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The R6500 Family

R6500 Family

A family of 10 software-compatible CPUs and 11 /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 ports on 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 réduce chip size and power consumption.
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GENERAL-PURPOSE MEMORY-1/0-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 complete 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

e 56 instructions

e 13 addressing modes and true indexing capability

e Decimal/binary arithmetic mode selection

« Bi-directional Data Bus (compatible with the
MC 6800)

¢ Addressable memory range up to 65K bytes

o Multi-level interrupts — maskable/non-maskable

* Use with any type or speed memory

* Programmable stack pointer and variable
length stack

R6500 CPU Options ® 40- and 28-pin DIP package options
40-Pin DIP 28-Pin DIP
R6503 R6504 R6505
R6502 R6512 R6513 R6514 R6515 R6506 R6507

Memory Address Space 65K 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
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 1/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 or Y. in-
dexing.) — Zero page addressing used with an index
register.

 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.

o INDEXED INDIRECT ADDRESSING — Uses an
indirect zero page address indexed by Xto fetch
the effective address.

* INDIRECT INDEXED ADDRESSING — Uses a zero
page address to fetch the effective base address
to be indexed by Y.

o ABSOLUTE INDIRECT — Used only with JMP, the
second and third bytes point to a two-byte effective
address.




RE©500 Microprocesser Instruction Set

ADC
AND
ASL

BCC
8CS
BEQ
8IT
BMI
BNE
BPL
BRK
BVC
BvVS

cLc
CLD
CcLt
cw
CMP
cPX
cPY

DEC
DEX
DEY

EOR

INC
INX
INY

JMP
JSR

LDA
LDX
LDY
LSR

NOP
ORA

PHA
PHP
PLA
PLP

ROL
ROR
RTI

RTS

SBC
SEC
SED
SE!
STA
STX
STY

TAX
TAY

TSX
TXA
TXS
TYA

Add Memory to Accumutator with Carry
"AND" Memory with Accumulator
Shift Left One Bit (Memory or Accumulator)

Branch on Carry Clear

Branch on Carry Set

Branch on Result Zero

Test Bits in Memory with Accumulator
Branch on Result Minus

Branch on Result not Zero

Branch on Result Plus

Force Break

Branch on Overflow Clear

Branch on Overfiow Set

Clear Carry Ftag

Clear Decimal Mode

Clear Interrupt Disable Bit

Clear Overflow Flag

Compare Memory and Accumulator
Compare Memory and Index X
Compare Memory and Index Y

Decrement Memory by One
Decrement Index X by One
Decrement index Y by One

“Exclusive OR” Memory with Accumulator

Increment Memory by One
Increment Index X by One
Increment ¥ by One

Jump to New Location
Jump to New Location saving Return Address

Load Accumulator with Memory

Load Index X with Memory

Load Index Y with Memory

Shift Right One Bit (Memory or Accumulator)

No Operation
“OR"” Memory with Accumulator

Push Accumulator on Stack
Push Processor Status on Stack
Pull Accumulator from Stack
Pull Processor Status from Stack

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

Return from Subroutine

Subtract Memory from Accumulator with Borrow

Set Carry Flag

Set Decimal Mode
SetInterrupt Disable Status
Store Accumulator in Memory
Store Index X in Memory
Store Index Y in Memory

Transfer Accumulator to Index X
Transter Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator
Transfer Index X to Stack Pointer
Transter index Y to Accumulator

*Add one cycle if indexing across page boundary
**Add one cycle it branch is taken. and one additional cycle if branching operation crosses page boundary

Execution Time (clock cycles)
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R6500/1 One-Chip Microcomputar

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 /O
lines, four interrupts and a 16-bit programmable counter
(with four separate interval/levent modes) — all in a single
40-pin package.

The R6500/1 atso 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.

XTL2 .
XTL1 " COUNTER /0

|/

R6500/1 Features

2K-Byte Mask Programmable ROM

64-Byte Static RAM

R6502 CPU

Four 8-Bit Bidirectional /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

Vaam

3 )
/-

cLOCK COUNTER/LATCH B4 BYTES 2048 BYTES
CPU OVERFLOW J L
(6502) ‘\ \
1 Y
// 1RO INTERRUPTS CONTROL & EDGE 32 PROGRAMMABLE
==========0s  INPUT/OUTPUT LINES

b P DETECT LOGIC X ‘ -

{ 1__ RESET §
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Standard Memery 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, fuliy
static — no clocks or refresh strobes required — and
operate from a single + 5V power supply
e R2114 4K STATIC RAM

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

data I/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 EPROMSs.)
* R2332 32K STATIC ROM
The industry’s first static 4096 x 8 N-channe! 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.

| ﬁmiw = “1:9;,—
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Input/Qutput Devices

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 overail cost. Both are available in
1 MHz and 2 MHz versions. All R6500 I/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 (PIA)
40-pin package, two 8-bit bi-directional I/0 ports,
four peripheral control/interruptinput 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, ASCI|
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 Devices

Memory-1/O-Timer Combination
Devices
By combining an R650X Series CPU with one-chip
memory, /O 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-I/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.
e 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 1/0 ports, with a total of 15 data lines,
including four external interrupts and handshake
control.
The RRIOC also provides a fully-buffered 16-bit
counter/timer with four program selectable modes —

interval timer, pulse generator, event counter and pulse

width measurement.

A separate 52-pin version of RRIOC offers expanded

1/0 in additional 8-bit output port and 4-bit input port.

¢ R6532 RAM-1/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 1/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 portand one
additional 1/0 line.

Intelligent Peripheral Controlier

Devices

The devices listed below get your interface design off to

asolid start.

¢ R6541 Programmable Keyboard/Display Controller
(PKDC)
40-pin package, 8-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
alsointerface 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 ot 5, 6, 7
or 8 bits; even, odd or no parity; 1, 1-1/2 or 2 stop bits.




Product Development
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Rockwell’s SYSTEM 65

SYSTEM 65 is a new easy to use, powerfut, 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

¢ 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 leve! 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.
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For learning, designing, work or just plain fun. ...

Duai Cassette, TTY
and General-Purpose
/0 Interfaces

R6500
NMOS
Microprocessor
' Family
Read/Write
20-Column RAM

Dot Matrix
Printer

20-Character
Alphanumeric
Display

Terminal
Style
Keyboard

Rockwell’'s R6500 Advanced Interactive Micro-
computer (AIM B65) 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, uniquely, an alphanumeric 20-
column thermal printer.

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

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
techniques, 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.

e 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 I/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 salesrepresentative
from any Rockwell office.



DOCUMENT NO. 29000 D39 PART NUMBER
REV. 3, FEBRUARY 1979 R650X and R651X

‘l' ROckWéiI R6500 Microcomputer System
STy DATA SHEET

R6500 MICROPROCESSORS (CPU'’s)
SYSTEM ABSTRACT FEATURES
The 8-bit R6500 microcomputer system is produced with N- o Single +5V supply
Channel, Silicon Gate technology. Its performance speeds are @ N channel, silicon gate, depletion load technology
enhanced by advanced system hi e. This i ive e Eight bit parallel processing
architecture results in smaller chips — the semiconductor threshold @ 56 Instructions
to cost-effectivity. System cost-effectivity is further enhanced by e Decimal and binary arithmetic
providing a family of 10 software-compatible microprocessor o Thirteen addressing modes
(CPU) devices, described in this document. Rockwell also pro- @ True indexing capability
vides memory and microcomputer system . .. as well as low-cost e Programmable stack pointer
design aids and documentation. e Variable length stack
e Interrupt capability
® Non-maskable interrupt
R6500 MICROPROCESSOR (CPU) CONCEPT o (s with anv tys of speed memory
Ten CPU devices are available. All are softwarecompatible. e 8-bit Bidirectional Data Bus
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 e “Ready” input
with earlier generation microprocessors like the M6800 devices. ® Direct Memory Access capability
. o Bus compatible with M6800
The family includes six microprocessors with on-board clock ® 1 MHz and 2 MHz operation
oscillators and drivers and four microprocessors driven by external ® Choice of external or on<hip clocks
clocks. The on-chip clock versions are aimed at high performance, @ On-the<chip clock options
low cost applications where single phase inputs, crystal or RC — External single clock input
inputs provide the time base. The external clock versions are — RC time base input
geared for multiprocessor system applications where maximum — Crystal time base input
timing control is mandatory. All R6600 microprocessors are e Commercial, industrial and military temperature versions
also available in a variety of packaging (ceramic and plastic), ® ‘Pipeline architecture
operating frequency {1 MHz and 2 MHz) and temperature (com-
mercial, industrial and military) versions.
MEMBERS OF THE R6500 MICROPROCESSOR Ordering Information
(CPU) FAMILY Order Number: RESXX_ _ _
Microprocessors with On-Chip Clock Oscillator [
Temperature Range:
Model Addressable Memory No suffix = 0°C 1o +70°C
E = -40°C 10 +85°C
R6502 65K Bytes {Industrial)
R6503 4K Bytes MT = -55°C to +125°C
R6504 8K Bytes (Military)
R6505 4K Bytes
R6506 4K Bytes M= MILSTD-883,
R6507 8K Bytes Class B
— Package:
Microprocessors with External Two Phase Clock Output C = Ceramic
P = Plastic
Mode! Addressable Memory {Not Avaible for
M or MT suffix)
R6512 65K Bytes — Frequency Range:
R6513 4K Bytes No suffix = 1 MH2z
R6514 8K Bytes A= 2MHz
R6515 4K Bytes Model Designator:
XX = 02,03,04,..15

NOTE: Contact your local Rockwell Representative
concerning availability.

Specifications subject to
@ Rockwell International Corporation 1979 change without notice
All Rights Reserved
Printed in US.A.
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R6500 Signal Description

Clocks (6, ¢,

The R651X requires a two phase non-overlapping clock that runs
at the VCC voltage level.

The R650X clocks are supplied with an internal clock generator.
The frequency of these clocks is externally controlled.

Address Bus (A0-A15)

These outputs are TTL compatible, capable of driving one standard
TTL load and 130 pF.

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 tristate
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 l¢2) clock, thus allowing data output from
microprocessor only during ¢2. During the read cycle, the data
bus drivers are internally disabled, becoming essentiatly an open
circuit. To disable data bus drivers externally, DBE shouid 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
current address being fetched. If Ready is low during a write
cycle, it is ignored unti! the following read operation. 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 (iRQ)

This TTL level input requests that an interrupt sequence begin
within the microprocessor. The microprocessor will complete the
current instruction being executed befare recognizing the request,
At that time, the interrupt mask bit in the Status Code Register
will be examined. If the interrupt mask flag is not set, the micro-
processor will begin an interrupt sequence. The Program Counter
and Processor Status Register are storcd 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 location FFFF, therefore transferring program
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 3K external resistor should be used for proper
wire-OR operation.

Non-Maskable Interrupt {NM1)

A negative going edge on this input req thata n
interrupt sequence be generated within the microprocessor.

NMi is an unconditional interrupt. Following completion of the
current instruction, the sequence of operations defined for iRQ
will be performed, regardless of the state interrupt mask flag. The
vector address loaded into the program counter, low and high, are
tocations FFFA and FFFB respectively, thereby transferring pro-
gram control to the memory vector located at these addresses.
The instructions loaded at these locations cause the microproc-
essor to branch to a non-maskable interrupt routine in memory.

NMI also requires an external 3K §2register to Vcc for proper
wire-OR operations,

inputs {RQ and NMI are hardware interrupts. lines that are sam.
pled during ¢2 {phase 2} and will begin the sppropriate interrupt
routine on the ¢1 {phase 1) following the completion of the cur-
rent instruction.

Set Overflow Flag {S.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 01 of an OP CODE fetch and stays high for the
remainder of that cycle. If the RDY line is pulled low during the
¢1 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 a system initialization time of six clock cycles, the mask
interrupt ilag 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 for 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 microprocessor will proceed with the normal reset procedure
detailed above.



ADDRESSING MODES

ACCUMULATOR ADDRESSING — This form of addressing is
represented with a ane byte instruction, implying an operation on
the accumulator.

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 entire 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 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 indexing) — 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 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 references a location in
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 — {X, Y indexing) — This
form of addressing is used in conjunction with X and Y index reg-
ister and is referred to as “Absolute, X", and “Absolute, Y**. 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 instruction to contain the base address. This
type of indexing allows any location referencing and the index to
modify multiple fields resuiting in reduced coding and execution
time.

IMPLIED ADDRESSING — In the implied addressing mode, the
address containing the operand is implicitly stated in the operation
code of the instruction.

RELATIVE ADDRESSING — Relative addressing is used only
with branch i i and i ad for the con-
ditional branch.

The second byte of the instruction becomes the operand which is
an “Offset”” added to the contents of the lower eight 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
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.

INDIRECT INDEXED ADDRESSING — In indirect indexed
addressing {referred to as {Indirect), Y), the second byte of the
instruction points to a memory location 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 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 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
BM! Branch on Resuit Minus

BNE Branch on Result not Zero

BPL Branch on Resutt Plus

BRK Force Break

BVC Branch on Overflow Clear

BVS Branch on Overflow Set

CLC Clear 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 Y

DEC Decrement Memory by One
DEX Decrement 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  Puil 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)
RT1 Return from Interrupt

RTS Return from Subroutine

SBC Subtract Memory from Accumulator with Borrow
SEC Set Carry Fiag

SED Set Decimal Mode

SE!  Set Interrupt Disable Status

STA Store Accumulator in Memory

STX Store Index X in Memory

STY Store Index Y in Memory

TAX Transfer Accumulator 10 Index X
TAY Transfer Accumulator to Index Y
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




R6502 — 40 Pin Package

vss 1 a0l RES
Rov 2 381 ¢, (oum
¢_1 (oum){3 aslos.0. Features of R6502
1Ra 44 37 ¢o 1N}
N.C. Os 3sfan.c. ® 65K Addressable Bytes of Memory (A0-A15)
NMI s 35k n.c. o IRQ Interrupt
SYNC [ 4 3aIR/W e On-the<chip Clock
vce s 331 oo TTL Level Singte Phase Input
A0 [ ] 323 01 RC Time Base Input
Al 10 31302 Crystal Time Base Input
A2 —Jn 303 o3 o SYNC Signal
A3 112 29 pa (can be used for single instruction execution)
A4 J13 283 o5 e RDY Signat
AS s 22806 (can be used to halt or single cycle execution)
A6 —l11s 268107 ® Two Phase Output Clock for Timing of Support Chips
A7 J16 25 A15 o NMI Interrupt
A8 g1 243 A4
A9 o R1:} 233 A13
A10 19 223 A12
Al 20 2183 vss
R6503 — 28 Pin Package
Aes ' 283 ¢, (ou
vss (2 2789 ¢q (IN)
ira s 263 R/W Features of R6503
M CJa 25 oo
vee s 24 01 ® 4K Addressable Bytes of Memory (A0-A11)
A0 e 230 b2 e On-thechip Clock
a1 7 22 b3 e [RQInterrupt
A2 s 210 o4 o NMI Interrupt
A3 [To 20/ bs e 8 Bit Bidirectional Data Bus
A4 [0 19 06
AS CIn 183 D7
A6 []12 17[3 A1l
A7 13 16 A0
As CJ1a 15 A9
R6504 — 28 Pin Package
RES 1 283 ¢, (OUT)
vss 42 27| ¢o (IN)
irRa 3 26 R/W Features of R6504
vec4 25 bo
a0 s 243 D1 ® 8K Addressable Bytes of Memory (A0-A12)
Al s 23 D2 @ On-the-chip Clock
A2 37 22[ D03 e [RQ Interrupt
A3 s 21 D4 e 8 Bit Bidirectional Data Bus
A4 39 20 D5
AS [J10 19 D6
As 11 18 D7
A7 (]12 17[3A12
Ag8 13 16 AN
ag 14 15[1A10
R6505 — 28 Pin Package
AEs .1 2815 ¢, (OUT)
vss 2 2713 ¢g (IN}
RDY 3 26 3 R/W Features of R6505
ira 34 253 Do
vee s 241 D1 ® 4K Addressable Bytes of Memory (AD-A11)
A0 Cle 231 b2 ® On-the<hip Clock
A1 37 22 b3 e IRQ Interrupt
A2 s 213 D4 o RDY Signal
A3 o 20105 e 8 Bit Bidirectional Data Bus
A4 [J10 19 06
A5 11 18 D7
A []12 17 g Al1
A7 13 163 A10
Ag 14 15 A9




R6506 — 28 Pin Package

RES fom ] 2813 ¢, (OUT)
vss 2 27¢p (IN)
o, ouncda 26 Features of R6506
Ra [ V) 25 po
vec = 249 01 ® 4K Addressable Bytes of Memory (AQ-A11)
e On-the<hip Clock
AD Os 231 D2 e
e |RQ Interrupt
Al 22
" E ; i = gi e Two phase output clock for timing of support chips
e 8 Bit Bidirectional Data Bus
A3 ds 20 E D5
A4 J1o 19 os
A5 s RR ] 18 D7
A6 —]12 7EAn
A7 13 16 A10
A8 314 150 A9
R6507 — 28 Pin Package
FEs ! 28— ¢4 (OUT)
2 271 ¢p (IN)
:stvé 2 ot g R/%v‘ Features of R6507
veeCla 253 Do
A%C = 245 01 ® 8K Addressable Bytes of Memory (A0-A12)
a1 e 23k o2 e On-the<chip Clock
R 2 03 e RDY Signal
o 4 . E o e 8 Bit Bidirectional Data Bus
A4 é 9 20 oS
AS 10 19106
A 11 18131 D7
A7 [J12 173 A2
A8 13 16 A1l
Ag 14 15 A10
R6512 — 40 Pin Package
vss =1 403 RES
RDY
Q)D E 2 :;: [ gg(OUT) Features of R6512
1 .0.
fRQ [Ja 37[3 ¢ e 65K Addressable Bytes of Memory (AD-A15)
vss g 5 36:; DBE o IRQ Interrupt
:\:M 6 35 N.C. o NMI Interrupt
chc o7 343 H;W e RDY Signal
g 8 333 g e 8 Bit Bidirectional Data Bus
2(1) 9 32 D; e SYNC Signal
- J10 3t 0a ® Two phase clock input
a2 é ':; 30 = o e Data Bus Enable
29
A4 13 28} b5
A5 5 14 27§71 D6
A6 15 26{3 P7
A7 16 251 A15
A8 17 24[7 A14
A9 {18 23 A13
A0 19 2213 A12
Al 20 213 vss




R6513 — 28 Pin Package

vss 1 28| RES
L ZI=F 2709 ¢,
RA 3 269 RAW Features of R6513
NMi 4 25 Do
vce s 24| D1 ® 4K Addressable Bytes of Memory (A0-A11)
A0 e 233 b2 ® Two phase clock input
Al 7 223 03 e IRQ Interrupt
A2 s 213 D4 o NMI Interrupt
A3 []o 20f DS e 8 Bit Bidirectionat Data Bus
A4 10 19 D6
A5 (411 18 D7
A6 (112 1713 AN
A7 13 16{3 A10
A8 (14 15[ A9
R6514 — 28 Pin Package
vss 1 28| RES
-~ P 271 ¢, )
iRQ .3 263 RIW Features of R6514
vecJa 25{3 Do
A0 s 243 D1 e 8K Addressable Bytes of Memory (A0-A12)
Al e 23| D2 ® Two phase clock input
A2 37 22f0 D3 e IRQ Interrupt
A3 8 219 D4 o 8 Bit Bidirectional Data Bus
Al g [ 20 05
A5 10 19 o6
A6 (11 1807
A7 12 17 A2
A8 13 16fo AN
A9 (14 15[ A10
R6515 — 28 Pin Package
vss 41 283 Res
RDYCH2 27 ¢
¢, s 263 R/zw Features of R6515
fRa a4 25 po
vee s 24301 @ 4K Addressable Bytes of Memory (A0-A11)
A0 e 23 Dp2 o Two phase clock input
A1 v 2203 e [RQ Interrupt
A2 s 21 pa ® RDY Signal
A3 o 20 o5 @ 8 Bit Bidirectional Data Bus
A4 10 19 Dps
AS (1 18[3 07
A6 (112 17 An
A7 313 16 A10
A8 (14 15[ A9
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INSTRUCTION SET

INSTRUCTIONS MEDIATE | aBSOLTE | zeropace | accum | weueo | owo.x) | awonv |zeace.x | ass.x | ass.v | mewatwe | womecr | 2 pase v| cooes
MNEMONIC OPERATION 0Pt n | #foP| n|afor| n|w|orin]uforfn]|ujor|n|sjor|n|a]orfn|alor(n|wfopn}alor|n|e]or|n|s]opn 'Ltt‘a’of;o EmONIC
ADC A+M+C~A nf6s) 2)2 |6D] 4|3 1653 )2 61| 6f2|7t[s|2]|r5)af2|Dfa|3]r9)ja]l NV....2C|ADC
AND | AAM=a |29t 2]2 J2o| 4)3]2s) 2|2 21) s[2]31 5|2 [38)a|2 j30) 4|3 f0)a|3 Neoeon2.]|ano
ASL (SR ram— ] oE| 63 [osf 5|2 Joa] 2] w|efzlef7fa No.o+ooZc| ast
acc BRANCHONC = 0 (2) w| 2|2 N T T
BCs SRANCHONC = 1 @ /| 80| 2| 2 cev e BCS
BEQ BRANCHONZ = 1 (2) Fo| 2{ 2 e ... -+ BEQ
8T Arm 2c| o f3f2ef 2|2 MM+« - 2] BT
BMI BRANCHONN = 1 12) wlz2|2 I E
BNE BRANCHONZ = 0 21 Doh2} 2 N 1T
BPL BRANCHONN = 0 (2) wlaf2 T Yt
BRK BREAK o00f 711}, I I BRI l.l'll
svec BRANCHONV =0 2 so|2|2 N YT
Bvs BRANCHONV = 1 (2} |21z N BT
cLC 0=c B2 A P 1 K
cLo | o-o o8} 2|1 ] K1Y
ct 0= 81211 e v s s a0l CLY
cLv 0-v B8l 21 P I 1%
cMP | A-M cot 2|2 |cof «|a)es|at2 c1|]6f2]or]s|2]os]af2]ool «]3loa|a]3 N czc|cmr
cpx | x-m Eof 2| 2 fec| 4| 3fesja}2 Neoeosoozcfcex
cPyY YoM co] 2 2jccl afafcata] 2 N.....2CiCPY
DEC [ M-1-M ce[ 6] afce| 5| 2 Ds| 6| 2f0e| 7|3 NeoeooZ-fDEC
DEX | X-1=X cal 2|1 Newoowo2.]o0Ex
DEY Y-ty 82| N+« ooo 2 0DEY
EOR | AvM=-a mieo| 2] 2fapja]afas|3]2 | 6|2fsi)s|2fss|aj2]sgfa|a]sefa]s Ne-..oz2.|tonr
INC'| Met1=M EE| 6] 3{es|5 )2 fel 6| 2fre] 7] 3 N.woooazZ-|tne
TN X Xo1=x €sfzf1 N+ oecocZ-|INX
INY Yer-v csj 2]t NowoeooZoliny
ame | sumproNEwLOC N EE ' sc|s|a [P BV
4sR | Jumpsus 20{6|3 N T
LDA | M-a o Jasl 2] 2 anl 4] 3lastaf2 ajetalefsf2 43 Ne--ca2-|lL0a
tox | m-x o |a2| 2] 21ag| o [3[asf 3| 2 a3 B[4l 2[n- - -2l LDx
Loy M-y o |ao| 2| 2 |ac] | 3 [aa| 32 NeeweaozelroY
LSA o-— ¢ ag|6]3)asl 5| 2fan| 21 0« + e+ 2cCclLsR
NOP | NODPERATION €Al 2|1 N T
ORA | AvM=a 09 2§ 2 foo| 4 | 3fos| 3] 2 or}s|2fuls|2fis|a]2finjafafis]a]s N:.-+-:2-{0RA
PHA | A-Ms S-1-5§ wfaf . B XD
PHP | P-Ms  S-1-§ oelafr T Y
PLA | S+e1=5  Ms—a el a1 Nesv oo zedera
PLP | Se1=5  Ms=p IR (RESTORED) pLP
ROL A 2e{ 6326 5[20aa 2] IR EIRAE) : N+ 2clROL
AOA el 6(3066]15 2 6al 211 wl6f232el 7)3 B N <=+t 2C] ROR
AT RTAN INT w06 RESTORED) AT
RTs | RTRNSUB cf6]1 v e ifnrs
s8C | A-M-C-a (mles|2|2]e0f¢f3es|3]|2 er|6|2fFr|s]2[rs|a]2frojafafra)a]s Nvee.-+2zp| sac
SEC 1-c »l2f I ceeeee ] sEC
seo | 1-0 Faf2] «+.-+1..:]s€D
SEI (B mel2]1 e et fSED
STA | A-m sol4{3fes| ]2 sifs|2]or|6]2|osfal2]|oofs]|aloa]s]|s cec e eelsTaA
sTx | x=Mm se| 4 |3fes] 2|2 %lafafr o oo on o ]sTX
STY [ Y-m I fsc| af3fsel a2 gafaf2 I X2
TAX | A=x aal 2] 1 N+ ooz ]TAx
TAY A=Y asl 2] 1 NeevoeoZolTay
Tsx s-x COEIR Neoooszolrsx
TXA | X~A aal 2| 1 NeoesozlTxA
Txs | x-s 9af 2| 1 e R T}
TYA YA oal2] Ne+oeoovzorya
(M ADD110"N" IF PAGE BOUNDARY IS CROSSED X  NDEX X < aDD M. MEMORYBIT?
O AoB270 NI BRANGH OCCURS TOOIFFERENT PAGE e Nead u wwomene
13)  CARRYNOT = BORROW .
W IFIN DECIMAL MODE. Z FLAG IS INVALID M MEMORY PER EFFECTIVE ADDRESS v.oos ¢ noBvIEs
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT Ms  MEMORY PERSTACK POINTER ¥ EXCLUSIVEOR




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

e N W

Clock Timing — R6512, 13, 14, 15

[‘_ REF “A"

Timing for Reading Data from Memory or Peripherals

[ REF A" |e— REF "B" le—REF A"
—= Taws |j=— THRW —=
— [ 2.0V 2.0V
RW
THa
ADDRESS FROM A 20v 2.0V
cru 08V 0.8v |
T [ 2.0V
ADS .
DATA FROM - 20V
MEMORY v
5 0BV °'BT
ACC ] HR
= T
ROY, $.0. 20V DSU
- o8v
TROY, 50
SYNC

—= Tsyne

Timing for Writing Data to Memory or Peripherals

|l t— REF “A" | REF “B" |- REF ~A"
p—"— ‘—THRW
—1 Trws [‘*
/ R _& 08V 0,8V
; ADDRESS FROM g 20v 20v T
~ T - Ty cPu M 08V 08V _|
- T,
Van-0.2V —_] T et — — HA
cc ADS 2.0V
2 : ' DATA FROM 20v
0.2v l cru 08V 08V
— l.._TF —— PwHo, Tmos 1 Thw
REF “B"
Note: ““REF.” means Reference Points on clocks.
PROGRAMMING MODEL
7 0 7 0
ACCUMULATOR A NIv| [B]|D{1]|Z]|C|PROCESSOR STATUS REG P
: ] L
X " ]ipexRecisTER X ZERO  1=RESULT ZERO
15 7 0
[ pcH { PCL |PROGRAM COUNTER “PC” IRQ DISABLE 1= DISABLE _
8 7 0
(1] S | sTACK POINTER "g DECIMAL MODE 1=TRUE
BRK COMMAND 1 = BRK
L———————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

Charsetaristic Symbol Min ™ Max Uni Choractarietie Symbol Min T | M Units

Cyela Time Teve 10 - 100 u Cyct Time Teve 05 - 100 s
Gy Pulse Widih (memursd st 151 [ Pwhe, 450 - 520 n (i) Pulse Width (memursd st 15V) | PWHS, 20 - 260 ~
By Rise. Fall Time RO, TFS, - - 10 " o 0n) Rise. Fall Time TR, TF, - - 10 s
Detay Time Between Clocks TD 5 - - .I'l Delay Time Between Clocks Tu 5 - - "
Imessured 3t 1.5V} (messured at 1.5V)

40U} Pulse Width (messured at 1.5v1 | PWHS, pwno 20| - | Pane,, . B340UT) Pulse Width (massured st 1.5V | PWH®, P, 20| - |ewHe "
®210um) Pulse Width (measured st 16V) [ PWHS, o 40| - | ewne 10| m 210uT) Pulse Width (messured st 1.6V [ PWHO, PwHo 40| —  [PwWHa 10l
110U P2toyT) Rise. Fall Time TaTe - - = " ®10uTh P210uT) Rise. Foll Time TaTr - - 25 n
(mewsured o1 0.8V t0 20V) (messured ot 0.8V 0 2.0V}

(Losd = 130 pF + 1 TTL) {Load = 130 pF + 1 TTL)

* The lowest operating frequency for the commercial temperature range CPU’s is 100 KHz, which corresponds to a maximum cycle time

(TCYC) of 10 us. The lowest operating frequency for the industrial and military temperature range CPU's is 250 KHz, which corresponds
to a maximum cycle time (Tgyc) of 4 us.

Clock Timing — R6512, 13, 14, 15

Clock Timing — R6512, 13, 14, 15

Characteristic Symbol Min Tve Max Unies Charscterietic Symbol Min Tw Max Units
Cycle Time Teve * 1000 - - L Cycle Time Teve * 500 - - L
Clock Pulse Width 0 P §1 430 - - L Clock Pulse Width o1 PH 1 215 - - -
(Messured st Vec -02v) 62 wH2 470 (Messured st Voe -0.2v) 62 wH$2 235
Fall Time Te - - s ns Fall Time T - - 12 s
(Measured trom 0.2V to Vee -0.2V) {mensured from 0.2V to Vee - 0.2V)

Delsy Time between Clocks To o - - ~ Delay Time between Clocks Ly o - - L
(Messured at 0.2V} {messured a1 0.2V}
Read Write Timing «« Read/Mrite Timing *+
Charscteristic Symboé Min Tye Max Units. Charsctecistic Symbol Min Typ Max Units
AeadMWrite Setup Time from RE500 Taws - 100 225 o Fead/Write Setup Time trom RE500A Taws - 7% 140 m
Address Setup Time trom RE500 Tans - 100 228 o Address Setup Time trom RES00A Taos - 5 140 as
Memory Read Access Time YACC - - 650 L Memory Read Access Time 'ACC - 310 "
Data Stability Time Period YDSU 100 - - ns Dats Stability Time Period TDSU 50 - - ns
Data Hold Time ~ Read 'NR 10 - - ns Data Hold Time — Read 'NR 10 - - ns
Data Hold Time — Write Yw 0 90 - ns Data Hold Time ~ Write 'HW 60 90 - n
Data Setup Time from RES00 Tuos - 150 175 " Data Setup Time from RES00A Thos - 3 100 m
RODY, 5.0. Setup Time Trov 100 - - o RDY, 5.0. Setup Time Thov 50 - - ~
SYNC Setup Time from R6500 TSVNC - - 225 L SYNC Setup Time from R6500A YSVNC - - 150 ns
Address Hold Time Tua 30 & - o Adaress Hold Time Tua 30 60 - n
R Hold Time THRW 30 60 - n A Hold Time. THRW 30 60 - ~”
** Load Conditions = 1 TTL Load + 130 pf
1.8K 1.8K
R65XX
¢ {IN)
0
7404 7404
3.3K
IDI 6,(0UTH—3 47
XTAL

(1 MHz ~ 5 MHz)*

*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT




<—— REGISTER SECTION CONTROL SECTION ——»

RES TRG NM!
- M
A0
Rslg?si);n C:QJ INTERRUPT
|
v LoGic
) i i 4
A2 - INDEX
REGISTER
X - fg——————————ROY
A3 -
ABL K==
Aq - 2 STACK
M (2 k: POINT K=
3 REGISTER
< (S) i 1
AS —g— é
w INSTRUCTION
z DECODE
A6  -at—i -
ALY ka
A7 -—q
ADDRESS
BUS
I
-] o s
a8 < ACCUMULATOR TIMING
1 A d 1 conTROL
z ht—{
A9 -g— §
z Pett—— ¢, (IN)
-
- 1
A10 <€~ - PCL . R6512,13,14,15
5 (IN)
A1 g PCH
ABH PROCESSOR crock
K= STATUS X o IN)
KE!  mecisten cenerator [ ‘0 R6502, 03, 04, 05, 06, 07
A12 -t °
INPUT
DATA 6, 0UT
ATCH 1
Al3 Ll[}Ll
L———— o, 0uT
RN
A14 -]
DBE
DATA BUS = INSTRUCTION
15 BUFFER REGISTER
J _l
t | ]
Do
LEGEND — 01
» 02
ﬁ N 03 | pata
=8 BIT LINE - 0d aus
—p= D5
| =1 BIT LINE 4= D6
D7

Note: 1. Clock Generator is not included on R6512, 13, 14,15
2. Addressing Capability and control options vary with each
of the R6500 Products.

R6500 Internal Architecture



SPECIFICATIONS

Maximum Ratings ‘

Rating Symbol Value Unit

Supply Voltage VCC 0.3to+7.0 Vde
Input Voltage Vin 03to+7.0 gdc
Operating Temperature T [

Commercial 0to+70

Industrial 40 to +85

Military -55to +125
Storage Temperature TSTG -55 to +150 °c

This device contains input protection 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
(Vg =5.045%, Vgg = 0)

applies to R6502, 03, 04, 05, 06 and 07.

d).‘, d)z applies to R6512, 13, 14, 15, ¢o(in)

Characteristic Symbol Min Typ Max Unit
input High Voltage VIH Vdc
Logic, ¢o(in) Vgt 24 - VCC

®,. 95 Vcc-0.3 - Vcc+0.25
input Low Voltage VlL Vde
Logic,¢°(in) VSS -03 - VSS +04
-9 d>2 Vgg 03 - vSS +04
input High Threshold Voltage VI HT Vde
RES, NMi, RDY, IRQ, Data, S.0. Vgg+20 - -
Input Low Threshold Voltage VILT Vde
RES, NMI, RDY, IRQ, Data, S.0. - - Vgg + 0.8
Input Leakage Current 'in HA
(V;,= 01525V, VCC =0}
Logic (Excl. RDY,S.0.) - - 25
¢1 . ¢2 - - 100
Potin) - - 10.0
Three-State (Off State) Input Current 1) HA
(Vin =04 1024V, VCC =5.25V)
Data Lines - - 10
Output High Voltage VOH Vdc
“LOAD =-100 pAdc, Ve ® 4.75V)
SYNC, Data, A0-A15, R/W, ¢1, ¢2 Vgs * 24 - -
Output Low Voltage VOL Vde
“LOAD = 1.6 mAdc, Vee= 4.75!)
SYNC, Data, A0-A15, RIW, ¢4, 92 - - Vgs * 0.4
Power Dissipation PD w
Commercial temp. versions - 0.25 0.575
Industrial and military temp. versions — 0.50 0.700
Capacitance at 25°C c pF
(Vi" =0, f=1MHz)
Logic Ciﬁ - - 10
Data - - 15
AO0-A15, RW, SYNC cout - - 12
Dofin) Coolin) - - ot
¢, Co, - 30 50
¢, Co, - 50 80

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






DOCUMENT NO. 29000 D51
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PART NUMBER
R6500/1

._ ‘l‘Rockwell R6500 Microcomputer System

DATA SHEET

R6500/1 ONE-CHIP MICROCOMPUTER

INTRODUCTION

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

The R6500/1 consists of an R6502 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/
fatch with four operating modes, 32 bidirectional input/output
lines {including two edge-sensitive lines), five interrupts and a
counter 1/0 line.

PRODUCT SUPPORT

To allow prototype circuit development, Rockwell offers a PROM
compatible 64-pin Emulator device. This device provides all
RB500/1 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<ircuit user emulation with the R6500/1 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- P/N $65-101
ment System

e 1 MHz R6500/1 Personality Module P/N M65-081

o 2 MHz R6500/1 Personality Module P/N M65-082

e 1 MHz R6500/1 Emulator Device P/N R6500/1EC

e 2 MHz R6500/1 Emulator Device P/N R6500/1EAC

® R6500/1 Evaluation Module P/N PS01-D100

ORDERING INFORMATION

Order Package Freq! Y Temp
Number Type Option Range
R6500/1P Plastic 1 MHz 0°¢ to 70°¢
R6500/1C Ceramic 1 MHz 0°C t0 70°C
RE500/1AP  Plastic 2 MHz 0°C t0 70°C
R6500/1AC  Ceramic 2 MHz 0°C 10 70°¢
R6500/1PE  Plastic 1 MHz —40°C 10 +85°C
RE500/1CE  Ceramic 1 MHz —40°C to +85°C
R6500/1ACE ,Ceramic 2 MHz —40°¢C 10 +85°C

Note: The RC frequency option is available only in the 1 MHz
R6500/1.

FEATURES

e R6502 CPU

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

— 13 addressing modes

— True direct and indirect indexing

— Memory addressable 1/0

2048 x 8 mask programmable ROM

64 x 8 static RAM

32 bi-directional TTL compatible 1/0 lines (4 ports)
1 bidirectional TT L compatible counter 1/O line
16-bit programmable counter/latch with four modes

— Interval Timer
— Pulse Generator
— Event Counter
— Pulse Width Measurement

Five Interrupts

— Reset

— Non-maskable

— Two external edge sensitive
— Counter

1 of 3 frequency references

— Crystal
— Clock
— RC (resistor only)

4 MHz max crystal or clock external frequency

2 MHz or 1 MHz internal clock,

1 ps minimum instruction execution

N-channel, silicon gate, depletion load technology
Single +5V power supply

500 mW operating power

Separate power pin for RAM

40 pin DIP

64 pin PROM compatible Emulator device

XTLI
LOCK ] ‘ EDGE l
XTLo <€ sciLLator| | DETECT
RES—— [iNTERRUPT
LOGIC PORT A I<38> PAD-PA7

NAMT—»]

. cru |

vee (6502) PORT B 1< 82> PBO-PB?
vss —p!
VRR—p l byt l porTC | KBS peoper

2048 X 8
ROM PORT D Fa> PDO-PD7

[ 4— CNTR

CONTROL COUNTER/
REGISTER LATCH

Interface Diagram

@ Rockwell International Corporation 1979
All Rights Reserved
Printed in U.SA.

Specifications subject to
change without notice
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FUNCTIONAL DESCRIPTION
CENTRAL PROCESSING UNIT (CPU)

Clock Oscillator

The Clock Oscillator provides the basic timing signals used by the
R6500/1 CPU. The reference frequency is provided by an external
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 (02) frequency is one-half the
external reference frequency. A 4.7K ohm resistor will provide nom-
inal 2 MHz oscillation and 1 MHz internal operation in the RC mask
option (£35%). -

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 Program Counter provides the addresses which step the
CPU through sequential instructions in a program. 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, to generate control
signals for the various registers.

Arithmetic and Logic Unit (ALU}

All arithmetic and logic operations take place in the ALU, including
incrementing and decrementing internal registers (except the Program
Counter),

Accumulator

The accumulator is a general purpose 8-bit register that stores the
results of most “arith 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 and thus obtain a new effective address. Pre- or post-
indexing of indirect addresses is possible.

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 NMI 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 R6500 instruction set contains
a number of conditional branch instructions which are designed to
allow testing of these flags.

Interrupt Logic

Interrupt logic controls the sequencing of three interrupts; RES, NMI
and 1RQ, 1RQ is generated by any one of three conditions: Counter
Overflow, PAO Positive Edge D and PA1 Neg: Edge D d.

l— CARRY (C) (1)

1 = Carry Set
0 = Corry Clear
————— ZERO({2) (1}

1 = Zero Result
0 = NonZeo Rewtt

INTERRUPT DISABLE (1) (2)

1 = IRQ interrupt Dirabled
0 = 4RQ Interrupt Enabled

DECIMAL MODE (D} {1}

1 = Decimal Mode
0 = Binary Mode

BREAK 8) (1}

1 = Bresk Command
0 = NotBreak Command

OVERFLOW (0) (1}

t = Overllow Set
0 = Overflow Clear

NEGATIVE (N) (1}
NOTES

1) Not initistieed by RES 1 = Negative Valus
12) Set 10 Logic 1 by RES 0 = Positive Value
Processor Status Register
MEMORY
2048 x 8 ROM

The 2048 byte Read-Only Memory (ROM) contains the program
instructions and other fixed constants. These program instructions and
constants are mask programmed into the ROM during fabrication of the
R6500/1 device. The R6500/1 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
completely static in operation and requires no clock or dynamic 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 O to O3F.

INPUT/OUTPUT

Bidirectional 1/0 Ports

The R6500/1 provides four 8-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 specific addresses. Each
1/0 line is individually selectable as an input or an output without line
yrouping or port association restrictions.

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

An option is available to delete the internal pufl-up resistance on 8-bit
port groups or on the CNTR line at mask time. This option isemployed
to permanently assign an 8-bit port group to input functions, to inter-
face with CMOS drivers, or to interface 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 O to be read. A
high input signal causes a logic 1 to be read. RES loads Logic 1 into the
1/0 ports, thereby jnitializing all 1/O lines as inputs.

Outputs

Outputs are set by loading the desired bit pattern into the correspond-
ing l/O ports. A Logic 1 selects a high output; a Logic O 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 O by the occurrence of RES.

7 . 5 4 3 2 1 (]

ol e orfoeloe]

COUNTER MODE CONTROL {CMC1 & CMGO)

Interval Timer

0 =
1.
0 = Event Counter
1.

PA? INTERRUPT ENABLE (A11E)

1 = Ensble PA1 Interrupt
0 = Disable PAY Interrupt

A0 T ENABLE (AOIE)

1 = Ensble PAD Interrupt
0 = Disable PAO Interrupt

COUNTER ENABLE (CIE)

1 = Ensble Counter Interrupt
0 = Dissble Counter Interrupt

PA1 NEGATIVE EDGE DETECTED (A1ED)

1 = PA1 Negative Edge Detected
0 = PA1 Negative Edge Not Detectad

PAO POSITIVE EDGE DETECTED (AOED)

1 = PAD Positive Edge Detected
0 = PAQ Positive Edge Not Detected

COUNTER OVERFLOW (CTRO}

1 = Counter Overflow Occurrad
0 = No Counter Overfiow

Control Register

EDGE DETECT CAPABILITY

There is an asynchronous edge detect capability on two of the Port A
1/0 lines. This capability exists in addition to and independently from
the normal Port A I/O functions. The maximum rate at which an edge
can be detected is ane-half the 92 clock rate. The edge detect logic is

continuously active. Each edge detect signal is associated with a mask- .

able interrupt.

PAO Positive Edge Detection

A positive (rising) edge is detectable on PAO. 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 PAO Interrupt Enable
Bit — Bit 3 of the Control Register — are set to Logic 1, an IRQ inter-
rupt request is generated. The PAO Positive Edge Detected bit is cleared
by writing to address 089.

PA1 Negative Edge Detection

A negative (falling) edge is detectable on PA1. When this edge is
detected, the PA1 Negative Edge Detected bit — Bit 5 of the Control
Register — is 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,
an IRQ interrupt request is generated. The PA1 Negative Edge Detected
bit is cleared by writing to address 08A.

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, di on the sel d

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

The Latch contains the Counter preset value. The Latch consists of
two 8-bit registers. Address 084 contains the Upper Latch (UL} and
address 085 contains the lower fatch (LL). The 16-bit Latch can hold
a count from 0 to 65,535. The Latch can be accessed as two write-only
memory 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 writ'm'g' to address 088. Pre-
setting the Counter in this manner causes the contents of the accumu-
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 overfiows.
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
TRQ 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 JRQ 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.

Mode CMC 1 CMCO
Interval Timer 0 ]
Pulse Generator ] 1
Event Counter 1 o
Pulse Width Measurement 1 1

The Interval Timer, Pulse Generator, and Pulse Width Measurement
Modes are $2 clock counter miodes. 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 overflow 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 occurs. Writing to address 088 will also toggle the CNTR line.

A symmetric or asymmetric output Waveform can be generated on the
CNTR line in this mode. A one-shot waveform can easily be generated
by changing from Mode 1 to Mode O after only one occurrence of the
output toggle condition.

