1

1n 0 12 0

Figure 5. Multiframe Signal Relationships

Table 1. Output Propagation Delay Worst Case, From Rising Edge to TCLK

OUTPUT MAX DELAY UNIT
CHCLK 300 NS
CHSYNC 300 NS
WIHBT 300 NS
MAXCNT 300 NS
SBCLK 300 NS
SBIT 400 NS
SIGFR 475 NS
SBALRM 476 NS
B2ALRM 450 NS
CALRM 300 NS
FRALRM 600 NS
CDB (1-8) 400 NS
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SPECIFICATIONS
Maximum Ratings
Rating Symbaol Voltage Unit
Supply Voltage VDD +4.5 to +6.5 v
Operating Temperature Range Top 01070 %
Storage Temperature Range TSTG -85 1o +150 %
All inputs contain protection circuitry to prevent damage due to high static charges. Care should be 10 v applica-
tion of voltage outside the specification range.
Electrical Characteristics
- - 0
Vpp = +5V £10%, T, =25°C)
Characteristic Symbol Min Max Unit
Input Logic *'1" Voltage Vm 2.0 VCID +0.3 v
Input Logic “'0" Voitage ViL 0.3 08 v
Qutput Logic “1" Voltage VOH 2.4 v
Qutput Logic 0" Voltage VOL 04 v
QOutput Source Current 'OH -100 A
QOutput Sink Current oL 400 HA
Clock Frequency Tewk 185 MHz
Input Capacitance CI 5 pF
Output Capacitance Co 25 pF
Power Dissipation Poss 550 mwW
1.180)
470 pon
1240) "'r" L8610}
'Lr 1.018)
{008)
] 1.065) 1.700)
F A i —
085} 1023) 032 REF. (1101 (450 [60)
{:085) (L] {226) {020}
Packaging Diagram
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ROCKWELL INTERNATIONAL — MICROELECTRONIC DEVICES

—

SOUTHWEST REGION. US.A »
3310 Mualoma Avenue

PO Box 3660

Anahgm. Californs 32803
(714 6320050

TWx: 9105911698
NORTHWEST REGION, U. 5. A.
Rockwall international

1601 Civic Center Drive, Suile 203
Sania Clara, CA 95050
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A0GGE
Talex: 171135 mission snta

Rockwell
International

REGIONAL SALES OFFIC!

CENTRAL REGION. USA.

Contact Robert O Whslesell & Associates

6691 East Washa:ngton Strest
napoks. indana 46219

9283 .
Myt Gamble. Mgr (Achng]
TWI B10-341-3320 B

EASTERN REGION. US.A*
Cargher Office Building

850870 US. Route 1

Nonn Brunswick New Jersey DBD02
(201 246-3630

TWX. 710 480 6261 RECTC NBR

MIDWEST REGION, U.S.A.

1011 E Touhy Avenue. Suite 245
Dus Plaines, lllinois 8

(312 207-8862

Telex: 726353 Rockwell
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EUROPE

Aockwell International GmbH
Microelectronic Devices
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08022 Munchen-Martnsned
German

1089 859-9575

Telex 05212650

FAR EAST
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103 265 BROG

Telex: J22188
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