Event Counter (Mode 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 overflow 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 measurement of the duration of a low
state on the CNTR line, The Counter decrements at the ¢2 clock rate
as long as the CNTR line is held in the low state. The Counter is stopped
when CNTR is in the high state. }f the CNTR pin is left disconnected,
this mode may be selected to stop the Counter since the internal
puli-up device will cause the CNTR input to be in the high state,

RESET CONSIDERATIONS

The occurrence of mgoing from low to high causes initialization of
various conditions in the R6500/1. 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 O, causing the Interval Timer
Mode (Mode O} to be selected and, all interrupt enabled bits to be
cleared, Neither the Latch nor the Counter registers are initialized
by RES, 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 RE500/1.

SIGNAL DESCRIPTIONS

R6500/1 Block Diagram

Applying a +10V signal to the RES line places the R6500/1 in the test SIGNAL NAME PIN NO. DESCRIPTION
mode. While in this mode, all memory fetches are made from Port PC. 3
External test equipment can use this feature to test internal CPU logic vce 30 Main power supply +5V
and 1/0. A program can be loaded into RAM allowing the contents of i
the instruction ROM to be dumped to any port for external verification. VRR 1 Separate power pin for RAM. In
N . . the event that VCC power is lost,
All R6500/1 microcomputers are tested by Rockwell using this feature. this power retains RAM data.
MEMORY ADDRESSABLE 1/0
“The 1/O ports, registers, and commands are treated as memory and are vss 12 Signal ground
assigned specific addresses. See the system memory map for the
addresses. This 1/O technique allows the full set of CPU instructions XTl 10 F'Vs“'v clock or RC "e“"‘"_k
to be used in the generation and sampling of 1/O commands and data. input for internal clock oscillator.
When an instruction is executed with an 1/O address and appropriate .
R/W state, the corresponding 1/ function is performed. XTLO n Crystal or RC network output
from internal clock oscillator.,
HEX RES 39 The Reset input is used to initial-
1RQ Vector High FFF ize the R6500/1. This signal must
:‘E‘; vector Lo ::; not transition from low to high for
ector High .
RES Vector Low FrC at least eight 'l:ycles after VCC
NMi Vector High FFp{ ROM reaches operating range and the
NMI Vector Low FFA internal oscillator has stabilized.
FF9
User Program a0 +10V input enables the test mode.
Unessigned <l NMI 40 A negative going edge on the Non-
[ Control Register | o8 Maskable Interrupt signal requests
Unassigned 08E that a non-maskable interrupt be
i 088 generated within the CPU,
Clear PAY Nog Edge Detected 1) |o8a
Clear PAO Pos Edge Dstected (1) j 089 PAO-PA7 38-31 Four 8-bit ports used for either
Upper Latch and Transfer Latch to Counter (2 | 088 PBO-PB7 2922 input/output. Each line consists
Lower Count 12) 1087 ¢ Input/Output PCO-PC7 2013 of an active transistor to VSS and
Upper Count 086 PDO-PD7 9-2 a passive pull-up to +5V. The two
Lower Latch 085 lower bits of the PA port (PAO and
Upper Latch o84 PA1) also serve as edge detect
PORT D 083 inputs with maskable interrupts.
PORY C 082
foare o8 CNTR 21 This line is used as a Counter
080 A .
Ursigned \ input/output line. CNTR is an
03F input in the Event Counter and
User RAM | }RAM Pulse Width Measurement modes
and is an output in the Interval
Notes: Timer and Pulse Generator
(11 170 command only; i.e.. no stored data. modes,
(2) Clears Counter Overflow ~ 8it 7 in Control Register.
System Memory Map
PROGRAM PROGRAM ANITNMEN INDE;
s aponess | | coonten | counren | | Accumuaton ToniTen REGiSTER l:‘:%ﬁ:r:u
s DECODE wiah ek | cow et | | A T (ALl ] x
oI 0 I f 2 0 Ilﬂ
_ I I R
T TQIL L U |
7|
Y
w £DGE l J DONTRBL PROCESSOR; INSTRUCTION INSTRUCTION
PORT A oetect | | n:mmn status DECODE REGISTER
PoO-PD? PEO-PB7 PAO-PAT { ; 1
COUNTER I-A'CM IN‘I’ERRW’ TIMING LOCK
8 CONTROL sctiaTon
CNTR WM REs XTLo  xTU



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
CcLC Clear Carry Flag

CLD Clear Decimal Mode

cu! Clear Interrupt Disable Bit

CLV  Clear Overflow Etag

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 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

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 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.

ZERO PAGE ADDRESSING — The zero page instructions allow 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 indexing} — 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 references 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 indexing) — This
form of addressing is used in conjunction with X and Y index register
and is referred to as “Absolute, X", and “‘Absolute, Y*’. The effective
address is formed by adding the conterits 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 resuit-
ing in reduced coding and execution 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)
NOP
ORA

No operation

“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 Memory 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 Accumulator to Index Y
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 — In the implied addressing mode, the
address containing the operand is implicitly stated in the operation
code of the instruction.

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

The second byte of the instruction becomes the operand which is an
“‘Offset”” added to the contents of the lower eight 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
added to the contents of the X index register, discarding 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.

INDIRECT INDEXED ADDRESSING — In indirect indexed addressing
(referred to as (Indirect), Y), 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 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 loca-
tion, the result being the high order eight bits of the effective address.

ABSOLUTE {NDIRECT — 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 (ocation is
the low order byte of the effective address. The next memory 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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SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage VCC 0.3 t0 +7.0 Vdc
Input Voltage Vi" 0.3t0+7.0 Vdc
Operating Temperature Range T oC
Commercial 0to +70
Industrial -40 to 485
Storage Temperature Range T“g -55 to + 150 °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.

Static D.C. Characteristics (Voo = 5V £10% for R6500/1, Voo = 5V £5% for R6S00/1A)

Characteristic Symbal Min Typ Max Unit
Power Dissipation (Outputs High) Pp mW
0°C to +70°C - 500 -
-40°C 10 +85°C - 550 -
RAM Standby Voltage (Retention Mode) VRR 3.5 - Vee Vdc
RAM Standby Current (Retention Mode) IRR mAdc
0°C 10 +70°C - 10 -
-40°C 10 +85°C - 12 -
Input High Voltage (Normal Operating Levels) ViH +2.0 - Vee Vde
input Low Voltage (Normal Operating Levels) ViL -0.3 - +0.8 Vde
Input Leakage Current 1T} BAdc
Vin=0105.0 Vdc $1.0 +25
RES, NMI
Input High Voltage (XTLI) VIHXT +4.0 - Vee Vde
Input Low Voltage (XTLI) VILXT 0.3 - +0.8 Vde
Input Low Current he
(ViL = 0.4 Vdc) - -1.0 -16 mAdc
Output High Voltage VOH
{Vgg = min, I gad = -100 pAdc) 24 - - Vde
Output High Voltage VeMos Ve - 30% - - Vdce
{(Vee = min)
Output Low Voltage VoL
(Ve = min, I gad = 1.6 mAdc) - - +0.4 Vdc
Output High Current (Sourcing) loH
(VOH = 2.4 Vdc) -100 - BAdc
Output Low Current (Sinking) loL
(VoL = 0.4 Vdc) 16 - - mAdc
Input Capacitance Cin pF
(Vin - 0, Ta = 26°C, f = 1.0 MHz)
PA, PB, PC, PD, CNTR - - 10
XTLI, XTLO - - 50
Output Capacitance Cout
{Vijn -0, T =25°C, = 1.0 MHz) - - 10 pF
1/0 Port Resistance RL 3.0 6.0 115 K
PAO-PA7, PBO-PB7, PCO-PC7,
PDO-PD7, CNTR
NOTE: Negative sign indicates outward current flow, positive indicates inward flow.
AC Characteristics ‘VCC =5V £10% for R6500/1, Ve = 5V 5% for R6500/1A),
1MHz 2 MHz
Parameter Symbol Min Max Min Max Unit
XTLI Input Clock Cycle Time chc 0.500 5.0 0.250 5.0 Msec
Internal Write to Peripheral Data Valid {TTL) TPDW 1.0 05 usec
Internal Write to Peripheral Data Valid {CMOS) TCMOS 20 1.0 usec
Peripheral Data Setup Time TPDSU 400 200 nsec
Count and Edge Detect Pulse Width Tew 1.0 0.8 Ksec
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INTRODUCTION

PART NUMBER
R6500/1E

R6500 Microcomputer System
DATA SHEET SUPPLEMENT

R6500/1E EMULATOR DEVICE

EXTERNAL FREQUENCY REFERENCE

To aid in designing R6500/1 microcomputer systems, Rockwell
has developed a PROM compatible, 64-pin, R6500/1E Emulator
device. The architecture of the Emulator device is basically the
same as the R6500/1 except that the address, data, and associated
control lines are routed off the chip for connection to an external
memory.

The functions and operation of the Emulator device are identi-
cal to the R6500/1 with only some minor differences, described
herein. The R6500/1 data sheet {Document No. 2900D51) con-
tains the description of R6500/1 and R6500/1 common inter-
face signals and functions.

The external frequency reference may be a crystal or a clock —
the RC option is not available in the Emulator device.

1/0 PORT PULLUPS
The R6500/1E has the internal 1/O port pullup resistance only.

R6500/1E DEVICE ADDITIONAL SIGNALS

-

R6500/IE Pin Configuration

ORDERING INFORMATION Signal  Pin
Order Package Frequency Temperature Name  No. Description
Number Type Option Range RN 62 Read/Write. The Read/Write output controls
1EC Cerami MHz 0°c to 70°C the direction of data transfer between the
Resco/ i !c 1 ° o R6500/1E Emulator CPU and external mem-
RE500/1EAC Ceramic 2 MHz 0°Cto70°C ory. This line is high when reading data from
memory and low when writing data to memory.
SIGNAL DESCRIPTIONS 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.
While the Emulator pin assignments are different from the R6500/ z;‘a allows ‘"‘I“"’ to :‘"‘ °l" '“"9"' ‘;‘" the
: " on any cycle except a write cycle. A nega-
.1 in order to a-ccommodate .thve 64-0er Em}Jlator package, the tive transition to tho low state during the
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 address
(12 lines), the data bus (8 lines), and control signals (4 lines) b'i’I“ fl"clh‘“:- 1t ZDY ": ":‘W ""::'"9“’ W"";
S . cycle, it is ignored until the following rea
off the chip for connection to external memory. operation. This condition will remain through a
subsequent ¢2 clock pulse in which the RDY
MEMORY MAP lina is low.
f\n additional 1024. bytes of memory (400-7FF) are addressable sYNC 6 Sync. The Sync signal Is provided to identify
in the Emulator device to support software development. those cycles in which the CPU is performing
an OP CODE fetch. SYNC goes high during
5; =R :;gx".o $2 clock-low pulse during an OP CODE fetch
ng: 520 :IWU and stays high for the remainder of that cycle.
=P 1 pco If the RDY line Is pulled fow during the ¢2
RNWT s [ =123 clock low pulse in which SYNC went high, the
SYNC e s9[D pc2 CPU will halt In its current state and will
rngv safPc3 remain in that state until the RDY line goes
PBs (8 s7{JPCa high. Using this technique, the SYNC signal
::i':”‘ :“::“ can be used to control RDY to cause single
b= e b =3 instruction execution.
::: :: ::gg‘" 2 1 Phase 2 (92) clock pulse. Data transfer can
'“E 1 s1 5802 take place only during ¢2 clock pulse.
PA 1] 80
u::‘ :a 49 gg: AD-A11 25-32 Address Bus Lines. The address bus buffers on
pas17 48[ ps 34-37 the R6500/1E are push/pull type drivers cap-
[l = 4 L EDA able of driving at least 130 pf and one standard
PAICH 19 48707 TTL load. The address bus always contains
PA2 320 4s0ro7 known data. The addressing technique involves
::;‘é :; :g'“ putting an address on the address bus which
var Q23 o :,:g: is known to be either In program sequence, on
CNTA []24 41r03 the same page in program memory, or at &
Y i=FL] L] =173 known point in memory. The I/O addresses
Y =t1] 398e01 are also placed on these lines.
A2 27 38 roo
S 1=EL] T An D0-D7 5346 Data Bus Lines. All transfers of instructions
A4L]20 38 a0 and data between the CPU and external mem-
AsH 30 35 a9 ory take place on the data bus lines. The buf-
::: g; ;; C:c fers driving the data bus lines have full three-
state capability, Each data bus pin is connected

to an input and an output buffer, with the out-

put buffer r

ining In the fl
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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 92 clock cycles earlier than in the
R6500/1. It is still required, however, that the RES line to the R6500/1E be held low for at least eight @2 clock cycles after Vcc
reaches operating range.

e MMM U UL L B e
RES Eég B P2 clock cycles minimum A I Don‘t care state
N

\ R6500/1€ N ‘
T o OGS —

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 masked directly into the production R6500/1 ROM, !

Example 2 shows a connection to 3K of 2708 PROMS. The extra 1K PROM allows expanded or additional programs be used during
R6500/1 firmware development. The production program, however, must be reduced to 2K maximum (between addresses 800 and
FFF) before committing to R6500/1 ROM,

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

Connection Diagram Memory Map
Do 00 FFF
(4] 01
D2 02
03 03 2716
D4 04 PROM
o5 o5
D& 08
o7 o7 800
™ A0 TFF
A At
A2 A

RES00NE A A; ms NOT USED
Al a4
AS AS
as A8 090
A AY
AB AS 08F
A9 A9
A0
! RAM & (/0%
ot
AN &
000

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

Connection Diagram Memory Map
o0 o0
o1 01
k4 4 4 2 2708 NO.3
o4 PROM
] L — —~ ~.JCO00 } program Memory
BFF
o7 7 2708 NO.2
A0 A0 2708 A0 2708 A0 e PROM 800
:; Al NOA Al NO2Z 1Ny | = patd
A2 Az az MO
RES00ME A3 A3 A3 2708 NO.1 Extended Program
ar At v A PROM Memory
" As AS As 400
A A§ A6 ‘j FF
AY A
P a Y NOT USED
A9 3 A9 090
+ |osr
TE cE [ RAM & 1/0
000
A0
anf1 1
*See RE500/1E Detailed Memory Map

Truth Table

Address PROM Select
2708 No.3 2708 No. 2 2808 No. 1 Selected
A11{A10 CE CE CE Address Range
o o 1 1 1 000-3FF
[ 1 1 [ 400-7FF
1] 0 1 0 1 800-BFF
1)1 0 1 1 COO-FFF




R6500/1 EMULATOR DEVICE TIMING

the R6500/1E Emulator Device. This area can be used during debug,

1MHz 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 THH 10 10 ns
Data hold time — Write THw 30 30 ns
Data delay time from CPU TMDS 200 150 ns
RDY setup time TRDY 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
Cycle Time Teve 1.0 100 05 10.0 us
R6500/1E TIMING DIAGRAMS
PHASE 2 (¢2) TIMING REFERENCE
R6500/1E DETAILED MEMORY MAP Teve
®2 0av 0.4v 04v
['RQ Vector High - Y24V
TIMING FOR READING FROM MEMORY
) ROM — Taws |=— ThAw ==
v B _ =20V 2.0v
[ Res00M User Program 300 W | &0 N\
RE500/1€ Extended Program Area (1) :;: Tha ==
———- e T ADDRESS FROM ::><£ T 20v 20V
N R - cPU % - 0.8V 0.8V 4
Control Rgls_tii I . O8F
Unassigned 08E ——J TaDs |=— 20v 20v
. — 088 DATA FROM B
Clear PAT Neg Edge Detected 12| o08A X
L T T T — I ) MEMORY 0.8v
Upper Latch and Transfer Latch to Counter (31 |oss T 0.8v T
Tower Count Input/Out pe—--'AcC — - HR
[Gpper Count ~ ~~ put/Qutput 2.0V Tosu
Moorrer Catch™ RDY :
Tower Latch | o8V
Upper_Latch K
FORT D [=Trov
PORT C
PORT B SYNC
T—'_M SR, S =] Tsync [
User RAM looo } RAM(4) TIM"\:-G FOR WRITING TO MEMORY____| ‘—THHW
——— RWS [——
NOTES —
(1) Additional 1024 bytes are decaded for external memory addressing by RIW @

but cannot be used in a masked ROM R6500/1.
(2) 1/0 command only: i.e., no stored data.
{3) Clears Counter Overflow —~ Bit 7 in Control Register
(4) CAUTION: The R6500/1E allows RAM mapping into 040-07F,
100-13F, 140-17F, 200-23F, 240-27 F, 300-33F, and 34-37F; as well as
000-03F. The production R6500/1, however allows RAM mapping only
at 000-03F.

N
13
faaN] 08V

ADDRESS FROM
CcPU

@\ :rz.ov
0.8V

DATA FROM

—l Taps b

CPU

ot T A

Tmos 1

o0.8v

“
4.
-
BE®
x:z&




ELECTRICAL CHARACTERISTICS

- + - 0,
Ve =5.025%, Vg =0,T, = 25°C)

Characteristic Symbol Min Typ Max Unit

1nput High Threshold Voltage VIHT
D0-D7, RDY, Vgg+24 - - Vde
Input Low Threshold Voltage VILT
DO-D7, RODY, - - Vss +08 Vde
Three-State (Off State} Input Current lrs KA

(V=041024V, VCC =5.25V)
DO-D7 .- - 10
Output High Voltage VOH

. (1 oap = 1008 Adc, V(o = 4.75v)

DO0-D7,SYNC, AG-A11, R/W, $2 Vgg +24 - - Vvde
Output Low Voltage VOL

"LOAD = 1.6 mAdc, VCC =4.75V)
00-D7,SYNC, A0-A11, RIW, 62 - - Vg + 06 vde
Power Dissipation PD - 075 1.20 w
Capacitance c pF

- - O, -

(Vin o, TA 25°C. f=1MHz2)
RDY cin - - 10
D0-D7 - - s
AG-ATY, R/, SYNC Cout - - 2
02 C¢2 - 50 80
1/0 Port Pull-up Resistance LTS 30 60 15 kohm

10° MAax
. 64 et 33
DENOTES PIN NO. 1 F f
800 NOM 900 NOM
(20.03 MM) (22.86 MM)
A i VO
32 050 NOM
3.235 (1.27 MM)

(82.17 MM) I |
.028 (.71 MM) - I 070 (1.78 MM)
032 (81 MM) 120 MIN 080 (2.03 MM)
{3.05 MM)
1015 (.38 MM) .
019 (.48 MM) LEADS.100G TO QG

{2.54 MM)

NOTE: PIN NO.11S IN LOWER LEFT CORNER WHEN
SYMBOLIZATION IS IN NORMAL ORIENTATION

Packaging Diagram
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R6500 Microcomputer System
DATA SHEET

R6500/1EB BACKPACK EMULATOR

INTRODUCTION

The Rockwell R6500/1EB Backpack Emulator is the PROM
prototyping version of the 8-bit, masked-ROM R6500/1 one<chip
microcomputer. Like the R6500/1, the RG6500/1EB is totally
upward/downward compatible with all members of the R6500
family. The R6500/1EB is designed to accept standard S-volt,
24-pin PROMs, EPROMs or ROMs directly, in a socket on top
of the Emulator. This packaging concept allows a standard
EPROM to be easily removed, re-programmed, then reinserted
as often as desired.

The R6500/1EB has the same pinouts as the masked-ROM
R6500/1 microcomputer. These 40 pins are functionally and
operationally identical to the pins on the R6500/1, with some
minor differences (described herein). The R6500/1 Microcom-
puter Data Sheet {Rockwell Document No. 29000D51} includes
a description of the interface signals and their functions. Whereas
the masked-ROM R6500/1 provides 2K bytes of read-only mem-
ory, the R6500/1EB will address 3K bytes of external program
memory. This extra memory accommodates program patches,
test programs or optional programs during breadboard and proto-
type development states.

The available support products include:

ORDERING INFORMATION e SYSTEM 65 Microcomputer Development

ORDER MEMORY COMPATIBLE TEMPERATURE System P/N 565-101
NUMBER CAPACITY MEMORIES RANGE e PROM Programmer Module P/N M65-040
- e 1-MHz R6500/1 Personality Module P/N M65-081
R6500/1EB-1 2K 2716,2516, 0°C to 70°C ® 2-MHz R6500/1 Persanality Module P/N M65-082
82582708, e 1-MH2z R6500/1 Emulator Device P/N R6500/1EC
23168 e 2-MHz R6500/1 Emulator Device P/N R6500/1EAC
R6500/1EB-2 3K 2532,2332, 0°c 10 70°C e R6500/1 Evaluation Module P/N M65-089
8252708 o o
R6500/1EB-3 3K 2732, 0°Cto 70°C
8252708 FEATURES
R6500/1EB-4 1K 2758, 0°C to 70°C

e PROM version of the R6500/1
e Completely pin compatible with R6500/1 single<chip
microcomputers

PRODUCT SUPPORT Profile approaches 40 pin DIP of R6500/1

The R6500/1EB Backpack Emulator is just one of the products ® Accepts 5 volt, 24 pin industry-standard EPROMs, PROMs,

8252708

dO1VINNI MOvdiOvd 93L/00694

that Rockwell offers to facilitate system and program develop- ROMs
ment for the R6500/1. Additional support products include the - 4K memories — 2532, 2732, 2332 (3K bytes addressable)
R6500/1E, a 64-pin emulator device with interface lines for con- - 2K memories — 2716,2516, 2316B
necting external memory. Another support product is the - 1K memories — 2758, 8252708
R6500/1 Evaluation Module, which has 40 R6500/1-compatible e Use as prototyping tool or for low volume production
pins and provision for inserting external memory. o 3K bytes of memory capacity (1K, 2K, 4K memories)
o 64 x 8 static RAM
Further, the SYSTEM 65 Microcomputer Development System e Separate power pin for RAM
with R6500/1 Personality Module supports both hardware and @ Software compatibility with the R6500 family
software development. Complete in<ircuit user emulation with e 32 bi-directional TTL compatible 1/0O lines (4 ports)
the R6500/1 Personality Module allows total system test and e 1 bi-directional TTL compatible counter 1/0 line
evaluation. With the optional PROM Programmer, SYSTEM 65 e 16 bit programmable counter/latch with four modes {interval
can also be used to program EPROMs for the development timer, pulse generator, event counter, pulse width measurement)
activity, When PROM programs have been finalized, the PROM e 5 interrupts {reset, non-maskable, two external edge sensitive,
device can be sent to Rockwell for masking into the 2K ROM of counter)
the R6500/1. In addition to support products, Rockwell offers ® Crystal or extenal time base
vgularlv-secheduled designers courses at regional centers. @ Single +5V power supply
© Rockwell International Corporation 1980 Specifications subject to
All Rights Reserved change without notice

Printed in US A



R6500/1EB CONFIGURATIONS

The R6500/1EB is available in four different versions, to accommodate
various 24-pin 1K-, 2K- and 4K-memories. All four versions provide
64 bytes of RAM and 1/0, as well as 24 signals to support the external
memory ‘‘backpack’ socket. The 24 backpack signals differ somewhat
between versions {due to memory pin differences) but always consist
of the address bus (12 lines), the data bus {8 lines) and the OE, Vce,
Vrr and Vss signals {one line each). See Interface Diagram.

The external memories must always occupy the upper 1K of available
memory (addresses 800 through FFF) for implementation of interrupt
vectors. See Memory Map. The R6500/1EB provides a read block to

the external memory where internal RAM or 1/O are located at the
same addresses as that occupied by external memory.

EXTERNAL FREQUENCY REFERENCE

The external frequency reference may be a crystal or a clock — the
RC option is not available in the emulator device.

1/O PORT PULLUPS

The R6500/1EB has the internal /O port pullup resistance only.

R6500/1EB BACKPACK MEMORY SIGNAL DESCRIPTIL.

SIGNAL
NAME PIN NO. DESCRIPTION
DO0-D7 9S-11S, | Data Bus LInes. All instruction and data transfers
13S-17S | take place on the data bus lines. The buffers driv-
ing the data bus lines have full three-state capabil-
ity. Each data bus pin is connected to an input
and an output buffer, with the output buffer
remaining in the floating condition
AO0-A9 1S-88, Address Bus Llnes. The address bus lines are
23S,24S | butfered by push/pull type drivers that can drive
one standard TTL load.
A10 198 Address Bus Line 10. This address line has the

same characteristics and functions as Lines AO-
A9. However, in the R6500/1EB-4, pin 19S is
tied to Vss instead of to the address bus.

Al 185+21S| Address Bus Line 11. This address line has the
same characteristics and function as Lines A0-A9.
In the R6500/1EB-1 and -4 versions, A11 is
inverted by a standard TTL inverter before reach-
ing pin 18S. In the R6500/1EB-2, A11 is con-
nected directly to pin 18S. In the R6500/1EB-3,
A11 is routed to pin 21S and pin 18S is tied to
Vss.

OE 20S Memory Enable Line. This signal provides the
TEST MODE DELETED output enable for the memory to place informa-
tion on the data bus lines. This signal is driven by
The test mode of the R6500/1 is not available on the R6500/1EB. the R/W signal from the CPU and then inverted
by astandard TTL inverter, to form OE.
R6500/1EB 1/0 PORT INITIALIZATION Vee 24s Main Power Supply +5V. This pin is tied directly
to pin 30 (Vcc).
Ports A, B, C, and D and the CNTR line in the R6500/1EB are ini- Vpp 218 Main Power Supply +5V. This pin is tied directly
tialized to the logic high state two 2 clock cycles earlier than in the to pin 30 (Vcc), except in the RBS00/1EB-3,
R6500/1. The RES line to the R6500/1EB must, however, still be where it is tied to A11. During backup power,
held low for at least eight B2 clock cycles after Vcc reaches operat- power is supplied only to the RAM memory, and
ing range. See timing diagram. not to the PROMs.
Vss 128 Signal and Power Ground (zero volts). This pin
RAM MAPPING is tied directly to pin 12 (Vss).
The R6500/1EB allows RAM mapping into 040-07F, 100-13F, 140-
17F, 200-23F, 240-27F, 300-33F and 340-37F, as well as 000-03F.
The production R6500/1, however, allows RAM mapping only at
000-03F. This means that a write to location 40, for example, will
write to location 0 in the R6500/1EB, and to invalid RAM in the
R6500/1 production port,
INSERTED MEMORY
~ 3 < 3
28| Is| we| 32 e
°oC o g8
<
| g > PROM
_____ — ggoF Program Memory
INTERRUPT | |cLoCK 64X8 CcPU CONTROL
LOGIC OSCILLATOR RAM (6502) REGISTER PROM
______ 800
G COUNTER/ i 7FF
EDGE
DETECT [ PORT AJ [ PORT B J l PORTC l PORTD I | LATCH | PROM Extended Program
400
3FF
f I {} ﬁ {} f | NOT USED
090
m (8) (8) 8 (8) {6) (1} 08F
$ U U {} U I l RAM & 1/0
v G600
— J

v~
(40 COMPATIBLE 6500/1 PIN-OUTS)

R6500/IEB Interface Diagram

*See R6500/1EB Detailed Memory Map

Memory Map




R6500/1EB DEVICE TIMING

1 MHz

Signal Symbol Min. Max. Unit
3 setup time from CPU TOES 300 ns
Address setup time from CPU TADS 300 ns
Memory read access time TACC 525 ns
Data stabilization time TDSU 150 ns
Data hold time — Read THR 10 ns
Address hold time Tha 30 ns
OE hold time Thoe 30 ns
Cycle Time TCYC 1.0 10.0 us

o I ] I | I I | l l l I I l I @ RES transition window
Q
AES @ 8 02 clock cycles minimum I \\\ Don’t care state

_y ™
o T i

R6500/1EB 1/0 Port Initialization Timing Diagram

HEX
TRQ Vector High FFF
[\RQ Vector Low FFE
[RES Vector High FFD
[RES Veeror Low — "~ FEc | PROMS
NMI Vector High Fre
ROMS
NMI Vector Low FFA
FF9
P
RB500/1 User Program Fro
R6500/1€B Extended Program Area (1) Zgg
Unassigned
[ Controt Register ~_| osF
- 08E
Unassigned 088
Ciear PAT Nog Edge Detected 21 J0sA
Clear PAD Pos Edge Detected 20 1089
Upper Latch and Transfer Latch to Counter 3) ] oss L PHASE 2(¢2, TIMING REFERENCE
Lower Count 3) joay
Input/O
| Yoper Count 086 neut/Output rcvc
Lower Latch 085
Upper Latch 034 ® \
PORT D 083 2 0.4V 4V 0.4v
PORT o 982 ING FROM MEMORY
PORT B 081 TIMING FOR READ
PORT A 080  Toes | THoE =
{ Unassigned { B
03F =
Juser Ram oo } RAMI4) OF 08V 08V —
T, p —
NOTES HA
(1) Additional 1024 bytes are decoded for external memory addressing by ADDRESS FROM 20v 20V
the R6500/1EB Emulator Device. This area can be used during debug, cPu | __osv 08v |
but cannot be used in a masked ROM R6500/1.
(2} 1/0 command only: i.e., no stored data. —{ Taps [=— 2.0v
(3) Clears Counter Overflow — Bit 7 in Control Register DATA FROM 2oV
{4} CAUTION: The R6500/1EB allows RAM mapping into 040-07F, MEMORY 0.8V
100-13F, 140-17F, 200-23F, 240-27 F, 300-33F, and 340-37F; as well as o o8V T
000-03F. The production R6500/1, however allows RAM mapping onty r——"ACC = HR
2t 000-03F. Tosu

R6500/1EB Detailed Memory Map R6500/1EB Timing Diagram



ELECTRICAL CHARACTERISTICS

= o - = 259
Ve =5:045%, Vgg =0, T = 25°C)

Characteristic Symbol Min Typ Max Unit

Input High Threshold Voltage VIHT
D0-D7 Vgg+ 24 — - Vdc
Input Low Threshold Voltage VILT
DO-D7 - - VSS +08 Vdc
Three-State {Off State) Input Current ITSI HA

(V=041t024V, VCC =5.25V)
D0-D7 - - 10
QOutput High Voltage VOH

“LOAD = 10% Adc, VCC =4.75V)
D0-D7, AO-A11, OE VSS +24 - - Vde
Qutput Low Voltage VOL

“LOAD = 1.6_mfldc, VCC =4.75V)
DO0-D7, A0-A11, OE - - VSS +0.6 Vdc
Power Dissipation PD - 0.80 130 w
Capacitance Cc pF

= = 250 =

V;,=0,T, =25°C, {= 1 MH2)
DO-D7 Cin - - 15
AO0-A11 out - - 12
1/0 Port Pull-up Resistance RL 3.0 6.0 1.5 kohm

0

VRR 1 40 NMi

PO7 2 39 AES

PO6 3 ] 38 PAD 300

Pos  af|l a7 : 0 241= vee 37 PA1 ‘Max

N4 5 A6 2 23;: W8 A 36 PA2 350 [ 445 )

PD3 6 As W 3 22,8 a9 35 PA3 Max Max ‘1 |-~|1|5:

PD2 7 A4 B 4 w2158 VPP/AN 34 PA4 T

P01 gf( A3 @ 5 5 20:M OF 33 PAS sneccsscsuves x T

PO ol A2 m & QO 19,m at0vss 32 PAG DENOTES PIN NO. 1 < H

Xt 10| A1 m 7 19 my AT/ATIVSS || 31 PA7 A z

xto n|| Aowm® = smor 30 vee X\—l r_"m Nom g 8

vss qz{| DO m 9 g 1659 D6 29 PBO NaFEsescnunne ki i

pc7 13| D1 m10s 155 08 D5 28 PB1 - _L

PC6 14| D2 gt 145 18 D4 27 PB2

PC5 15 vssam 12s 13:m 03 26 PB3 I 2.360 MAX i

Pca 18 25 PB4 ! Jo———1.565 MAX ——uf I

PC3 17 24 PBS e——-- — T ———

PC2 18 23 PB6 TTTTTTTTTTITo T T rTITT

PC1 19 ' 22 PB7 —] }e—.100 NOM

PCO 20 CNTR

n NOTE: PINNO. 11S IN LOWER LEFT CORNER WHEN
SYMBOLIZATION IS IN NORMAL ORIENTATION

R6500/1EB Pin Configuration

Packaging Diagram



PART NUMBER
R6500/1-11

R6500 Microcomputer System
PRODUCT PREVIEW

INTRODUCTION

The Rockwell R6500/1-11 is a complete, high-performance
8-bit NMOS-3 microcomputer on a single chip, and is com-
patible with all members of the R6500 family.

The R6500/1-11 consists of an enhanced 6502 CPU, an in-
temmal clock oscillator, 3072 bytes of Read-Only Memory,
192 bytes of Random Access Memory (RAM) and versatile
interface circuitry. The interface circuitry includes two 16-bit
programmable timer/counters, 32 bidirectional input/output
lines (including four edge-sensitive lines and input latching
on one 8-bit port), a full-duplex serial /O channel, ten inter-
rupts and bus expandability.

DEVELOPMENT SUPPORT

To allow prototype circuit development, Rockwell offers a
PROM-compatible 64-pin Emulator device. This device, the
R6500/2-11, provides all R6500/1-11 interface lines, plus the
address bus, data bus and control lines to interface with ex-
ternal memory. The R6500/2-11 may also be used as a CPU-
RAM-1/O counter device in multichip systems.

Rockwell supports development of the R6500/1-11 with the
System 65 Microcomputer Development System and the
R6500/1-11 Personality Module. Complete in-circuit emula-
tion with the R6500/1-11 Personality Module allows total
system test and evaluation.

"MULTIPLEXED FUNCTION PINS (Software Selectable)
K Interface Diagram

X0,
ngxm , cLock ence
AR OSCILLATOR DETECT
RES
—
N INTERRUPT PORT A <G 8> PAO-PAT (PO, PA1,
—| | LoGic PA2, PA3 POSITIVE/
Vee NEGATIVE EDGE DETECTS)
Ves g < 8>PBO-PBY
g2 CcPu PORT B (LATCHED INPUTS)
- 6502
192x 8 < 87> PCO-PCTAADAZ, At2,
RAM PORTGC RIW, A13 VEMA)
3072 x 8 8<>>PDO-PD7/
‘ ROM J ,7 PORT D ’ 1< (DATA/ADDR
BUS (A4-A11))
r ~————DS(PAD) INPUT
CONTROL o NTER DATA STROBE)"
~——3 CA (PAY)
REGISTERS CATCH A -
¢ CB (PAS)"
16BIT SERML RECENE, | | — SO (PAE)
COUNTER/ TRANSMIT ¢ SI(PAY)
LATCH B REGISTERS

R6500/1-11 ONE-CHIP MICROCOMPUTER

FEATURES

o Enhanced 6502 CPU
—Four new instructions
Set Memory Bit (SMB)
Reset Memory Bit (RMB)
Branch on Bit Set (BBS)
Branch on Bit Reset (BBR)
—Decimal and binary arithmetic modes
—13 addressing modes
—True indexing
3K-byte mask-programmable ROM
192-byte static RAM
32 bidirectional, TTL-compatible /O lines (four ports)
One 8-bit port may be tri-stated under software control
One 8-bit port with programmable latched input

Two 16-bit programmable counter/timers, with latches
—Pulse measurement

—Pulse generation

—Interval timer

—Event counter

Serial port

—Full-duplex asynchronous operation mode

—Synchronous shift register mode

—Selectable 5- to 8-bit characters

—Wake-up feature

—Programmable bit rates to 62.5 bits/sec (@ 2 MHz)

Four edge-sensitive lines; two positive, two negative

Ten interrupts

—Reset

~—Non-maskable

—Four external, edge-sensitive

—Two counter

—Serial data received

—Serial data transmitted

Bus expandable to 16K bytes of external memory

Flexible clock circuitry

—2-MHz or 1-MHz internal operation

—Internal clock with external XTAL at two or four times in-
ternal frequency

—External clock input divided by one, two or four

1 us minimum instruction execution time

NMOS-3 silicon gate, depletion load technology

Single +5V power supply

16 mW stand-by power for 32 bytes of the 192-byte RAM

40-pin DIP

¢ Rockwell Intemational Corporation 1980
All Rights Reserved
Printed in U.S.A.

Specifications subject to
change without notice
Document No. 29000 D64
Rev. 1, October 1980
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ELECTRICAL SPECIFICATIONS

Maximum Ratings
Rating Symbol Valve Unit
Supply Voltage Vee -031t0 +7.0 [
Input Voltage Vin -0310+7.0 Vdc
Operating Temp Range, C ial T 0to +70 °C
Industrial —40 to +85
Storage Temperature Range Tuo ~55t0 +150 °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.

D. C. Characteristics (Vcc . 5V =5% Vss - 0)

Characteristic Symbol Min Typ Max Unit
Power Dissipation (Outputs High)
Commercial @ 25°C Po —_ 1000 mw
Industrial @ 25°C - 1200
RAM Standby Voitage (Retention Mode) Van 3.0 - Vee vdc
RAM Standby Current (Retention Mode) Inn mAdc
Commercial @ 25°C —_ 4 -
Industrial @ 25°C _ 5.2 i
Input High Voltage (Except XTLI) Vi +20 - Vee Vde
Input High Voltage (XTLI) Vi +4.0 - Vee Vde
Input Low Voltage Vi -0.3 —_ +0.8 Vde
Input Leakage Current (RES, NM1) I pAdc
Vin = 010 5.0 Vdc +1.0 +2.5
Input Low Current PA, PB, PC, PD [ - -1.0 -1.6 mAdc
(Vi = 0.4 Vdc)
Output High Voltage Except XTLO Vou +2.4 - - vde
{liea = -100 uAdc)
Output Low Voltage Vo —_ - +0.4 Vde
{ioee = 1.6 MAdc)
Input Capacitance Cin pPF
(Vin-0, Tx = 25°C, 1=1.0 MH2)
PA, PB, PC, PD - - 10
XTLI, XTLO —_ —_ 50
VO Port Puli-Up Resistance
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 R 3.0 6.0 ns KN

NOTE: Negative sign indicates outward current fiow, positive indicates inward flow.
AC Characteristics (Vcc - 5V £5% Vs - 0)

1 MHz2 2 MHz
Parameter Symbol Min Max Min Max Unit
XTLI input Clock Cycle Time Tere 0.500 5.0 0.250 50 1 sec
Intemal Write to Peripheral Data Valid (TTL) Trow 1.0 0.5 u 86C
Peripheral Data Setup Time Trosu 400 200 nsec
Count and Edge Detect Pulse Width Tow 1.0 0.5 n 86C




PART NUMBER
R6500/1-11Q

N ,Ro:(‘;kvﬁe‘fllf R6500 Microcomputer System
g e PRODUCT PREVIEW

R6500/1-11Q ONE-CHIP MICROCOMPUTER
INTRODUCTION Rockwell supports development of the R6500/1-11Q with the Sys-
The Rockwell R6500/1-11Q is a complste, high-performance &-bit  19M 65 Microcomputer Development System and the RE500/1-11
NMOS-3 microcomputer on a single chip, and is compatible with all  Fersonality Module. Complete in-circuit emulation with the R6500/
members of the R6500 family. 1-11Q Personality Module allows total sy test and n
The R6500/1-11Q consists of an enhanced 6502 CPU, an internal FEATURES
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes of
Random Access Memory (RAM) and versatile interface circuitry. b E}P;an:::d 6502' CPy
The interface circuitry includes two 16-bit programmable timer/ °§et &V; r:‘sr m&'o('s'sMB)
counters, 56 bidirectional inputoutput lines (including four edge- Reset M:m):x 61t (RMB)
sensitive lines and input latching on one 8-bit port), a full-duplex se- Branch on BitySet (8BS)
rial YO channel, ten interrupts and bus expandability. Branch on Bit Reset (BBR)

DEVELOPMENT SUPPORT T s oyl Khmetic iodes
To allow prototype circuit development, Rockwell offers a PROM- ~—True indexing

compatible 64-pin Emulator device. This device, the R6500/2-11, 3K-byte mask: ammable ROM
provides all RE500/1-11Q interface lines (excopt Ports E, Fand G), 3 1o * s‘:;:gf,; m

plus the address bus, data bus and control lines to interface with ex- Ny y ! )

" ternal memory. The R6500/2-11 may also be used as a CPU-RAM-  ® 56 bidirectional, TTL-compatible /O lines (seven ports)
VO counter device in multichip systems. o One 8-bit port may be tri-stated under software control
XTLO o One 8-bit port has Darlington drive capability
= o One 8-bit port with programmable latched input
X, g;gﬁ_’,‘_ aron | |EDGE oETECT o Two 16-bit programmable counter/timers, with latches
LL I, —l;ulsa measurement
FES PAC-PA7 (PAD, PAT, —Pulse generation
P INTERRUPT PORT A < a-.:>m' PA3 POSITIVE: ~—Interval timer
N, | ] Losic NEGATIVE EDGE DETECTS) —Event counter
l:/&’ <> TA%%D INPUTS) ¢ Se;ialllxn' ynch rati ode

ss & —Full-duplex asynchronous operation m
g2 CruUes02 PORT 8 —Synchronous shift register mode

—Selectable 5- to 8-bit characters
—Wake-up feature

192 - 8 RAM PORT C < 8T>PCO-PC7/(AGAS, A12, —Programmable bit rates to 62.5 bits/sec (@ 2 MH2)

RIW. A13 VEMA)* o Four edge-sensttive lines; two positive, two negative
o Ten interrupts
3072 + 8 ROM PORTD < 8> PDO-PD7/(DATA/ADDR —Reset
BUS (Ad-A11)) —Non-maskable
—Four extemal, edge-sensitive
16 BIT ~§—— DS(PAD) INPUT DATA h
Ok COUNTER! STROBE)" —Two counter
LATCH A <P CA (PA4) —Serial data received
Te BT SERIAL ~€—p~ CB (PAS)" —Serial data transmitted
COUNTER/ et - SO (PRE) o Bus expandable 10 16K bytes of extemal memory
pPGo-pG7 | LLATCHB RECISTERS | o Flexible clock circuitry
<te> < 81 (Pa7Y —2-MHz or 1-MHz intemal operation
PORT G PORTE —Intemal clock with extemal XTAL at two or four times internal
< w > PEQ-PE7 frequency
—External clock input divided by one, two or four
PORT F e 1 us minimum instruction execution time
< 83> PROPF? o NMOS-3 silicon gate, depletion load technology
. - e Single +5V power supply
MULTIPLEXED FUNCTION PINS (Software Selectable) o 16 MW stand-by power for 32 byles of the 192-by‘8 RAM
Interface Diagram e 64-pin QUIP
© Rockweil International Corporation 1980 Specifications subject to
All Rights Reserved change without notice
Printed in US.A. Document No. 29000 D85’

Rev. 1, October 1080



ELECTRICAL SPECIFICATIONS

Maximum Ratings

Rating ___Symbol Value Unit
Supply Voltage Vee -0.310 +7.0 Vdc
Input Voltage Vin ~-0310 +7.0 Vdc
O ing Temp Range, C ial T 0to +70 °C
Industrial ~40 fo +85
Storage Temp Range Tsig -5510 +150 °C
This device contains circuitry to protect the inputs against damage due to high static voltages, howsever, it is advised that normal precautions be taken to avoid application
of any voitage higher than maximum rated voltages to this circuit.
D.C. Characteristics (Vcc = 5V 5% Ve = 0)
Ci isti Symbol Min Typ Max Unit
Power Dissipation (Outputs High)
Commercial @ 25°C Po —_ 1000 mw
Industrial @ 25°C —_ 1200
RAM Standby Voltage (Retention Mode) Var 3.0 — Vee Vdc
RAM Standby Current (Retention Mode) Inn mAdc
Commercial @ 25°C _ 4 -
Industrial @ 25°C — 5.2 —
Input High Voltage (Except XTLI) Vin +2.0 — Vee Vdc
Input High Voltage (XTLI) Vin +4.0 — Vee Vdc
Input Low Voltage Vi -03 — +0.8 Vdc
input Leakage Current (RES, NMI) Iin pAde
Vin = 0 to 5.0 Vdc +1.0 *25
Input Low Current PA, PB, PC, PD, PF, and PG In — -1.0 -1.6 mAdc
(Vi = 04 Vdc)
Output High Voitage Except XTLO Vou +24 - - Vde
(loag = .100 uAdc)
Output Low Voltage Voo —_ - +04 Vde
(loaa = 1.6 mAdc)
Darlington Current Drive, PEO~PE7 lon -1.0 - - mAdc
(V, = 1.5 Vdc)
Output Low Voltage, PEO~PE7 Vo — — 1.0 Vde
(loaa = 10 mAdc sink)
Input Capacitance Cin pF
(Vin0, Ta = 25°C, 1= 1.0 MHz)
PA, PB, PC, PD, PF, and PG — . 10
XTLI, XTLO —_ —_ 50
VO Port Pull-Up Resistance
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7, PFO-PF7 & - R, 3.0 6.0 1.5 Ko
PGO-PG7 )
NOTE: Negative sign indicates outward current flow, positive indicates inward flow.
AC ( (Vee = 5V +5% Vgs = 0)
1 MHz 2 MHz
Parameter Symbol Min Max Min Max Unit -
XTUI Input Clock Cycle Time Teye 0.500 5.0 0.250 5.0 u s6C
Internal Write to Peripheral Data Valid (TTL) Teow 1.0 0.5 1 sec
Peripheral Data Setup Time Teosu 400 200 nsec
Count and Edge Detect Pulse Width Tew 1.0 0.5 1 86C
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PART NUMBER
R6500/2-11

R6500 Microcomputer System
PRODUCT PREVIEW

INTRODUCTION FEATURES
The Rockwell R6500/2-11 is a CPU-VO-RAM-counter/timer e Enhanced 6502 CPU
device on a single chip. Interfacing it with extemal memory ~—Four new instructions .
makes a powerful two-chip microcomputer system. The Set Memory Bit (SMB) =+ S
R6500/2-11 features an enhanced 6502 instruction set that is Reset Memory Bit (RMB) ’
software-compatible with all members of the R6500 family. Branch on Bit Set (BBS)
Branch on Bit Reset (BBR)
The R6500/2-11 consists of an enhanced 6502 CPU, an —Decimal and binary arithmetic modes -
internal clock oscillator, 192 bytes of Random Access Mem- —13 addressing modes p o
ory (RAM) and versatile interface circuitry. The interface cir- —True indexing -t
cuitry includes two 16-bit programmable timer/counters, 32 —65K-byte addressing -
bidirectional input/output lines (including four edge-sensitive o 192-byte static RAM m .
lines and input Iatchu)g on one 8-bit port), a full-duplex serial o 32 bidirectional, TTL-compatible /O lines (four ports) >< 7
/O channel and ten interrupts. ) X -
o One 8-bit port may be tri-stated under software control m N
DEVELOPMENT SUPPORT o One 8-bit port with programmable latched input 2
The R6500/2-11 can be used to support development of both @ Two 16-bit programmable counter/timers, with latches o
the R6500/1-11 and R6500/1-11Q single-chip microcompu- -—Pulse measurement m
ters. These microcomputer devices are described in Rock- —Pulse erefamﬂ c i
well Documents 29000 D64 and 29000 D65, respectively. —lInterval timer
Rockwell also offers development support, including incir- ~ —Event counter =
cuit emulation, with the System 65 Microcomputer Develop- e Serial port a ‘
ment System and the R6500/1-11 Personality Module. —pFull-duplex asynchronous operation mode )
—Synchronous shift register-mode X H
mo —Selectable 5- to 8-bit characters O
BOXTLI —Wake-up feature O ‘
Ve | SO EDGE —Programmable bit rates to 62.5 bits/sec (@ 2 MHz) b R
— oR DETECT . - . e
RES - o Four edge-sensitive lines; two positive, two negative o :
NMI INTERRUPT PORT A <G BT>PAC-PAT (PAO, PAY, o Ten interrupts o
—| | LoGic J PA2, PA3: —Reset m
Vee EDGE DETECTS). esel
vss <srrmorE —nNon-maskable N g
‘ crPy l PORT B (LATCHED INPUTS} —Four external, edge-sensitive
<——DS(PAD) —Two counter (@]
2 . Dgg:g’/‘:m; —Serial data received )
ETA lo2x8 PORTC | | R At ey —Serial data transmitted
AD-A12, A15 o Flexible clock circuitry
SYNC <3 8T>PDOPOT - —2-MHz or 1-MHz interal operation
€| S CONTROL | PoRT D—I v —Internal clock with external XTAL at two or four times in-
-
T ternal frequency ;
ggg{;%ns mmw ¢ CA P —Exter’nél clocfk |nput.d|v1ded b){ ont.a. two or four
3 ca (Pasy o 1us minimum instruction execution time
l mmwj sz pecenve, | P S0 (48] « NMOS-3 silicon gate, depletion load technology
LATCH 8 ReaisTERS o Single +5V power supply
*MULTIPLEXED FUNCTIONS PINS (Software Selectable) e 16 mW stand-by power for 32 bytes of the 192-byte RAM
Interface Diagram e 64-pin QUIP
© Rockwell Intemational Corpoation 1980 Specifications subject to
All Rights Reserved change without notice
Prirted in U.S.A. Document No. 29000 D66

November 1980



ELECTRICAL SPECIFICATIONS

Maximum Ratings
Rating Symbol Value Unit
Supply Voltage Vee -0310 +7.0 Vde
Input Voltage Via ~-0.31to +7.0 Vdc
Operating T Range, C: T Oto +70 °C
Industrial —40 to +85
Storage Temperature Range Tstg -5510 +150 °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 voitages to this circuit.

0. C. Characteristics (Vcc = 5V 5% Vgs = 0)

Characteristic Symbol Min Typ Max Unit
Power Dissipation (Outputs High)
Commercial @ 25°C Po - 1000 mwW
Industrial @ 25°C —_ 1200
RAM Standby Voltage (Reténtion Mode) Ven 3.0 —_ Vee Vdo
RAM Standby Current (Retention Mode) lag mWdc
Commercial @ 25°C - 4 —
Industrial @ 25°C —_ 52 —
Input High Voltage Except XTL! Vin +20 = Vee Vde
Input High Voltage (XTLI) Vin +4.0 - Vee Vde
Input Low Voitage ’ Vi -03 _ +0.8 Vbe
Input Leakage Current (RES, NMi) I pAde
Vip = 010 5.0 Vdc *1.0 *25
Input Low Current PA, PB, PC, PD I - ~-1.0 -1.6 mWdc
(Vi = 04 Vdc) |
Output High Voltage Except XTLO Vou +24 —_ - Vde
Oioag = .100 pAdc)
Output Low Voitage Voo - - +04 Vdc
(Load = 1.6 mAdc)
Input Capacitance Cin pE
(Yln‘o. Ta = 25°C, t=1.0 MHz)
PA, PB, PC, PD - - 10
XTLI, XTLO - —_ 50
1/0 Port Pull-Up Resistance
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 R 3.0 6.0 1.5 KO
NOTE: gative sign stward current flow, positive indicates inward flow.
AC Characteristics (Vcc = 5V £5% Vgs = 0)
1 MHz 2 MHz
Parameter Symbol Min Max Min Max Unit
XTLI Input Clock Cydle Time Teye 0.500 5.0 0250 5.0 1 s6C
Intemal Write to Peripheral Data Valid (TTL) Toow 1.0 05 1 86C
Peripheral Data Setup Time Teosu 400 200 nsec
Count and Edge Detect Pulse Width Tow 1.0 05 1 56C
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DOCUMENT NO. 29000 D40 PART NUMBER
REVISION 2, OCT. 1978 R6520

R6500 Microcomputer System
DATA SHEET

DESCRIPTION FEATURES =}
The R6520 Peripheral interface Adapter is designed to solve a o High performance replacement for Motorola/AMI/MOSTEK/ g
broad range of peripheral control problems in the implementation Hitachi peripheral adapter. N; 5
of microcomputer systems. This device allows ? 'very'effe.ctwe ® N channel, depletion load technology, single +5V supply. N »
trade-off between software and hatdware by providing significant A ’ i ° k
capability and flexibility in a low cost chip. When coupled with e Completely Static and TTL compatible. : 5
the power and speed of the R6500 family of microprocessors, ® CMOS compatible peripheral control lines. v i
the R6520 allows implementation of very plex systems at a " T
minimum overall cost. o Fully automatic “hand-shake” allows positive control of data : m
’ transfers between processor and peripheral devices. P
Control of peripheral devices is handled primarily through two e Commercial, industrial and military temperature range versions. ke v ) 5
8-bit bidirectional ports. Each of these lines can be programmed I
to act as either an input or an output. In addition, four periphera! : o
control/interrupt input lines are provided. These lines can be used vss ] 1 401 cA1 : m
to interrupt the processor or for “hand-shaking’* data between the pa0 ]2 39 g CA2 : w .
processor and a peripheral device. pa1]3 380 iRGA >
Ordering Information ra2s 372 iFaB -
PA3CdS 36f=) RSO . T
Order Number: R6520 — — T pasC]e 35[0 RS1 | —
Temperature Ragge: o pas 17 34 AEs : Z
No suffix = 0°C to +70°C Y= 333 oo -]
E = 40°Cto +85°C Pa7C]e 32801 m
(Industrial) pso 310 31 o2 m "
MT = 55°C to +125°C Pe1 4N 30303 o
(Military) pe2 12 29[ ba m
PB3 13 28 o5 > :
M = MIL-STD-883, PB4 14 273 o6 o :
Class B PB5 CJ 15 26 o7 : o
| package: res ] 16 251 ENABLE m
C = Ceramic PB7 {17 24 :'C_ﬂ :
P = Plastic csi 18 23 T8 > :
{Not Available for €82 ;(9) 22 cso . U
M or MT suffix) veeq i >
Frequency Range: " . . v
No suffix = 1 MHz Pin Configuration -
A = 2MHz ‘m
NOTE: Contact your local Rockwell Representative ' w .
concerning availability.
P N —
l§—P» CONTROL o |
8BIT "s
DATA BUS o
<> pararc '
RE500 DATA PORT L PERIPHERAL
DEVICES —
R6520
MICROPROCESSOR T PRINTERS,
(cPU) > 88IT DISPLAYS, ETC.
DATA PORT
CONTROL <———P»
[ ¢——> conTROL
L J
\ Basic R6520 Interface Diagram
Rockwell International Corporation 1978 ’ Specifications subjact to
All Rights Reserved change without notice

Printed in US.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)
Bit 1 Bit 0 of Input Signal* Interrupt Qutputs
(4] 1] Negative Disable.— remain high
[} 1 Negative Enable — goes low when bit 7 in CRA (CRB) is set by active transition of signal on CA1 (CB1)
1 0 Positive Disable — remain high
1 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 cal {CB1) signal. This is 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

0 0 0 Negative Disable — remains high

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

0 1 1] Positive Disable — remains high

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).

CA2 Output Modes
CRA
8it5 Bit4 Bit3 Mode Description
1 1] 0 ““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 V] 1 Pulse Output CAZ2 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 V] Manual Output CA2 set low

1 1 1 Manua! Output CAZ2 set high

CB2 Output Modes
CRB
Bit5 Bit4 Bit3 Mode Description
1 0 (4] “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 [} Manual Output CB2 set low

1 1 1 Manua! Output CB2 set high




A.C. CHARACTERISTICS
Read Timing Characteristics (Loading 130 pF and one TTL load)

1MHz 2 MHz
Characteristics Symbol Min Max Min Max Unit
Delay Time, Address valid to Enable positive transition TAEW 180 - 90 - ns
Delay Time, Enable positive transition to Data valid on bus TEDR - 395 - 190 ns
Peripheral Data Setup Time TPDSU 300 - 150 - ns
Data Bus Hold Time THR 10 - 10 - ns
Delay Time, Enable negative transition to CA2 negative transition TCAZ - 1.0 - 0.5 us
Delay Time, Enable negative transition to CA2 positive transition TRS1 - 1.0 - 0.5 Hs
Rise and Fall Time for CA1 and CA2 input signals tote - 1.0 - 0.5 Ms
Delay Time from CA1 active transition to CA2 positive transition Trs2 - 20 - 1.0 us
Rise and Fall Time for Enable input te Ye - 25 - 25 ns
Write Timing Characteristics
1 MHz 2 MHz
Characteristics Symbol Min Max Min Max Unit
Enable Pulse Width TE 0.470 25 0.235 25 s
Delay Time, Address valid to Enable positive transition TAEW 180 - 90 - ns
Delay Time, Data valid to Enable negative transition TDSU 300 - 150 - ns
DelaY :I'ime, Read/Write negative transition to Enable positive Twe 130 - 65 - ns
transition
Data Bus Hold Time Thw 10 - 10 - ns
Delay Time, Enable negative transition to Peripheral Data valid Teow - 1.0 - 05 Ms
Delay Time, Enable negative transition to Peripheral Data valid TCMOS - 2.0 - 1.0 us
CMOs lvcc -30%) PAO-PA7,CA2
Delay Time, Enable positive transition to CB2 negative transition Tcsz - 1.0 - 0.5 s
Delay Time, Peripheral Data valid to CB2 negative transition TDC 0 1.5 0 0.78 us
Delay Time, Enable positive transition to CB2 positive transition TRS1 - 1.0 - 05 Hs
Rise and Fall Time for CB1 and CB2 input signals t Y - 1.0 - 0.5 Hs
Delay Time, CB1 active transition to CB2 posltive transition TRSZ - 2.0 - 1.0 us
T\ n__/
- 2av
S s W e k -
V:Dl‘ui-l = e o READWRITE o8V | / o oav
o
o 'msu-k)—g—. DATA BUS 200 r Tenos e
e X o s Sy ppe—— e
- PERIPHERAL 70 v
oATABUS g‘: I\F 24v DATA -O_lr = —] -
et y T s D
caz _—_——\ T tPULSE OUT)
(PuLSE OUT oav —d o o rli—f

24v 20V
o o pd
] '.-‘T'““ Tasz 2ev
caz \ 20 ff v co2 N2 200
Hand Shake) (HAND SHAKE}

Read Timing Characteristics Write Timing Characteristics




SPECIFICATIONS
Maximum Ratings

Rating Symbol Value Unit

Supply Voltage Vcc -0.3t0 +7.0 Vdc
Input Voltage Vin -0.3 to +7.0 Vdc
Operating Temperature Range T °c

Commercial 0 to +70

industrial -40 to +85 ’

Military -55to +125
Storage Temperature Range TSTG -65 to + 150 °c

This device contains circuitry to protect the inputs against damage d}:e 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
= + 59, = 259, .
(Vcc 5.0V 5%, Vss =0, TA 257 C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Input High Voltage (Normal Operating Levels) V|H +2.0 - VCC Vdc
Input Low Voltage (Normal Operating Levels) VlL -03 - +0.8 Vdc
Input Threshold Voltage VIT 08 - 2.0 Vde
Input Leakage Current 'in MAdc

Vi = 0105.0 Vde - +1.0 +25

R/W, Reset, RS0, RS1, CS0, CS1, CS2, CA1, CB1,92

Three-State (Off State Input Current) ITSI

(V.m = 0.4 to 2.4 Vdc, VCC = max) D0-D7, PBO-PB7, CB2 - 2.0 10 MAdc
Input High Current lIH

{Vyy =24 Vde) PAO-PA7,CA2 -100 -250 - pAdc
Input Low Current : TR

(V= 0.4 Vdc) PAQ-PA7, CA2 - -1.0 -1.6 mAdc
Output High Voltage VOH

Ve =min, b g =100 pAdc) 24 - - Vde
Output Low Voltage VOL

(VCC = min, lLoad = 1.6 mAdc) - - +0.4 Vdc
Output High Current (Sourcing) o

(Vgy = 2.4 Vdc) -100 -1000 - HAdc

(Vo = 1.5 Vdg, the current for driving other than -1.0 -2.5 - mAdc

TTL, e.g., Darlington Base) PBO-PB7, CB2

Output Low Current (Sinking) IOL

(VOL = 0.4 Vdc) 16 - - mAdc
QOutput Leakage Current (Off State) IRQA, IRQB Lots - 1.0 10 pAde
Power Dissipation PD - 200 500 mwW
Input Capacitance in pF

(V,,-0,T, = 25°C, f= 1.0 MH2)

- DO0-D7, PAD-PA7, PBO-PB7, CA2,CB2 - - 10
R/W, Reset, RSO, RS1, CSO, CS1, (fi, - - 7.0
CA1,CB1,®2 - - 20

Output Capacitance cout

(V,, -0, T, =25°C, = 1.0 MHz) - - 10 pF

NOTE: Negative sign indicates outward current flow, positive indicates inward flow,




PART NUMBER
R6522

"Rockwe!l‘

R6500 Microcomputer System \

DATA SHEET

VERSATILE INTERFACE ADAPTER (VIA)

Two 8-Bit Bidirectional 1/0 Ports

Two 16-Bit Programmable Timer/Counters
Serial Data Port

Single +5V Power Supply

TTL Compatible

CMOS Compatible Peripheral Controi Lines

e Expanded “Handshake’* Capability Allows Positive
Contro! of Data Transfers Between Processor and
Peripheral Devices

@ Latched Output and Input Registers

® 1 MHz and 2 MHz Operation

N\

The R6522 Versatile Interface Adapter (VIA) is a
very flexible 1/0 control device. In addition, this de-
vice contains a pair of very powerful 16-bit interval
timers, a serial-to-parallel/parallel-to-serial shift re-
gister and input data latching on the peripheral ports.
Expanded handshaking capability allows control of
bi-directional data transfers between VIA's in multiple
processor systems.

Control of peripheral devices is handled primarily
through two 8-bit bi-directional ports. Each line can

be programmed as either an input or an output. Several
peripheral 1/0 lines can be controlled directly. from
the interval timers for generating programmable fre-
quency square waves or for counting externally gen-
erated pulses. To facilitate control of the many power-
ful features of this chip, an interrupt flag register, an
interrupt enable register and a pair of function con-
trol registers are provided.

INTERRUPT L)
CONTROL
FLAGS INPUT LATCH
__> FR) (1RA)
ENABLE outPUT BUFFERS
(IER) : > (ORA) PA) PORT A
pata |/ DATADIR.
e (T 5 toonR)
BUFFERS
PORT A REGISTERS
PERIPHERAL
:> (PCR)
AUXILIARY PORT A cal
(ACR) :"> __________ ca2
" FUNCTION PORT B
CONTROL
HANDSHAKE
CONTROL
LATCH LATCH
] TILH .
Rf; ::> | e _men SHIFT REG. 81
RAT——— 3 R
COUNTER | COUNTER (SR} 82
02 ———of (TIC-H) TicL)
o 1 cne TIMER 1 PORT B REGISTERS
€S2 ————=1 ACCESS
RSO——] cONTROL TIMER 2 INPUT LATCH
IRB)
R$1——el tateck || | F-=-===---4
RS2 T2LL) ouTPUT BUFFERS
“““ (ORB) (PB) PORTSB
RS3 el COUNTER counter | YL ________]
__:> (T2C-H) (T2c-L) OATA DIR.
(DORE

Figure 1. R6522 Block Diagram

Rockwell International Corporation 1981
ANl Rights Reserved
Printed in U.S.A.

Document No. 2900 D47

Rev. 3, Februery 1831
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R6522/R6522A

R6500
DEVICES

SPECIFICATIONS
Maximum Ratings
Rating Symbol Value Unit
Supply Voltage Vee 0.3 t0+7.0 Vde
Input Voltage Vin 0310 +7.0 Vde
Operating Temperature Range T °c
Commercial 010 +70
Industrial <40 to +85
Military 55 to +125
Storage Temperature Range TstG -55 to +150 °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.

ELECTRICAL CHARACTERISTICS (V¢ = 5.0V 5%, Ta = 0-70°C unless otherwise noted)

Symbol Characteristic Min. Max. Unit

Vi Input High Voltage (all except ¢2) 24 Vee v

Veu Clock High Voltage 2.4 Vee v

ViL Input Low Voltage -0.3 0.4 v

[T Input Leakage Current — Vjy =010 5 Vdc__ - 25 HA
R/MW, RES, RSO, RS1, RS2, RS3, CS1, CS2,
CA1, d2

I1s1 Off-state Input Current — Vy = .4 to 2.4V - +10 MA
Vee = Max, DO to D7

I Input High Current — Vi = 2.4V -100 - HA
PA0-PA7, CA2, PBO-PB7, CB1, CB2

he Input Low Current — Vi = 0.4 Vdc - -1.6 mA
PAO-PA7, CA2, PBO-PB7, CB1, CB2

VoH QOutput High Voltage 2.4 - \Y

VCC = min, ||°ad =-100 MAdC
PAO-PA7, CA2, PBO-PB7, CB1, CB2

Vou Output Low Voltage - 0.4 \
Vee = min, ligag = 1.6 mAdc

lon Output High Current {Sourcing)
VoHu = 2.4V -100 - HA
Vou = 1.5V (PBO-PB7) -1.0 — mA
loL Output Low Current (Sinking) 1.6 - mA
VoL = 0.4 Vdc
loFr Output Leakage Current (Off state) - 10 HA
IRQ
Cin Input Capacitance — Ta = 25°C, f= 1 MHz
(R/W, RES, RSO, RS1, RS2, RS3, CS1, €52, - 7.0 pF
DO-D7, PAQ-PA7, CA1, CA2, PBO-PB7)
(CB1, CB2) - 10 pF
(92 Input) - 20 pF
CouT Output Capacitance — Tp = 25°C, f= 1 MHz — 10 pF
Po Power Dissipation = 700 mwW




R6522/R6522A
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% 24K

130pF
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24K

Figure 2. Test Load (for all Dynamic Parameters)

Figure 3. Read Timing Characteristics

READ TIMING CHARACTERISTICS (FIGURE 3)

R6522 R6522A
Symbol Parameter Min. Max. Min. Max Unit
Tey Cycle Time 1 50 0.5 50 us
TacCR Address Set-Up Time 180 . 90 - ns
Tcar Address Hold Time 0 - 0 - ns
Tecr Peripheral Data Set-Up Time 300 . 300 - ns
Tcor Data Bus Delay Time - 340 - 200 ns
THR Data Bus Hold Time 10 - 10 - ns

NOTE: tr, tf = 10 to 30ns.




R6522/R6522A

fa———Tc ——

2.4v
<2
clock
le—Tacw—| —l Teaw
2.0 2.0v \ N
CHIP SELECTS, \
REGISTER SELECTS
0.8v 0.8v \

[ Twew = Tpcw‘—"—fcww—‘l

20v
RV
0.8V

Figure 4. Write Timing Characteristics

. WRITE TIMING CHARACTERISTICS (FIGURE 4)
R6522 R6522A

Symbol Parameter Min. * Max. Min. Max. Unit
Tey Cycle Time 1 50 0.50 50 us
Tc ¢2 Pulse Width 0.44 25 0.22 25 us
Tacw Address Set-Up Time 180 . 90 - ns
Tcaw Address Hold Time 0 - 0 - ns
Twew R/W Set-Up Time 180 - 90 - ns
Toww R/W Hold Time 0 - 0 - ns
Tocw Data Bus Set-Up Time 300 - 200 . ns
THw Data Bus Hold Time 10 - 10 - ns
Tepw Peripheral Data Delay Time - 1.0 - 1.0 us
Temos Peripheral Data Delay Time

to CMOS Levels - 2.0 - 2.0 us

NOTE: tr, tf = 10 to 30ns.




R6522/R6522A

PERIPHERAL INTERFACE CHARACTERISTICS

Symbol Characteristic Min. Max. Unit Figure
tr, tf Rise and Fall Time for CA1, CB1, CA'24 and CB2 — 1.0 us -

Input Signals
Tca2 Delay Time, Clock Negative Transition to CA2 Negative

Transition (read handshake or pulse mode) - 1.0 s 53, 5b
TRs1 Delay Time, Clock Negative Transition to CA2 Positive

Transition (pulse mode) - 1.0 us 5a
TRs2 Delay Time, CA1 Active Transition to CA2 Positive

Transition (handshake mode) - 2.0 us 5b
TwHs Delay Time, Clock Positive Transition to CA2 or CB2

Negative Transition (write handshake) 0.05 1.0 us 5S¢, 5d
Tps Delay Time, Peripheral Data Valid to CB2 Negative

Transition 0.20 1.5 us 5c, 5d
TRs3 Delay Time, Clock Positive Transition to CA2 or CB2

Positive Transition (pulse mode) - 1.0 s 5c
TRsa Delay Time, CA1 or CB1 Active Transition to CA2 or

CB2 Positive Transition (handshake mode) - 2.0 us 5d
Ty Delay Time Required from CA2 Qutput to CA1

Active Transition (handshake mode) 400 - ns 5d
TiL Set-up Time, Peripheral Data Valid to CA1 or CB1

Active Transition (input latching) 300 — ns 5e
Tsr1 Shift-Out Delay Time — Time from ¢ Falling Edge

to CB2 Data Out -~ 300 ns 5t
Tsr2 Shift-In Setup Time — Time from CB2 Data In to

®2 Rising Edge 300 - ns 59
Tsr3 External Shift Clock (CB1) Setup Time Relative To

¢2 Trailing Edge . 100 Tey ns 5¢
Tipw Pulse Width — PB6 Input Pulse 2 - us 5i
Ticw Pulse Width — CB1 Input Clock 2 - Hs 5h
lips Pulse Spacing — PB6 Input Pulse 2 - us 5i
lics Pulse Spacing — CB1 Input Pulse 2 - us 5h




R6522/R6522A
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0.4v
READ IRA
OPERATION

CA2
“DATA TAKEN"

tcaz

tRs1

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode

2
04v
READ IRA
OPERATION

CA2
“DATA TAKEN"

RS2

cal
“DATA READY"

7 X‘- 2.0v
/L 0.8y

L
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TRANSITION

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode
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OPERATION

\ 7E 20v
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-2.0v
PA, PB N \
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DATA 08v

Figure 5¢c. CA2, CB2 Timing for Write Handshake, Pulse Mode




R6522/R6522A
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Figure 5f. Timing for Shift Out with Internal or External Shift Clocking
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ca2 2.0v
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ca1
SHIFT CLOCK

(INPUT OR 14v 14v
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Figure 5g. Timing for Shift In with Internal or External Shift Clocking
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cB1
SHIFT CLOCK |
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ticw 1t lics

Figure 5h. External Shift Clock Timing

20v 20v X
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PULSE COUNT
INPUT
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Figure 5i. Pulse Count Input Timing




R6522/R6522A

PIN DESCRIPTIONS

RES (Reset]

The reset input clears all internal registers to logic 0
(except T1 and T2 latches and counters and the Shift
Register). This places all peripheral intertace lines in
the input state, disables the timers, shift register, etc.
and disables interrupting from the chip.

92 {Input Clock)

The input clock is the system ¢2 clock and is used to
trigger all data transfers between the system processor
and the R6522.

RAW (Read/Write)

The direction of the data transfers between "the
R6522 and the system processor is controlled by the
R/W line. If R/W is low, data will be transferred out
of the processor into the selected R6522 register
(write operation). If R/W is high and the chip is select-
“ed, data will be transferred out of the R6522 (read
operation).

DB0O-DB7 (Data Bus)

The eight bi-directional data bus lines are used to
transfer data between the R6522 and the system
processor. During read cycles, the contents of the sel-
ected R6522 register are placed on the data bus lines
and transferred into the processor. During write
cycles, these lines are high-impedance inputs and data
is transferred from the processor into the selected re-
gister. When the R6522 is unselected, the data bus
lines are high-impedance.

CS1, C52 (Chip Selects)

The two chip select inputs are normally connected to
processor address lines either directly or through de-
coding. The selected R6522 register will be accessed
when CS1 is high and CS2 is low.

RS0-RS3 (Register Selects)

The four Register Select inputs permit the system pro-
cessor to select one of the 16 internal registers of the
R6522, as shown in Figure 6.

Register RS Coding Register Description
Number RS3 | RS2 | RS1 | RSO Desig. Write Read
0 0 0 0 0 ORB/IRB Output Register “B" tnput Register "B’
1 0 0 0 1 ORA/IRA | Output Register “A"’ Input Register “A”’
2 0 0 1 0 DDRB Data Direction Register 'B"
3 0 0 1 1 DDRA Data Direction Register “A”’
4 0 1 0 0 TiC-L T1 Low-Order Latches | T1 Low-Order Counter
5 0 1 0 1 TICH T1 High-Order Counter
6 0 1 1 0 TIL-L T1 Low-Order Latches
7 0 1 1 1 Ti1L-H T1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Order Latches | T2 Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 ORA/IRA | Same as Reg 1 Except No ““Handshake’

Figure 6. R6522 Internal Register Summary




R6522/R6522A

IRQ (Interrupt Request)

The Interrupt Reguest output goes low whenever an
internal interrupt flag is set and the corresponding in-
terrupt enable bit is a logic 1. This output is ¢ yen-
drain” to allow the interrupt request signal to be
“wire-or'ed’’ with other equivalent signals in the
system.

PAO-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can
be individually programmed to act as inputs or out-
puts under control of a Data Direction Register. The
polarity of output pins is controlled by an Output
Register and input data may be tatched into an in-
ternal register under control of the CA1 line. All of
these modes of operation are controlled by the sys-
tem processor through the internal control registers.
These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in
the output mode. Figure 7 illustrates the output
circuit.

CA1, CA2 (Peripheral A Control Lines)

The two Peripheral A control lines act as interrupt in-
puts or as handshake outputs. Each line controls an
internal interrupt flag with a corresponding interrupt
enable bit. In addition, CA1 controls the latching of
data on Peripheral A port input lines. CA1 is a high-
impedance input only while CA2 represents one stan-
dard TTL load in the input mode. CA2 will drive one
standard TTL load in the output mode.

PAO-PAT,
€Az

1/0 CONTROL t
OUTPUT DATA |
i

INPUT DATA e’

Figure 7. Peripheral A Port Output Circuit

PB0-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional
lines which are controlled by an output register and a
data direction register in much the same manner as the

PA port. In addition, the polarity of the PB7 output
signal can be controlied by one of the interval timers
while the second timer can be programmed to count
pulses on the PB6 pin. Peripheral B lines represent one
standard TTL load in the input mode and will drive
one standard TTL load in the output mode. In addi-
tion, they are capable of sourcing 1.0mA at 1.5VDC
in the output mode to allow the outputs to directly
drive Darlington transistor circuits. Figure 8 is the
circuit schematic.

CB1, CB2 (Peripheral B Controf Lines)

The Peripheral B control lines act as interrupt inputs
or as handshake outputs. As with CA1 and CA2, each
line controls an interrupt flag with a corresponding in-
terrupt enable bit. In addition, these lines act as a
serial port under control of the Shift Register. These
lines represent one standard TTL load in the input
mode and will drive one standard TTL load in the
output mode. Unlike PBO-PB7, CB1 and CB2 cannot
drive Darlington transistor circuits.

INPUT "
ouTPuT '
CONTROL
1 <
b
i
'
|

| . PBO-PBY.
CB1.CB2

ouTPUT
DATA

INPUT DATA

Figure 8. Peripheral B Port Qutput Circuit

FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Reg-
ister (DDRA, DDRB) for specifying whether the peri-
pheral pins are to act as inputs or outputs. A 0 in a
bit of the Data Direction Register causes the corres-
ponding peripheral pin to act as an input. A 1 causes
the pin to act as an output.

Each peripheral pin is also controlled by a bit in the
Output Register (ORA, ORB) and an Input Register
(IRA, IRB). When the pin is programmed as an out-
put, the voltage on the pin is controlled by the cor-
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responding bit of the Output Register. A 1in the Out-
put Register causes the output to go high, and a “0"’
causes the output to go low. Data may be written into
Output Register bits corresponding to pins which are
programmed as inputs. In this case, huwever, the out-
put signal is unaffected.

Reading a peripheral port causes the contents of the
Input Register {IRA, IRB) to be transferred onto the
Data Bus. With input latching disabled, |RA will always
reflect the levels on the PA pins. With input latching
enabled, IRA will reflect the levels on the PA pins at
the time the latching occurred (via CA1).

The IRB register operates similar to the IRA register.
However, for pins programmed as outputs there is a
difference. When reading IRA, the level on the pin
determines whether a0 ora 1 is sensed. When reading
IRB, however, the bit stored in the output register,

REG 1 — ORA/IRA

7|6|s]a|3|2]|1}0
| WY,
PAY

PA2

OUTPUT REGISTER "A” (ORA)
OR
INPUT REGISTER “A” {IRA]

PA3

S Y

SR V'Y

————————————— PAG

Pin
Data Direction
Selection

WRITE READ

DORA = “1” (OUTPUT]
(Input latching disabled)
DDRA = “17 (QUTPUT)

MPU writes Output Level
(ORA}

MPU reads level on PA pin

MPU reads IRA bit which 11

(Input latching enabled} the level of the PA pin at the
time of the last CAY active
transition

MPU reads tevel on PA pin

ODRA = 0" (INPUT)
(Input latching d-sabled)

MPU wntes into ORA. but
o effect on pin level, until
ODRA changed

ORB, is the bit sensed. Thus, for outputs which have
large loading effects and which pull an output 1"
down or which pull an output 0" up, reading IRA
may result in reading a ‘0" when a "’1’* was actually
programmed, and reading a ‘1’ when a “‘0*" was pro-
grammed. Reading IRB, on the other hand, will read
the 1" or *0" level actually programmed, no matter
what the loading on the pin.

Figures 9,10, and 11 illustrate the formats of the port
registers. In addition, the input latching modes are
selected by the Auxiliary Control Register (Figure
16.)

Handshake Control of Data Transfers

The R6522 allows positive control of data transfers
between the system processor and peripheral devices

REG 0 — ORB/IRB

|7|6 slal3]2 llol

| NS
PB1
P82
OUTPUT REGISTER “B" (ORB)

P83

OR

FBa INPUT REGISTER “'B" (ORB)
- 85
PB6
P87,
Pin
Data Direction WRITE READ
Selection

DDRB = “1" {QUTPUT)

MPU writes Output Level
{ORB)

MPU reads output reguter bit
1n ORB Pin level has no affect

DDRB = "0 (INPUT)
(Input atching disabled)

MPU writes into ORB, but
na effect on pin level, untid
DDRB changed

DDRB = “0” INPUT)
(1nput latching enabled)

MPU reads input level on P8
pin.

MPU reads IRB bit, which 15
the level of the PB pin at the
ume of the last CB1 active
transition

Figure 9. Output Register B (ORB),

Input Register B (

IRB)

DDRA = 0" (INPUT)
(Input latching enabled}

MPU reads IRA bt which 15
the level of the PA pin at the
time of the last CA 1 active
transition

Figure 10. Output Register A (ORA),
Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA}

7165 )af3j2|v|0

T
—— pBoPac
PB1/PAY

PB2/PA2

PBIPAI] DATA DIRECTION REGISTER

“B” OR "A” (DDRB/DDRA}

PB4/PAL

PB5/PAS

PBE/PAG

PB1/PAT

0 ASSOCIATED PB/PA PIN IS AN INPUT
(HIGH IMPEDANCE}

“17 ASSOCIATED PB/PA PIN IS AN OUTPUT,
WHOSE LEVEL IS DETERMINED BY
ORB'ORA REGISTER BIT

Figure 11. Data Direction Registers (DDRB, DDRA)

through the operation of “handshake’’ lines. Port A
lines {CA1, CA2) handshake data on both a read and
a write operation while the Port B lines (CB1, CB2)
handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral de-
vices into the system processor can be accomplished
very effectively using Read Handshaking. In this case,
the peripheral device must generate the equivalent of
a “"Data Ready" signal to the processor signifying that
valid datais present on the peripheral-port. This signal
normally interrupts the processor, which then reads
the data, causing generation of a "’Data Taken" signal.
The peripheral device responds by making new data
available. This process continues until the data trans-
fer is complete.
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e L riririrere, e rero

DATA READY"
(CAN

| A

A

TRQouTeUT

READ IRA OPERATION

—

‘DATA TAKEN"

HANDSHAKE MODE
1CA2)

“DATA TAKEN"

PULSE MODE
(CA2)

Figure 12. Read Handshake Timing (Port A, Only)

e LIl i rirere e rere e

WRITE ORA. ORB
OPERATION

“DATA READY"
HANDSHAKE MODE l

(CA2 CB2} I
“DATA READY"

PULSE MODE ] I

CA2,CB2Y

“DATA TAKEN
(CA1,c81)

TRG ouTPUT

Figure 13. Write Handshake Timing

In the R6522, automatic ““Read” Handshaking is
possible on the Peripheral A port only. The CA1 in-
terrupt input pin accepts the “'Data Ready’’ signal
and CA2 generates the “Data Taken'' signal. The
“’Data Ready"” signal will set an internal flag which
may interrupt the processor or which may be polled
under program control. The “Data Taken'’ signal can
either be a pulse or a level which is set low by the sys-
tem processor and is cleared by the ‘‘Data Ready’
signal. These options are shown in Figure 12 which
illustrates the normal Read Handshaking sequence.

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device

is very similar to that described for Read Handshaking.

However, for Write Handshaking, the R6522 gener-
ates the ""Data Ready’’ signal and the peripheral de-
vice must respond with the ‘“Data Taken" signal. This
can be accomplished on both the PA port and the
PB port on the R6522. CA2 or CB2 act as a ‘‘Data
Ready’’ output in either the handshake mode or pulse
mode and CA1 or CB1 accept the 'Data Taken'' sig-
nal from the peripheral device, setting the interrupt
flag and cleaning the ‘“‘Data Ready’’ output. This
sequence is shown in Figure 13.

Selection of operating modes for CA1, CA2, CBt,
and CB2 is accomplished by the Peripheral Control
Register (Figure 14).

Timer Operation

Interval Timer T1 consists of two 8-bit latches and a
16-bit counter. The latches are used to store data
which is to be loaded into the counter. After loading,
the counter decrements at ¢2 clock rate. Upon reach-
ing zero, an interrupt flag will be set, and IRQ will go
low if the interrupt is enabled. The timer will then
disable any further interrupts, or will automatically
transfer the contents of the latches into the counter
and will continue to decrement. tn addition, the timer
may be programmed to invert the output signal on a
peripheral pin each time it “times-out’’. Each of
these modes is discussed separately below.

The T1 counter is depicted in Figure 15 and the
latches in Figure 16.

REG 12 — PERIPHERAL CONTROL REGISTER

CLEL: ﬂﬂllﬂ
CAVINTERRUPT CONTROL

€82 CONTROL

7]6]5]oPerATION 0 < NEGATIVE ACTIVE EDGE

[o[o]o[INPUT NEGATIVE ACTIVE FDGE 12 POSITIVE ACTIVE EOGE

0[0|1)INDEPENDENT INTERRUPT

|_|_| {meutneG epce CAzCONTROL

[o]1]ofiNPUT POSITIVE ACTIVE EDGE 3]2]]oreRaTION

o1 7] 1 INGEPENDENT INTERRUPT 0]0] 0] INPUT NEGATIVE ACTIVE EDGE
INPUY POS EOGE o]0 [ INDEPENDENT INTERRUPT

1[0}0[|HANDSHAKE OUTPUT INPUT NEG EDGE

1]0[1{PULSE OUTPUT 9[1]0]INPUT POSITIVE ACTIVE EOGE

1[v]o]iow outPuT 0[1[1[INDEPENDENT INTERRUPT

111 [T]HiGH ouTPUT INPUT POS EDGE

CB1INTERRUPT CONTROL 11010 HANDSHAKE OUTPUT

1]0]1[PuLsSE oUTPUT
0+ NEGATIVE ACTIVE EDGE y[rjolLow outPuT
1 = POSITIVE ACTIVE EDGE T{T]7{riGH outPLT

Figure 14. CA1, CA2, CB1, CB2 Control
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Two bits are provided in the Auxiliary Control Reg- ating modes. The four possible modes are depicted
ister (bits 6 and 7) to allow selection of the T1 oper- in Figure 17.
REG 4 — TIMER 1 LOW-ORDER COUNTER REG 5 — TIMER 1 HIGH-ORDER COUNTER

7|6f5)14]3|2]|1}0 I7|5I5|4|3|2|1|0|

256
512

Iy
l’F

1024
- COUNT 2048 | COUNT
VALUE VALUE
—— e 16 4096
3 — g9
64 16384
—_— 128 L 32768
WRITE — 8 BITS LOADED INTO T1 LOW ORDER WRITE — 8 8ITS LOADED INTO T HIGH-ORDER
LATCHES. LATCH CONTENTS ARE LATCHES. ALSO, AT THIS TIME BOTH
TRANSFERRED INTO LOW.ORDER HIGH AND LOW-ORDER LATCHES
COUNTER AT THE TIME THE HIGH TRANSFERRED INTO T1 COUNTER.
ORDER COUNTER IS LOADED (REG 5), T1INTERRUPT FLAG ALSO IS RESET.
READ - 8 BITS FROM T1 LOW-ORDER COUNTER READ - 8 BITS FROM T1 HIGH.-ORDER COUNTER
TRANSEERRED TOMPU. IN ADDITION, TRANSFERRED TO MPU.
T1INTERRUPT FLAG IS RESET (BIT 6
IN INTERRUPT FLAG REGISTER)
Figure 15. T1 Counter Registers
REG 6 — TIMER 1 LOW-ORDER LATCHES REG 7 — TIMER 1 HIGH-ORDER LATCHES
|7|s|sla|3|z|||jl 7lelsfalafzlr]o
L 1 L 256
L, 512
¢ 1024
8 | counT 2048 | count
16| VALUE 096 | VALUE
_—232 8192
64 16384
128 32768|
WRITE - 8 BITS LOADED INTO T1 LOW.ORDER WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. THIS OPERATION IS NO LATCHES. UNLIKE REG 4 OPERATION
DIFFERENT THAT A WRITE INTO NO LATCH-TO COUNTER TRANSFERS
REG4 TAKE PLACE
READ - 8BITS FROM T1 LOW ORDER LATCHES READ — 8BITS FROM T1HIGH-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4 TRANSFERRED TO MPU.

OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

Figure 16. T1 Latch Registers

REG 11 — AUXILIARY CONTROL REGISTER

Ll L[]

s|alal2
T T T
T1 TIMER commn—_—j—J — PA  LATCH ENABLE/DISABLE
7] 6[oreRATION PB7 P8
00| TIMED INTERRUPT
EACH TIME T1 1S
LOADED DISABLED
o[ 7| CONTINUOUS
INTERRUPTS
T10[TIMED INTERRUPT | ONE SHOT
EACH TIME T11S | OUTPUT L SHIFT REGISTER CONTROL
LOADED 4[3[2]oPERATION
1] 7[conTinuGUS SQUARE ot5ToToisAsLED
INTERRUPTS Sorrut 0[0[1]SHIFT IN UNDER CONTROL OF 12
0] 1[0[SHIFT IN UNDER CONTROL OF 02
T2 TIMER CONTROL 017 [1[SHIFT IN UNDER CONTROL OF EXT. CLK
5] OPERATION 1[0]0[SHIFT OUT FREE-RUNNING AT T2 RATE
0| TIMED INTERRUPT T{0[1[SHIFT GUT UNDER CONTROL GF 12
1] COUNT OOWN WITH 7] 1[0 SHIFT OUT UNDER CONTROL OF 07
PULSES ON PBE 7]7]1[SHIFT OUT UNDER CONTROL OF EXT.CLK

Figure 17. Auxiliary Control Register

Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto-
matically from the tow order latch when the processor writes into the high order counter. In fact, it may not be necessary to
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter.
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w_ Ll L e rieri e

WRITE TIC-H

OPERATION

- “

1RQ OUTPUT

PB7 QUTPUT I

(T1, ONLY)

NlNllNZlNJI |oln||u-v|uz|u:|
e——————————— N+ 15CYCLES

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer cne-shot mode allows generation
of a single interrupt for each timer load operation. As
with any interval timer, the delay between the “write
T1C-H" operation and generation of the processor
interrupt is a direct function of the data loaded into
the timing counter. In addition to generating a single
interrupt, Timer 1 can be programmed to produce a
single negative pulse on the PB7 peripheral pin. With
the output enabled (ACR7=1) a “write T1C-H"" oper-
ation will cause PB7 to go low. PB7 will return high
when Timer 1 times out. The result is a single pro-
grammable width pulse.

In the one-shot mode, writing into the high order
latch has no effect on the operation of Timer 1. How-
ever, it will be necessary to assure that the low order
latch contains the proper data before initiating the
count-down with a “write T1C-H’" operation. When
the processor writes into the high order counter, the
T1 interrupt flag will be cleared, the contents of
the low order latch will be transferred into the low
order counter, and the timer will begin to decrement
at system clock rate. If the PB7 output is enabled,
this signal will go low on the phase two following the
write operation. When the counter reaches zero, the
T1 interrupt flag will be set, the TRQ pin will go low
(interrupt enabled), and the signal on PB7 will go
high. At this time the counter will continue to decre-
ment at system clock rate. This allows the system
processor to read the contents of the counter to de-
termine the time since interrupt. However, the T1
interrupt flag cannot be set again unless it has been
cleared as described in this specification.

Timing for the R6522 interval timer one-shot modes
is shown in Figure 18.

Timer 1 Free-Run Mode

The most important advantage associated with the
latches in T1 is the ability to produce a continuous

series of evenly spaced interrupts and the ability to
produce a square wave on PB7 whose frequency is
not affected by variations in the procéssor interrupt
response time. This is accomplished in the “free-
running”” mode.

In the free-running mode, the interrupt flagis set and
the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decre-
ment from zero after a time-out, the timer automati-
cally transfers the contents of the latch into the
counter (16 bits) and continues to decrement from
there. The interrupt flag can be cleared by writing
T1C-H, by reading T1C-L, or by writing directly into
the flag as described later. However, it is not neces-
sary to rewrite the timer to enable setting the inter-
rupt flag on the next time-out.

All interval timers in the R6522 are “re-triggerable’’.
Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevent-
ed completely if the processor continues to rewrite
the timer before it reaches zero. Timer 1 will operate
in this manner if the processor writes into the high
order counter (T1C-H). However, by loading the
latches only, the processor can access the timer dur-
ing each down-counting operation without affecting
the time-out in process. Instead, the data loaded into
the latches will determine the length of the next time-
out period. This capability is particularly valuable in
the free-running mode with the output enabled. In
this mode, the signal on PB7 is inverted and the in-
terrupt flag is set with each time-out. By responding
to the interrupts with new data for the latches, the
processor can determine the period of the next half
cycle during each half cycle of the output signal on
PB7. In this manner, very complex waveforms can be
generated. Timing for the free-running mode is shown
in Figure 19.
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WRITE TICH
OPERATION

ML, L

TRQ OUTPUT

PB7 QUTPUT

—_

/L

[

N+ 15CYCLES

7/ l
N+ 2CYCLES 4‘]

1

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If one is 1 and the other is 0, then PB7 functions

as a normal output pin, controlled by ORB bit 7.

Figure 19. Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer (in the “one-
slot” mode only}, or as a counter for counting nega-
tive pulses on the PB6 peripheral pin. A single con-
trol bit is provided in the Auxiliary Contro! Register
to select between these two modes. This timer is com-
prised of a “‘write-only” low-order latch {T2L-L),a
“read-only”’ low-order counter and a read/write high
order counter. The counter registers act as a 16-bit
counter which decrements at $2 rate. Figure 20 illus-
trates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the ‘‘one-shot”
mode similar to Timer 1. In this mode, T2 provides a
single interrupt for each “write T2C-H'* operation.
After timing out, the counter will continue to decre-
ment. However, setting of the interrupt flag will be
disabled after initial time-out so that it will not be set
by the counter continuing to decrement through zero.
The processor must rewrite T2C-H to enable setting
of the interrupt flag. The interrupt flag is cleared by "
reading T2C-L or by writing T2C-H. Timing for this
operation is shown in Figure 18.

REG 8 — TIMER 2 LOW-ORDER COUNTER

7|6]% 4|3|2 Ilj

8 COUNT
VALUE

WRITE ~ 88ITS LOADED INTO T2 LOW-ORDER
LATCHES.

READ ~ 8BITS FROM T2 LOW-ORDER COUNTER
TRANSFERRED TO MPU. T2 INTERRUPT
FLAG IS RESET.

REG 9 — TIMER 2 HIGH-ORDER COUNTER

|7I6I5|4|3|7]||0|
‘ L
512

e 1024

2048 COUNT
VALUE

4096

_—5192

16384

32768,

WRITE - BBITS LOADED INTO T2 HIGH-ORDER
COUNTER. ALSO, LOW-ORDER LATCHES
TRANSFERRED TO LOW-ORDER
COUNTER. IN ADDITION, T2 INTERRUPT
FLAG IS RESET.

READ -~ 8BITS FROM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU,

Figure 20. T2 Counter Registers
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Timer 2 Puise Counting Mode

In the pulse counting mode, T2 serves primarily to
count a predetermined number of negative-going
pulses on PB6. This is accomplished by first loading
a number into T2. Writing into T2C-H clears the in-
terrupt flagand allows the counter to decrement each
time a pulse is applied to PB6. The interrupt flag wil!
be set when T2 reaches zero. At this time the counter
will continue to decrement with each pulse on PB6.
However, it is necessary to rewrite T2C-H to allow
the interrupt flag to set on subsequent down-counting
operations. Timing for this mode is shown in Figure
21. The pulse must be low on the leading edge of 2.

Shift Register Operation

The Shift Register (SR) performs serial data transfers
into and out of the CB2 pin under control of an in-
ternal modulo-8 counter.  Shift pulses can be applied
to the CB1 pin from an external source or, with the
proper mode selection, shift pulses generated inter-
nally will appear on the CB1 pin for controlling ex-
ternal devices.

The control bits which select the various shift register
operating modes are located in the Auxiliary Control
Register. Figure 22illustrates the configuration of the
SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the vari-
ous shift register modes.

Interrupt Operation

Controlling interrupts within the R6522 involves
three principal operations. These are flagging the in-
terrupts, enabling interrupts and signaling to the pro-
cessor that an active interrupt exists within the chip.
Interrupt flags are set by interrupting conditions
which exist within the chip or on inputs to the chip.
These flags normally remain set until the interrupt
has been serviced. To determine the source of an in-
terrupt, the microprocessor must examine these flags
in order from highest to lowest priority. This is ac-
complished by reading the flag register into the pro-
cessor accumulator, shifting this register either right
or left and then using conditional branch instructions
to detect an active interrupt.

Associated with each interrupt flag is an interrupt
enable bit. This can be set or cleared by the proces-
sor to enable interrupting the processor from the cor-
responding interrupt flag. {f an interrupt flag is set to
a logic 1 by an interrupting condition, and the corres-
ponding interrupt enable bit is set to a 1, the Inter-
rupt Request Output {(IRQ) will go low. TRQ is an
“open-collector’ output which can be “wire-or'ed”
with other devices in the system to interrupt the
processor.

In the R6522, all the interrupt flags are contained
in one register. In addition, bit 7 of this register will
be read as a logic 1 when an interrupt exists within
the chip. This allows very convenient polling of sev-
eral devices within a systém to locate the source of
an interrupt.

WRITE T2CH
OPERATION

L

P86 INPUT

IRQ OUTPUT
|

N ' N1

Figure 21. Timer 2 Pulse Counting Mode

N2 Vs 2 l 1 : 0

REG 10 — SHIFT REGISTER

7]6|sjaj3]2]1}o0
B

SHIFT
REGISTER
BITS

NOTES:

1. WHEN SHIFTING QUT. BIT 7 !S THE FIRST BIT
OUT AND SIMULTANEQUSLY 1S ROTATED BACK
INTOBIT O

2. WHEN SHIFTING IN, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7.

Figure 22. SR and ACR Control Bits

REG 11 — AUXILIARY CONTROL REGISTER

CLll ]}
—

SHIFT REGISTER

MODE CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF 15

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT QUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF 12
SHIFT OUT UNDER CONTROL OF 1y
SHIFT OUT UNDER CONTROL OF EXT CLK

=lalalslololofola
~[=lolof«]=[clofw

~[e[-]lo|[=]of={cf~
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SR Disabled (000)

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral
Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic O).

Shift in Under Control of T2 (001)

In the 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin
to control shifting in external devices. The time between transitions of this output clock is a function of the system
clock period and the contents of the low order T2 latch (N),

The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low order bit
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each clock
pulse. The input data should change before the positive-going edge of the CB1 clock pulse. This data is shifted into
the shift register during the ¢ clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1
clock pulses, the shift register interrupt flag will be set and IRQ will go low.

- JUUTUrnnUuiuir iUt

WRITE OR READ [—1 I
SHIFT REG | I
1
Nz I
Ne2CY —— et
JeveLes " .{ CYCLES
CB1DUTPUT
SHIFT CLOCK

I 1 I 2 | I 3 I ! I 8 I .
a1 S, T S i S W i m

Shift in Under Control of ¢ (010}

{n mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into

bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each ¢ clock pulse.
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop.

"
READ SR l—[ I l l
OPERATION

CBYOUTPUT
SHIFT CLOCK

|
oma T LLZIIIIIZTITIK K2 X XK e XK s XK s X X X
|

"G |

Shift in Under Control of External CB1 Clock (011)

in mode 011 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift
Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high.

Iz
CB1INPUT l 1 l | 2 I I 3 I l 4 I 7 8
SHIFT CLOCK

oara " ZZITIIIR s RTIK > RITR—> R« XL /I/////////I"/////l

L

3|
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Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate (100)

Mode 100 is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR Counter
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit 0, the 8 bits
loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register counter is disabled.

(]
wmresn n | —

N+2CYCLES - N‘ZC‘VCLES \ | N
corournur LMl rierier
LA S G G e/ GED Ga

Shift Out Under Control of T2 (101)

In mode 101 the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of the shift
register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are generated on CB1
to control shifting in external devices. After the 8 shift pulses, the shifting is disabled, the SR Interrupt Flag is set and
CB2 remains at the last data level.
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CLOCK
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OPERATION __l l
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Shift Out Under Control of ¢ (110)
In mode 110, the shift rate is controlled by the ¢3 system clock.

| ]

™ I O o
OPERATION !

81 0UTPUT N s / l ; I I 8
SHIFT CLOCK 2 3

s X X X/ X X

1RQ

Shift Out Under Control of External CB1 Clock (111)

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor
wtites or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the
next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The microprocessor can then load the
shift register with the next byte of data.
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Figure 24. Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt En-
able Register (1ER) are depicted in Figures 25 and
26, respectively.

The IFR may be read directly by the processor. In ad-
dition, individual flag bits may be cleared by writing
a 1" into the appropriate bit of the IFR. When the
proper chip select and register signals are applied to
the chip, the contents of this register are placed on
the data bus. Bit 7 indicates the status of the IRQ out-
put. This bit corresponds to the logic function: IRQ =
{FR6 x IERG +IFR5 x IER5+IFR4 x IER4 + IFR3 x
IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO.
Note: X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefore, this bit is not
directly cleared by writing a logic 1 into it. It can
only be cleared by clearing all the flags in the register
or by disabling all the active interrupts as discussed
in the next section.

REG 13 — INTERRUPT FLAG REGISTER

SETBY CLEARED BY
CA2 ACTIVE EDGE READ OR WRITE
1 REG 1 (ORA)*

CA1 ACTIVE EDGE READ OR WRITE
REG 1 (ORA,

COMPLETE BSHIFTS} READ OR WRITE
SHIFT REG

CB2 ACTIVE EDGE
CB1 ACTIVE EDGE

TIME-QUT OF T2

AEAD OR WRI

WRITE T2 HIGH

READ OR WRITE ORB*

READ T2 LOW OR

TIME-OUT OF T1 READ T1LOWOR

WRITE T1 HIGH

ANY ENABLED
INTERRUPT

CLEAR ALL
INTERRUPTS

* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS
“INDEPENDENT" INTERRUPT {NPUT, THEN READING OR
WRITING THE QUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BiT. INSTEAD, THE BIT MUST BE
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED
PREVIOUSLY.

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there is a corres-
ponding bit in the Interrupt Enable Register. The
system processor can be set or clear selected bits in
this register to facilitate controlling individual inter-
rupts without affecting others. This is accomplished

by writing to address 1110 (IER address). If bit 7 of
the data placed on the system data bus during this
write operation is a3 0, each 1 in bits 6 through 0
clears the corresponding bit in the Interrupt Enable
Register. For each zero in bits 6 through 0, the cor-
responding bit is unaffected.

Setting selected bits in the Interrupt Enable Register
is accomplished by writing to the same address with
bit 7 in the data word set to a logic 1. In this case,
each 1 in bits 6 _through O will set the corresponding
bit. For each zero, the corrésponding bit will be un-
affected. This individual control of the setting and
clearing operations allows very convenient control of
the interrupts during system operation.

In addition to setting and clearing IER bits, the pro-
cessor can read the contents of this register by placing
the proper address on the register select and chip
select inputs with the R/W line high. Bit 7 will be
read as a logic 0.

REG 14 — INTERRUPT ENABLE REGISTER

|7|6|5|4|3I2|I|0|
]—CM

cal
SHIFT REG

———————cB2

0= INTERRUPT DISABLED
1= INTERRUPT ENABLED

cB

TIMER 2

TIMER 1

SET/CLEAR]

NOTES:

1.1F BIT 7 1S A “0”, THEN EACH 1" IN BITS O - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2.IFBIT7IS A 1", THEN EACH “1” INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3. IF A READ OF THIS REGISTER 1S DONE, BIT 7 WILL BE "'0” AND
AtL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.

Figure 26. Interrupt Enable Register (IER)
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PART NUMBER
R6545-1

R6500 Microcomputer System
DATA SHEET

CRT CONTROLLER (CRTC)

DESCRIPTION FEATURES

The R6545-1 CRT Controller (CRTC) is designed to interface
an 8-bit microprocessor to CRT raster scan video displays,
and adds an advanced CRT controller to the established and
expanding line of R6500 products.

Compatible with 8-bit microprocessors
Up to 2.5 MHz character clock operation

Refresh RAM may be configured in row/column or straight
binary addressing

The R6545-1 provides refresh memory addresses and char- ¢ Alphanumeric and limited graphics capability

acter generator row addresses which allow up to 16K char- e Up and down scrolling by page, line, or character

acters with 32 scan lines per character to be addressed. A Programmable Vertical Sync Width

major advantage of the R6545-1 is that the refresh memory ® N ° o di yne 1

may be addressed in either straight binary or by row/column.  ® fn‘gzix‘;mg'ammab o display (rows, columns, character
Other functions in the R6545-1 include an intemal cursorreg- e Non-interlaced scan

ister which generates a cursor output when its contents are ¢ 50/60. Hz operation

equal to the current refresh address. Programmable cursor o Fully programmable cursor

start and end registers allow a cursor of up to the full char- .
acter scan in height to be placed on any scan lines of the ® Light pen register

character. Variable cursor display blink rates are provided. e Addresses refresh RAM to 16K characters
A light pen strobe input allows capture of the current refresh 4 No external DMA required

address in an intemal light pen register. The refresh address

lines are configured to provide direct dynamic memory refresh, ® Intemal status register

e 40-Pin ceramic or plastic DIP
All timing for the video refresh memory signals is derived e Pin-compatible with MC6845

(01H0) HITIOHLNOD 1HD

from the character clock input. Shift register, latch, and mul- " +5%
tiplex control signals (when needed) are provided by extemal © S "9%e *5 5% Vot Power Supply
high-speed timing. The mode control register allows non-
interlaced video display modes at 50 or 60 Hz refresh rate.
The internal status register may be used to monitor the
R6545-1 operation. The RES input allows the CRTC-gen-
erated field rate to be dynamically-synchronized with line fre- ‘gfg g Y ;g g ::::f:
quency jitter. LPEN 3 3sf3 RAO
CCO/MAD TJ4 3783 RA1Y
CC1/MA1 (s .36 RA2
CC2/MA2 (J6 35[0 RA3
CC3/MA3 (17 34 RA4
CC4/MA4 (|8 333 00
CCS/MAS 19 32 D1
CC68/MA6 10 31|02
CC7/MA? 111 ‘300 D3
CRO/MAS []12 29f) D4
CR1/MA9 13 28} D5
ORDERING INFORMATION CMIMMOE 14 271 e
CR3/MA11{]15 263 07
Part Package Temperature CRa/MA12] 16 xS
Number Type Frequency Range CRS/MA13 ] 17 241 RS
RE545-1P  Plastic 1MHz  0°Cto +70°C Rt 4 i
R6545-1AP  Plastic 2MHz  0°Cto +70°C sccs"“‘é 20 bt =S
R6545-1C Ceramic 1 MHz 0°C to +70°C
st-ts—mc Ceramic 2 MHz 0°C to +70°C R6545-1 Pin Configuration
© Rockwell International 1980 ’
s Pty

Printed in USA. Document No. 20000 D67
900



INTERFACE SIGNAL DESCRIPTION
CPU INTERFACE

#2 (Phase 2 Clock)

The input clock is the system Phase 2 (¢2) clock and is used
to trigger all data transfers between the system processor (CPU)
and the R6545-1. Since there is no maximum limit to the allow-
able @2 clock time, it is not necessary for it to be a continuous
clock. This capability permits the R6545-1 to be easily interfaced
to non-6500 compatible microprocessors.

R/W (Read/Write)

The R/W input signal generated by the processor is user to
control the direction of data transfers. A high on the R/W pin
allows the processor to read the data supplied by the R6545-1,
a low on the R/W pin aliows data on data lines D0-D7 to be
written into the R6545-1.

CS (Chip Select)

The Chip Select input is normally connected to the processor
address bus either directly or through a decoder. The R6545-1
is selected when CS is low.

RS (Register Select)

_The Register Select input is used to access intemal registers.
A low on this pin permits writes (R/W = low) into the Address
Register and reads (R/W = high) from the Status Register. The
contents of the Address Register is the identity of the register
accessed when RS is high.

DO0-D7 (Data Bus)

DO-D7 are the eight data lines used to transfer data between
the processor and the R6545-1. These lines are bidirectional
and are normally high-impedance except during read cycles
when the chip is selected (CS = low).

VIDEO INTERFACE
HSYNC (Horizontal Sync)

The HSYNC signal! is an active-high output used to determine
the horizontal position of displayed text. It may drive a CRT
monitor directly or may be used for composite video generation.
HSYNC time position and width are fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active high output used to determine
the vertical position of displayed text. Like HSYNC, VSYNC may
be used to drive a CRT monitor or composite video generation
circuits. VSYNC time position and width are both programmable.

DISPLAY ENABLE (Display Enable)

The DISPLAY ENABLE signal is an active-high output used to
indicate when the R6545-1 is generating active display infor-
mation. The number of horizontal display characters per row
and the number of vertical display rows are both fully program-
mable and together are used to generate the DISPLAY ENABLE
signal. DISPLAY ENABLE can be detayed one character time
by setting bit 4 of R8 equal to 1.

CURSOR (Cursor Coincidence)

The CURSOR signal is an active-high output used to indicate
when the scan coincides with the programmed cursor position.
The cursor position may be programmed to be any character
in the address field. Furthermore, within the character, the cur-
sor may be programmed to be any block of scan lines, since
the start scan line and the end scan line are both programmable.
The cursor position may be delayed by one character time by
setting Bit 5 of R8 to A 1",

LPEN (Light Pen Strobe)

The LPEN signal is an edge-sensitive input used to load the
internal Light Pen Register with the contents of the Refresh
Scan Counter at the time the active edge occurs. The active
edge of LPEN is the low-to-high transition.

CCLK (Clock)

The CCLK signal is the character timing clock input and is used
as the time base for all internal count/control functions.

RES

The RES signal is an active-low input used to initialize all in-
ternal scan .counter circuits. When RES is low, all intemal
counters are stopped and cleared, all scan and video outputs
are low, and control registers are unaffected. RES must stay
low for at least one CCLK period. All scan timing is initiated
when RES goes high. In this way, RES can be used to syn-
chronize display frame timing with line frequency. RES may also
be used to synchronize multiple CRTC's in horizontal and/or
vertical split screen operation.

REFRESH RAM AND CHARACTER ROM INTERFACE
MAO-MA13 (Refresh RAM Address Lines)

These 14 signals are active-high outputs used to address the
Refresh RAM for character storage and display operations. The
starting scan address is fully programmable and the ending
scan address is determined by the total number of characters
displayed, which is also programmable, in terms of characters/
line and lines/frame.

There are two selectable address modes for MAO-MA13:

In the straight binary mode (R8, Mode Control, bit 2 = “0”),
characters are stored in successive memory locations. Thus,
the software must be designed such that row and column char-
acter coordinates are translated into sequentially-numbered ad-
dresses. In the row/column mode (R8, Mode Control, bit 2 =
“1"), MAO-MA7 become column addresses CC0-CC7 and MA8-
MA13 become row addresses CRO-CRS. In this case, the soft-
ware can manipulate characters in terms of row and column lo-
cations, but additional address compression circuits are needed
to convert the CC0-CC7 and CRO-CRS addresses into a mem-
ory-efficient binary address scheme.

RAO0-RA4 (Raster Address Lines)

These 5 signals are active-high outputs used to select each ras-
ter scan within an individual character row. The number of raster
scan fines is programmable and determines the character height,
including spaces between character rows.



INTERNAL REGISTER ORGANIZATION

Address Register Read Write Register Bit
Reg. (RAW=| (RIW=
CS|rs | 4|3]|2]1]0 No. Register Name Register Units High} Low) 7|6|5!4|3(2]|1]0
1 X XIXIXIX|X X
0|0 X x|x[x[x X __| Address Register Register No. [%d 4]3]2]1]0
0|0 X [X[X[Xx|X | X T Status Register — [ 6]5
[4] 1 0 (0 |0{0(0 | RO Horizontal Total Char No. of Characters/Row [ 71615(4i3121110
0 |1 0{0ojojo (1 R1 Horizontal Displayed Char No. of Characters/Row % 716541312110
0 1 0J]0f0[1]|0O R2 Horizontal Sync Position Character Position [ 716]5(4(3[2]1}]0
0 1 0]0f0]1 i1 R3 YSYNC, HSYNC Widths No. of Scan Lines, Characters |7 71615(4(3(2111]0
0|1 0]0)110|0 [ R4 | Vertical Tota! Rows No. of Character Rows Ve 6[(5/413[2]1]0
Q0 1 00101 RS | Vertical Total Adjust Lines | No. of Scan Lines e 413|210
0 1 0j0|t]1]0 R6 Vertical Displayed Rows No. of Character Rows [ 6|5/4|3|2]|1]0
1] 1 0011 |1 R7 Vertical Sync Position No. of Character Rows [ 6|5(4f3|2]1]0
0 1 o|1fofofo0 R8 Mode Control — [ 7]6{5(4]3f2(1]0
[¢] 1 0/1]0[0{1 R9 Scan Line No. of Scan Lines [ 41312 (1|0
0 1 0 /110 (1]0 | R10 | Cursor Start Line Scan Line No. (4 6|5[/4]3[2]1]0
0 |1 0l1f0f1}1 R11 | Cursor End Line Scan Line No. [V 4(3]2|1]0
0 |1 0]1[1[0]0 [ R12 | Display Start Address (H} - [V 5laf32]1]0
0 |1 ol111140}|1 R13 | Display Start Address (L) - Vv 7]6]5]4]3[2]1]0
0 J1 0111110 | R14 | Cursor Position Address (H) — [ v 5/4(3f2(1]0
0 |1 o{1l1[1!1 R15 | Cursor Position Address (L) — v [ 716|5]a413|2]1]0
0 1 110lof{ol0 R16 | Light Pen Register (H) - v 514]|3]2)1}0
0 |1 1{0]0[0]1 [ R17 | Light Pen Register (L) - [ 7]6/5]4{3]|2f1]0
Table 1. Overall Register Structure and Addressing
Vc c GND STATUS REGISTER (SR)
CPU I/F VIDEO V/F This 8-bit register contains the status of the CRTC. Only two
00.07 B HSYNC bits are assigned, as follows:
—=- VSYNC
— DISPLAY ENABLE
¢2 —p R6545-1 — CURSOR
RW ———ipd LPEN 7 6 5 4 3 2 1 0
€S —b{ CCLK SR7[SR6 | SRE | SR4 | SR3 {SR2 | SR1|SRO
RS J*&—REs
U U — MRE|VRT| — | = | — [~ | —
—
l————uor UsED

MAO0-MA13 RAO-RA4

REFRESH RAM AND CHARACTER ROM Vertical Re-Trace (VRT)
- 0 = Scan is not currently in its vertical re-trace time,

. 1 = Scan is currently in its vertical re-trace time.
R6545-1 Interface Diagram Note that this bit actually goes to a “1* when vertical
re-trace starts, but goes to a “0” five character clock
times before vertical re-trace ends, so that critical
timings for refresh RAM operations are avoided,

INTERNAL REGISTER DESCRIPTION 8 S vt 18 ar R17 ha boan readby the CPU
ADDRESS REGISTER ’ 1 = LPEN strobe has been received.
This 5-bit write-only register is used as a “pointer” to direct ————— NotUsed

CRTC/CPU data transfers within the CRTC. Its contents is the
number of the desired register (0-17). When CS and RS are low,
then this register may be loaded; when CS is low and RS is
high, then the register selected is the one whose identity is NOTE: The Staws Register takes the State, [0 1 [=[-[-[-T-]

stored in this address register. immediately stter power (V) turn-on.



RO—HORIZONTAL TOTAL CHARACTERS

This 8-bit write-only register contains the total of displayed and
non-displayed characters, minus one, per horizontal line. The
frequency of HSYNC is thus determined by this register.

R1—HORIZONTAL DISPLAYED CHARACTERS

This 8-bit write-only register contains the number of displayed
characters per horizontal line.

R2—HORIZONTAL SYNC POSITION

This 8-bit write-only register contains the position of the hori-
zontal SYNC on the horizontal line, in terms of the character
location number on the line. The position of the HSYNC deter-
mines the left to right location of the displayed text on the video
screen. In this way, the side margins are adjusted.

R3—HORIZONTAL AND VERTICAL SYNC WIDTHS

This 8-bit write-only register contains the widths of both HSYNC
and VSYNC, as follows:

7 6 5 4 3 2 1 0
Lefefefofefafzf"]
[l J1 J
[— HSYNC Putse Width

The width of the horizontal sync
pulse (HSYNC) in the number of
character clock times {CCLK).

VSYNC Pulse Width

The width of the vertical sync
putse (VSYNC) in the number of
scan lines. When bits 4.7 are
all 0", VSYNC wilt be 16 scan
lines wide.

Control of these parameters allows the R6545-1 to be interfaced
to a variety of CRT monitors, since the HSYNC and VSYNC
timing signals may be accommodated without the use of exter-
nal one shot timing.

R4—VERTICAL TOTAL ROWS

The Vertical Total Register is a 7-bit register containing the total
number of character rows in a frame, minus one. This register,
along with R5, determines the overall frame rate, which should
be close to the line frequency to ensure flicker-free appearance.
If the frame time is adjusted to be longer than the period of the
line frequency, then RES may be used to provide absolute
synchronism.

R5—VERTICAL TOTAL LINE ADJUST

The Vertical Total Line Adjust Register (R5) is a 5-bit write-only
register containing the number of additiona! scan lines needed
to complete an entire frame scan and is intended as a fine ad-
justment for the video frame time.

R6—VERTICAL DISPLAYED ROWS

This 7-bit write-only register contains the number of displayed
character rows in each frame.

R7—VERTICAL SYNC POSITION

This 7-bit write-only register is used to select the character row
time at which the vertical SYNC pulse is desired to occur and,
thus, is used to position the displayed text in the vertical direction.

R8—MODE CONTROL (MC)

This 8-bit write-only register selects the operating modes of the
R6545-1, as follows:

7 & 5 4 3 2 1 o

me7 |mcs | mes [mee (mea I mez{mer | meo!

-] - [esx|oes| o |rao| - | o

i | B Program to “0"
Not Used

Retresn RAM Adaressing Mode (RAD)
0 = for straight Bunary
1 = tor Row/Cotumn

e Must Progeam 10 0™

Owolay Ensble Skew (DES)
0 = for no deiay.
1= 10 deley Dupley Enable one character time.

Cursor Skew (CSK)
0 « for no detay.
17 10 delay Cursor one character tume.

- }W

R9—ROW SCAN LINES

This 5-bit write-only register contains the number of scan lines,
minus one, per character row, including spacing.

R10-—CURSOR START LINE
R11—CURSOR END LINE

These 5-bit write-only registers select the starting and ending
scan lines for the cursor. In addition, bits 5 and 6 of R10 are
used to select the cursor blink mode, as follows:

Cursor Blink Mode

Q0 Display Cursor Continuously

1 Blank Cursor Continuously

0 Blink Cursor at 1/16 Field Rate
1 Blink Cursor at 1/32 Field Rate

R12—DISPLAY START ADDRESS HIGH
R13—DISPLAY START ADDRESS LOW

These registers form a 14-bit register whose contents is the
memory address of the first character of the displayed scan (the
character on the top left of the video display, as in Figure 1).
Subsequent memory addresses are generated by the R6545-1
as a result of CCLK input pulses. Scrolling of the display is ac-
complished by changing R12 and R13 to the memory address
associated with the first character of the desired line of text to
be displayed first. Entire pages of text may be scrolled or
changed as well via R12 and R13.



NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO)

r

NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1)

—

~

DISPLAY START ADDRESS HIGH (R12}*
/DISPLAY START ADDRESS LOW (R13}*
~

} NUMBER OF

1ttt

SCAN LINES (R9)

F

CURSOR START LINE (R10)

AY
NUMBER OF
VERTICAL
DISPLAY
ROWS
NUMBER OF (R6}
VERTICAL
TOTAL ﬁ
ROWS
(R4) DISPLAY PERIOD

\CURSOR POSITION ADDRESS HIGH (R14)
CURSOR POSITION ADDRESS LOW (R15)

CURSOR END LINE (R11)

HORIZONTAL
RETRACE
PERIOD
{NON-DISPLAY)

~
VERTICAL RETRACE PERIOD
(NON-DISPLAY)
\  vemrmicat
ToTAL
ADJUST (RS)

Figure 1. Video Display Format

R14—CURSOR POSITION HIGH
R15—CURSOR POSITION LOW

These registers form a 14-bit register whose contents is the
memory address of the current cursor position. When the video
display scan counter (MA lines) matches the contents of this
register, and when the scan line counter (RA lines) falls within
the bounds set by R10 and R11, then the CURSOR output be-
comes active. Bit 5 of the Mode Control Register (R8) may be
used to delay the CURSOR output by a full CCLK time to ac-
commodate slow access memories.

R16—LIGHT PEN HIGH
R17—LIGHT PEN LOW

These registers form a 14-bit register whose contents is the light
pen strobe position, in terms of the video display address at
which the strobe occurred. When the LPEN input changes from
low to high, then, on the next negative-going edge of CCLK, the
contents of the internal scan counter is stored in registers R16
and R17.

REGISTER FORMATS
Register pairs R12/R13, R14/R15, and R16/R17 are formatted
in one of two ways:

(1) Straight binary, if register R8, bit 2 = “0".

(2) Row/Column, if register R8, bit 2 = “1". In this case the

low byte is the Character Column and the high byte is the
Character Row.

DESCRIPTION OF OPERATION

VIDEO DISPLAY

Figure 1 indicates the relationship of the various program reg-
isters in the R6545-1 and the resultant video display.

Non-displayed areas of the Video Display are used for horizon-
tal and vertical retrace functions of the CRT monitor. The hori-
zontal and vertical sync signals, HSYNC and VSYNC, are pro-
grammed to occur during these intervals and are used to trigger
the retrace in the CRT monitor. The pulse widths are con-
strained by the monitor requirements. The time position of the
pulses may be adjusted to vary the display margins (left, right,
top, and bottom).

REFRESH RAM ADDRESSING

Shared Memory Mode (RS, bit 3 - “0”)

In this mode, the Refresh RAM address lines (MAO-MA13) di-
rectly reflect the contents of the internal refresh scan character
counter. Multiplex control, to permit addressing and selection of
the RAM by both the CPU and the CRTC, must be provided
external to the CRTC. In the Row/Column address mode, lines
MAO-MA?7 become character column addresses (CC0-CC7) and
MAB8-MA13 become character row addresses (CR0O-CRS).




ADDRESSING MODES

Row/Column

In this mode, the CRTC address lines (MAO-MA13) are gener-
ated as 8 column (MAO-MA?7) and 6 row (MA8-MA13) ad-
dresses. Extra hardware is needed to compress this addressing
into a straight binary sequence in order to conserve memory in
the refresh RAM.

Binary

In this mode, the CRTC address lines are straight binary and
no compression circuits are needed. However, software com-
plexity is increased since the CRT characters cannot be stored
in terms of their row and column locations, but must be
sequential.

USE OF DYNAMIC RAM FOR REFRESH MEMORY

The R6545-1 permits the use of dynamic RAMS as storage de-
vices for the Refresh RAM by continuing to increment memory
addresses in the non-display intervals of the scan. This is a vi-
able technique, since the Display Enable signal controls the
actual video display blanking. Figure 2 illustrates Refresh RAM
addressing for the case of binary addressing for 80 columns and

Bits 5 and 6 in the Cursor Start Line High Register (R10) control
the cursor display and blink rate as follows:

Bit6 Bit5 Cursor Operating Mode
0 4] Display Cursor Continuously
(4] 1 Blank Cursor Continuously
1 0 Blink Cursor at 1/16 Field Rate
1 1 Blink Cursor at 1/32 Field Rate

The cursor of up to 32 characters in height can be displayed on
and between the scan lines as loaded into the Cursor Start Line
(R10) and Cursor End Line (R11) Registers.

The cursor is positioned on the screen by loading the Cursor
Position Address High (R14) and Cursor Position Address Low
(R15) registers with the desired refresh RAM address. The cur-
sor can be positioned in any of the 16K character positions.
Hardware paging and data scrolling is thus allowed without loss
of cursor position. Figure 3 is an example of the display cursor
scan line.

24 rows with 10 non-displayed columns and 10 non-displayed UNDERLINE OVERLINE BOX
CURSOR CURSOR CURSOR
rows.
o o o]
TOTAL =90 1 169000 1 P-4
2 2
OISPLAY = 80 3 3 3
4 a 4
o] | T 6] 7] 8] 79] so] a1 T _® 5 g 5
80 81 k ] 83 - 1 |§6 lﬂ57 7|5§ ”|59 1601 161 169 7 7 ;j
N 160 161 i y.237| 28] 239 240 | 249 8 8 8
v 2401 241 2 j. ]3] 3] 3i9] 320 S 10 10 10
YA | 1 1 1
ala N 1 X
e f
-0 + CURSOR START CURSOR START CURSOR START
: 1680 [1681 {1682 | | 1757 ll758 175911760 1769 LINE =9 LINE = 1 LINE = 1
S 1760 (1761 1762 ‘ - 1837 hBIB 1839 1840 1849
1840 11841 [1842 i 1917 11918 11919 [ 1920 1929 CURSOR END CURSOR END CURSOR END
1920 {1921 |1922 i 1997 | 1998 | 1999 | 2000 2009 LINE=9 LINE =1 LINE =8
2000 JZOBI 2002 ; 2077 12078 {2079 { 2080 2089
] o | | Figure 3. Cursor Display Scan Line Control Examples
2640|2641 [2602| ! [2717 218 [2720 i 2729

Figure 2. Memory Addressing Example (80 x 24)

CURSOR OPERATION

A one character wide cursor can be controlled by storing values
into the Cursor Start Line (R10) and Cursor End Line (R11) reg-
isters and into the Cursor Position Address High (R14) and Cur-
sor Position Low (R15) registers.



MPU WRITE TIMING CHARACTERISTICS

(VCC =5.0V 5%, TA =0 to 70°C, unless otherwise noted)
1 MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit
Cycle Time TCYC 1.0 - 05 - us
02 Pulse Width Tc 440 — 200 - ns
Address Set-Up Time Tacw 180 - 90 - ns
Address Hold Time TCAH 0 - 0 - ns
R/ﬁ Set-Up Time TWCW 180 - 90 - ns
R/W Hold Time TCWH 0 - 0 - ns
Data Bus Set-Up Time TDCW 265 - 100 - ns
Data Bus Hold Time THW 10 - 10 - ns
"r and t' = 10 to 30 ns)
WRITE CYCLE
Teve
Tc
2.0v 2.0v 20v4-
o2 [
0.8V
~Tacw Tcan
2.0v 2.0v
Cs, Rs
0.8V 0.8V 4
Toew Tewn
20v
RW
0.8V
Tocw Thw "'l
2.0v 2.0V
D0-D7
0.8V 0.8V




~MPU READ TIMING CHARACTERISTICS

(VCC =50V £5%, T, =0to 70°C, unless otherwise noted)
1 MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit
Cycle Time TCYC 1.0 - 05 - Hs
02 Pulse Width Te 440 - 200 - ns
Address Set-Up Time TACR 180 - 90 - ns
Address Hold Time TCAR 0 - 0 — ns
R/AW Set-Up Time Twer 180 - 90 - ns
Read Access Time Teor - 340 - 150 ns
Read Hold Time THR 10 - 10 - ns
Data Bus Active Time
{Invalid Data) Tepa 40 - 40 - ns
(t, and t; = 10 to 30 ns)
READ CYCLE
Teve
TC
—
2.0V 2.0V 2.0V
¢2
o.sv
Tacr Tcar
- 2.0V 2.0v
CS, RS
RW
D0-D7.




MEMORY AND VIDEO INTERFACE CHARACTERISTICS

(Ve 50V +5%, T, =010 70°C, unless otherwise noted)

1 MHz 2MH2
Characteristics Symbol Min Max Min Max Units
Char. Clock Cycle Time Teey 04 40 04 <0 us
Char. Clock Pulse Width Teen 200 200 - ns
MAQ-MA13 Propagation Delay Twao - 300 - 300 ns
RAO-RA4 Propagation Delay TraD - 300 - 300 ns
DISPLAY ENABLE Prop. Delay Toro - 450 - 450 s
HYSNC Propagation Delay Tuso - 450 - 450 s
VSYNC Propagation Tuso - 450 - 450 ns
Cursor Propagation Delay 'CDD - 450 - 450 ns
LPEN Strobe Width Tiem 150 - 150 - ns
LPEN 10 CCLK Delay Tier 20 20 - ns
CCLK 1o LPEN Delay Tip2 0 o - ns

1, 1y = 20 ns (max)

SYSTEM TIMING DEFINITIONS

T
cey
TeeH
—Fov 20V % 20V {
ccuk
0.8v
Xo —a
{ ¢
— L
SIGNAL® /
(See Bolow)
[ ¢
7T
*
SIGNAL
SIGNAL SYMBOL (X}
MAD-MA13 TMAD
RAO.RAG Thao
DISPLAY ENABLE TDYD
HSYNC Ths0
VSYNC Tyso
CURSOR Teon
LIGHT PEN STROBE TIMING DEFINITIONS
ccLk
0.8V 08vy
Tier
Fe— Ty ppy ————
T, 12 - 2.0v 2.0v-
LPEN LpP2
SEE NOTE
MAOMA13 n n+1 n+2
NOTE:
SLASH AREA DEFINES THE “WINDOW" IN WHICH AN
LPEN POSITIVE EDGE WILL CAUSE ADDRESS N+2 TO
LOAD INTO LIGHT PEN REGISTER. TRANSITIONS ON
EITHER SIDE OF THIS “WINDOW" WILL RESULT IN
UNPREDICTABLE VALUES BEING LOADED INTO THE
LIGHT PEN REGISTER.




SPECIFICATIONS

Maximum Ratings

Rating Symbol Vatue Unit
Supply Voltage VCc 0.3 to +7.0 Vdc
Input Voltage VlN -0.3t0 +7.0 Vdc
Operating Temperature Range TOP 0 to +70 °c
Storage Temperature TSTG 565 to 150 °c

All inputs contain protection circuitry to prevent damage due to high static discharges. Care should be taken to prevent unnecessary applica-
tion of voltages in excess of the allowable limits.

Electrical Characteristics

(Vcc =50V +5%, TA = 0~70°C, unless otherwise noted)

Characteristic Symbol Min Max Unit

Input High Voltage VIH 20 VCC Vdc
Input Low Voltage VIL 0.3 0.8 Vdc
Input Leakage (02, R/W, RES, T3, RS, LPEN, CCLK) 'IN - 2.5 Adc
Three-State Input Leakage (DO-D7)

(VlN =0.4to 2.4V) 'TSI - 10.0 MAdc
Output High Voltage

'LOAD =205 pAdc (DO-D7} VOH 2.4 - Vdc

'LOAD =100 pAdc (all others)
Output Low Voltage

lLOAD = 1.6 mAdc VOL - 04 Vde
Power Dissipation PD - 1000 mw
Input Capacitance

02, RW, RES, TS, RS, LPEN, CCLK Cn - 10.0 pF

DO-D7 - 12.5 pF
Output Capacitance COUT - 10.0 pF

TEST LOAD

RE545-1 PIN K‘,

130 pF

||}—v:\.—4

—f —

Vee
% 24K0
R=11KQ2 FOR D0-D7?

=24KS2 FOR ALL OTHER QUTPUTS
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PART NUMBER
R6551

R6500 Microcomputer System
PRODUCT DESCRIPTION

R6551 Asynchronous Communications Interface Adapter
(ACIA)

SECTION 1
INTRODUCTION

The Rockwell R6551 Asynchronous Communications
Interface Adapter (ACIA) provides an easily imple~
mented, program controlled interface between 8-bit
microprocessor-based systems and serial communication
data sets and modems.

The R6551 has an internal baud rate generator. This
feature eliminates the need for multiple component
support circuits, a crystal being the only other part
required. The Transmitter boud rate can be selected
under program control to be either 1 of 15 different
rates from 50 to 19,200 baud, or at 1/16 times an
external clock rate. The Receiver baud rate may be
selected under program contro! to be either the Trans-
mitter rate, or at 1/16 times the external clock rate.
The R6551 has programmable word lengths of 5, 6, 7,
or 8 bits; even, odd, or no parity; 1, 1-1/2, or 2
stop bits.

The R6551 is designed for maximum programmed
control from the CPU, to simplify hardware implemen=
tation. Three separate registers permit the CPU to
easily select the R6551's operating modes and data
checking parameters and determine operational status.

The Command Register contrals parity, receiver echo
mode, transmitter interrupt control, the state of the
RTS line, receiver interrupt control, and the state of

the DTR line.

The Control Register controls the number of stop bits,
word length, receiver clock source and baud rate,

The Status Register incicates the states of the RQ,
DSR, and DCD lines, Transmitter and Receiver Data

Registers, and Overrun, Framing and Parity Error
conditions.

The Transmitter and Receiver Data Registers are used
for temporary data storage by the R6551 Transmit and
Receiver circuits,

FEATURES

e Compatible with 8~bit microprocessors

® Full duplex operation with buffered receiver and
transmitter

w Data set/modem control functions

e Internal baud rate generator with 15 programmable

baud rates (50 to 19,200)

e Program-selectable internally or externally con=
trolled receiver rate

e Programmable word lengths, number of stop bits,
and parity bit generation and aetection

e Programmable interrupt control

® Program reset

e Program=selectable serial echo mode
e Two chip selects

® 2 MHz or 1 MHz operation

® Single 5V £ 5% power supply

® 28-pin plastic or ceramic lei

e Full TTL compatibility

©@Rockwell International Carporation 1981
All Rights Reserved
Printed in U.S.A.

Specifications subject to

change without notice
Document No. 29650 N30
May 1981
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SECTION 2
R6551 INTERFACE REQUIREMENTS

This section describes the interface requirements for the
R6551 ACIA. Figure 2-1is the Interface Diagram and
Figure 2-2 shows the pin-out configuration for the R6551.

DATA TRANSMIT < &Ts
S

8u! CONTROL
BUFFERS

D007 <8 >

[

TRANSMIT

DATA &

188 INTERRUPT SHIFT

'R <+—| l LoGIC l REGISTERS

g STATUS f@— 0cD
REGISTER

cso *+——03R

csi —d | 1O la— R
CONTROL leauo <
RSO ———d RATE la—— xT01

lGENERATOR] > XTLO

—® TxD

P2 ————p»{ | TIMING
—_ & CONTROL|
RES ——@»{ ] LOGIC

commanp | [ °T
REGISTER
+— mTs

vee —— RECEIVE

DATA &

SHIFT [<¢—— RxD
VSS ——— ] REGISTERS

RECEIVE
CONTROL

Figure 2-1. R6551 INTERFACE DIAGRAM

2.1 MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Reset) (4)

During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Register will be cleared with the exception of the indi-
cations of Data Set Ready and Data Carrier Detect, which
are externally controlled by the DSR and DCD lines, ond
the transmitter Empty bit, which will be set. RES must be
held low for one @2 clock cycle for a reset to occur,

@2 {Input Clock) (27)

The input clock is the system P2 clock and is used to clock
all data transfers between the system microprocessor and
the R6551.

vss 1 28 RW
cso 2 27p392
[ == k] 26 I1RQ
RES 4 25§33 D7
RxC Qs 2406
XTLI 6 23[9 0%
xTLOCH 7 22004
ATS s 2103
i =[] 20002
TxD CJ10 1901
ofR L 181 Do
AxD 12 17} bR
rso 13 163 DCD
rs1 s 153 vee

Figure 2-2. R6551 PIN CONFIGURATION

R/W {Read/Write) (28)

The R/W input, generated by the microprocessor, is used to
control the direction of data transfers. A high on the R/W
pin allows the processor to read the data supplied by the
R6551, a low allows a write to the R6551.

IRQ (interrupt Request) (26)

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

DO-D7 (Data Bus) (18-25)
The DO-D7 pins are the eight data lines used to transfer

data between the processor and the R6551. These lines are
bi-directional and are normally high-impedance except

during Read cycles when the R6551 is selected.

€S0, CS1 (Chip Selects)(2,3)

The two chip select inputs are normally connected to the
processor address lines either directly or through decoders.
The R6551 is selected when CSO is high and CS1 is low.

RSO, CS1 (Register Selects){13,14)

The two register select lines are normally connected to the
processor address lines to allow the processor to select the
various R6551 internal registers. The following table shows
the internal register select coding.



RS1 RSO Write Read
0 0 Transmit Data Receiver Data
Register Register
0 1 Programmed Status Register
Reset (Data is
"Don't Care")
1 0 Command Register

Control Register

Only the Command and Control registers are read/write.
The Programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command register and bit 2 in the Status register. The
Control Register is unchanged by a Programmed Reset. [t
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figures 3-2, 3-3, and 3-4.

2.2 ACIA/MODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Crystal Pins) (6. 7)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see Section 4.5). 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) (10)

The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first
data bit transmitted and the rate of data transmission is
determined by the baud rate selected or under control of
an external clock. This selection is made by programming
the Control Register.

RxD (Receive Data) (12)

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 programmed baud rate or under the
control of an externally generated receiver clock. The
selection is made by programming the Control Register,

RxC (Receive Clock) (5)

The RxC is a bi-directional pin which serves os either the
receiver 16x clock input or the receiver 16x clock output.
The latter mode results if the internal boud rate generator
is selected for receiver data clocking.

RTS (Request to Send) (8)

The RTS output pin is used to control the modem from the
processor. The state of the RTS pin is determined by the
contents of the Command Register,

CTS (Clear to Send) (9)

The CTS input pin is used to control the transmitter opera-
tion. The enable state is with CTS low. The transmitter
is automatically disabled if CTS is high.

DTR (Data Terminal Ready) (11)

This output pin is used to indicate the status of the R6551
to the modem. A low on DIR indicates the R6551 is
enabled, a high indicates it is disabled. The processor
controls this pin via bit 0 of the Command Register.

DSR (Data Set Ready) (17)

The DSR input pin is used to indicate to the R6551 the
status of the modem. A low indicates the "ready" state
and a high, "not-ready".

DCD (Data Carrier Detect) (16)

The DCD input pin is used to indicate to the R6551 the
status of the carrier~-detect output of the modem. A low
indicates that the modem carrier signal is present and a
high, that it is not.




SECTION 3
INTERNAL ORGANIZATION

R6500
10
DEVICES

This section provides a functional description of the R6551. data bus and the direction of the transfer to or from
A block diagram of the R6551 is presented in Figure 3-1, the register.

The registers are selected by the Register Select and Chip
& Select and Read/Write lines as described in Table 2-3

previously.

o
B

DATA > TRANSMIT TRANSMIT
0007 <= BUS DATA SHIFT TxD
BURFER ~| nec REGISTER
N S : 3.4 TIMING AND CONTROL
T
— INTERRUPT | e oco
wo e ] |3 ] o . . _
H =] The Timing and Control logic controls the timing of data
_ a . K
rw ——o] ¢ e transfers on the internal data bus and the registers, the
<= controL [BAUD ! .
50— o REGISTER RATE v xTu Data Bus Buffer, and the microprocessor data bus, and the
* o I .
esi—— Gonrrot M e hardware reset features.
A ~
] “ e
B REGISTER
as1—] o ars L . .
H Timing is controlled by the system @2 clock input, The chip
2 o will perform data transfers to or from the microcomputer
- & CONTROL X
RES REGISTER

data bus during the #2 high period when selected.

All registers will be initialized by the Timing and Control
Logic when the Reset (RES) line goes low. See the indi-
vidual register description for the state of the registers
following a hardware reset.

RECEIVE
CONTROL

Figure 3-1. INTERNAL ORGANIZATION

. FFER
3.1 DATA BUS BU S 3.5 TRANSMITTER AND RECEIVER

The Data Bus Buffer interfaces the system data lines to the DATA REGISTERS

internal data bus. The Data Bus Buffer is bi-directional.

When the R/W line is high and the chip is selected, the These registers are used as temporary data storage for the

Data Bus Buffer passes the data from the system data lines R6551 Transmit and Receive Circuits. Both the Transmitter

to the R6551 internal data bus. When the R/W line is low and Receiver are selected by a Register Select 0 (RS0) and

and the chip is selected, the Data Bus Buffer writes the Register Select 1 (RS1) low condition. The Read/Write

data from the internal data bus to the system data bus. line determines which actually uses the internal data bus;
the Transmitter Data Register is write only and the Receiver

3.2 INTERRUPT LOGIC Data Register is read only.

The Interrupt Logic will cause the IRQ line to the micro- Bit 0 is the first bit to be transmitted from the Transmitter

processor to go low when conditions are met that require Data Register (least significant bit first). The higher order

the attention of the microprocessor. The conditions which bits follow in order. Unused bits in this register are

can cause an interrupt will set bit 7 and the appropriate bit "don't care".

of bits 3 through 6 in the Status Register if enabled. Bits 5
and 6 correspond to the Data Carrier Detect (DCD) logic
and the Data Set Ready (DSR) logic. Bits 3 and 4 corres-
pond to the Receiver Data Register full and the Transmitter
Data Register empty conditions. These conditions can cause
an interrupt request if enabled by the Command Register.

The Receiver Data Register holds the first received data bit
in bit 0 (least significant bit first). Unused high-order
bits are "0". Parity bits are not contained in the Receiver
Data Register. They are stripped off after being used for
parity checking.

3.3 170 CONTROL 3.6 STATUS REGISTER

The 1/0 Control Logic controls the selection of internal Figure 3-2 indicates the format of the R6551 Status Register.
registers in preparation for o data transfer on the internal A description of each status bit follows.



HEEENEEE

0 = No Parity Error
1 = Party Error Detected

Framing Error®

0 = No Framing Error
1 = Framing Error Detected

Overrun®

0 = No Overrun
1 = Overrun Has Occurred

Receiver Data Register Full

0 = Not Full
1= Full

Transmitter Data Register Empty

0 = Not Empty
1 = Empty

Data Carrier Detect (DCD)

0 = DED low (Dstect]
1 = DCD hugh (Not Detected)

Data Set Ready (DSR)

0 = OSR low (Ready)
1 = D3R high (Not Ready)

Interrupt (IRQ)

0 = No Interrupt
Hardware Reset 1 = Interrupt Has Occurred

Program Reset

*No interrupt occurs tor these conditions

Figure 3-2. STATUS REGISTER FORMAT

3.6.1 Receiver Data Register Full (Bit 3)

This bits goes to a "1" when the R6551 transfers data from
the Receiver Shift Register to the Receiver Data Register,
and goes to a "0" when the processor reads the Receiver
Data Register.

3.6.2 Transmitter Data Register Empty
(Bit 4)

This bits goes to a "1" when the R6551 transfers data from
the Transmitter Data Register to the Transmitter Shift
Register, and goes to a "0" when the processor writes new
data onto the Transmitter Dota Register.

3.6.3 Data Carrier Detect (Bit 5) and Data
Set Ready (Bit 6)

These bits reflect the levels of the DCD and DSR inputs to
the R6551. A "0" indicates a low level (true condition)
and a "1" indicates a high (false). Whenever either of
these inputs change state, an immediate processor interrupt
occurs, unless the R6551 is disabled (bit 0 of the Command
Register is a "0"). When the interrupt occurs, the status
bits will indicate the levels of the inputs immediately
after the change of state occurred. Subsequent level
changes will not affect the status bits until the Status
Register is interrogated by the processor. At that time,
another interrupt will immediately occur and the status
bits will reflect the new input levels.

3.6.4 Framing Error (Bit 1), Overrun (2),
and Parity Error (Bit 0)

None of these bits causes a processor interrupt to occur,
but they are normally checked at the time the Receiver
Data Register is read so that the validity of the data can
be verified.

3.6.5 Interrupt (Bit 7)

This bit goes to a "0" when the Status Register has been
read by the processor, and goes to a "1" whenever any
kind of interrupt occurs.

3.7 CONTROL REGISTER

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

3.7.1 Selected Baud Rate (Bits 0, 1, 2, 3)

These bits, set by the processor, select the Transmitter baud
rate, which can be at 1/16 an external clock rate or one
of 15 other rates controlled by the internal baud rate
generator as shown in Figure 3-3.

7 6 s a4 3 2 10
wL S8R
SBN RCS
wit | weo sanalsanz[sanqssno
- —T
SELECTED BAUD RATE (SBR)
3210
0000 16x External Clock
0001 50 Baud
0010 75 Baud
0011 10992 Baud
0100 13458 Baud
0101 150 Baud
0110 300 Baud
ot v 600 Bauvd
1000 1200 Baud
1001 1800 Baud
10 10 2400 Baud
1011 3600 Baud
1100 4800 Baud
1101 7200 Baud
1110 9600 Baud
t1 1 19,200 Baud
ECEIVER CLOCK SOURCE (RCS)

0 = External Receiver Clock
1= Baud Rate
WORD LENGTH (WL)
65
00 B8Bis
61 7Bis
10 6Riu
11 5B
STOP 81T NUMBER (S8N}
0+ 1Stop Bt

78543210 1= 2Ston Brs

= 1% Stop Bits
[oToToTo oo oo ] Harawars Reser (RES) For WL = 5 and No Parity
[T T[T =] Program Reset = 1Stop Bit

For WL = 8 and Parity

Figure 3-3. R6551 CONTROL REGISTER
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3.7.2 Receiver Clock Source (Bit 4)

This bit controls the clock source to the Receiver. A "O"
causes the Receiver to operate at a baud rate of 1/16 an
external clock. A "1" causes the Receiver to operate at
the same baud rate as is selected for the transmitter as
shown in Figure 3-3.

3.7.3 Word Length (Bits 5, 6)

These bits determine the word length to be used (5, 6, 7
or 8 bits). Figure 3-3 shows the configuration for each
number of bits desired,

3.7.4 Stop Bit Number (Bit 7)

This bit determines the number of stop bits used. A "0"
always indicates one stop bit. A "1" indicates 1-1/2 stop
bits if the word length is 5 with no parity selected,

1 stop bit if the word length is 8 with parity selected, and
2 stop bits in all other configurations.

3.8 COMMAND REGISTER

The Command Register controls specific modes and functions,

3.8.1 Data Terminal Ready (Bit 0)

This bit enables all selected interrupts and controls the
state of the Data Terminal Ready (DTR) line. A "0"
indicates the microcomputer system is not ready by setting
the DR line high. A "1" indicates the microcomputer
system is ready by setting the DTR line low.

3.8.2 Receiver Interrupt Control (Bit 1)

This bit disables the Receiver from generating an interrupt
when set to a "1". The Receiver interrupt is enabled when
this bit is set to a "0" and Bit 0 is set to a "1".

3.8.3 Transmitter interrupt Control
(Bits 2, 3)

These bits control the state of the Ready to Send (RTS) line
and the Transmitter interrupt. Figure 3-4 shows the various
configurations of the RTS line and Transmit Interrupt bit
settings.

3.8.4 Receiver Echo Mode (Bit 4)

This bit enables the Receiver Echo Mode. Bits 2 and 3
must also be zero. In the Receiver Echo Mode, the Trans-
mitter returns each transmission received by the Receiver
delayed by one-half bit time. A "1" enables the Receiver
Echo Mode. A "0" bit disables the mode.

3.8.5 Parity Mode Enable (Bit 5)

This bit enables parity bit generation and checking. A "0"

disables parity bit generation by the Transmitter and parity

bit checking by the Receiver. A "1" bit enables generation
and checking of parity bits.

7 6« 5 . 3 2 1 o

c e
PME | REM o | oTR
PNC1 | PNCO Tiet | Tico
| oo [—)
DATA TERMINAL REAOY (DTR)

0« Dats Tarminal Not Ready (DTR Hight
1= Oats Tarmine! Asady (BTA Low)

‘————— INTERRUPT REQUEST DISABLED (1D}

©» IRQ Ensbled
1 * IRQ Diabled

TRANSMITTER INTERRUPT CONTROL (TIC)

0 0 ATS«Hgh, Transmit tmarrupt Dusbled =
0 1 RTS8« Low, Transmn Interrupt Ensbled
10 RTS - Low, Transmn Intereup Dissbled
11 ATS« Low, Transmit Interrupt Drsshied
Tranemet Bresk on TaD
ECHO MODE (REM)
0= Aeceirer Notmal Mode
1= Recoiver Echo Mode =
PARITY MODE ENABLED IPME)
0= Parnty Mode Dissbilad

No Pary Bt Generated

Porty Chock Duabled
1= Parsty Mode Ensbled
PARITY MODE CONTROL (PMC)
1

[
o
1
1

0dd Parity Transemutred/Rocerved
Even Parny Tranymnted/Recoived
Mark Parity Bit Trammated
Parity Check D,

Seece Parity Bit Transmitted
Paray Chack Dmabied

76543210
[0]oToTo 0[0TG 0] Hordwers Repm (KESH
-1-{-{o]o{o]o o] mowsm Reser

*BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. RTS WILL BE LOW.

- o=o

Figure 3-4. R6551 COMMAND REGISTER

3.8.6 Parity Mode Contro! (Bits 6, 7)

These bits determine the type of parity generated by the
Transmitter, (even, odd, mark or space) and the type of
parity check done by the Receiver (even, odd, or no
check). Figure 3-4 shows the possible bit configurations
for the Parity Mode Control bits.

3.9 TRANSMITTER AND RECEIVER

Bits 0-3 of the Control Register select divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the transmitter, then
RxC becomes an output and can be used to slave other
circuits to the R6551. Figure 3-5 shows the transmitter and
Receiver layout,

RECEIVER
SHIFT REGISTER,

CLOCK
DIVIDER
{16)

- RxC
CONTROL

REGISTER
oIS
DIVIDER
16)

BIT 4

BITSO0-3IN TRANSMITTER T>D
CONTROL SHIFT REGISTER x
REGISTER

Figure 3-5. TRANSMITTER/RECEIVER CLOCK CIRCUITS



SECTION 4
OPERATION

4.1 TRANSMITTER AND RECEIVER

OPERATION
4.1.1 Continuous Data Transmit (Figure
4-1)

In the normal operating mode, the processor interrupt RQ)
is used to signal when the R6551 is ready to accept the
next data word to be transmitted. This interrupt occurs at
the beginning of the Start Bit. When the processor reads
the Status Register of the R6551, the interrupt is cleared.

CHARZn
1 1

CHAR #n+1

The processor must then identify that the Transmit Data
Register is ready to be loaded and must then load it with
the next data word, This must occur before the end of
the Stop Bit, otherwise a continuous "MARK" will be
transmitted.

CHAR #n+2 CHAR:n+3

1 1
TxD IStanl By l B, I l By l 4 Is:nulsunl By l 8, I lBN l P ISmp.sunl By l 8, I lBN I PJ&;ls‘.mI BOIB‘] b] PJSton|
: e ; .a b
' ' . '
'

=L

L_\
PROCESSOR READS STATUS

REGISTER, CAUSES IRQ
TO CLEAR

PROCESSOR
INTERRUPT
{TRANSMIT DATA
REGISTER EMPTY)

Figure 4-1,

4.1.2 Continuous Data Receive (Figure
4-2)

Similar to the above case, the normal mode is to generate
a processor interrupt when the R6551 has received a full
data word. This occurs at about the 9/16 point through the

CHAR#Zn CHAR #n+1

0

LAl 1

PROCESSOR MUST
LOAD NEW DATA

IN THIS TIME
INTERVAL; OTHERWISE,
CONTINUOUS “MARK"
IS TRANSMITTED

CONTINUOUS DATA TRANSMIT

Stop Bit. The processor must read the Status Register and
read the data word before the next interrupt, otherwise the
Overrun condition occurs.

CHAR #n+2 CHAR#n+3

/ -I- 1 1 1
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PROCESSOR PROCESSOR READS STATUS
INTERRUPT OCCURS REGISTER, CAUSES TRQ
ABOUT 9/16 INTO TOCLEAR

LAST STOP BIT,

PARITY, OVERRUN,
AND FRAMING ERROR
UPDATED, ALSO

| I L_1I

LI L

PROCESSOR MUST READ
RECEIVER DATA IN THIS
TIME INTERVAL; OTHERWISE,
OVERRUN OCCURS

Figure 4-2. CONTINUOUS DATA RECEIVE




4.1.3 Transmit Data Register Not Loaded
by Processor (Figure 4-3)

If the processor is unable to load the Transmit Data Register
in the allocated time, then the TxD line will go to the
"MARK" condition until the data is loaded. Processor
interrupts continue to occur at the same rate as previously,

CHAR#n

CONTINUOUS "MARK"

except no data is transmitted. When the processor finally
loads new data, a Start Bit immediately occurs, the data
word transmission is started, and another interrupt is
initiated, signaling for the next data word.

CHAR #n+1 CHAR #n+2

. CHARACTER
TIME

1
TsD -JSmp|sunl By | B, I | BN| P Is(opl

1 1
lsuu' By | 8, | [BN l 2 IStonls'a"l By I g | |EN |

. --
e ——J—ll LJJJ -Lll-l _”-l L——IJJ
I e
PROCESSOR
INTERRUPT PROCESSOR
FOR DATA DOES NOT LOAD
REGISTER NEWDATA IN CONTINDE AT
TIME
EMPTY CHARACTER RATE, WHEN PROCESSOR FINALLY LOADS
PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS
READS NO DATA IS IMMEDIATELY AND INTERRUPT
STATUS TRANSMITTED OCCURS, INDICATING TRANSMIT
REGISTER DATA REGISTER EMPTY

Figure 4-3. TRANSMIT DATA REGISTER NOT LOADED BY PROCESSOR

4.1.4 Effect of CTS on Transmitter (Figure
4-4)

CTS is the Clear-to-Send Signal generated by the modem.
It is normally low (True State) but may go high in the event
of some modem problems. When this occurs, the TxD line
immediately goes to the "MARK" condition. Interrupts

' continue at the same rate, but the Status Register does not

CHAR#n CHAR#n+1

L

indicate that the Transmit Data Register is empty. Since
there is no status bit for CTS, the processor must deduce
that CTS has gone to the FALSE (high) state. This is
covered later in this note. CTS is a transmit control line
only, and has no effect on the R6551 Receiver Operation.

CONTINUOUS "MARK"
!

1
vo Tl Tl oo o] Tl -

Sxanl 8y I B, IB:

F

CHARACTER
TIME

- LI

cTs CLEAR-TO-SEND
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T NOT CLEAR-TO-SEND

\ PROCESSOR READS

NEXT STATUS REGISTER.
PROCESSOR  giNCE DATA REGISTER

INTERRUPT 15 NOT EMPTY, PROCESSOR
CTS GOES HIGH, AT NORMAL  MUST DEDUCE THAT
INDICATING MODEM START BIT CT3 1S SOURCE OF

IS NOT READY TO TIME
RECEIVE DATA. TxD
IMMEDIATELY GOES

TO “MARK' CONDITION

INTERRUPT (THIS IS
COVERED ELSEWHERE
IN THIS NOTE).

Figure 4-4. EFFECT OF CTS ON TRANSMITTER



4.1.5 Effect of Overrun on Receiver
(Figure 4-5)

See 4. 1. 2 for normal Receiver operation. If the processor but the Overrun status bit is set. Thus, the Data Register
does not read the Receiver data Register in the aflocated will contain the last valid data word received and all
time, then, when the following interrupt occurs, the new following data is lost.

data word is not transferred to the Receiver Data Register,

CHAR #n CHAR# n+1 CHAR #n+2 CHAR#n+3
— ! i L
wo ol a [ 2] [on] Joo oo 2] [ [ el e) [ Jooeleeloe ] ][]
— | —
iRG | | ”
PROCESSOR PROCESSOR \ RECEIVER DATA REGISTER
INTERRUPT PROCESSOR  |poes noT NOT UPDATED, BECAUSE
FOR RECEIVER READS READ DATA PROCESSOR DID NOT READ
DATAREGISTER  STATUS REGISTER PREVIOUS DATA, OVERRUN
FULL REGISTER BIT SET IN STATUS
REGISTER

= LI I
I

:lﬁot;cREEsiopRs?/gESs OVERRUN BIT SET IN
REGISTER STATUS REGISTER

Figure 4-5. EFFECT OF OVERRUN ON RECEIVER

4.1.6 Echo Mode Timing (Figure 4-6)

In Echo Mode, the TxD line re-transmits the data on the
RxD line, delayed by 1/2 of the bit time.

g

RxD |swp start| Bo ﬂ |BN| P IStop start| Bg By Stop Slavll B, |
T*D :lsmp sml By I B8 ,BN P lSlopIS(anI By l rBN 3 lSloplitar!I Bor

/
=] —

——={ [*~——1/2DATABIT DELAY

Figure 4~6. ECHO MODE TIMING
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4.1.7 Effect of CTS on Echo Mode
Operation (Figure 4-7)
See 4,1.4 for the effect of C15 on the Transmitter. Receiver

operation is unaffected by CTS, so, in Echo Mode, the
Transmitter is affected in the same way as 4.1.4. In this

case, however, the processor interrupts signify that the
Receiver Data Register is full, so the processor has no way
of knowing that the Transmitter has ceased to echo.

CHAR#n CHAR #n+1

CHAR#n+2
1 1

CHAR#n+3
L
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“FALSE" CONDITION
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RECEIVER DATA
REGISTER FULL
INTERRUPTS

Figure 4-7. EFFECT OF CTS ON ECHO MODE

4.1.8 Overrun in Echo Mode (Figure 4-8)

If Overrun occurs in Echo Mode, the Receiver is affected
the same way as described in 4.1.5. For the re-transmitted
dato, when overrun occurs, the TxD line goes to the

"MARK ™" condition until the first Start Bit after the Receiver
Data Register is read by the processor.
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Figure 4-8. OVERRUN IN ECHO MODE
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4.1.9 Framing Error (Figure 4-9)

Framing Error is caused by the absence of Stop Bit(s) on
received data. The status bit is set when the processor
interrupt occurs.  Subsequent data words are tested for
Framing Error separately, so the status bit will always
reflect the last data word received.

RxD B, Stop Stop s le le.le. ls, |8 ]s & [StonTston 5
(EXPECTED) I 6| P I 1 2 |5 o] P | P2 | Ps 4 5156 0 st B

T )
RxD 8, p [ Stor” stop 8,18 |8, |8 [:] B B, Stop | Stop B
(ACTUAL) | 6| | PRl L Il IRt el Il Bl I Il LA Mt Y :m.. o

MISSING
sTo?
NOTES: 1. FRAMING ERROR DOES NOT BIT '::?:::ﬁg:
INHIBIT RECEIVER OPERATION. e
2. IF NEXT DATA WORD IS OK, ;:‘TRSOE';
FRAMING ERROR IS CLEARED.

Figure 4-9. FRAMING ERROR

4.1.10 Effect of DCD on Receiver (Figure
4-10)

DCD is a modem output used to indicate the status of the
carrier-frequency-detection circuit of the modem. This
line goes high for a loss of carrier. Normally, when this
occurs, the modem will stop transmitting data (RxD on the
R6551) some time later. The R6551 will cause a processor
interrupt whenever DCD changes state and will indicate
this condition via the Status Register.

Once such a change of state occurs, subsequent transitions
will not cause interrupts or changes in the Status Register
until the first interrupt is serviced. When the Status
Register is read by the processor, the R6551 cutomatically
checks the level of the DCD line, and if it has changed,
another interrupt occurs.

CONTINUOUS "MARK"

wo ] ekl ]
MODEM MODEM .
> DELAY "uzuv‘l
oco
— i i
iRQ (L]
| | | L_Ju e
NORMAL AS LONG AS NO INTERRUPT FROCESSOR
PROCESSOR DCO IS HIGH, WILL OCCUR lFo ERR
INTERRUPT pROCESSOR NO FURTHER PROCESSOR HERE, SINCE ﬂE(“:EIVER
INTERRUPT INTERRUPTS INTERRUPT  RECEIVER IS NOT i
FOR DCD FOR RECEIVER  FOR DCD ENABLED UNTIL
GOING HIGH WILL OCCUR GOING LOW  FIRST START BIT
DETECTED

Figure 4-10. EFFECT OF DCD ON RECEIVER
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4.1.11 Timing with 1-1/2 Stop Bits (Figure
4-11)

It is possible to select 1-1/2 Stop Bits, but this occurs only
for 5-bit data words with no parity bit. In this case, the
processor interrupt for Receiver Data Register Full occurs
in halfway through the trailing half-Stop Bit.

CHAR#n

CHAR# n+1

1
1
Start} B B, |8 B. B, |r12
RxD —I r 0 l 1 2 3 a Stop

!
sun 8 | &, |6, &, |8, |11/
tart] Bg 1 2 3 4 | seop

= LI

l L

PROCESSOR INTERRUPT
OCCURS HALFWAY
THROUGHT THE 1/2

STOP BIT

Figure 4-11. TIMING WITH 1-1/2 STOP BITS

4.1.12 Transmit Continuous "BREAK”
(Figure 4-12)

This mode is selected via the R6551 Command Register and
causes the Transmitter to send continuous "BREAK" char~
acters, beginning with the next character transmitted.

At least one full "BREAK" character will be transmitted,

N

TxD ISlop Stml By I 8, I [BN ' P Is.op sunl By IB' , IBN

even if the processor quickly re-programs the Command
Register transmit mode, Later, when the Command Register
is programmed kack to normal transmit mode, an immediate
Stop Bit will be generated and transmission will resume.

4 Smpl Stop Stml By l IBN ] (3 szp Sunl B,y I 8, l
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Figure 4-12. TRANSMIT CONTINUOUS "BREAK"



4.1.13 Receive Continuous "BREAK"
(Figure 4-13)

In the event the modem transmits continuous "BREAK"
characters, the R6551 will terminate receiving. Reception
will resume only after a Stop Bit is encountered by the
R6551.

- CONTINUOUS “BREAK"™
RxD | E" lBNl P Islopls“" By B, By P Swp Stop fstart] B, | B, Byl P Istop]stan] By H
e [ T P R T U LL_]_J__[_L_' I__L_._
= f"L—!_
I
R : 1A
iRQ 1 l ”
Loy
I—— NO —] NO INTERRUPT
MORE SINCE RECEIVER N
1 ORMAL
PROCESSOR PROCESSOR INTERRUPTS DISABLED UNTIL
INTERRUP' FIRST STOP BIT RECIEVER
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WITH FRAMING
RECEIVER ERROR (PARITY
DATA REGISTER AND OVERRUN

Figure 4-13,

4.2 STATUS REGISTER OPERATION

Because of the special functions of the various status bits,
there is a suggested sequence for checking them. When
an interrupt occurs, the R6551 should be interrogated, as
follows:

1. Read Status Register

This operation automatically clears Bit 7 (IRQ).
Subsequent transitions on DSR and DCD will cause
another interrupt.

2. Check IRQ Bit

If not set, interrupt source is not the R6551.

3. Check DCD and DSR

These must be compared to their previous levels, which
must have been saved by the processor. [f they are both
"0" (modem "on-line") and they are unchanged then
the remaining bits must be checked.

4. Check RDRF (Bit 3)

Check for Receiver Data Register Full.

5. Check Parity, Overrun, and Framing Error (Bits 0-2)
Only if Receiver Data Register is full.

6. Check TDRE (Bit 4)
Check for Transmitter Data Register Empty.

7. If none of the above, then CTS must have gone to the
FALSE (high) state.

CHECKS NORMAL)

RECEIVE CONTINUOQUS "BREAK "

4.3 PROGRAMMED RESET
OPERATION

A program reset occurs when the processor performs a write
operation to the R6551 with RSO low and RS1 high. The
program reset operates somewhat different from the hardware
reset (RES pin) and is described as follows:

1. Internal registers are not completely cleared. The data
sheet indicates the effect of a program reset on internal
registers.,

2. The DTR line goes high immediately.

3. Receiver and transmitter interrupts are disabled
immediately, If IRQ is low when the reset occurs, it
stays low until serviced, unless interrupt was caused by
DCD or DSR transition.

4. DCD and DSR interrupts disabled immediately. 1f IRQ
is low and was caused by DCD or DSR, then it goes high,
also DCD and DSR status bits subsequently will follow
the input lines, although no interrupt will occur.

5. Overrun cleared, if set.

4.4 MISCELLANEOUS NOTES ON
OPERATION

1. If Echo Mode is selected, RTS goes low.

2. If Bit 0 of Command Register is "0" (disabled), then:
a) All interrupts discbled, including those caused by
DCD and DSR transitions.
b) Transmitter disabled immediately.
c) Receiver disabled, but a character currently being
received will be completed first, .
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Qdd parity occurs when the sum of all the "1" bits in
the data word (including the parity bit) is odd.

In the receive mode, the received parity bit does not go
into the Receiver Data Register, but is used to generate
parity error for the Status Register.

Transmitter and Receiver may be in full operation
simultaneously. This is "full-duplex" mode.

If the RxD line inadvertently goes low and then high
right ofter a Stop Bit, the R6551 does not interpret this
as a Start Bit, but samples the line again halfway into
the bit to determine if it is a true Start Bit or a false
one. For false Start Bit detection, the R6551 does not
begin to receive datq, instead, only a true Start Bit
initiotes receiver operation.

Precautions to consider with the crystal oscillator
circuit:

a) The external crystal to be used should be a "series"
mode crystal.

b) The XTALI input may be used a an external clock
input, The unused pin must be floating and may
not be used for any other function.

. DCD ond DSR transitions, although causing immediate

processor interrupts, have no affect on tronsmitter
operation. Data will continue to be sent, unless the
processor forces transmitter to turn off. Since these are
high-impedance inputs, they must not be permitted to

float (un-connected). If unused, they must be terminated
either to GND or Vcc.

4.5 GENERATION OF
NON-STANDARD BAUD RATES

4.5.1 Divisors

The internal counter/divider circuit selects the appropriate
divisor for the crystal frequency by means of bits 0-3 of
the R6551 Control Register. .

The divisors, then, are determined by bits 0-3 in the
Control Register and their values are shown in Figure 4-14,

4.5.2 Generating Other Baud Rates

By using a different crystal, other baud rates may ke
generated. These can be determined by:

Baud Rate = Crystal Frequenc

Divisor

Furthermore, it is possible to drive the R6551 with an off-
chip oscillator to ochieve the same thing. In this case,
XTALI (pin 6) must be the clock input and XTALO (pin 7)
must be a no-connect.

CONTROL | DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL
S :'Tf INTERNAL COUNTER CRYSTAL OF FREQUENCY (F)
00 0 0 No Divisor Selecled_‘ ;?angn:rgal(:lock ;?angx::}-é;}éﬂlba_“
9
000 36.864 l%f;;_d‘q =50 "JE_ZE ,
"
0010 24576 Lg";fs;‘sﬂ -5 —2]—%7?
;
001 16.769 1_8:_2?7;?1_9 swwe | ’{g;gg'
.
o100 13.704 ’—B"T’a‘?ﬁﬁ = 13451 _EF?:)T
"
oo 12.288 1—8‘12?258& =150 _1_2%83___ ]
v
o110 6.144 L":ﬁ;’:—‘g = 300 6—‘:;
o
001 1 3072 18—‘;’%—%—‘2 = 600 _37'):_72_" ]
v
100 0 1,536 ng%%;;_w_ = 1.200 i 772{__ o
"
1001 1024 %'—0 = 1800 -ﬁ
:
1o 10 768 . '—gﬂfs—aﬂ = 2,400 7_28"
"
10 1 512 E_‘Js""_;ﬂ = 3.600 —5%'
5
1100 384 %ﬂza.mo —3;4
g
110 256 ‘B"%S:—ﬁ = 7,200 2;56
- :
1110 192 ﬂ%‘l = 9,600 1;2
1o 9% ’—'8"—356"—'0' = 19.200 ;

Figure 4-14, DIVISOR SELECTION FOR THE R6551



4.6 DIAGNOSTIC LOOP-BACK
OPERATING MODES

A simplified block diagram for a system incorporating an
R6551 ACIA is shown in Figure 4-15,

MICRO-
PRC

DR

PROGRAM| SYSTEM /o RG551
ROM RAM CONTROL ACIA
T
o MODEM

TO DATA LINK

Figure 4-15, SIMPLIFIED SYSTEM DIAGRAM

Occaosionally it may be desirable to include in the system
o facility for "loop-back" diagnostic testing, of which
there are two kinds:

1. Local Loop-Back

Loop-back from the point of view of the processor. In
this case, the Modem and Data Link must be effectively
disconnected and the ACIA transmitter connected back

to its own recéiver, so that the processor can perform
diagnostic checks on the system, excluding the actual
data chonnel.

Remote Loop-Back

Loop-back from the point of view of the Data Link and
Modem. In this case, the processor, itself, is dis-
connected and all received datd is immediately
retransmitted, so the system on the other end of the
Data Link may operate independent of the local system.

The R6551 does not contain automatic loop-back operating
modes, but they may be implemented with the addition of
a small amount of external circuitry.

Figure 4-16 indicates the necessary logic to be used with
the R6551.

The LLB line is the positive-true signal to enable local
loop-back operation. Essentially, LLB = high does the
following:

1. Disables outputs TxD, DIR, and RTS (to Modem).
2. Disables inputs RxD, DCD, CTS, DSR (from Modem).
3.

Connects transmitter outputs to respective receiver
inputs: .
a) TxD to RxD

b) DT 10 DCD
c) RTSto CTS

LLB may be tied to a peripheral control pin (from an R6520
or R6522, for example) to provide processor control of local
loop-back operation. In this way, the processor con easily
perform local loop-back diagnostic testing.

R6551
RTS DTR TxD RxD DCD T3 BSA
LB SEL 1w ._,
2v
inn sT8 ay
= ay
- 74157 AxD
. 1A ~5
28 24 €0
38 3A :TS
SR
- a8 7
= MODEM
TxD
SEL w o
v BTR
— ay j—
74157
+5 18 1A
. NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE.
E 2 24
- 3A 2. HIGH ON 74157 SELECT INPUT GATES “B* INPUTS
TO “Y* OUTPUTS; LOW GATES “A” TO “Y*,
4B aAt—
Figure 4-16. LOOP-BACK CIRCUIT SCHEMATIC
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Remote loop-back does not require this circuitry, so L1B
must be set low. However, the processor must select the
following:

1. Control Register bit 4 must be "1", so that the transmitter
clock = receiver clock.

2. Command Register bit 4 must be "1" to select Echo
Mode.

3. Command Register bits 3 and 2 must be "1" and "0",
respectively to disable IRQ interrupt to transmitter.

4. Command Register bit 1 must be "0" to disable IRQ
interrupt for receiver.

In this way, the system re-transmits received data without
any effect on the local system.

4.7 DCD AND DSR AS SWITCH
SENSE INPUTS

The R6551 (Asynchronous Communication Interface
Adapter) has several special-purpose control pins. Among
them are the input signals, DCD (Data Carrier Detect)
and DSR (Data Set Ready). The normal functions of these
pins are adequately described in the R6551 data sheet and
are not covered here. However, it is possible to use these
pins as switch sense inputs; that is, as input pins used to
detect the state of switches or circuit jumpers in the
system.

An important requirement of the use of DCD and DSR as
sense inputs is that they must not normally change state
during system operation. If they do, ond if the R6551 is
enabled, then immediate processor interrupts will occur
and normal operation will be interrupted. If, however,
these pins are connected to switches or circuit-board
jumper wires which do not change state during operation,
then they can be sensed by the processor and may be used
to select special operating modes.

The circuit connections are quite simple and are outlined
in Figure 4-17,

6551 '
< SWITCHES
beo ° I ?UMPER
WIRES
DSR 0 \o———~{||
CIRCUIT CONNECTIONS FOR

Figure 4-17. DNN
- DCD AND DSR

Note that pull-up resistors are required, since DCD and
DSR are high-impedance inputs on the R6551.

In order fo sense the state of the inputs, it is necessary to
do the following:

1. Disable the R6551 by setting bit 0 of the Command
Register to a "0".

2. Read the R6551 Status Register. Bits 5 and 6 will then
indicate the levels on DCD and DSR, respectively.
A "0"is a low level and a "1" is a high.

As long as the R6551 is disabled, the Status Register will
reflect the levels on the pins and no interrupts will occur,
even if the pins change state. However, if the R6551 is
enabled, then changes of state of the DCD and DSR levels
cause immediate interrupts and the Status Register indicates
the levels taken on the interrupt. Subsequent level
changes are not indicated by the Status Register until the
interrupt is serviced. Thus, it is not convenient to use
DCD and DSR as general switching inputs, but they may
easily be used as inputs which do not change regularly.




APPENDIX
CHARACTERISTICS AND RATINGS

READ/WRITE CYCLE CHARACTERISTICS

(Vcc=5.0V16%,Ta=0to 70°C, unless otherwise noted)

1 MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit
Cycle Time 1cYe 1.0 40 0.5 40 us
02 Pulse Width 1c 400 - 200 - ns
Address Set-Up Time taC 120 - 70 - ns
Address Hold Time 1ICAH o - 0 - ns
R/W Set-Up Time twe 120 - 70 - ns
R/W Hotd Time tCWH 0 - 0 - ns
Data Bus Set-Up Time tpew 150 - 60 - ns
Data Bus Hold Time tHW 20 - 20 - ns
Read Access Time (Valid Data) 1CDR - 200 - 150 ns
Read Hold Time tHR 20 - 20 - ns
Bus Active Time (Invalid Data) tCDA 40 - 40 - ns
{ty and tf = 10 to 30 ns)
- ‘cve
- ‘C -

cso, CS1, RSO, RS1

H
DATA BUS ) f X

DATA BUS

Read Timing Characteristics




TRANSMIT/RECEIVE CHARACTERISTICS ) [#=— - teey - ‘1

1MHz 2 MHz XTLI

{TRANSMIT
Characteristic Symbol | Min | Max | Min | Max | Unit CLOCK INPUT)
PR ¢ .
Transmit/Receive 1 400* — | 400" - ns cL
ccy .
Clock Rate pD 1
Transmit/Receive toH 175 | - [175 - | ns TxD X
Clock High Time
NOTE: TxD rate is 1/16 TxC rate
Transmit/Receive e, |s) - s - | s
Clock Low Time - Transmit Timing with External Clock
XTLI to TxD lDD - 500 - 500 | ns

Propagation Delay

RTS Propagation toLy - 500 - 500 ns ¢ 2 / \

Detay X
— -t
1RQ Propagation YRa — | 500 - | 500 | ns , bLy
Delay (Clear) J
DTR, RTS
{t .1, =10 10 30 ns) +
rt '
The baud rate with external clocking is: Baud Rate = 1—6_)(?;: f“lRQ"J
iRG
{CLEAR)
Interrupt and Output Timing
O -
i ccY :
| o ton
AxC
{INPUT)
~—teL—
NOTE: RxD rate is 1/16 RxC rate
Receive External Clock Timing
PACKAGE OUTLINES
28 LEAD CERAMIC 28 LEAD PLASTIC
b (.590) 1.550)
5701 =30
PINNO, 1
= «*” IDENT.
(1.420) b 1.160)
' {1380} ) (ool 11.470) a0
N (1.380} | sl (140) 1610)
(1.420) L610)
ﬂc=== ! i 1—— 559
i . o
(012} sy (7000 1.008)
(.008) — (.065) L7090
- (o ot o res e b\
(0401 1o 590) (.085) 1023) 032 REF. (14q)
1.085) (.022) (090) (88) 015) (096 ::—:%: %
(00 - (018) 1.155) (.085) 3 -
(125) 1015)



SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage Vee -03to+7.0 Vde
Input Voltage Vin -03t0+7.0 Vde
Operating Temperature T 0to +70 °c
Storage Temperature TsTG -55 to +150 °c

This device contains input protection 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

(Ve = 5.0 £5%, Ta = 0-70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH \
{Except XTLI) and XTLO} 20 - vee
(XTLI and XTLO) 24 — Vee
Input Low Voltage ViL . v
{Except XTLI and XTLO) Vss- - 08
{(XTLI and XTLO) Vss - 04
fnput Leakage Current: Vin =0 to 5V. Iin - 125 HA
(02, R/W, RES, Cs0, CS1, RSO, RS1, CTS, RxD, DCD, DSR)
Input Leakage Current for High Impedance State {Three State) ITsi - +10.0 uA
Qutput High Voltage: {_oAD = -100 uA VOH 24 - - \
{D0-D7, TxD, RxC, RTS, DTR)
Output Low Voltage: I.oaDp = 1.6 mA VoL - - 04 \
(D0-D7), TxD, RxC, RT3, DTR, IRQ)
Output High Current (Sourcing): Vo = 2.4V IoOH -100 - nA
{D0-D7, TxD, RxC,RTS,DTR)
Output Low Current (Sinking}: Vg = 0.4V loL 16 - - mA
(D0-D7, TxD, RxC, RTS, DTR, IRQ)
Output Leakage Current (off state}): VouT =5V (IRQ) 1OFF - 10.0 A
Clock Capacitance (82) CeLk - - 20 pF
Input Capacitance (except XTLI and XTLO) CIN - - 10 pF
Output Capacitance , CouT - - 10 pF
Power Dissipation PD - 170 300 mw
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DOCUMENT NO. 29000D58
JUNE 1979

PART NUMBER
R6592

R6500 Microcomputer System

DATA SHEET

INTRODUCTION

The Rockwell R6592 is a single<chip printer controller for eight
different EPSON* dot-matrix impact printers, models 210, 220,
240, 511L, 512, 522, 541L, and 542. The R6592 offers the flexi-
bility to support any of these models with a minimum of circuitry.
Generation of 96 standard ASCHl upper and lower case characters
and 6 special characters is provided. In addition, up to 10 ASCII
control commands are accepted, depending upon the printer.
Ldgic is included in the R6592 to print up to 26 columns on the
210, 220, and 240 models, and up to 40 columns on the 511L,
512, 522, 56411, and 542 models.

Input data may be selected to be in the RS-232 serial format with
selectable baud rate from 50 to 7200 bits/second or the parallel
format. External circuitry is required to convert RS-232 logic
levels to R6592 interface logic levels. An external latch may be
required for the R6592 to sample parallel data. If both selectable
serial and parallel data interface capability is desired, two external
multiplexers are required; one to combine four serial baud select
lines and four parallet data interface lines into four R6592 input
lines and the other to combine two serial data/control lines and
two parallel control lines into two other R6592 input lines.

This data sheet summarizes the interface specifications of the
R6592. Product Description 29650N56 describes the operation
of the R6592 in detail.

Y

*EPSON is a trade name of Shinshu Seiki Co., Ltd., a member of
the Seiko Group. EPSON printers are distributed in the United
States by C. Itoh Electronics, Inc. The R6592 meets the printer
specifications listed in this data sheet.
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\ R6592 Interface Diagram

SINGLE-CHIP PRINTER CONTROLLER

FEATURES

e Controls EPSON Dot-Matrix Impact Printers:
Model 210
Model 220
Model 240
Model 511L
Model 512
Model 522
Model 541L
Model 542

e Minimal Support Circuitry Required
@ On-Chip 5 x 7 Dot-Matrix Character Generation

® 96 Standard Upper and Lower Case ASCIl Characters (7 Bit
Code)

® Six Special ASCII Characters (7 Bit Code)
e Up to 10 ASCIl Commands Accepted (Printer Dependent)
@ Selectable Serial or Parallel Input Data Operation

e Centronics Standard Parallel Interface
— Seven Data Lines Plus Data Strobe and Input Drive Input
— Busy and Acknowledge Output

e RS-232C Serial Interface
— Baud Rate from 50 to 7200 Bits per Second
— Received Data and Data Set Ready Input
— Data Terminal Ready Output

o Single +56V 1+ 10% power supply
@ 40 pin plastic or ceramic DIP

o 1 MHz operation (2 MHz external crystal)

VRR 1 a0 VEC (+5 Vde)
FCL3 2 39 [ RES
PCL2 3 ag[ D PTR TIM
FeLT (=N 372 D/RSD
NC s 36 [ SER SEL
PM1 s 35 [ PRT
SER DET 7 3a[PM2
ACK s aafapPm3
BUSY/DTR(9 32D BR
XTLI 10 31 [ RT/RL .
XTLO Ogn 30 vee
vss 12 2933 DLt
™MDS =13 28 bL2
FS7T (== EP] 273 0L3
736 =1s 26f30L4
PS8 s BT 2sfJoLs
PS4 e R} 2433 DL6
P53 [ BF:1 23 oL?
(7] 1o 22D iNP/DSR
PS1 20 21D SER CLK
R6592 Pin Configuration

Rockwell International Corporation 1979
All Rights Reserved
Printed in US.A.

Specifications subject to
change without notice
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INTERFACE SIGNALS

PRINTER SOLENOID 1 (PST)
PRINTER SOLENOID 2 (PS2)
PRINTER SOLENOID 3 (PS3)
PRINTER SOLENOID 4 (PS3)
PRINTER SOLENOID 5 (PS5)
PRINTER SOLENOID 6 (PS6)

Active low output signals used to command seven constant current
print head solenoid drivers. When low, the respective solenoid will
be energized to print a dot; and when high, the solenoid will be de-
energized to not print a dot. Each solenoid line corresponds to a
dot position on the seven row print head. Line PS1 corresponds to the
top dot and lsﬁ corresponds to the bottom dot. The output lines are
activated by the positive edge of the timing signal {TIM). The TIM
signal should also be used to gate PS1 through PS7 to the current
drivers and to de-energize the current driver inputs within 600 + 20 usec
of the start of the TIM signal by means of a one-shot flip-flop.

PRINTER CONTROL LINE 1 (PCL1)
PRINTER CONTROL LINE 2 (PCL2)
PRINTER CONTROL LINE 3 (PCL3)

Active low output control lines used to issue various non-print com-
mands to the printer. These lines are inputs to +24V drivers. When
fow, these lines cause magnets to be energized in the printer; when
high, the magnets are 1o be de-energized. These lines are assigned to
specific signals depending upon printer model:

R6592 Signal Name

Printer

Model PCL1 PCL2 PCL3
210 NA Paper Feed Change Color
220 Paper Feed (R} | Paper Feed (L)

240 NA Paper Feed Slip Release
511L NA Paper Feed NA
512 NA Paper Feed NA
522 Paper Feed (R) Paper Feed (L) Stamp & Cut Paper
541L | NA Paper Feed Paper Release
542 NA Paper Feed Paper Release

NA = Not Assigned

TIMING (TIM)
RESET LEFT (RL/RL)
RESET RIGHT (RR)

Input signals used to indicate print cycle Timing. The R6592 initiates
a print cycle on the leading edge {(positive transition) of the TIM sig-
nal information to the R6592. The RESET signals are active low for
the 500 series (RR and RL} and are active high for the 200 series
(RL). The printer timing and reset lines are assigned as follows:

R6592 Signal
Printer
Modet TIM RL/RL RR
210 | T Detector R Detector (RL} NA
220 | T Detector R Detector (RL) NA
240 | T Detector R Detector {RL) NA

511L | Timing Signal | Reset Signal R-L {RL) [ NA
512 | Timing Signal | Reset Signal R-L {RL) | Reset Signa! R-R (RR)
522 | Timing Signal | Reset Signal R-L (RL) | Reset Signa! R-R (RR)
541L | Timing Signa! | Reset Signal R-L {RL) | NA
542 | Timing Signal | Reset Signal R-L {RL) | Reset Signal R-R (RR)

See Detail Timing Diagrams in Printer Specifications.

MOTOR DRIVE SIGNAL (MDS)

Active low output signal used to control application of power from a
driver circuit to the printer motor.  When high, the motor drive is
turned off and when low, the motor drive is turned on. The driver
circuit for the 500 series must supply 10 to 30 ma at TTL levels. The
driver circuit for the 200 series must additionally provide motor braking.

PRINTER MODEL 1 {PM1)
PRINTER MODEL 2 (PM2)
PRINTER MODEL 3 {PM3)

Encoded input lines used to determine which printer model is con-
nected to the R6592. A connection to GND (low) causes 0" to be
read. An open input (high) causes logic ‘*1" to be read. The encoding
for the printer model is:

Printer Model Line
Printer
Model PM3 M2 PM1
210 0 0 o]
220 0 0 1
240 0 1 0
511L o] 1 1
512 1 0 0
522 1 0 1
541L 1 1 0
542 1 1 1
PRINT (PRT)

Active low input line used to command R6592 to print a line. When
low (GND) print commands will continue to be issued. !f the print
buffer is partially filled, a line will be printed. Line feeds will sub-
sequently be issued while PRT is low. When high {open), print com-
mands will not be issued.

SERIAL SELECT (SER SEL)

Active high input line used to indicate the desired data transmission
mode to the R6592. When high {open), input data will be received
and processed from the serial interface (RS-232C). When fow (GND),
input data will be received and processed from the parallel interface
(Centronics).

If both transmission modes are to be implemented (but not simulta-
neously}, the SER SEL line should be used to select either serial or
parallel signals through multiplexer circuits. 1f either serial or parallel
data transmission is exclusively used, multiplexing of the indicated
serial/parallel signats is not required.

DATA LINE 1/BAUD RATE 1 (DLI/BR1)
DATA LINE 2/BAUD RATE 2 (DL2/BR2)
DATA LINE 3/BAUD RATE 3 (DL3/BR3}
DATA LINE 4/BAUD RATE 4 (DL4/BR4)

Active high input signals used as parallel data lines if parallel data trans-
fer mode is selected, or used as baud rate select lines if serial data trans-
fer mode is selected.

If paralle! data transfer mode is selected (SER SEL = low) these lines
represent four of the seven total data lines {see below). DL1/BR1
represents the least significant bit when ASC!) characters are decoded.



If serial data transfer mode is selected (SER SEL = high), the data trans-
fer baud rate in bits per second is:

Data Line/Baud Rate Line
Baud DL4/BR4 DL3/BR3 DL2/BR2 DL1/8R1
50 0 0 0 0
75 0 0 [} 1
110 0 0 1 [}
135 0 0 1 1
150 0 1 0 0
300 0 1 0 1
600 0 1 1 0
1200 [} 1 1 1
1800 1 0 o] 0
2400 1 0 0 1
3600 1 [} 1 0
4800 1 0 1 1
7200* 1 1 0 0
Note: 1= High {open), 0 = Low (GND).
*Data cannot be sent to the R6592 while the print head is moving.

DATA LINE 5 (DL3}
DATA LINE 6 (DL4)
DATA LINE 7 (DL7)

Active high input signals used as data lines when parallel data transfer
mode is selected (SER SEL = low). DL7 represents the most significant
bit (MSB) when ASCII characters are decoded. Not used when serial
data transfer mode is selected (SER SEL = high).

INPUT PRIME (IP)/DATA SET READY (DSR)

Input line multiplexed between a parallel communications control line
(INPUT PRIME) and a serial communications control line (DATA SET
READY).

If the parallel data transfer mode is selected (SER SEL = low), this line
is assigned to INPUT PRIME (IP). When IP/DSR is high, the R6592
issues prints commands to the printer in a normal fashion. When P/
DSR is low, the R6532 will disable printing. This line can, therefore,
be used as a print disable line to selected printers in a multiprinter
system.

If the serial data transfer mode is selected (SER SEL = high}, the line
is assigned to DATA SET READY (DSR). When high, DSR indicates
that the transmitter is operative and the R6592 will accept data. When
low, DSR indicates that the transmitter is not ready to operate and the
R6592 will not accept serial data.

DATA STROBE (DS)/RECEIVED SERIAL DATA (RSD)

Input line multiplexed between a parallel communications control line
(DATA STROBE) and the serial communications data line (RECEIVED
SERIAL DATA).

If the parallel data transfer mode is selected (SER SEL = low), this line
is assigned to the DATA STROBE (DS). When DS goes low, the
R6592 detects the negative transition, and samples the data on the
parallel data lines. The data must be present on the data lines for at
least 50 usec after DS goes low.

If the serial data transfer mode is selected {SER SEL = high), the line
is assigned to RECEIVED SERIAL DATA (RSD). The data is pro-
cessed in accordance with the selected baud rate. The data must be
converted from RS-232 logic levels to R6592 logic levels. The R6592
logic state is inverted from RS-232 logic state.

BUSY/DATA TERMINAL READY (BUSY/DTR)

Output line multiplexed between a parallel communication control line
(BUSY) and a serial communication control line (DATA TERMINAL
READY).

If the parallel data transfer mode is selected {(SER SEL = low), this line
is assigned to BUSY. When high, BUSY indicates that the R6592
cannot receive data. When low, BUSY indicates that the R6592 is
ready to receive data. BUSY is switched high during character print
and while non-print commands are being processed.

If the serial data transfer mode is selected (SER SEL = high), this line
is assigned to DATA TERMINAL READY (DTR). When high, DTR
indicates that the R6592 cannot receive data. When low, DTR indi-
cates that the R6592 is ready to receive data. DTR isswitched high dur-
ing character print and while non-print commands are being processed.

ACKNOWLEDGE {ACK)

Active low output signal used to inform the parallel data transmitter
that an input character has been received. ACK is switched low for
5 usec to indicate receipt of a character.

SERIAL CLOCK (SER CLK)

A bi-directional line used to detect the start of the received serial
data and to then clock in the serial data bits. When DET ENA is low,
this line monitors the input serial data stream for the start bit. When
the leading (falling) edge of the start bit is detected, the DET ENA
is switched high and this line is switched to an output. Output pulses
are generated on this line to clock the received serial data into the
R6592 at the selected baud rate.

SERIAL DETECT ENABLE (DET ENA)

Active high output used to enable the received serial data onto the
SER CLK line. Upon detection of the received serial start bit, this line
is switched low to disable the received serial data from being placed on
the SER CLK line.

PRIMARY POWER (vCC)

R6592 primary power supply: +5V 110%. Supplies power to CPU,
1/0, timer and supporting circuitry.

RAM POWER (VRR)

R6592 RAM power supply: +5V +10%. Supplies power to the internal
R6592 RAM. This line should be connected to VCC power supply.
SIGNAL GROUND (VSS)

R6592 power and signal ground.

XTLI
Input from 2 MH2z crystat.

XTLO
Qutput to 2 MHz crystal.

RESET (RES)

Active low signal used to reset and initialize the R6592. Must be held
low for at least 8 usec after VCC reaches operating voltage and the
clock frequency on XTLO has stabilized.




Standard 96 Character 5x7 Matrix Dot Patterns
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R6592 Internal Data Format for 7-Bit ASCII Table Character Look-up

7 6 5 4 3 2 1 0

Received Parallel Data

D
DL7 | DL6 | DLS | DL4 L3 |pL2 | DL Bit Assignments

Received Serial Data

8
MsB Lse Bit Assignments

Data Value

MSD LsSD For ASCIi Table Look-up

~
o
]
a
w
N
[N} S S R )

ASCII 7-Bit Code Character Set Table

MSD 0 1 2 3 4 5 6 7
LSO 000 001 o010 o1 100 101 110 1M
0 0000 SP 0 @ P [
1 0001 DC1 ! 1 A Q a q
2 0010 Dc2 2 B R b r
3 oon DC3 # 3 [ S c s
4 0100 Dca $ 4 D T d 1
5 0101 % 5 E U e u
6 0110 & 6 F \ f v
7 0111 7 G w g w
8 1000 CAN ( 8 H X h X
9 1001 ) 9 t Y i y
A 1010 LF ¥ * J z i 2z
B 1011 vT t + ; K ( k {
c 1100 FF 12 ; < L \ i 1
D 1101 CR ¢ - = M ] m }
E 1110 N .- | > N t n ~
T
F 1n X / ? o -— o DEL
LF —  Line Feed
VT —  Vertical Tabulation
FF —  Form Feed
CR —  Carriage Return
DC1 —  Device Control 1
DC2 -~  Device Control 2
DC3 —  Device Control 3
DC4 —  Device Control 4
CAN - Cancel
Y —  Yen
t —  Pound
¢ —  Cent
12 —  One-Half
"I\'J — NoTax
; - Tax

Note: Valid control commands are dependent upon printer model.



Parallel Data Interface

‘ BUSY/DTR
BUSY 1 9
BUSY RET 29 1 _
- - = IP/DSR
INPUT PRIME 31 1 22
iNPUT PRIME RET |30 |
DATA STROBE 1 e s 4
DATA STROBE RET |19 =
— - ACK
ACKNOWLEDGE 10 | 8
ACKNOWLEDGE RET| 28 |,
= | R6592
—> DL1/BR1
DATA 1 2 > —{ 20
DATA 1 RET | 20
= DL2/BR2
DATA 2 3 —> 128
DATA2RET |21
= DL3/BR3
DATA 3 a > 27
DATA3RET |22} .
= LATCH! bLa/BR4
DATA 4 5 —> {26
DATA4RET |23/
= DLS
DATA5 6 > > 25
DATASRET |24 |4
= DL6
DATA 6 7 — ] 24
DATAGRET |25 |4
= DL7
DATA 7 8 —» {23
DATA7RET |26 |
DATA 8 9 ——oo
DATA B RET { 27 R
— =
CENTRONICS
PARALLEL INTERFACE R6592 INTERFACE
*NOT REQUIRED IF PARALLEL DATA IS HELD FOR >50S
AFTER LEADING EDGE OF DS OR UNTIL ACK IS RECEIVED.
Parallel Data Timing
—d { ¢ {( A ¢
———y v T7 27 ¥ A
INPUT PRIME (iP)
______ —_—— e = = — ———
3 { L AL { ¢
sy e r 1T 17 17
DATA STROBE (DS) l '
1us =
{MIN)
50 1S (MIN)*
f ¢
PARALLEL DATA (DL1-DL7) l l
f—t—

{ ¢ { ( {
— =7 4
ACKNOWLEDGE (ACK) ‘_l_.‘ ’._]
5uS -
(TYP)

BUSY Iy I——’ '—‘_”__—;

*OR UNTIL ACK IS RECEIVED.




Serial Data Interface

DET ENA
OPEN
COLLECTOR SER CLK
121
Y ’
CLK P
RECEIVED SERIAL 3 D a DS/RSD__ |3,
DATA (RSD) 2 5
R6592
7474
P/OSR
DATA SET READY (DSR) | 6 »| 22
+12V
BUSY/DTR
DATA TERMINAL READY (DTR) | 20 9
\ — , -12v
RS-232 INTERFACE R6592 INTERFACE
Serial Data Timing
— — —~ —
DATA SET READY (DSR)
_—_— e e - - e e e o fm ———

—t —f
SERIAL DETECT ENABLE (DET ENA) l
mmmniinnnhinhinasss
SERIAL CLOCK (SER CLK)

7 BIT CODE DATA SAMPLES: ' ' ' ’ ' ' f

RECENVED SERIAL DATA (RSDI | [TTTITIT 77

RECEIVED SERIAL DATA (RSD) r' [2 l ? I ¢ l ° I ° l ’ lwa
L.SB S
START adnie
BIT
R eir cobe——ate—PariTY BIT AND
20R MORE STOP BITS
RECEIVED DATA BITS —]

DATA TERMINAL READY (DTR) I I
4 ’_—

—1 fr—me
DATA TERMINAL READY (DTR)




PRINTER INTERFACE SPECIFICATIONS

The R6592 is designed to meet the interface requirements stated in
the following printer specifications:

Model-210 Impact Dot Matrix Mini-Printer {Preliminary) Rev. 4,
AUGUST 30, 1978

Model-220 Impact Dot Matrix Mini-Printer, SEPTEMBER 18, 1978
Model-240 Impact Dot Matrix Mini-Printer, SEPTEMBER 18, 1978

Model-511L Impact Dot Matrix Printer (Enlarged Character}
Revision 1, JULY 13, 1978

Model 512 Dot-Matrix Impact Printer (P512DF), APRIL 10, 1978
Model 522 Dot-Matrix !mpact Printer (P522DF), MARCH 1, 1978

Model 541L Impact Dot Matrix Printer (Enlarged Character),
Revision 1, JULY 19, 1978

Mode! 542 Dot-Matrix impact Printer (P542DF), MARCH 1, 1978

For turther printer information, contact:

EPSON America, Inc.

23844 Hawthorne Bivd. Ltd.
Torrance, CA 90505

Phone: (213) 378-2220
TWX: 910-344-7390

C. Itoh Electronics, Inc.
5301 Beethoven Street
Los Angeles, Calif. 90066
Phone: (213) 390-7778
Telex: WU 65-2451

C. Itoh Electronics, Inc.

280 Park Avenue

New York, New York, 10017
Phone: (212) 682-0420
Telex: WUD-12-5059

40
DOT OR NOTCH
TO LOCATE
PIN NO. 1 -
.
1 \

2.020 MAX

10° MAX
2
0.600 Max| |(15.87) 0625
(1s.2amm} | (3517) o598
20 f —t

0.155 MAX
(3.93 MM)

(51.30 MM} 0.190 MAX
(4.82 MM)
0.310 MAX
1 ¥ (7.87 MM)
(1.65) 0.065
—= = TYP.
(1.01) 0.040 0.100 MIN
(2.54 MM}
(0.55) 0.022 vp
{0.45) 0.018 : 0.010 MIN
1.910 (48.51 MM) (0.25 MM)
1.890 (48.00 MM)
19 EQUAL SPACES
0.100 G TOL NONCUM.
(2.54 MM)
NOTE: Pin No. 1isin lower left corner when - -

symbolization is in normat orientation

R6592 Plastic Packaging Diagram



SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage VCC -0.3 to +7.0 Vdc
tnput Voltage Vin -0.3 to +7.0 Vdc
Operating Temperature Range T °c
01to +70
Storage Temperature Range Tstg -65 to +150 °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.

Static D.C. Characteristics VCC =5V £10%

Characteristic Symbol Min Typ Max Unit
Power Dissipation (Qutputs High) PD - 500 — mwW
Input High Voltage {Normal Operating Levels) VIH +2.0 - VCC Vde
Input Low Voltage (Normal Operating Levels) VIL 0.3 - +0.8 Vdc
Input Threshold Voltage VlT 0.8 — 2.0 Vdc
Input Leakage Current IIN MAdc
Vi, =01050Vde - +1.0 +25
RES
Input High Voltage {(XTL}} VIHXT +4.0 — Vee Vde
Input Low Voltage (XTLI) VILXT 0.3 - +0.8 Vdc
Input Low Current lIL
(V) =04 Vdc) - -1.0 -16 mAdc
Output High Voltage VOH
(VCC = min, ILoad =-100 puAdc) 24 - - Vdc
Output Low Voltage VOL
(VCC =min, | .q=16 mAdc) - - +0.4 Vde
Output High Current {Sourcing) IOH
Vg = 2.4 Vde) 100 - uAdc
Output Low Current {Sinking) IOL
(VOL = 0.4 Vdc) 16 - - mAdc
Input Capacitance Cin pF
(V;,-0.T, =25%, = 1.0 MHz)
Pins 2-9, 13-29 and 31-38 - - 10
XTLI, XTLO - - 60
Output Capacitance cout
(V;,-0. T, =25°C, 1= 1.0 MH2) - - 10 pF

NOTE: Negative sign indicates outward current flow, positive indicates inward flow.
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DOCUMENT NO. 29000 D41

PART NUMBER
R6530

R6500 Microcomputer System

DATA-SHEET

ROM-RAM-I1/0O-INTERVAL TIMER DEVICE (RRIOT)

SYSTEM ABSTRACT

The 8-bit R6500 microcomputer system is produced with N-

FEATURES

e 8 bit bidirectional Data Bus for direct communication with the
microprocessor

channel, Silicon-Gate technology. Its performance speeds are : ég"?;:ﬁggz‘AM
enhanced by advanced system architecture. Its innovative archi- o Two 8 bit bidirectional data ports for interface to peripherals
tecture results in smaller chips — the semiconductor threshold to e Two programmable Data{ Direction Registers
costeffectivity. System cost-effectivity is further enhanced by . srogramm:g:e Ilnterva: pmerl rrupt
providing Aa family of 10 softwargcompatible microprocefsor : Tr’l?Er;"g&loseczr:;;:ibl;";i:ipnt::rgl Enes
(CPU) devices. Rockwell also provides memory and 1/O devices o Peripheral pins with Direct Transistor Drive Capability
that further enhance the cost-effectivity of the R6500 microcom- e High Impedance Three-State Data Bus .
puter system . . . as well aslow-costdesign aids and documentation. @ g"z\g_s up to 7K contiguous bytes of ROM with no external
ecoding
DESCRIPTION Ordering Information
The R6530 is designed to operare 1n conjunction with the R6500 Order Package Temparaturs
Mi;:voprocessor Family. It is comprised of a mask programmable Number Type Range
1024 x 8 ROM, a 64 x 8 static RAM, two software controlled
8 bit bidi | data ports allowing direct interfacing between R6530P Plastic 0°C to +70°C
the microprocessor unit and peripheral devices, and a software R6530C Ceramic 0°C 0 +70°C
programmable interval timer with interrupt, capable of timing in
various intervals from 1 to 262,144 clock periods. A custom number will be assigned by Rockwell.
PAO  PA7 PBO PB?
L A
DATA
DIRECTION OUTPUT PERIPHERAL INTERVAL PERIPHERAL OUTPUT
ATA BUFFER ATA BUFFER® REGISTER
REGISTER REGISTER $1 0D TIMER D UFFER
A A B B
A
A 4
L J
4 b [
4 A
DATA
CHIP
D;t;"s"‘ ADDRESS SELET 64x8 1Kx8 DIRECTION
; RAM ROM [
BUFFER DECODER RIW HEGBSTER
cs2 | rw

(LO14Y) 301A3A HIWIL TVAHILNI-O/1-WVH-INOY

Q 07 A0 A9 ¢t ¢2 Rso
B6530 Block Diagram

@ Rockwell Internationat Corporation 1979
All Rights Reserved
Printed in U.S.A.

Specifications subject to
change without notice
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INTERFACE SIGNAL DESCRIPTION
Reset {RES)

During system initialization a Logic “‘0" on the RES input will
cause a zeroing of all four 1/O registers. This in turn will cause all
1/0 buses to act as inputs thus protecting external components
from possible damage and erroneous data while the system is being
configured under software control. The Data Bus Buffers are put
into an off state during Reset. {nterrupt capability is disabled
with the RES signal. The RES signal must be held low for at least
one clock period when reset is required.

Read/Write (R/W)

The R/W signal is supplied by the microprocessor and is used to
contro! the transfer of data to and from the microprocessor and
the R6530. A high on the R/W pin allows the processor to read
(with proper addressing} the data supplied by the R6530. A low
on the R/W pin allows a write (with proper addressing) to the
R6530.

Interrupt Request (IRQ)

The IRQ pin is an interrupt pin from the interval timer. This same
pin, if not used as an interrupt, can be used as a peripheral 1/0O 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; however, if collector-OR’d with
other devices, the internal pullup may be omitted with a mask
option.

Data Bus (D0-D7)

The R6530 has 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. The output buffers remain in the
off state except when selected for a Read operation.

Peripherat Data Ports

Tt'\e R6530 has 16 pins available for peripheral 1/0 operations.
Each pin is individually software programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit
ports, PAO-PA7 and PBO-PB7. PB5, 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
internal pull-up device acts as less 1than one TTL load to the
peripheral data lines. On a Read operation, the microprocessor
unit reads the peripheral pin. When the peripheral device gets
information from the R6530 it receives data stored in the Qut-
put Register. The microprocessor will read correct information
if the peripheral lines are greater than 2.0 volts (for a 1) or
less than 0.8 volts {for a "0"') as the peripheral pins are all TTL
compatible.

Address Lines (A0-A9)

There are 10 address pins {(A0-A9). In addition, there is the
ROM Select pin (RSQO). Further, pins PB5 and PB6 are mask
programmable, and can be used either individually or together as
chip 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 1/0 section consists of two 8-bit halves. Each half contains
a Data Direction Register (DDR) and an Output Register.

ROM 1K Byte (8K Bits)

The 8K ROM is in a 1024 x 8 configuration. Address lines AQ-A9,
as well as RSO are needed to address the entire ROM. With the
addition of CS1 and CS2, 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 R6530. It is addressed
by AO-A5 (Byte Select), RSO, A6, A7, A8, A9 and, depending
on the number of chips in the system, CS1 and CS2.

Internal Peripheral Registers

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 Qutput Register will
appear on that corresponding peripheral pin. A “0" written
into the DDR inhibits the output buffer from transmitting data
from the Qutput Register. For example, a "1’ loaded into Data
Direction Register A, position 3, sets up peripheral pin PA3 as an
output. {f a “0" had been loaded, PA3 would be configured as
an input and remain in the high state. The two Data Qutput
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
as 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 microprocessor Write operation.
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 to 256 time
intervals, Each time interval can be either 1T, 8T, 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 -25656T. Thus, after the interrupt flag is set, a Read of the
timer will tell how longsince the flag was set up to a maximum of
255T.

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 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 A0 and A1. During a Read or Write operation address line
A3 controls the interrupt capability of PB7, i.e., A, = 1 enables
IRQon PB7, A3 = 0 disables IRQ on PB7. When PB7 is to be used
as 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-
rupt flag being set, the number of time intervals remaining will be
read, i.e., 51, 50, 49, etc.

When the timer has counted down 1o 0 0 0 0 0 0 0 O on the
next count time an interrupt will occur and the counter will read
1111111 1. 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 11 1 0 0 1 0 Oisread, the
time since interrupt is 27T. The value read is in one’s complement.

Value read =

11100100
Complement= 0001101 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 a0 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 417T + 27T = 444T, assuming the value read after
interruptwas 1 1 1 00 1 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
to disable the TRQ pin. This is done so as to avoid future inter-
rupts unti! after another Write timer operation.

R/W p7 D5 D3 Di
l i Dslmlmlbf T Al’ Alo
INTERRUPT PROGRAMMABLE] DIVIDE
iRO4—] conTROL [* REGISTER DOWN ¢ @2
R A K]
o5 | 03] o1

v
o7

D6 D4 D2 DO

Basic Elements of Interval Timer

(0] Q Q 9] ®
eaom o L[+ L _[21 WMJMSL__[MG—L,JsooL_[smL
warret ||

3|
o]

1. Data written into interval timeris0 0 1 101 0 0=52,,

2. Datain Interval timerisO 0 0 1 1 0 0 1=25]0

52 %’ 1=52-26-1=25

3. Datain Interval timeris0 0 0 0 0 0 0 0=0
415 10
52 g 1=5251-1=0
4. Interrupt has occurred at 02 pulse #416
Datain Interval timer=1 1 111 1 1 1

5. Datain Interval timeris 1 0 1
two's complementisO 1 0 1
83 +(52x 8) +1=500,,

01100
0011 =83,
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ADDRESSING

Addressing of the R6530 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
(A0-A9). In addition, there is the possibility of 3 additional
address lines to be used as chip-selects and to distinguish between
ROM, RAM, 1/O and interval timer. Two of the additional lines
are chip-selects 1 and 2 (CS1 and CS2). The chip-select pins can
also be PB5 and PB6. Whether the pins are used as chip-selects or
peripheral 1/O pins is a 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 RSO. The R6502 and R6530 in a
2-chip system would use RSO to distinguish between ROM and
non-ROM sections of the R6530. 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 7<hip
R6530 Addressing Scheme.

One-Chip Addressing

A 1-chip system decode for the R6530 is illustrated on the top of
the following page.

Seven-Chip 'Addressing

tn the 7chip 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 between addresses 65,535 and 1024. For this
case, assume A13, A14 and A15 are all 1 when addressing ROM,
and O when addressing RAM or 1/0. This would place the 7K
ROM between addresses 65,535 and 58,367. The 2 pins desig-
nated as chip-select or I/O would be masked programmed as
chip-select pins. Pin RSO would be connected to address line
A10. Pins CS1 and CS2 would be connected to address lines
A11 and A12 respectively. See illustration below.

The two examples shown would allow addressing of the ROM
and RAM; however, once the 1/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.

1/0 Register — Timer Addressing

Addressing Decode for 1/O Register and Timer illustrates the
address decoding for the internal elements and timer program-
ming. Address lines A2 distinguishes 1/0 registers from the timer.
When A2 is high and /O timer select is high, the /O registers are
addressed. Once the |/0O registers are addressed, address lines A1
and AQ decode the desired register.

When the timer is selected A1 and A0 decode the divide by matrix.
In addition, Address A3 is used to enable 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 cs1 RSO

A2 Al A10 A9 A8 A7 A6

R6530 #1, ROM SELECT 0 0 [ X X X X
RAM SELECT 0 0 0 0 ] 0 0

1/0 TIMER 0 0 0 1 0 0 0

R6530 #2, ROM SELECT 0 1 0 X X X X
RAM SELECT 0 0 0 0 0 0 1

1/0 TIMER 0 0 0 1 0 0 1

R6530 #3, ROM SELECT 0 1 1 X X X X
RAM SELECT 0 0 0 0 0 1 0

1/0 TIMER 0 0 0 1 0 1 0

R6530 #4, ROM SELECT 1 0 0 X X X X
RAM SELECT 0 0 0 0 0 1 1

1/0 TIMER 0 0 0 1 0 1 1

R6530 #5, ROM SELECT 1 0 1 X X X X
RAM SELECT 0 0 0 0 1 0 0

1/0 TIMER 0 0 0 1 1 0 0

R6530 #6, ROM SELECT 1 1 0 X X X X
RAM SELECT 0 0 0 0 1 0 1

1/0 TIMER 0 0 0 1 1 0 1

R6530 #7. ROM SELECT 1 1 1 X X X X
RAM SELECT 0 0 0 0 1 1 0

1/0 TIMER 0 0 0 1 1 1 0

"RAM select for R6530 #5 would read = A120A11eA100AT@ABeAT 0 AB



INT TIMER SEL
A3
INTERVAL
(——nd Al TIMER
—{ AO
10 TIMER SEL.
) 1O SEL
— A 1o
™ a0
RAM SEL.
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! ) ! n e
i Az
cs2 ; T : ——q A1
' L 1 —{ AC
cst |
1
|LD“ !
RSO |I_{>V : ROM SEL
| '
A9
[ 0
> !
AB
1] D [
t |
AT
] |
A6 ILD‘ ! A6
[ [}
ILD‘ I
AS = — 5 A5
Py S i s A4
A3 A3
A2 A2
Al Al
AD A
A Xndicares mask programming
1e. ROM seiect = EOR_SO —
RAM select = CSIQRSOLAﬂ'_M.AG
O TIMER SELECT = CS1eRS0eA9eABeATeAG
B Nokce that AB 13 3 don't care for RAM select
c €S2 can be used as PBS in this example.
R6530 One Chip Address Encoding Diagram
Addressing Decode for I/O Register and Timer
Addressing Decode
ROM Select RAM Select 1/ Timer Select R/W A3 A2 Al A0
Read ROM 1 0 0 1 X X X X
Write RAM 0 1 0 0 X X X X
Read RAM 0 1 0 1 X X X X
Write DDRA 0 0 1 0 X 0 0 1
Read DDRA [} 0 1 1 X 0 0 1
Write DDRB 0 0] 1 [¢] X o] 1 1
Read DDRB V] 0 1 1 X 4] 1 1
Write Per. Reg. A 4] 0 1 o X 0 0 4]
Read Per. Reg. A o] 0 1 1 X 0 o] (4]
Write Per. Reg. B 0 o] 1 0 X 0 1 [¢]
Read Per. Reg. B 0 1] 1 1 X ] 1 (4]
Write Timer
=T o] o 1 0 - 1 0 4]
+8T 0 (4] 1 0 . 1 0 1
64T 0 0 1 4] . 1 1 0
+1024T 4] 0 1 o] . 1 1 1
Read Timer 0 0 1 1 . 1 X 0
Read Interrupt Flag 4] 0 1 1 X 1 X 1

*Ag = 1 Enables IRQ to PB7

A3 = 0 Disables IRQ to PB7



Write Timing Characteristics

Characteristic Symbol Min Typ Max Unit
Clock Period TCYC 1 10 us
Rise & Fall Times TR' TF 25 ns
Clock Pulse Width Tc 470 ns
R/W valid before positive transition of clock TWCW 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 THW 10 ns
Peripheral data valid after negative transition Tcpw 1 us
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 TWCR 180 ns
Address valid before positive transition of clock TACR 180 ns
Peripheral data valid before positive transition TPCR 300 ns
of clock

Data Bus valid after positive transition of clock TcDR 395 ns
Data Bus Hold Time THR 10 ns
IRQ (tnterval Timer Interrupt) valid before T‘c 200 ns
positive transition of clock

Loading = 30pF + 1 TTL load for PAQ-PA7, PBO-PB7
= 130 pF + 1 TTL load for DO-D7
CLOCK INPUT 24y g 09V 2V

CLOCK INPUT

Aw
—
Riw TWCR [t
T
20v
ApoRESS X% X
— ] T 2av
I‘— e PERIPHERAL D(znv
2av DATA 08V
ATV
b= Tepe
» ooy ——’— e .
Terw cc 30"
Trew (}=m === 0ATA BUS —
a oav
PERIPHERAL X 20V 2av
A
DAT, 08V 0av

Pez (TROI

=== Tcmos =

Write Timing Characteristics Read Timing Characteristics



PROGRAMMING INSTRUCTIONS

The Rockwell R6530 utilizes computer aided technigues to manu-
facture and test custom bit patterns. The custom bit pattern and
address information is supplied on mini-floppy diskettes prepared
on the SYSTEM 65, or paper tape, or standard 80-column com-
puter cards in the format described below.

All addresses and related output patterns must be completely
defined. Mask options should be noted on the ROM order form
and in the title cards.

Title Cards

A set of six Title Cards should accompany each data deck. These
cards give our computer programs additional information neces-
sary to accurately produce high density ROMS. These six Title
Cards must contain the fotlowing information:

Column Information

First Card 1-30  Customer Name
31-50  Customer Part Number
60-72  Rockwell Order Number
(Example: R6530XX)
Customer Contact Name,
Customer Contact Phone Number ___
Third Card Pin 17 = TRQ/PB7 with Pull-up or IRQ/
(2) PB7 without Puli-up.
Pin 18 = CS1 or PB6,
Pin 19 = CS2 or PBS
(Example: Pin 17 = IRQ NO PULL-UP,
PIN 18 = CS1, PIN 19 = PB5)

Second Card

Fourth Card {1) ROM SEL, RSO = X, CS1 = X,CS82 = X
{2) (Example: ROM SEL,CS1=H,RS0=H,
CS2=N)
Fifth Card {1) RAM SEL, RSO = X, CS1 = X, CS2 = X,
{2) A9=X,A8=X,A7=X,H6=X

(Example: RAM SEL, CS1 =1L,CS2=N,
RSO = L, A9 = L, AB =N, A7 = H,

A6 = H)
NOTE:
IRQ is keypunched as IRQ
Sixth Card (1} 1/0 SEL, RSO = X, CS1 = X, CS2 = X,
(2) A9 =X,A8=X,A7=X, A6 =X

(Example: 1/O SEL, CS1=1L,RS0O =1L,
CS2 = N, A9 = H, AB = H, A7 = H,
A6 = H)

(1) X=HorLorN
H=+2.4 Volts L =+0.4 Volts N = No Effect
(2) Free Format — Delimiters are commas or blanks

Data Card Format

The required data card format is generated by the Cross Assem-
bler. All addresses are coded in hexadecimal form {0 through
FFFF). All output words are coded both in binary and octal
forms. Output 8 {DB7) is the MSB, and Qutput 1 (D80) is the LSB.

The format for all cards in a file, except the last card, is as follows:

;1382315()h$N,I N05A3A2A1 AOD1 DOD‘I DOMXBXZX‘IXO
S ———

1 2

The format for the last card in a file is as follows:
;40000
EXAMPLE:

;30001 10 0000 b9b46564275647964006D4C047D4CO4 29 OSYF
5300:02 10 0010 4C04616471642964256435643964002D 0463
;30003 10 0037 2%6%2C4CC%0000000000000000000000 010%
;40LO00

Paper Tape Format

Rockwell can accept ROM coding in paper tape prepared using
SYSTEM 65, Cross Assembler or AIM 65 output. Mask options
shou'd be noted on the ROM order form. The format for paper
tape is as follows:

:N1NpA3A2A1AgD1DpD1DX3X0X1 XgCRLF
S——————
1 2
The format for the last record in a file is as follows:
;00C3C2C1CoX3X2X1Xg
NOTE 1

1. 00 = zero bytes of data in this record. This identifies this as the
final record in a file.

2. C3CC1Cq = the total number of records {in hexadecimal) in
this file, including the last record.

3. The valid record is identified by the starting delimitor (;) and
terminated by the check sum (X3X2X1Xg). All other characters
such as the CR and LF are not processed. The next semi-colon
initiates the next record.

EXAMPLE:

31BFIC0CABL004CO0FOFDFA212D2LFFR2920BF2Llb1FSF?2FFB57D062700D4%U
318FUL8ESEY6?2DFD?5?5€E50000CF4112FB009251980200539192F20C98
318F03008DB0283082100EL2D89%189AC2BI0E9B00FBBL232F08?FL50AAS
;0000030003

Unless otherwise stated, the field definitions are defined as follows:

1. AIll Characters {N,A,D,X) are the ASCl| characters O through
F, each representing a hexadecimal (hex) digit.

2. .isarecord mark indicating the start of a record.
3. NjyNg = the number of bytes of data in this record {in hex).

Each pair of hex characters {D1Dg) represents a single byte
in the record.
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4. AgAA1AQ = the hex starting address for the record. A3 rep- 7. $251Sg = the hex sequence number for the card record.
resents address bits 15 through 12, etc. The 8-bit byte repre-
sented by (DqDg)q stored in address A3A2A1Aq; (D1Dg)z 8. CR = ASCII character for Carriage return.
stored in (A3A2A1AQ) + 1, etc.
9. LF = ASCII character for line feed.
5. (D9Dg) = two hex digits representing an 8-bit byte of data.
(D4 = high-order 4 binary bits and Dg = low-order 4 bits). 10. B = Space character
A maximum of 18 (hex) or 24 (decimal) bytes of data per
record is permitted. Mini-Floppy Diskette Format

B. X3XpX1Xg = record check sum. This is the hex sum of all Rockwell can accept ROM coding cn mini-floppy diskettes pre-

gw characters in the record, excluding the record mark and the pared using the SYSTEM 65 Assembler output. The format is
§ ; 4 check sum characters. To generate the check sum, each byte similar to the Paper Tape format shown in the preceding para-
gAgg_ of data {represented by two ASCII characters), is treated as graph. Title card information should be recorded using the file
E o 8 binary bits. The binary sum of these 8-bit bytes is trun- name “TITLE.” Data information should be recorded using the
cated to 16 binary bits (4 hex digits) and is then represented file name “"DATA."” Mask options should be noted on the ROM

in the record as four ASCII characters {(X3X9X1 Xg). Order form.
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SPECIFICATIONS

Maximum Ratings

Rating Symbol Voltage Unit
Supply Voltage vecCe -0.3 to +7.0 v
Input/Output Voltage VIN -0.3 t0 +7.0 v
Operating Temperature Range TOP Qto 70 °C
o
Storage Temperature Range TSTG -65 to +150 C

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent unnecessary applica-
tion of voltage outside the specification range.
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Electrical Characteristics
(VCC=5.0%, VSS=0V, T A=25°c)

Characteristic Symbol Min Typ Max Unit
input High Voltage VlH VSS +24 vCcC v
Input Low Voltage VIL VSS -0.3 Vss + 0.4
Input Leakage Current; VIN = VSS + 5V IIN 1.0 2.5 MA
AO0-A9, RS, R/W, RES, 02, PB6*, PB5*
Input Leakage Current for High Impedance State 'TSI +1.0 »10.0 HA
(Three State); VIN = 0.4V to 2.4V; D0-D7
Input High Current; VIN =24V lIH -100. -300. HA
PAO-PA7, PBO-PB7
Input Low Current; VIN =04V IIL -1.0 -1.6 MA
PAO-PA7, PBO-PB7
Output High Voltage VOH v
VCC = MIN, lLOAD < -100 A (PAO-PA7, PBO-PB7, DO-D7) VSS +2.4
lLOAD <-3 MA (PAO-PBO) VSS + 1.5

QOutput Low Voltage N
VCC = MIN, ILOAD < 1.6 MA VOL VSS + 0.4 \"
Output High Current (Sourcing); IOH
VOH > 2.4V (PAO-PA7, PBO-PB7, DO-D7) -100 -1000 uA

2 1.5V Available for other than TTL -3.0 -5.0 MA

{Darlingtons) (PBO, PB7)
Output Low Current {Sinking); VOL < 0.4V (PAD-PA7) 'OL 1.6 MA
{PBO-PB7)

Ciock Input Capacitance cCIk 30 pF
Input Capacitance CIN 10 pF
Output Capacitance COUT 10 pF
Power Dissipation PD 500 1000 Mw

*When programmed as address pins
All values are D.C, readings



DOCUMENT NO. 29000D52 PART NUMBER
REV. 3, NOVEMBER 1979 R6531

e
g=8
=1

ROM-RAM-1/0-COUNTER (RRIOC) BES
€28
=
SYSTEM ABSTRACT FEATURES
The ROM-RAM-1/O Counter {RRIOC), Part Number R6531,
further enhances the cost-effectivity of the R6500 NMOS 8-bit : ngSx)éesxr;\:szpLﬁrammable ROM
microcomputer system by providing a powerful, flexible two- o 16bit multi-mod unter/latch
chip minimum system option. Produced with N<channel deple- ~ interval ti(:n:rc((:)nn sehot ocr free running)
tion load, silicon gate technology, the R6500 system employs _ ! Ise generator (oene shot or fr "‘r r:mgn )
advanced architecture, including 13 instruction addressing modes pulseg ee running
to achieve third generation periormance speeds and smaller chips, —  eventcounter
the key to lower hardware and design costs. Included in the - exl_ernal trigger
R6500 system are 10 software-compatible microprocessor (CPU)} ® 8-bit serial channel
options, a growing number of memory and 1/O devices, a very e TTL compatible /O, drive one-TTL load
efficient, low-cost SYSTEM 65 development aid and complete e 15 bidirectionat 1/O lines (2 ports ~ 40 pin package)
documentation. o Expansion 8-bit output port and 4-bit input port {52 pin
package)
DESCRIPTION . ® /0 handshake control
The R6531 is primarily c{esigned to provide innovative Equipment o Four edge sensitive interrupt inputs
Designers with a wide span of two-chip minimum systems in ® 2 MHz or 1 MHz operation
combination with the R6500 family of 10 CPUs.A It can also be @ Single +5V power supply
combined in a variety of multi-chip system configurations with bl . f .
other RB531's, ROMs, RAMs and other I/0 devices. Table 1 Ordering Information
There are two R6531 versions: a 40-pin dual-in-line package; Order Number: R6531
another with expanded 1/0 in a compact 52-pin quad-in-line LTemperature Range:
package — see Table 1. Both versions contain a 2048 x 8 mask- No suffix = 0°C 10-+70°C
programmable ROM, a 128 x 8 static RAM, a software program- E = _40°% to +85°C
mable multi-mode counter, an 8-bit serial data channel, and 15 {Industrial)
bidirectional data lines (two ports) with a handshake control Package:
mode and four interrupt inputs. The 52-pin version has an 8-bit C = 40-Pin DIP, Ceramic
output port and a 4-bit input port for a total of 27 I/O lines. P = 40-Pin DIP, Plastic
Several mask options are available tp provide a RAM standby Q = 52-Pin QUIP, Plastic
power pin and chip selects for multi-chip systems — see Figure 1. . Frequency Range:
Prototyping circuits are available in both the 40- and 52-pin pack- No suffix = 1 MHz
ages, and in 1- and 2-MHz versions. They are offered as part . A = 2MHz
numbers R6531-098 and R6531-098A for the 40-pin part, and as NOTE: Contact your local Rockwelt representative for avail-
part numbers R6531-099 and R6531-099A for the 52-pin part. ability.
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Figure 1. R6531 Pin Configuration Options

PB6/IRQ ]
rc7
RES (]
o7 O
D6 (]
os

(cs3) PD2 ]
A8
A7
02
PD1
D4
D3
PDO
D2
D1
Do
A0
Al
PCO
A9
A10
VRR[]

nonanNaOnAOnnannn

C OV S WN -

[ T
@ UAWN=O

17

28
27

=1PB3/SDI0
D R/W
Fpce

[ IPB2/SCLK
[are1/CA2
[ PBO/CAY
[Orcs
prPA7
I3PAG
[Cras
[pras
[DPca

[ A5
A6
[IPC3
[1PA3
[rA2

I PA1
[PAO

[ A2
[As
[JPc2
[pC
(A1
A3
Fvee

52-Pin Configuration
R6531Q, VRR Option

52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27

[ PB3/SDIO
[ R/W

I PCE

[ Pe2/SCLK
IapBt1/cA2
D PBO/CAY
[ PCS
IPA7

';l PAG

":l PAS

I PA4

[ rca

[ A5

[ A6
[ecs

[ PA3
[ra2

[ PAt
1PAD

[ A2

[ Aaa

D pc2

[ JpPch

) A

[ A3
[F1vee

52-Pin Configuration
R6531Q, PD3 Option



INTERFACE SIGNALS
RESET (RES)

This active low signal is used to initialize the R6531. It clears all
interna! registers (except the counter and serial registers) to logic
zero. This action places all bidirectional /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 (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, PB5, or PD2 are chosen
as chip selects, they cannat be used as peripheral 1/O pins.

DATA BUS (D0-D7)

The R6531 has eight data bus lines, which allow data to be transferred
to or from the microprocessor. The output buffers remain in the off-
state except when the R6531 is selected for a read operation.

READ/WRITE (R/W)

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

PERIPHERAL DATA PORTS (PAO-PA7, PBO-PB6,
PC0-PC7, PDO-PD3)

Both versions of the R6531 have 15 pins available for peripheral 1/Q
operations. Each pin is software programmable to act as an input or
an output. The pins are grouped into an 8-bit port, PAO-PA7, and a
7-bit port, PBO-PB6. The lines of the PB port may serve other func-
tions, Ports PA and PB have associated data direction registers.

The expanded 1/0 of the 52-pin version provides an 8-bit output only
port, PCO-PC7, and a 4-bit input only port, PDO-PD3. PD2 and PD3
may be assigned other functions as described herein.

The outputs are push/pull type drivers capable of driving a single TTL
load. When inputs are selected the drivers float. if PB6 is programmed
as the IRQ request output, the line is driven Iow_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 avait-
able as a mask option. This allows the retention of RAM data by using
a battery back-up for the RAM only. Pin PB6 in the 40-pin version
or PD3 in the 52-pin version is mask programmable as the VRR 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 betow
the specified level or is turned off.

INTERNAL ORGANIZATION

The R6531 is divided into three basic functions: ROM, RAM, and 1/O.
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 variations to the user for system
configuration flexibility. Combination with other R6531's, ROMs,
RAMs or 1/0 devices is possible without need for external address
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
Selects Address Inputs (A0-A11)
R6531
Function || CS3 [CS2{CS1] |11 10' 9| ;[7 6 Si 4 3]2' 1[0

ROM X [ x| X X 2K ROM Decode
RAM y vy v lIvivIvIv]¥T 128 RAMDecode
110 z[z|z]|[z]z]z]z]z ]z ]z ]z [0 Decoge

The X, Y, 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 1/0 and which as chip selects.

ROM — 2K BYTES (16K BITS)

The 16K ROM is a 2048 x 8 bit configuration. An address on lines
A0-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's, the CS1, CS2,
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 R6531 is addressed by lines AQ-AB.
Additionally, address lines A7-A11 and chip selects CS1, CS2, and
CS3 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 R6531-098 {1 MHz) and R6531-098A (2 MH?7)
are packaged ina 40-pin dual in-line package that has the same pinouts
as the 40-pin R6531 with PB6 option. In this prototyping circuit,
the ROM is disabled and there is no VRR option.

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

Chip
Selects Address Inputs (A0 - AT1)

~

R6531-098
Function || CS2|CS1|| 11]10(|9 |8 Gl5l4l3l2|1l0

RAM N | N L jL L[N
110 N | N L [H |H|H

=

128 RAM Decode
L] LTL /0 Decode

-

In the above table, N means No Effect, H means High {2.0 volts or
greater} and L means Low (0.8 volt or less).

R6531 52-PIN PROTOTYPING CIRCUIT

Prototyping circuits R6531-099 (1 MHz) and R6531-099A (2 MHz)
are packaged in the 52-pin quad in-line package, with VRR option.
PD2 is used as a chip select (CS3), and PB4 and PB5 are available as
1/0 lines.

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

R5531-099Y| Chip
Function Selects Address Inputs (AC-A11)
cs3|cs2|cst1| 11]10] o] 8]7]6[5]a[3]2]1]0
ROM || H| N| NJ[H 2K ROM Decode
RAM L N[ N[ LLLIN]L] 128 RAM Decode
1/0 L N N UTHH[HT LT E] LT vo Decode

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/Q lines PD2 and PD3
are dedicated to the VRR and CS3 mask options.
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INPUT/OUTPUT

The input/output section is comprised of the data ports, direction reg-
isters, counter and associated latches, control registers, and interrupt
registers. These 1/O functions are all accessible by the R6502 CPU's
instruction set using address bits AO-A3 for the specific function of
the device. Address bits A4-A11 and CS1, CS2, and CS3 additionally
may be decodad to select a given R6531 device in a multichip system.
The addresses of the 15 internal peripheral registers are:

A3 A2 Al A0 Register

0 0 0 0 Port A

0 0 0 1 Port B

0 0 1 0 Port C (write only)

0 0 1 1 Port D (read only)

v 1 0 0 Read Lower Counter/Write Lower
Latch

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

0 1 1 0 Write Lower Latch

o 1 1 1 Write Upper Latch

1 0 0 0 Serial Data Register

1 o] [¢] 1 Interrupt Flag Register

1 0 1 ] Interrupt Enable Register

1 0 1 1 Auxiliary Control Register

1 1 ] 0 Peripheral Control Register

1 1 o] 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/O functions. The Periph-
eral Control Register is primarily associated 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:

SERIAL CONTROL CCUNTER CONTROL

ACR [ ACR
7 6

ACR
s

ACR | ACR
4 3

ACR
2

ACR
1

ACR
0

COUNTER SOURCE SELECTION

00 = Counter Otf

01 = External Event (PB5)

10 = Phase 2

11 = Phase 2, Ext Trigger Low

PULSE GENERATION CONTROL

0 = Pulse Qutput Off
1 = Pulse Output on {PBA}

FREE RUN CONTROL

0 = OneShot
1 = Free Run

SERIAL CLOCK SOURCE

00 = Serial Off
o1 = External Clock (PB2)
1X = Phase 2 Clock {PB2 Out}

SERIAL DATA DIRECTION

0 = Serial In (PB3)
1 = Serial Out (PB3)

Spare (Unused)

Auxiliary Control Register (ACR)

PBO, 1 CONTROL

00 = Static /O
o1 = PA Handshake
1X = Neg Edge Detec

PB2,3CONTROL

0 = Staticl/O
1 = Pos Edge Detect

PB6 CONTROL
0 = Staticl/O
1 = IRQ Request Outp

Spare (Unused)

Peripheral Control Register {(PCR)

INTERRUPT ENABLE AND FLAG REGISTERS

Two registers are provided for interrupt control. Corresponding b
in the enable and flag registers are logically ANDed to set the Interru
Request Pending flag. If the pending flag is set and PB6 is selected
an 1RQ Request Output, then PB6 will be set low to request the R65t
CPU to service IRQ, :

The interrupt enable bits are set or reset by writing into the Interru
Enable Register. The interrupt flag bits IFRO-IFR6 can be cleare
directly by writing a byte to the flag register which has 1's in tho
bit positions to be cleared.

IFR4 and IFR5 may also be cleared by reading or writing the Port
or Serial Data Registers respectively. |FR6 may also be cleared k
reading the lower counter with 1/O address hex 4 or writing the upp
latch with 1/O addresses hex 5 or 7.

These registers and their bit assignments are:

Interrupt Enable Register

1ER | IER
4 3

IER
1

IER
[

I1ER
7

IER
2

IER
6

IER
5

Negative Edge
Detected on PBO

Negative Edge
Detected on PB1
Positive Edge :
Detected on PB2
Positive Edge
Detected on PB3
Port A Needs Service
in Handshake Mode
Serial Register
Full/Empty, Ext. Clock
| Counter Overflow I

Interrupt
Request Pending

1FR
5

IFR

4 3 2 1

IFR IFR
7 6

IFR l IFR l IFR

IFR
o

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 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) controt
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 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 supplied by the microprocessor.

For the lines being used as inputs, the microprocessor is reading the
peripherat data pins. For the peripheral data pins which are pro-
grammed as outputs the microprocessor 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 lIaterrupt 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 R6531 contains a 16-bit counter with an associated 16-bit latch
whose modes are software selectable by setting appropriate bits in the
Auxiliary Contro! Register. The latch holds the counter preset value
and all 16 bits download to the counter simultaneously upon command
(1/0 address hex 5) of the software or automatically in free run modes
upon overflow of the counter. The counter is a decrementing counter
and causes the setting of a flag in the Interrupt Flag Register 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 O — Counter Off

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

Mode 2 — Interval Timer — counts 92 system clock pulses.

Mode 3 — External Trigger — counts P2 system clock pulses starting
with a negative transition on PB5.

Made Modifier A — Pulse Generation Control — causes the output level
on PB4 to switch low each time the counter is loaded using
/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.

Mode Modifier B — Free Run Control — causes the full 16-bit latch to
be downloaded to the counter, continues 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 overflow flag is set one time only until the
counter is reactivated by the software.

SERIAL DATA CHANNEL

The R6531 has an 8-bit serial channel. PB2 and PB3 are software
selectable as the serial clock (SCLK) and serial data {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 02
clock rate. If the external clock is used, data may be shifted at any
rate up to one half the system 02 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, 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 definition. PBO is a control input,
PB1 is a control output. PB1 switches low on a read or write to Port
PA, and switches high in response 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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Write Timing Characteristics

1 MHz 2 MH2z -‘
Characteristic Symbol Min Max Min Max Unit
Ciock Period Teve 1 10 05 10 us
Rise & Fall Times TR'TF 25 15 ns
Clock Pulse Width TC 470 235 ns
R/W valid before positive transition of clock TWCW 180 120 ns o
)

. . . ory
Address valid before positive transition of clock TACW 180 | 120 ns E E ;
Data Bus valid before negative transition of clock TDCW 270 135 ns LS 5 8

=
Data Bus Hold Time THW 10 10 ns
Peripheral data valid after negative transition TCPW 900 450 ns
of clock
Read Timing Characteristics
1MHz 2 MHz
Characteristic Symbol Min Max Min Max Unit
R/W valid before positive transition of clock TWCR 180 120 ns
Address valid before positive transition of clock TACR 180 120 ns
Peripheral data valid before positive transition TPCR 270 135 ns
of clock
Data Bus valid after positive transition of clock TCDR 350 180 ns
Data Bus Hold Time THR 10 10 ns
IRQ valid after negative transition of clock Tlc 900 450 ns
Loading= 100 pF + 1 TTL load for PAO-PA7, PBO-PB6, PCO-PC7
100 pF + 1 TTL load for DO-D7 (R6531A)
= 130 pF +1 TTL load for DO-D7 (R6531)
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SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage VCC 0.3 t0+7.0 Vdc
Input Voltage Vin -0.3t0+7.0 Vde
Operating Temperature Range T °¢c
Commercial Oto +70
Industrial -40 to +85
s Storage Temperature Range Ts(g -65 to +150 °c
—B
<

]
[=]
=]
-
o
o

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.
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Electrical Characteristics
(VCC = 5V * 10% for R6531, VCC = 5V * 5% for RE531A)

Characteristic Symbol Min Max Unit
input High Voltage V'H 20 vce \"
Input Low Voltage VIL 03 +0.8
Input Leakage Current; VIN = VSS +5V, VCC =+5V lIN 25 uA
A0-A11, CS1-CS3 R/W, RES,$2, PDO-PD3
Leakage Current for High Impedance State, VCC =45V ITSI +100 uA
(Three State); V= 0.4V to 2.4V;: DO-D7, PAQ-PA7, PBO-PBE
Output High Voltage VOH \Y
VCC = MIN, 'LOAD <-200 pA (PAO-PA7, PB-PB6, D0-D7) VSs+24
Output Low Voltage
VCC =MIN, ILOADSZ‘I mA VOL VSS+04 . \
Qutput High Current (Sourcing); IOH
VOH = 2.4V (PAQ-PA7, PBO-PB6, PCO-PC7, PDO-PD3, DO-D7) -200 WA
Qutput Low Current {Sinking); VOL <0.4V (PAQO-PAT) IOL 2.1 mA

(PBO-PB6)

{PCO-PC7)
Clock Input Capacitance, VCC =5V cCIk 20 pF
Input Capacitance, VCC =5V CIN 10 pF
Qutput Capacitance, VCC = 5V, chip deselected COUT 10 pF
Power Dissipation PD 1.0 w

*When programmed as address pins
All values are D.C, readings
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SYSTEM ABSTRACT FEATURES L
The 8bit R6500 microcomputer system is produced with N- e 8 bit bidirectional Data Bus for direct communication with the w :
Channel, Silicon-Gate technology. Its performance speeds are microprocessor X m 3
enhanced by advanced system architecture which enables multiple e 128 x 8 static RAM T
addressing. Its innovative architecture results in smaller chips — s . . " M)
the semiconductor threshold to cost-effectivity. System cost- e Two 8 bit bidirectional data ports for interface to peripherals N -
effectivity is further enhanced by providinga family of 10 software- o Two programmable Data Direction Registers m e
c‘ompatlble microprocessor '(CPU) devices. Rockwell also pro- o Programmable Interval Timer Interrupt .
vides memory and 1/O devices that further enhance the cost- . . . > i
effectivity of the R6500 microcomputer system-. ..as well as o TTL & CMOS compatible peripheral lines . g
low-cost design aids and documentation. e Peripheral pins with Direct Transistor Drive Capability LI
o High Impedance Three-State Data Bus ' <
DESCRIPTION e Programmable edge-sensitive interrupt o :
-
The R6532 is designed to operate in conjunction with the R6500 Ordering Information E
Microprocessor Family. It is comprised of a 128 x 8 static RAM, -4
two software controlled 8 bit bidirectional data ports allowing Order Package Temperature m
direct interfacing between the microcomputer and peripheral Number Type __Range =+ I
devices, a software programmable interval timer with interrupt, ° o < :
capable of timing in various intervals from 1 to 262,144 clock R6532P Plastic OOC to ‘*7009 >
periods, and a programmable edge detect circuit. R6532C Ceramic 0"Cto+70°C '_'
=
PAO  PA7 PBO P87 5!"
, 5
! hX . d
DATA PUT PHERAL &
DIRECTION OUTPU PERI AAL INTERVAL PERIPHERAL | OUuTPUT <
REGISTER REGISTER DATA BU TIMER DATA BUFFER REGISTER 0 -
A A A 8 B m-
h A + a—
)
-
A s Y y O
(= = =
Y A Y 4 {oxy
A y A
. DATA
CHIP
D:UTSA ADDRESS SELECT 128x8 INTERRUPT DIRECTION
BUFFER DECODER RIW RAM CONTROL REGISTER
B
Cs2 | pyw I A
Do’ D7 A0 A8 €St ¢2 RS iRQ
k R6532 Block Diagram
(©) Rockwell International Corporation 1977 Specifications subject to
All Rights Reserved change without notice
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INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a logic 0" on the RES input will
cause a zeroing of all four VO registers. This in turn will cause
all 1/0 buses to act as inputs thus protecting external components
from possible damage and erroneous 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-
abled 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 1s used.to
control the transfer of data to and from the microprocessor
and the R6532. A high on the R/W pin allows the processor
10 read (with proper addressing) the data supplied by the R6532.
A fow on the R/W pin allows a write {with proper addressing) to
the R6532.

Interrupt Request {IRQ)

The TRQ pin is an interrupt pin from the interrupt contro! ltogic.
The pin will be normally high with a low indicating an interrupt
from the R6532. An external 3K pull-up resistor is required. The
RQ pin may be activated by a transition on PA7 or timeout of
the interval timer.

Data Bus (D0-D7)

The R6532 has 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 R6532 is selected for a
Read operation.

Peripheral Data Ports (PAO-PA7, PB0-PB7)

The R6532 has 16 pins available for peripheral 1/0 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,
PAO-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 peripheral 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 a 1" and less than 0.8 volt 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 (A0-A6)

There are 7 address pins. In addition to these 7, there is the RAM
SELECT (RS) pin. The pins AO-A6 and RAM SELECT are
always used as addressing pins. There are two additional pins
which are used as CHIP SELECTS. They are pins CS1 and CS2.

INTERNAL ORGANIZATION

The R6532 is divided into four basic sections, RAM, I1/O, TIMER,
and Interrupt Control. The RAM interfaces directly with the
microprocessor through the system data bus and address lines.
The 1/0 section consists of two 8-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, CS2 = 0) and by setting RS to a
logic 0 (0.4Vv). Address lines AQ through A6 are th- used to
select the desired byte of storage.

Internal Peripheral Registers

The Peripheral A 1/Q port consist. 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 Qutput Register (ORA).

Data 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 Output Register if the voltage
on the pin is allowed to go to 2.4V for a logic one. Note 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 to act as an output.

In addition to acting as a peripheral 1/0 line, the PA7 line can be
used as an edge-detecting input. In this mode, an active transition
will set the internal interrupt fleg (bit 6 of the Interrupt Flag reg-
ister). Setting the interrupt flag will cause TRQ output to go low
if the PA7 interrupt has been enabled.

Contro! of the PA7 edge detecting mode is accomplished by writ-
ing to one of four addresses. In this operation, AO 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
control 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 initiatization routine, it is
possible to set the interrupt flag by a negative transition. It may
also be set by changing the polarity of the active 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/Qutput 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 a 0 or a 1 into the Data Direction reg-
ister {DDRB). In the output mode, the voltage on a periphera}
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 devices which are capable of sourcing
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
1o 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 R6532 contains three basic parts: pre-
liminary divide down register, programmable 8-bit register and
interrupt logic.

The interval timer can be programmed to count up to 255 time
intervals. Each time interval can be either 1T, 8T, 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 -265T. 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 255T.

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 being written to the Interval Timer,
the counting intervals of 1, 8, 64, 1024T are decoded from address
tines AO 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 IRQ. When the timer is read prior to the
imerrup.; flag being set, the number of time intervals remaining
will be read, i.e., 51, 50, 49, etc.

When the timer has counted thru 0 0 0 0 0 0 0O O on the next
count time an interrupt will ‘occur and the counter will read
11111 1 1 1. After interrupt, the timer register decrements
at a divide by "1 rate of the system clock. If after interrupt, the
timer is read and avalueof 1 1 1 0 O 1 O O is read, the time
since interrupt is 27T. The value read is in two’s complement,
but remember that interiupt occurred on count number one.
Therefore, we must subtract 1.

Value read = 11100100

Complement = 00011011

ADD 1 = 00011100 =28Equalstwo’s
complement of register

SuB 1 = 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 416T + 27T = 443T, assuming the value read after
interruptwas1 1 1 00 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
1o disable the TRQ pin. This is done so as to avoid future interrupts
until after another Write timer. operation.

RIW A D7 Ds D3 D1
3 loe D4 T RIW ,11 ‘10
INTERRUPT PROGRAMMABLE DIVIDE
IRQ4—1] conTROL [* REGISTER DOWN @2
D‘Slm D1
vy Vv
D7 D6 D4 D2 DO
Basic Elements of Interval Timer
COUNTER PTc —e—
CONTENTS | 4 0 | 255 | 254 | 253 | | s |

puLse mmnmmm—mm—m_

NUMBER
WRITE

TIMER

PRESCALE

P-Tc- Te/2 ——{_L ﬂ

OUTPUT

INTERRUPT
FLAG (BIT 7)

M rJa

N-P-Tc+Tc/2 —>I I

READ
TIMER

1

ASSUME 52 LOADED INTO TIMER WITH A DIVIDE BY 8.
THE COUNTER CONTENTS AND THE CLOCK PULSE NUMBERS WILL COINCIDE.

Prescale. P = 8
Cycle Time, Tc = 1 wsec {for 1 MHz)
Count, N - 52
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Write Timing Characteristics

Characteristic Symbol Min Typ Max Unit
Clock Period TCYC 1 10 us
Rise & Fall Times TR' TF 25 ns
Clock Pulse Width TC 470 ns
R/W valid before positive transition of clock TWCW 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 THW 10 ns
Peripheral data valid after negative transition Tcpw 1 us
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 TWCR 180 ns
Address valid before positive transition of clock TACR 180 ns
Peripheral data valid before positive transition TPCR 300 ns
of clock
Data Bus valid after positive transition of clock TCDR 395 ns
Data Bus Hold Time Tur 10 ns
IRQ (Interval Timer Interrupt} valid before TIC 200 ns
positive transition of clock

Loading = 30pF +1TTL load for PAO-PA7, PBO-PB7
= 130 pF + 1 TTL load for DO-D7
‘CYC——“—
Gl e | o .

7av
02 oav 4

——I Twew

AW 08V

—-'—] Tacw

v
A0DRESS X i

DATA BUS

PERIPHERAL 20V
DATA o8y

b= Tensos

Write Timing Characteristics

ADORESS

PERIPHERAL 20V
DATA 08v

—”C"“" -'—Y“H

P17 ITRO)

Read Timing Characteristics




RAM Addressing Read and Clear Interrupt Flag
RS, R/W, A2, A0 = 1

Bit 7 = Timer Flag

Bit6 = PA7 Flag

RS=0
A0-AB select RAM address

1/0 Addressing Read Interval Timer
/S, A4, A2, R/W, A0 = 1
RS=1 A2=0
R/W =1 toread, O to write Read Interval Timer Overflow
RS,A4,A2,R/W=1,A0=0
Al AQ
- =
. . ok <)
PA data 0 0 Vivgna Count fo Imervaj Timer § x 2
PA data direction 0 1 RS, A4,A2=1.RIW=0 222
PB data 1 o] Al A0 £°
PB data direction 1 1
=1 0 0o
Write Edge Detect Control +8 ] 1
+64 1 0
RS,A2=1 R/W,Ad=0 +1024 1 1
A1 = 1, enable interrupt from PA7 A3 = 1, enable timer interrupt
A1 = 0, disable interrupt from PA7 A3 = 0, disabie timer interrupt
AD = 1, positive edge detect (PA7)
A0 = 0, negative edge detect (PA7) NOTE: For all operations CS1=1,CS2=0.
10° MAX
40 \ \ 21 ‘
DOT OR NOTCH
TO LOCATE 0.600 MAX (15.87) 0625
PIN NO. 1 — - (15.24 MA4), {15.11) 0.595
1 200 1 —t vss .1 L =P
As 32 39 ¢2
0.155 MAX A4 43 wgcm
(3.93 MM) —
2.020 MAX a3 a 373Cs3
(51.30 MM) 0.190 MAX A2 s 363 RS
(4.82 MM) a1 e 35{3 A/w
a0 37 34 ghss
g 0310 MAX PAO C]8 333 oo
1 ¥y vsTmm pa1 39 32@01
"’ L f PA2 T 10 313 D2
heg o e = R =1
' ! 12.54 MM) PA4 []12 200 Da
(0.55) 0.022 | 0,010 M PAS 13 28§05
{045) 0018 | 20101y pas 14 2706
1.910  (48.51 MM) RE
- —_— PA7 15 26 g D7
1.890 (48.00 MM) e
PB7 16 25 TRQ
19 EQUAL SPACES PB6 17 2a{1PBO
0.100 G TOL NONCUM. PBS 18 23fPB1
(2.54 MM)
PB4 ] 19 22F3pPB2
NOTE: Pin No. 1isin lower teft corner when vOD 20 21 PB3
symbolization is in normal orientation

Packaging Diagram Pin Configuration



SPECIFICATIONS

Maximum Ratings

Rating Symbol Voltage Unit
Supply Voltage vce -0.3t0+72.0 v
Input/Output Voltage VIN -0.3 to +7.0 v
Operating Temperature Range TOP 0to 70 ’ °c
Storage Temperature Range TSTG -65 to +150 °c

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent unnecessary applica-
tion of voltage outside the specification range.
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Electrical Characteristics
(VCC=5.0%, V5S=0V, TA=25°CD

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH VSS +2.4 VCC
Input Low Voltage VlL vss -0.3 Vss +0.4
Input Leakage Current; V|N = VSS + 5V IIN 1.0 2.5 HA
A0Q-AB, RS, R/W, RES, ¢2,CS1, CS2
Input Leakage Current for High Impedance State ITSI 1.0 +10.0 MA
(Three State); VIN = 0.4V to 2.4V; DO-D7
Input High Current; VIN = 2.4V 'IH -100. -300. HA
PAO-PA7, PBO-PB7
tnput Low Current; VIN =04V IIL -1.0 -1.6 MA
PAO-PA7, PBO-PB7
Output High Voltage VOH v
VCC = MIN, lLOAD < -100 uA (PAO-PA7,PBO-PB7, DO-D7) VSS + 2.4
! oap S3MA (PBO-PB7) VSS + 1.5

Output Low Voltage
VCC=M|N.|L0AD < 1.6 MA (DO-D7) VOL VSS + 0.4 \
Output High Current (Sourcing); 'OH
VOH > 2.4V (PAO-PA7, PBO-PB7, DO-D7) -100 -1000 MA

2 1.5V Available for other than TTL -3.0 -5.0 MA

(Darlingtons) (PBO-PB7)
Output Low Current (Sinking); VOL < 0.4V (PAO-PA7) 'Ol. 1.6 MA
(PBO-PB7)

Clock Input Capacitance CCIK 30 pF
Input Capacitance cl'N 10 pF
Output Capacitance Cout 10 oF
Power Dissipation PD 500 1000 mwW

All values are D.C. readings
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COMPUTER

System Applicatlons Connector

Rockwell AIM 65...giftec

44-pin connector lets you connect peripherals interfaced with AIM

. 65's versatile /O capabiliies — for example, one or twe cassette
tape’ recorders, a Teletypewriter (Zf)ma current loop), switches

and sensors using seqal and parallel TTL-level interfaces, timing
and controt funct:ons via built-in 16-bit nmerfcoumer system functions,
and more

© 120-Line/Min. 20-Column, Hard-Copy Printer -

On-board thermal printer is unique among comparable rmicro-com-
puters. Easy-read 5x7 dot matrix, 64-character ASCH format.

Large, 20-Character Alphanumeric Display
High contrast, 16-segment characters for optimum readabifity. 64-
character ASCH format,

i 54~Key Alphanumenc Termmal‘Style Keyboard
“Provides .70 dfferenr azphabettc numenc;. control and special ———

funchon

p ay L AIM 6515 the pfoiess.ionak S m;crocomputerfar systen

. ‘develcpmem and producfs !he amateurs headstart for pro

t'cSSSOUm sc,aunm.; K -
Harnessed for work, AIM 65 asa "bare board” micro

 priced so low thai’ most evefybody can afford it. ”'ccmputer out- performs inits price calegorym and.in muct

ar hvtectqre versame‘ higher priced categories—as an intelligent, programmabl¢

~stand-alone or terminal controller or processor. By itself, it"
~an economscal%y feasible system for smat! -volume product

or one- of -a-kind work pro ects
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Third-Generaﬁon,
, Mlcroprocessor

. Full—Bus System Expansion Con ector
“.. 44%pin connector extends address da
- on_ prototyping boards, PR
boards, fioppy disk, Rockwe
- well modular modem ana!o
ystem modu(

Plug~ln Sockets for 4K-Bytes RAM.-
Socxets !orup

‘BASI
Contained on t
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AIM 65's gifted features are realized by its owners through
truly inspired software which is made available as “firmware”
contained on ROMs. Software packages include:

Advanced Interactive Monitor
The heart of AIM 65's software, this program provides
you with a comprehensive set of single-keystroke com-
mands - see “Monitor Commands" at right.

All commands are self-prompting: each displays an ap-
propriate message when more information is required, or if
you happen to make a mistake, an error code is displayed.

Seif-prompling program development

Included in the interactive Monitor is a Mnemonic As-
sembler program that translates instructions in simple
three-letter abbreviations (called "mnemonics”) that we hu-
mans easily understand, into binary codes that the micro-
processor understands. The Mnemonic Assembler frees you
from hassling with the confusing array of hexadecimal
"opcodes” that most low-priced microcomputers use.

Mnemonic input for an addition program.

: With only the Interactive Monitor installed, you can as-
semble simple microcomputer programs based on mne-
monic entries. This is the best way to slart learning how a
microcomputer “thinks.” )

AIM 85's Interactive Monitor contains single-stroke
commands enabling you to interface with'a powerful but
simple-to-use Text Editor, or with higher level programming

“languages — Symbolic Assembler, BASIC Interpreter, PL{65
Compiler—alt of which are available now and are described
later— and with other higher level languages whose firm-
ware is being developed. Applicable commands are shown
at right.

While the Mnemonic and Symbolic Assembler gives
aspiring professionals easier-understanding of the funda-
mentals of programming, the higher level languages facili-
tate and speed up the process. An analogy is that assembly

language programming is like building a house with boards
and nails, while high level language programming is like
using pre-fabricated sections.

Examples of the programming simplicity that AIM 65s
Interactive Monitor software gives you, are the following
functions you can command with single keystrokes:

O Print step-by-step program listings on the on-board printer
or on an attached TTY or terminal;

[ Display and change selected Registers and Memary:

(1 Set breakpoints, and trace program execution for debug-
ging in single-step modes:

{1 Transfer data from attached TTY or cassette recorders,
including manipulating programs from one tape to
another,;

1 Store programs in on-board or external RAM, ROM, PROM,
or in other external memories such as tapes, floppy disks,
bubbles, etc.

Text Editor
This program is stored as firmware on the same ROMs con-
taining the Interactive Monitor. It gives you the advantages of
displayed or printed program entries and listings which are
translated by the Symbolic Assembler and the PL/65 Com-
piler into machine codes. It also gives you superior debug
capabilities. Most of the Text Editor's commands—see right
—are word-processor-like. The Text Editor even includes a
command that automatically locates instructions, comments
and labels in the program being developed.

With the Text Editor, you can add, delete and change
instructions anywhere in the program without affecting any
other portion.

Symbolic input to the Text Editar for sarme addition program.

Symbolic Assembler
Firmware is contained on a separate ROM. The Symbolic
Assembler software gives practicing professionals a highh
efficient means for developing the most complex programs
permitting the shortcutting of programming time and doc
umentation by assigning labels to nstructions, subroutine:
and data locations.

Atthe sametime, it introduces students to the fundamen
tals of microcomputer programming in a basically simpl
fashion.



professional software.

The software inspiration in the AlM 85 approach is that
the Interactive Monitor and the Text Editor work together with
the Symbolic Assembler to provide displayed and printed
details of entries, listings and debug operations.

BASIC version of the same addition program

BASIC Interpreter

Firmware is contained on separate ROMs. AIM 65's high-
level BASIC is the most effective 8K version developed by
Microsoft.

The practicing professional will use BASIC to speed up
programming microcomputers designed as systems for
many computational and processing applications;

BASIC, which stands for Beginner's All-purpose Sym-

bolic Instructions Code, is also the easy-use language of-

fered by most amateur personal computers for fun and

games. Which Says that when you want diversion from pro--

fessional work or learning, your AIM 65's ready.

BASIC is universally recognized as the most easily

learned computer programming language. Even a complete
microprocessor novice should be able to begin writing
BASIC programs after only a few hours of study.

PLiB5 version of the same addition program.
PL/65 Compuer
Firmware is contained on two separate ROMs: PL/ 65 is a

nigh-level language that practvcmg professionals and.ad-
vanced students use when large programs have to be
developed very rapxdly--—where software developmem costs -

are impartant.
Rockwell's Future Software Plans

Rockwell is developing firmware for the AIM 65 that will

provide owners with high-level languages facilitating a
variety of development projects.

-9 —Display breakpoint addresses -

. H —Trace Program Counter history « -

" LF—Line Feed

 F2--Call User Function 2

- R-—Read lines into text buffef from penph&xal I/Q device

‘U-—Move up one line -
D—Movedownoneline
~T-—Gototoplineoftext

~ C—Change character string .+
. O-—Ou:t Text EdlIOF retum to Mom

Single-Keystroke Moniior Commands

Major Function Entry
(RESET Button)—Enter and initialize Monitor
ESC--Re-enter Monitor

‘E —Enter and initialize Text Editor

T —Re-enter Text Editor
N —Enter Symbolic Assembler
5 —Enter and initialize BASIC interpreter
6 —Re-enter BASIC Interpreter
Instruction Entry and Disassembly
| —Enter mnemonic instruction entry mode
K —Disassemble memory
DisplayiAlter Registers and Memory
" —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 o (byte)
R ~-Display all registers i
M—Display four memory Iocahons stamng at (address)
{SPACE)-—Display. next four memary OC&UOHS ‘ o
{ —Alter current memory location
Manipulate Breakpoints -
# —Clear all breakpoints
4 —Toggle breakpoint enable on/off :
B —Set one to four breakpoint addresses

Control Instruction/Trace

G —Execute user's program = -

Z —Toggle instruction trace mode onmff
V ““Toggle register trace mode on/off -

Control Peripheral Devices
L —Load object ccde mto memory from penpherai S!O
) device .o

D -—Dump object code to penpheral 1O devic

1 —Toggle Tape 1 control on/off -
2 —Toggle Tape 2 control on/off’
3 —Verify tape checksum

CTRL PRINT—Toggle Printer on/of

PRINT-—Print Display contents
Call User-Defined Functions
F1-Call User Function 1

F3-—Call User Function 3~
Text Editor Commands

I —Insert line into text buffer from. Keyboam
K —Delete current line of text - -0 '
(SPACE)—Display current ling of text oo
L —List lines of text fo penpheral lfO devnce Sl

B —Go to bottom line of. tex!y :
F —Find character string

n
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Rockwell AIM 65...more fe

Third-Generation R6500 Microprocessor System
Functional heart of the AIM 65 microcomputer is an R6502
CPU (Central Processing Unit). The high-performance 8-bit
R6502 has 65K-byte memory addressability and the power
of a 86-command, 13-addressing mode, minicomputer-like
instruction set. ’

The R6502 is supported with setected R6500 micro-
processor family devices to implement AIM 65's internal sys-
tem and to provide versatile, used-dedicaled applications’

- interfaces.

An R6522 Versatile Interface Adapter (VIA) provides
AIM B85 users with two Input/Output (1/O) ports, each with
eight lines, an 8-bit serial I/0 port, and access to two on-chip
16-bit interval-timer/event counters.

Broad Applications Options
This I/O capability gives you an amazingly broad range of
applications options. You can easily interface with sensors

6

APPLICATION CONNECTOR

& g

fz el Yz

, Ef R

<f &* =

TELETYPE DUAL AUDIO ¢ ° 4

A S

INTERFACE (GhssEITE o o

. s Y USER.DEDICA

' Re522Via

SYSTEM
AB52ZVIA

PRINTER
INTERFACE

20.COLUMN
ALPHANUMERIC

PRINTER

RE532
RAM-HO-TIMER

,‘-(

OISPLAY
INTERFAL

KEYBOARD
INTERFACE

4-KE
TERMINAL STYLE
XEYBOARD

b B |

and switches to perform item or batch response functions.
You can readily include D-A/A-D converters and pro-
vide audio and other functions in an AIM 65-based system.

(AIM 65 has a nine octave music synthesis capability.)

An Application Note is available so that you can inler-
face AIM 65 to a CRT monitor or TV set.

Ingenious professionals also use AIM 65's inspired soft-
ware to increase its applications potentials. For example, one
engineer uses the Text Editor to list and look up stored tele-
phone numbers so that his AlM 85 functions as an autornatic
telephone dialler.

AlM 85's 10 abilities also allow you to directly hook up
one or two cassetie recorders. One use of cassette recorders
is permanently storing programs you develop for bookkeep-

_ing, home environmental and security control, student edu-

cation, etc. When you want to use your AIM 65 for a special
purpose, you simply load the applicable taped program
into RAM.



fures for professionals.

EXPANSION CONNECTOR

READIWRITE
RAM MEMORY
(1R OR 4K}

- SNB WILSAS

PROMIROM
EXPANSION SOCKETS
YR TO 12Ky

10uLNOD 'YAVE ‘g$$340aY

ADVANCED
INTERACTIVE
MONITOR

8Ky

ixpansion Motherboard Available

‘or System Add-On Modules

asily attached to AIM 85's {ull-bus System Expansion
onnector is a Motherboard with five slots that hold many
tandard and special modules available from Motorola,
wrr-Brown, Rockwell and other manufacturers.

AIM 85's Expansion Connector and Motherboard carry
1e microcomputer's full system bus fines — address, data
nd control--fully buffered to provide ample drive capacity.
ddress decode logic for mapping internal and external
ddresses in 4K-byte increments is provided.

Using the Expansion Connector and/or the Mother-
oard, you can readily enlarge your system to include PROM
rogrammer module, PROM modules, floppy disk controller
wdule, RAM modules and other subsystem modules.

B

Expansion motherboard pi

iugs on to conaegtorn

For developing and prototyping systems, you can add
Prototyping and Personality Boards designed for the
Rockwell SYSTEM 65 (6502 microprocessor) and the
Motorola EXORciser® (6800 microprocessor).

To convert your processor or controller into an intelligent
terminal, you can easily add a Rockwell R24 Modufar
Modem (2400 bps) or slower board modems. This means
you can use your AIM 65 to "talk" over ordinary telephone
fines to other computers or other AIM 65s.

And your AIM 65 is now ready fo let you use the emerg-
ing memory generation - Bubble Domain Memories. Under
available software control, your AIM 65 can address all
128K-bytes of a Rockwell Bubble Memory module, prov;dmg
you with a magnmcent ne dcreciory

BEXCRGser is A registerad ademark of Motorola

.
.
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Rockwell AIM 65...for working

Professionally Written Texts
With your AIM 65, you're sup-
plied with all required explan-
atory and operating documen-
tation.

AIM 65 texts include: 1)
AIM 65 User’s Guide —450
pages; everything you need
to know about operating
your AIM 65 in clear, concise
language. 2) AIM 65 Monitor
Program Listing—118 pages;
a complete commented
listing of AIM 65’s ROM-
resident Monitor software,
with both a symbol table
and a cross-reference index.
3) AIM 65 Summary Card
—pocket size; handy summary of Monitor, Text Editor and
Assembler commands, the System Memory Map, R6522 VIA
and Monitor subroutines. 4) AIM 65 Schematic—A poster-
size circuit diagram. 5) R6500 Programming Manual—260
pages, reference guide to 6502 assembly language pro-
gramming; covers many of the YO and other 6500 family de-
vices. 6) R6500 Hardware Manual—208 pages; reference
guide to the microprocessors, /O and other 6500 devices. 7)
R6500 Programming Reference Card-—pocket size; sum-
marizes all instructions and addressing modes for the 6502
CPU. 8) AIM 65 BASIC Reference Manual—89 pages; a
compiete reference guide. By special arrangement with the
publishers, Rockwell also offers two excellent books to AlM
65 customers, at reducedprices: 1) Microprocessor Systems
Engineering —641 pages. college level textbock by R. C.
Camp, T.A. Smay and C. J. Triska; generally recognized as an
“outstanding text for all seriously interested in acquiring pro-

Rockwell AIM 65 A

Professionally watten texts.

fessional understanding of microprocessing and microcom-
puters. 2) 6502 Software Design 270 pages, tutorial book
by L. J. Scanlon; gives a step-by-step approach to pro-
gramming 6502 microprocessor-based computers in as-
sembly language, with special emphasis on the AIM 65,

Rockwell Keeps You Current

Your purchase of AIM 65 entitles you to become a subscriber
to interactive, a professional newsletter Rockwell publishes
regularly to keep AlM 65 owners up to date on innovative de-
sign ideas, programming shortcuts and other professional
applications data. Subscription price is minimal.

Applications Notes
Rockwell is continually producing Applications Notes which



and learning professionals.

Professional teaching and learning.

are available to AlM 65 owners at no charge. New Applica-
tions Notes will be described in issues of Interactive.
Typical of existing Applications Notes are: "Interfacing KIM-
4 to AIM 65" —Document R6500 N11; “Using KIM-1 Tapes
with AIM 85" —R6500 N19; “Preparing an AIM 65 BASIC Pro-
gram for PROM/ROM Operation”—R6500 N15; "SYSTEM
65 to AlM 65 Interface”~~R6500 N04, “A CRT Monitor or TV
Interface for AIM 65”-—R6500 N12;
AlM 85"—R6500 NOS.

Professional Teaching and Learrifng -
AIM 65 is tops in any class for microprocessor learning. And
its special educational features come at a low price school

budgets can afford. Its on-board printer produces hard =~

copies of exercises for easy checking by studentand instruc-

“R232C ‘interface for

Professional microcomputer davelopment

tor. interactive Monitor software prompts students each step
of the way in learn-through-doing education:. . :

Microcomputer Design Courses

Rockwell offers 6500 microcomputer design courses that
include using the AIM 65. For delails, schedules, locations,
contact Rockwell Offices—see back cover of this brochure:

. Professional Mtcrocumputer Development

Now for a few hundred dollars—instead of many thousands :
—AIM 65 functions as a complete programming and system
development aid. Pe{sonality modules are available. You can
develop your program in RAM, store it on tape or floppy disk
for debugging and prototypmg thentransfer it into PROM for

field t estmg
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Rockwell AIM 65...1o»

Process control and management, chemical mixing and
control, test equipment and instrumentation, data logging
and computing...AIM 65 as a "bare-board” microcom-
puter is already being used in an astonishing variety of work
assignments.

For a few hundred dollars, the “bare-board” AIM 65
gives you dedicated or programmable controllers or process-
ing systems that duplicate functions now being performed
with minicomputers costing thousands of dollars.

And today the "bare-board” AIM 65 has proved to be
economically feasible as the implementing system of control
and processing products designed for low-volume use.
(100 units a year is a generalized rule of thumb, but do your
own calculations.)

Rockwell's Applications Engineers will be happy to con-
sult with you on contemplated programs. Call the nearest
Rockwell Office listed on the back cover of this brochure.

Bare-Board AIM 65 Is Now Being Used in Low-Volume
Products Like:

Electronic Components Testers  Radio Burst Testers
Energy Management Systems Machine Tool Controllers
Card and Badge Readers Digital Plotting Systems
Chemical Mixing Controllers Coin Counters

Hotel Wake-Up Systems Medical Equipment
Manufacturing Controllers Postal Scales

Industrial Appliance Controllers  Label Printers

AIM 65 Lets Professional Imaginations Fly but Keeps
Product Costs on the Ground...



professional work.

Designed in Days instead of Months...Costing Hundreds instead of
Thousands of Dollars... AIM 65-based Systems Record, File, Retrieve,
Analyze, Compare Data...Monitor and Control Processes and Operations

(2o e e w—

Programmable Process Controiler.

AIM 65

The Professional’s
Microcomputer...

more of the power in
ROCKWELL MICROPOWER

RN
KRR
WY

AlM 85 with a milfion bits of . AIM 65 puts a roomfull of computing
Rockwell bubble memory power in your hands
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DQCUMENT NO. 29650 N57
MAY 1979

PART NUMBER
A65-009

R6500 Microcomputer System
PRODUCT DESCRIPTION

AIM 65 EXPANSION MOTHERBOARD

OVERVIEW

The AIM 65 Expansion Motherboard (Part No. A65-009) is used
to extend the AIM 65 system bus to external add-on modules. Its
five on-board connectors support all modules designed for Rock-
well’'s SYSTEM 65 or Motorola's Exorcisor® , as well as other
modules offered by Rockwell, Motorola, Burr-Brown and a variety
of other manufacturers.

The AIM 65 system bus lines (address, data and control) are
buffered to provide ample drive capability. Address decode logic
for mapping internal and external addresses in 4K-byte increments
is also provided.

® "Exorcisor’ is a registered trademark of Motorola, Inc.

FUNCTIONAL DESCRIPTION

In reading the following text, refer to the attached schematic,
PA00-X143.

The Address Bus lines A0-A15 and Control Bus lines 82, SYNC,
R/W and @1 from the AIM 65 are buffered with 8T97 devices
23, Z4, Z5 and Z6. The Data Bus lines DO-D7 are buffered and
inverted with 8T26A devices 21 and Z2. The address, data and
R/W lines are controlled by the external DMA line. If DMA is
high, the address, data and R/W buffers are enabled 1o drive. If
DMA is low, these buffers are placed in the off state, allowing an
external controller to drive the address, data and R/W lines. The
remaining buffered lines, 1, 02 and SYNC, are unaffected by the
state of DMA,

Control lines RDY, RES, NMI, IRQ and S.0. are unbuffered, but
are brought directly to the AIM 65 Expansion Connector.

FEATURES
Address decoding is provided on the AIM 65 Expansion Mother-

. board. Device Z10 {SN74159) is used to decode the four high-
® AIMGS5bus exPaHSIO" i order address lines, A12-A15. The one-of-16 outputs are con-
® Accepts up to five compatible modules nected to a set of 16 switches, S1 and S2. When one or more of :
® Address selection in 4K-byte increments the switches are closed/opened, the decode logic (211, Z7, 28 and H
® System bus lines are fully buffered 29} enables/disables Data Bus drivers Zt and Z2. The R/W line
e DMA logic provided determines the direction of data flow.

QHVOSHIHLOW NOISNVdX3 59 IV

AIM 65

MICRO-
. COMPUTER

(©) Rockwell International Corporation 1979
All Rights Reserved,
Printed in U.S.A.

Specifications subject to
change without notice
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.SWITCHES AND JUMPERS
Internal/External Address Selection Switches

Sixteen switches on the AIM 65 Expansion Motherboard permit the
user to define whether each 4K-byte portion of the system address
space is internal or external to the AIM 65. When a switch is set to ON,
its corresponding 4K address range is externa! (i.e., on the AIM 65
Expansion Motherboard). Conversely, when a switch is set 1o OFF,
its corresponding 4K address range is internal {i.e., on the AIM 65
Microcomputer). Table 1 shows the address range corresponding to
each switch on the Expansion Motherboard.

CAUTION
Be carefut in assigning external address space,
since it may conflict with internal functions of

the AIM 65, See'Section 7.3.2 of the AIM 65
User's Guide for AIM 65 address assignments.

Table 1. Address Selection Table

Switch Address Range (Hex)

§21 0000 to OFFF
1000 to 1FFF
2000 to 2FFF
3000 to 3FFF
4000 to 4FFF
5000 to 5FFF
6000 to 6FFF
7000 to 7FFF

OUdh bR

St 8000 to BFFF
9000 to 9FFF
AQ000 to AFFF
BOOO to BFFF
CO0Q0 to CFFF
D000 to DFFF
EO0O0O to EFFF

SRNOAOOID

FOOO to FFFF

DC Power Selection Jumpers

Power for the AIM 65 Expansion Motherboard can be supplied in either
of two ways. For add-on modules with current requirements of less
than 0.5 amp, the DC power (+5, +12 and -12 Vdc) brought in on
AIM 65 Expansion Connector J3 is adequate. For higher current
requirements, DC power should be supplied through Expansion Con-
nector power strip TB1, and Jumpers W1 (+5 Vde), W2 (+12 Vdc)
and W3 (-12 Vdc) should be removed.

$2
CLOCK
JUMPER
(wa)

DC POWER
SELECTION
JUMPERS
w1, w2, wa)

T
e bt naa b R i

92 Clock Jumper

AIM 65 Expansion Motherbeard connectors J2 through J6 provide
the 02 clock on Pin J. This clock signal can be optionally provided on
Pin L as well, by installing Jumper W4 on the Expansion Motherboard.

INSTALLATION

The following procedure should be used to install the AIM 65 Expan-
sion Motherboard onto the AIM 65 Microcomputer:

1. Mount the ten supplied card guides on the AIM 65 Expansion
Motherboard with the screws provided (two screws per guide},
with one card guide on each end of connectors J2 through J6.

2. The kit includes five self-adhesive rubber feet. Install a rubber
foot in each corner of the Expansion Motherboard, and one foot
in the center.

3. Remove jumpers W1, W2 and W3, if required. See DC Power
Selection Jumpers.

4. Certain add-on modules access the 02 clock on Pin L.
Jumper W4 if your add-on modules have this requirement.

Install

5. Connect Expansion Motherboard Connector P1 to AIM 65 Expan-
sion Connector J3.

CAUTION

Never install or remove the AIM 65 Expansion

Motherboard or add-on modules with system
power on. It may cause damage to the AIM 65,
the Expansion Module or the add-on module.

6. Install the add-on modules into any of the slots on the AIM 65
Expansion Motherboard, J2 through J6, with the component
side of each add-on module facing the AIM 65.

7. Configure address selection Switches S1 and S2, as appropriate
to your system. See Internal/External Address Selection Switches.

8. Apply power to the AIM 65 and, if required, to the AIM 65
Expansion Motherboard.

4537 #40Q-0°¢0:

CARD
GUIDES

ADDRESS SELECT
SWITCHES



USING MULTIPLE EXPANSION MOTHERBOARD

Edge connector J1 on the AIM 65 Expansion Motherboard permits
you to install additional Expansion Motherboards in your system,
The pinouts on J1 are the same as on P1, except that the Data Bus sig-
nals are inverted on J1. Therefore, on each additional Expansion
Motherboard the socketed Data Bus driver devices, Z1 and Z2, must be
replaced with the 8T28 noninverting drivers before installing those
Expansion Motherboards in the system.

Further, address selection switches S1 and S2 on the first Expansion
Motherboard must have all external address ranges of its own, as well
as all subsequent modules, selected. Similarly, the second Expansion
Motherboard must have all external address ranges of its own and sub-
sequent modules selected, and so on.

For example, consider a system with three AIM 65 Expansion Mother-
boards. In this system, addresses $4000 through $4FFF are dedicated
to devices on Expansion Motherboard #1 (the Module connected to the
AIM 65), addresses $7000 through $8FFF are dedicated to devices
on Expansion Motherboard #2 and addresses $9000 through S9FFF
are dedicated to devices on Expansion Motherboard #3. The switch
settings for the three Expansion Motherboards are as follows:

e On Expansion Motherboard #1, Switches $2-5, $2-8, S1-8 and
§1-7 must be ON; all other switches must be OFF,

® On Expansion Motherboard #2, Switches S2-8, S1-8, and $1-7
must be ON; all other switches must be OFF.

e On Expansion Motherboard #3, Switches S1-7 must be ON; all
other switches must be OFF.

EXPANSION MOTHERBOARD PIN
ASSIGNMENTS

Connectors P1 and J1

Connector P1, the interface to the AIM 65 microcomputer, is a 44-pin
connector with pin assignments given in Table 2.

The same bus signals are extended out to Edge Connector J1 on the
AIM 65 Expansion Motherboard except that the Data Bus signals DO
through D7 _on connector pins 15 through 8 are presented in inverted
form (DO-D7) on Connector J1.

Connectors J2 through J6
Table 3 shows the pin assignments for Connectors J1 through J6 on

the AIM 65 Expansion Motherboard. Unused pin locations are inter-
connected on Connectors J2 through J6.

Table 2. Pin Assignments for Connector P1

PIN SIGNAL PIN SIGNAL
22 GND z RAM R/W
21 +5V Y a2

20 TSA X TEST
19 Cs9 w R/W

18 Css v SYS R/W
17 +12v U SYS 02
16 12V T A15

15 DO s Al4

14 D1 R A13

13 D2 P A12

12 D3 N A1l

1 D4 M A10

10 D5 L A9

9 D6 K A8

8 D7 _ J A7

7 RES H A6

6 NMIT F A5

5 s.0. 3 A4

4 iRQ D A3

3 @1 c A2

2 RDY B A1

1 SYNC A AO

wn
o
=

<

Table 3. Pin Assignments for Connectors J2-J6

Pin No. Name Pin No. Name Pin No. Name : Pin No. Name
1 +5 VDC 23 A +5 VDC A SYNC
2 +5 VDC 24 GND B +5 VDC B GND
3 +5VDC 25 c +5 VDC T s.0.
4 26 GND D RQ D DMA
5 RES 27 RDY E NMIT E
6 R/W 28 wp7* F F
7 01" 29 D1 H GND H 3]
8 GND 30 bs J 02 J D7
9 GND 31 D0 K GND I3 D2
10 32 04 L (02)** T D6
11 -12vDC 33 A15 M 112 vDC M Al4
12 34 A12 N N A13
13 35 AN [ P A10
14 36 A8 R R A9
15 37 A7 s s A6
16 +12 VvDC 38 A4 T +12vDC T A5
17 39 A3 U U A2
18 40 A0 v v Al
19 wP4* a1 GND w W GND
20 wes* 42 GND X wP1* X GND
21 43 GND Y WP3* Y GND
22 wpe* z wp2*
*Tied directly to ground, disabling write-protect feature.
**1f jumper W4 installed.
***3K pull-up RESISTOR to +5 VDC.
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SPECIFICATIONS

Motherboard Dimensions: 11.3in.x 8.95in.

Expansion Capacity: Five modules

Interfaces: AIM 65 and SYSTEM 65 compatible
Edge Connectors: 44 pins on 0.156 in. centers
Expansion Connectors: 86 pins on 0.156 in. centers
Operating Temperature: 0°C to +70°C

Power Requirements (Module Only): +5 Vdc £5% @ 0.8 amp

LOGIC LEVELS

og E Tp=0%Ct0470°C, V(o = +5V £5% '
§ § % Characteristic Symbol Min Max Unit Conditions
< Inputs
A0-A15, DO-D7, 02, @1, SYNC, R/W ViL 08 Vv ||L = -400 pA
DO-D?7 VIH 2.0 VCC \% IlH = 40 uA
Outputs
DO0-D7 VOL 0.5 A\ IOL = 20ma
VOH 24 \ 'OH = 2mA
D0-D7 VOL 0.5 \ |OL = 48 ma
Von 24 Y 'OH = 10ma
A0-A15, 02, 01 VOL 0.5 \ IOL = 48 ma
SYNC, R/W VOH 24 v IOH = -5.2ma




PART NUMBER
A65-901

AIM 65
DATA SHEET

AIM 65 PROM PROGRAMMER AND
CO-ED MODULE

The AIM 65 PROM Programmer and CO-ED Module

(A65-901) programs 1K-, 2K-, and 4K-byte PROMs
that can be installed in the AIM 65 or in a Microflex 65
16K PROM/ROM Module. The PROM Programmer
provides check, program, verify and read functions.

The utility of the Module is enhanced through the in-
cluded Object Code Editor {CO-ED). CO-ED allows you
to edit object code in much the same way as you can
edit source code for the AIM 65 Assembler, using AIM
65's Text Editor. With CO-ED, patches can be made
directly in your program without having to go through
the time-consuming process of re-assembling.

The AIM 65 PROM Programmer and CO-ED Module
also supports data load, verify and dump with offset
functions. And the Module plugs directly into the AIM
65 Expansion Connector.

FEATURES

e Plugs directly onto the AIM 65 Expansion Connector

@ Programs the following 5 volt PROMs (or equivalents):
— Intel 2758, 2716 and 2732
— TI TMS 2508, 2516 and 2532

@ Provides programming functions to check, program,
verify and read PROM

e Includes utility functions to load, verify, dump, fill and
and invert memory

e Incorporates object code editor (CO-ED) functions to
control program pointers; search for operands, jumps/
branches and strings; and to modify instructions with
automatic address adjustment

o 1K bytes of Static RAM are included to allow single-
pass programming of a 4K-byte PROM when used with
a 4K RAM version of AIM 65

o Zero insertion force (ZIF) socket for PROM being
programmed ' '

@ On-board DC/DC Converter allows +5V-only operation

o Fully assembled, tested and warranted

31NAOW a3-020 GNV‘HBWWVHSOHd INOYd S9 NIV -
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FUNCTIONAL DESCRIPTION

The R6520 Peripheral Interface Adapter (PI1A) is the primary
interface device between the AIM 65 Expansion Connector
and the 24-pin Zero Insertion Force PROM socket and control

..gircuits. During PROM programming, PROM address, PROM

data and programming control signals are transmitted to the
PIA on the AIM 65 Expansion Connector data lines, During
PROM check, verify and read operations, only PROM address
and control signals are issued to the PIA from the AIM 65.

Four PIA 1/O Lines carry the most significant address signals
to the PROM. Eight other PIA 1/0O lines multiplex the PROM
data and least significant address signals. One output line con-
trols the Tri-State Data Latch. Five other PIA 1/O Lines con-
trol the Power Switches.

During PROM programming, PROM data is transferred to the
tri-state Data Latch, which drives the latched data to the
PROM. The PROM address is then sent to the PROM on the
eight multiplexed data/address lines and the four dedicated
address lines. The Power Switches are then turned on to
apply the proper voltage levels for the required time duration
to transfer the B-bits of data into one PROM location. The
process is repeated until the specified PROM address range
is fully programmed. The tri-state Data Buffer is disabled
during programming.

CONNECT TO AIM-65
EXPANSION CONNECTOR

During PROM read operations, the PIA sets the address lines
to the PROM. The tri-state Data Buffer drives the PROM data
onto the AIM 65 Expansion Connector data lines. The Data
Latch is disabled at this time,

The Power Switches drive +5V or +26V onto three PROM
socket programming lines depending on the PROM type
selected.

The 4K R2332 ROM contains the PROM Programmer and
CO-ED firmware.

1K bytes of on-board RAM are provided for use by the PROM
Programmer and CO-ED software. The RAM is mapped from
$1000-$13FF to provide contiguous addressing from the top
of a 4K RAM AIM 65.

The Address Decode circuitry generates individual chip select
signals to the RAM, ROM, PIA and the Data Buffer.

The PROM Programmer and CO-ED Module may be powered
from the AIM 65 or from an external +5V power supply. A
DC/DC Voltage Converter generates +30V from +5V. The
+30V is regulated to +26V for on-board use. The +30V may be
connected to an external power supply to minimize current
drain on the +5V supply.

2, 1,
> /
2 4 10 ax
7> ;22:;:5 a #»{ R2332
6 , | 8 AOM
7 —
1
41 DATA B
8 BUFFER -
A [TRISTATE}
11 -
7 1,
2 1 VA BYE
i L 8,
CHIP SELECT + o 8 LATCH y
P
5 3 A= (TRISTATE)
CLOCK AND + ”; asAszn [ .
CONTROL % 4 Pl /| 2aeN
ADDRESS| - + -+ a, PROM
<2 8 , 7 2IF
DATA , + 5 SOCKET
-
1, POWER 30
8 . 4 SWITCHES
+—> 1
—0, 8 1«
’ 2114
4t  RAM
1 e
7
PagadS +5V TO +30V +26V
+5V 9 A O— DC/DC ] VOLTAGE
B) CONVERTER REGULATOR
v
GND >
6 & 6 4
A 8 c D
+5V GND GND +30V

AIM 65 PROM Programmer and CO-ED Module Block Diagram



AIM 65 E ion C Pin Assig

Top (Component Side) Bottom (Solder Side)
Signal Input/ Signal Input/
Mnemonic Signal Name Output Pin Pin Mnemonic Signal Name Output
SYNC *Sync o 1 A A0 Address 8it 0 1
RDY *Ready ' 2 8 A Address Bit 1 1
o1 *Phase 1 Clock o 3 c A2 Address Bit 2 1
TRQ *Interrupt Request | 4 5] A3 Address Bit 3 [}
S.0. “Set Overflow [ 5 E A4 Address Bit 4 i
NMT *Non-Maskable Interrupt 1 6 F A5 Address Bit 5 |
RES Reset ' 7 H A6 Address Bit 6 !
o? Data Bit 7 110 8 ] A7 Address Bit 7 1
06 Data Bit 6 110 9 K A8 Address Bit 8 1
D5 Data Bit 5 1/0 10 L A9 Address Bit 9 t
D4 Data Bt 4 110 n M A10 Address Bit 10 0
D3 Data Bit 3 110 12 N Al Address Bit 11 '
02 Data Bit 2 110 13 3 A12 Address Bit 12 )
ot Data Bit 1 110 14 R A13 Address Bit 13 1
DO Data Bit 0 1/0 15 s A4 Address Bit 14 l =
-12v 12 Vde 16 T A15 Address Bit 15 1 BSo~
t12v *+12vde 17 u SYS 92 System Phase 2 Clack o £3SE
T58 Chip Select 8 o 18 v SYS RAW System Read/Write o <=2
cso Chip Select 9 o 19 w RAN Read/Write “Not™* o =1
CsA “Chip Select A o} 20 X TEST Test [}
+5V +5 Vde 21 ¥ 32 Phase 2 Clock “'Not” o
GND Ground 22 z RAM R/W RAM Read/Write [}

NOTE:

° = Not used on this module.

PROM Programmer Commands

Category Command Function
ENTRY/EXIT F1 ENTER PROM PROGRAMMER
F2 RE-ENTER PROM PROGRAMMER
ESC ESCAPE TO MONITOR
BASE ADDRESS B PROM BASE ADDRESS
[o} RAM BASE ADDRESS
PROM c CHECK PROM
P PROGRAM PROM
\Y VERIFY PROM
R READ PROM
MEMORY L LOAD MEMORY
T VERIFY MEMORY
2 DUMP MEMORY
M FILL MEMORY
1 INVERT MEMORY
RECORDER CONTROL 1 TOGGLE RECORDER CONTROL LINE 1 ON/OFF
2 TOGGLE RECORDER CONTROL LINE 2 ON/OFF
CO-ED Commands
Category Command Function
ENTRY/EXIT F3 ENTER CO-ED
/ EXIT CO-ED
ESC ESCAPE TO MONITOR
POINTER CONTROL w LOCATE PROGRAM
T MOVE TO TOP OF PROGRAM
8 MOVE TO BOTTOM OF PROGRAM
V] MOVE UP ONE INSTRUCTION
») MOVE DOWN ONE INSTRUCTION
G GO TO ADDRESS
X EXCHANGE POINTERS
SEARCH F FIND AN OPERAND
J FIND JUMPS AND BRANCHES
S FIND A STRING
PROGRAM MODIFICATION 1 INSERT AN INSTRUCTION
$ STRIKEOUT AN INSTRUCTION
A ADJUST INSTRUCTION BLOCK
c CHANGE INSTRUCTION
M MOVE INSTRUCTION/DATA BLOCK
R RELOCATE
UTILITY ! FILL MEMORY
K DISASSEMBLE MEMORY




PROM Programmer and CO-ED Module Physical
and Electrical Characteristics

Characteristic Value

Dimensions

Width 4.4in. (111 mm)
Length 6.3 in. (160 mm)
Height 0.75 in. (19 mm)
Weight 5.3 0z. (150 g)
Environment
Operating Temperature 0°c to 70°C
Storage Temperature -40°C 10 85°C
Relative Humidity 0% to 85% (without condensation)

Power Requirements

With DC/DC Converter +5V £5%, 1.1 A (B5W)  — Maximum
Without DC/DC Converter +5V £6%, 0.75 A {3.75 W) — Maximum
+30V £5%, 0.04A (1.2 W) — Maximum
Memory Map
User RAM: $1000 — $13FF
1/0: $8800 — $8FFF

ROM: $9000 — $9FFF




Implement Your Designs with . ..

‘l‘ Rockwell

AIM 65 FORTH

~

.

» APPLICATION ORIENTED

+ EXTENSIBLE LANGUAGE

« OVER 200 PRE-DEFINED FUNCTIONS
+ INTERACTIVE COMPILATION

« ROM RESIDENT

» REVERSE POLISH NOTATION

« COMPACT MEMORY USAGE
« HIGH SPEED EXECUTION

- EASY DEBUGGING

» STACK IMPLEMENTATION

» SHORTENS SOFTWARE DEVELOPMENT TIME
« BUILD-IN STRUCTURED ASSEMBLER

\
_/

( AIM 65 Forth is a unique programming language that is weli suited to a va-
riety of applications. Because it was originally developed for real-time con-
trol applications, Forth has features that make it ideal for machine and pro-
cess control, energy management, data acqunsmon, automatic tesung,
robotics and other applications where was p
considered to be the only possible language choice.

Forth vs. Other Languages

Forth actually provides the best of two worlds. It has the looping and
branching constructs of high-level languages (DO. . .LOOP, BEGIN. ..
END, IF...THEN and IF . . . ELSE . . . THEN) and the code efficiency of
machine and assembly languages. And prog will be pléased to
know that Forth allows you to specify addresses, operands and data in hex-
adecimal, octal, binary or any other number base from two to 40—a distinct
advantage over languages like Basic, where all information must be in
decimal.

In most time-critical applications, at least part of the program must be writ-
ten in assembly language. AIM 65 Forth has a built-in 6502 macro assem-
bler, and lets you drop into assembly language at almost any point in your

without bly and load steps or awkward machine
level linkage. Forth programs typlcally run up to ten times faster than other
interpretive languages, and can even approach the speed of machine lan-
guage programs for some applications.

Developing Forth Programs

Forth is built on subroutine-like functions, called “words."” These words are
linked together to form a “dictionary,” which is the central core of the lan-
. guage. Writing a program in Forth consists of using several predefined
words to define each new word. Once the new word has been added to the
system dictionary, it becomes as much a part of the language as any other.
word that has been previously defined. In this way new features and exten-
sions can be added by simply defining one or more new words. Adding new
f al languages like Basic or Pascal mqulres the lan-
guagesystemlobe pletely bled or p

Forth is a stack-oriented language, and is p d in Reverse Polish
Notation (RPN), the notation that is used in Hewlett-Packard scientific cal-
culators. Using a data stack is an extremely efficient way oi passlng vark
ables back and forth b 1 0p A data stack the need
to tie up memory locations with variable tables, and allows you to use only
as much memory -as you need.

A Forth Example Program N\

As an example of a Forth application, suppose we have a chemical pro-
cessing plant that includes two holding tanks that pump into a mixing tank.
When the mixing tank ig full, both pumps must shut off and allow the liquid
to mix for ten minutes. Here's a block diagram of this part of the system:

-

Holding Holding .
Tank #1 Tank #2
Pump #1 Pump #2
Mixing Tank

The functional steps needed to perform the operation are:
. Start Pump #1

. Start Pump #2

. Wait until the Mixing Tank is full

. Stop Pump #1

. Stop Pump #2

. Mix for 10 minutes

o O s WN =

With the major operations now defined, we can begin writing our Forth pro-
gram. Let's call the program MIX-BATCH. It would look like this:

: MIX-BATCH

Forth programs are developed using “top-down/b +up” q START-PUMP1

That is, the programmer begins by g the prog in very g ) START-PUMP2

terms, then systematically breaks these definitions down into more and

more detailed sub-modules. When the lowest levels of sub-modules have WAIT-TIL-TANK-FULL

been defined, he starts coding, in Forth, at those levels, working back up STOP-PUMP1

toward the top of the program in pyramid fashion. Each sub-module is a

stand-alone of the program, and can be completely debugged STOP-PUMP2

without having the complete pvogram in the system. This type ‘of software FOR-10-MINUTES

development is difficult, if not impossible, to do with most other high-level .

languages. MIX ; )
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@Jlice how similar this program is to our functional breakdown. It's also
very readable. The colon () tells Forth that we are defining a new word;
MIX-BATCH, in this case. The semicolon (;) on the last line, after MIX, in-
dicates the end of the definition. The words between MIX-BATCH and the
semicolon represent the operations that will be performed when the word
MIX-BATCH is executed. All of these words—START-PUMP1, START-
PUMP2, WAIT-TIL-TANK-FULL and so on—must have been previously de-
fined using AIM 65 Forth words or other, user-defined words,

For instance, START-PUMP1 may be constructed from two general input/
output control words for the AIM 65's user-dedicated R6522 VIA, as
follows:

: START-PUMP1  PORTB1=0OUTPUT SET-B1=HIGH :
In this definition, PORTB1=0UTPUT establishes Bit 1 of the VIA as an out-

put and SET-B1=HIGH sets the output 10 a +5V level, which turns on the
@np motor. Either of these words (or any other Forth words) could be de-

fined in either Forth or assembly language. Existing assembly language
programs and subroutines may be directly used by Forth.

What You Get With AIM 65 Forth

AIM 65 Forth is contained on two 4K ROMs, which plug into sockets on the
AIM 65 board. Because Forth uses memory and VO so efficiently, complex
programs can be developed on AIM 65 with just 4K bytes of RAM and one
cassette recorder. Forth also comes with a complete and easy-to-use ref-
erence manual. For more information, or to order AIM 65 Forth (Part No.
A65-050), contact

Marketing Services
ROCKWELL INTERNATIONAL
P.O. Box 3669, RC55
Anaheim, CA 92803

or call B00/854-8099 (in California, 800/422-4230).
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16-bit signed number on the stack
32-bit signed number on the stack
16-bit unsigned number on the stack

wowen

STACK MANIPULATION

bupP Duplicate top of stack.

2DupP Duplicate top two stack items. .

DROP Delete top of stack.

2DROP Delete top two stack items.

SWAP Exchange top two stack items.

OVER Copy second item to top.

ROT Rotate third item to top.

-bupP Duplicate only if non-zero.

>R Move top item to return stack.

R> Retrieve item from retum stack.

R Copy top of return stack onto stack.

PICK Copy the nth item to top.

SP@ Return address of stack position.

RP@ Return address of return stack pointer.

SO Return address of pointer to bottom of stack.

BOUNDS Convert “address count” to “end-address
start-address.”

S Print contents of stack.

NUMERIC REPRESENTATION

DECIMAL Set decimal base.

HEX Set hexadecimal base.
BASE Set number base.
DIGIT Convert ASCII to binary.
0 The number zero.

1 The number one.

2 The number two.

3 The number three.

COMPARISON OPERATORS

< True if n1 less than n2.
> True if n1 greater than n2.
= True if top two numbers are equal.
o< True if top number negative.
= True if top number zero.
U< True if ul less than u2.
NOT Same as 0=.

(- AIM 65 FORTH WORDS

(n1 is the deepest value).
(d1 is the deepest value).
(u1 is the deepest value).

J

ARITHMETIC AND LOGICAL

+ Add.

D+ Add double-pracision numbers.

- Subtract (n1-n2).

* Multiply.

/ Divide (n1/n2).

MOD Modulo (i.e. remainder from division).

/MOD Divide, giving remainder and quotient.
*/MOD Muitiply, then divide (n1°n2/n3), with double
intermediate.

*/ Like */MOD, but give quotient only.

U Unsigned multiply leaving double product.

v/ Unsigned divide.

M Signed multiplication leaving double product.

M/ Signed remainder and quotient from double
dividend.

M/MOD Unsigned divide leaving double quotient and
remainder from double dividend and single
divisor.

MAX Maximum.

MIN Minimum.

+- Set sign.

D+- Set sign of double-precision number.

ABS Absolute value.

DABS Absolute value of double-precision number.

NEGATE Change sign.

DNEGATE Change sign of double-precision number.

§->D Sign extend to double-precision number.

1+ Increment value on top of stack by 1.

2+ Increment value on top of stack by 2.

1- Decrement value on top of stack by 1.

2- Decrement value on top of stack by 2.

AND Logical AND (bitwise).

OR Logical OR (bitwise).

XOR Logical exclusive OR (bitwise).




DO...LOOP
DO... +LOOP
|

LEAVE

BEGIN. .. UNTIL
BEGIN. .. WHILE

... REPEAT
BEGIN. .. AGAIN
IF...THEN

IF.. . ELSE...THEN

INPUT-OUTPUT

CR
SPACE
SPACES

?TERMINAL
KEY

EMIT
EXPECT

WORD

IN
HOLD
BAUD
BL

C/iL

TiB
B/SCR
QUERY
ID.

MEMORY
@

!

c@

C!
2
+!
CMOVE
FILL
ERASE
BLANKS

TOGGLE

N

AIM 65 FORTH WORDS (con’t) )

CONTROL STRUCTURES

Set up loop, given index range.

Like DO ... LOOP, but adds stack value to
index.

Place cumrent index value on stack.

Terminate loop at next LOOP or +LOOP.

Loop back to BEGIN until true at UNTIL.

Loop while true at WHILE; REPEAT loops
unconditionally to BEGIN.

Unconditional loop.

If top of stack true, execute following clause
THEN continue; otherwise continue at
THEN.

If top of stack true, execute ELSE clause
THEN continue; otherwise execute following
clause, THEN continue.

Carriage return.

Type one space.

Type n spaces.

Print text string (terminated by ").

Dump n2 words starting at address.

Type string of n1 characters starting at
address n2.

True if terminal break request present.

Read key, put ASCII value on stack.

Output ASCII value from stack.

Read n1 characters from input to
address n2.

Read one word from input stream, until
delimiter.

User variable contained within TIB.

Waits for KEY.

Set BAUD rate.

Output a SPACE character.

Number of characters/line.

Pointer to terminal input buffer start address.

Number of blocks/editing screen.

Input text from terminal.

Print <name> from name # field
address (nfa).

Fetch value addressed by top of stack.

Store n1 at address n2.

Fetch one byte only.

Store one byte only.

Print contents of address.

Add second number on stack to contents of
address on top.

Move n3 bytes starting at address n1 to area
starting at address n2.

Put byte n3 into n2 bytes starting at
address ni1.

Fill n2 bytes in memory with zeroes, beginning
at address nt.

Fill n2 bytes in memory with blanks, beginning
at address n1.

Mask memory with bit pattem.

OUTPUT FORMATTING

NUMBER Convert string at address to double-precision
number.

<# Start output string.

# Convert next digit of double-precision number
and add character to output string.

#S Convert all significant digits of double-
precision number to output string.

SIGN Insert sign of n into output string.

#> Terminate output string (ready for TYPE).

HOLD Insert ASCII character into output string.

HLD Hold pointer, user variable.

—-TRAILING Suppress trailing blanks.

.LINE Display line of text from mass storage.

COUNT Change length of byte string to type form.

Print number on top of stack.

.R Print number n1 right justified n2 places.

D. Print double-precision number n2 nt.

D.R. Print double-precision number n2 n1 right
justified n3 places.

DPL Number of digits to the right of decimal point.

MONITOR & CASSETTE l/O

coLb AIM 65 FORTH cold start.
MON Exit to AIM 65 Monitor.
mTY Switch: true = TTY; false = KB.
CHAIN Chain tape file.
CLOSE Close tape file.
2IN Set to active input device (AID).
20UT Set to active output device (AOD).
GET Input a character from the AID.
PUT Output a character to the AOD.
READ Input n2 characters from AID to address n1.
WRITE Output n2 characters to AOD at address n1.
SOURCE Compile from the AID.
FINIS Terminate compile from SOURCE.
-CR Output CR to printer only.
VIRTUAL STORAGE
LOAD Load mass storage screen
(compile or execute).

BLOCK Read mass storage block to memory address.
B/BUF System constant giving mass storage block
size in bytes.

BLK System variable containing current block
number.

SCR System variable containing current screen
number.

UPDATE Mark iast buffer accessed as updated.

FLUSH Write all updated buffers to mass storage.

EMPTY-BUFFERS Erase all buffers.

+BUF Increment buffer address.

BUFFER Fetch next memory buftfer.

RW User read/write linkage.

USE Variable containing address of next buffer.

FIRST Leaves address of first block buffer.

OFFSET User variable block offset to mass storage.

PREV Variable containing address of latest buffer.

_J
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AIM 65 FORTH

MISCELLANEOUS AND SYSTEM

( <comment> )
IN

LiMIT
QuIt

Begin comment (terminate by right
parentheses on same line).

System variable containing offset into input
butfer.

Top of memory.

Clear return stack and return to terminal.

COMPILER-TEXT INTERPRETER

—
S
COMPILE
LITERAL
DLITERAL

EXECUTE

DICTIONARY CONTROL

FORGET
HERE

ALLOT
TASK
—FIND
oP

c

PAD

DEFINING WORDS

: <name>
i/AFRIAE!LE <name>
CONSTANT <name>
CODE <name>

;CODE
<BUILDS ... DOES>

CREATE
USER

Interpret next screen.

Stop interpretation.

Compile following <name>> into dictionary.

Compile a number into a literal.

Compile a double-precision number into a
literal.

Execute the definition on top of stack.

FORGET all definitions from <name> on.

Returns address of next unused byte in the
dictionary.

Leave a gap of n bytes in the dictionary.

A dictionary marker. .

Find the address of <name> in the dictionary.

Search dictionary for <name>.

User variable containing the dictionary pointer.

Store byte into dictionary.

Compile a number into the dictionary.

Pointer to temporary buffer.

Begin colon definition of <name>.

End colon definition.

Create a variable named <name> when initial
value n; returns address when executed.

Create a constant named <name> with value
n; returns value when executed.

Begin definition of assembly-language
primitive operation named <name>.

Used to create a new defining word, with
execution-time “code routine” for this data
type in assembly.

Used to create a new defining word, with
execution-time routine for this data type in
higher-level FORTH.

Create a dictionary header.

Create a user variable.

WORDS (con’t)

VOCABULARIES
CONTEXT

CURRENT

FORTH

ASSEMBLER
VOCABULARY <name>
VLIST

VOC-LINK

SECURITY

ABORT
ERROR
MESSAGE
WARNING
FENCE
WIDTH

PRIMITIVES

OBRANCH
BRANCH
PUT
ENCLOSE
RO

RP!

SO

SP!

NEXT

Retumns address of pointer to CONTEXT
vocabulary.

Returns address of pointer to CURRENT
vocabulary.

Main FORTH vocabulary.

Assembler vocabulary.

Create new vocabulary.

Print names of all words in CONTEXT
vocabulary.

Most recently defined vocabulary.

Error; operation terminates.

Execute error notification and restart system.
Displays message.

Pointer to message routine.

Prevents forgetting below this point.
Controls significant characters of <name>.

Run-time conditiona! branch.

Run-time unconditional branch.

Stores registers and jumps to next.

Text scanning primitive used by WORD.
Location of retum Stack.

Initializes return Stack.

Initial value of stack pointer.

Initialize stack pointer.

The FORTH virtual machine.



Software Development is Fast and Easy With...

‘l‘ Rockwell

PL/65

A High-Level Language

for the

AIM 65 Advanced Interactive Microcomputer

o PL/65 Resembles PL/1 and Algo!

e PL/65 ROMSs Plug into AIM 65 Board

o Generates 6500 Assembly Language, for Post-
Compilation Editing and Assembling

Efticiency

e Upward-Compatible With System 65 PL/65

o Has Control Structures for Conditional and Iterative
Looping

o Drop Down to Assembly Language, For Optimal Coding

In Rockwell's AIM 65, you have not only a low-cost, general-purpose
microcomputer, but also the basis for a cost-efficient, low-end development
system. By coupling AIM 65 with the advanced PL/65 Compiler option
(Rockwell Part No. A65-030), you're even further ahead with valuable
savings in time, effort and cost.

Resembling PL/1 and ALGOL in general form, PL/65 is designed to improve
your productivity and efficiency by simplifying the overall software
development effort.

The coding is easier, since PL/65’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 PL/65.
This results in programs that are easier to understand. These programs are
easier to update, too, which means lower maintenance costs.

PL/65 = 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 lterative looping allows the language to be applied to highly
structured programs.

Coding Flexibility...When You Need It Most
PL/65 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 AIM 65's optional 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. PL/65 thereby provides the
structuring potential and programming simplicity of a high-level language,
while retaining the power and flexibility of an assembler.

The PL/65 Package

PL/65 for AIM 65 (Part No. A65-030) comes on two pre-programmed
4K-byte ROMs, and is supplied with a comprehensive PL/65 User's Manual.
It's available now from your local Rockwell Distributor. For the name of your
nearest Distributor, call toll-free 800-854-8099 (within California,
800-422-4230).

For more information on PL/65, SYSTEM 65, AIM 65, or the rapidly growing
family of R6500 products, contact

ROCKWELL INTERNATIONAL
P.O. Box 3669, RC55
Anaheim, CA 92803

Attn: Marketing Services, D/727

Declaration
DECLARE

DEFINE
DATA

Assignment

Direct Single
Byte Move

Byte Move
Byte Move
Imperative

SHIFT
ROTATE

INC

INCW
DEC
DECW
STACK
UNSTACK

Looping

FOR-TO-BY

WHILE

Indirect Single

Direct Multiple

ASSEMBLY CODE

( PL/65 Language Statements

Specification

ENTRY
EXIT
TFILE
DFILE

Conditional Execution

IF-THEN-ELSE
Branching

GOTO
CALL
RETURN
RTI
BREAK
HALT

Block
BEGIN
DO
END

Miscellaneous

Comment
Tab
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RM65
BOARD
PRODUCTS

M 6! of hardware mod-

ules and Software packages designed for OEM and end-user applica-
gnnvsiazh act functionally-oriented boards th

ta ¢-art performance’ at oft-the-shelf cost. The
d;:iackaoes include high level language interpreters and py
6rs.

f uter provides an_‘already complete’’.
concept that aliows you to'build, and expand, a system
our needs. By using standard hardware and software, zau :
gineering costs, shgder; product Introduction cycles, b
N

only what you need as y

Single Board Compu

RM65-1000

The Single Board Computer is the -
configurations. This single module inc
static BAM, 16K bytes PROM/ROM c;
8-bit paraliel ports with handshake cor
serial shift register. This module alone
makes a custom RM 65 microcompu

8K Static RAM Module -

RM65-3108, RM65-3108N

Static RAM memory configurable as one 8192 byte block or as two
4096 byte blocks. On buard switches select bank and address as-
signments. (RM65-3108N less RAM devices)

32K Dynamic RAM Module

RMB5-3132, RM65-3132N

32,768 bytes of drnamx‘c RAM, transparent refresh maintains per-
formance. Bank selection in 16K blocks, address in 4K blocks, switch
selectable. (RM65-3132N less RAM devices)

CRT Controller (CRTC) Module
RM65-5102

Provides an R6545 CRT device for timing and control, 2K bytes
refresh RAM and 2K bytes ROM software. The module outputs
HSYNC, VSYNC, and video signals as well as composite video.
Provides alphanumeric and limited graphics characters.

|EEE-488 Bus Controlter Module

RM65-7102 )
Implements standard general purpose interface bus, communicates
with up to 15 peripherals. On-board ROM software implements talk,
fisten, and controlier functions.

16K PROM/ROM Module

RM65-3216

Socketed to accept 2K, 4K or 8K 24-pin-devices up to a total of 16K
bytes of memory. May be assigned to one of two memory banks,
switch selectable in 4K byte sections.

Floppy Disk Controller (FOC) Module
HM5%¥5101 Fo0)

Controls up to four 8" single density or 5 %" single or double density
disk drives, single or double sided. Software in on-board 4K ROM.

General Purpose Input/Output and Timer Module
AMB5-5222

Total of 40 butfered 1/0 lines. Two R6522 devices provide four 8-bit
paralle! ports with hand-shake, four multi-mode 16-bit timers, two
8-bit shift registers.

Aanchmgl‘)us Communications Interface Adapter (ACIA) Module
For RS232C serial interface. Two R6551 ACIA devices control two

independent RS232C ports with programmable rates from 50 to
19,200 baud. 20ma T1Y interface. Handshake for modems.



: d when you need it ® Cut desngn costs
ost AIM 65 development system e

int for all RM 65 microcomputer
opular R6502 CPU with 2K bytes of
d an R6522 VIA which provides two
witi-mode 16-bit timers and an 8-bit
1e or more memory of {/0 modules,

(3. -3 Rl

size efficient with each nwqu 2 needed microcomputer function.
There is no need for buwng unwanted electronics. The boards are
available with a high-refiability European DIN compatible 64-pin con-
nector  or. a:lower. costiedge. connector, Quality is built-in-— alt
components are pre-tested and all finished assemblies are bumed-in

BM 65 microcomputer software packag
corporation into the application end-product.
eral controller modules include associated

Scftware drivers for peripheral 1/0 devices and higher level
language interpreters make fitting the RM 65 microcomputer to your
application both easy and flexible. You can interface directly with the
sottware drivers or the programmabie devices. You can turn your RM
65 microcomputer into a BASIC machine.

CRT Controller Software Package

CRT griver, screen generation and test subroutines.

FDC Software Package )

Disk driver, file management and test subroutines.

IEEE-488 Software Package

Subroutines implement 1978 standards and module test.

BASIC Run Time Software Package

Directly compatible with AIM 65 BASIC, BK byte ROM resident.
Universally recognized as the most easily learned programming fan-
guage.

4-, 8-, and 16-Slot Card Cages
RMB65-7004, RM65-7008, RM65-7016

_ Modules insert into card cage, edge or pin connector style mother
boards, power supplies connect to screw-down terminals.

Single Card Adapter
RM o1

Attach a single RM 65 module to the AIM 65 microcomputer.
Adapter/Buffer Module

RMb5-7104

Allows connection of multiple RM 65 modules to the AIM 65
microcomputer.

Catile Driver Adapter/Buffer

RMB5-7116

Remotely locate RM 65 modules from AIM 65.

AIM 6§ Microcomputer

The low-cost AIM 65 microcomputer can be used as_a complete

development system for the RM 65 microcomputer. The AIM 65

functignally replaces the Single Board Computer for in-circuit evalua-

tign of the RM 65 microcomputer system in the application. The

PROM Programmer and CO-ED module, BASIC interpreter, PL/65
iler and 2-pass bler are all options.

SYSTEM 65 Development System
SYSTEM 85 offers the more traditional microprocessor development
system. SYSTEM 65 comes with dual floppy disk drives, RS232C
interface, parallel interface to printers, plus debug, text editor and
two-pass assembler. Options include PL/65 compiler, BASIC in-
terpreter, PROM programmer and User 65 module.

Design Prototyping Module
RAM65-7201

Allows custom circuit fabrication. Power and return lines pre-routed
through module. Plated-through hole pattern permits manual or au-
tomatic wire-wrap.

Extender Module
RM65-7211

Maintains electrical continuity with RM 65 bus while troubleshooting,
extends any module outside the card cage.
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O Rockwell

N

PART NUMBER
RM65-1000(E)

RM 65
DATA SHEET

SINGLE BOARD COMPUTER (SBC) MODULE

RM 65

The RM 65 product line is designed for OEM and end user micro-
computer applications requiring state-of-the-art performance,
compact size, modular design and low cost. Software for RM 65
systems can be developed in R6500 Assembly Language, PL/65,
BASIC and FORTH. Both BASIC and FORTH are available in
ROM and can be incorporated into the user’s system.

The RM 65 product line uses a motherboard interconnect concept
and accepts any card in any slot. The 64-line RM 65 Bus offers
memory addressing up to 128K bytes, high immunity to electrical
noise and includes growth provisions for user functions. A selec-
tion of card cages provides packaging ftexibility. RM 65 products
may also be used with Rockwell’s AIM 65 Microcomputer for
product development and for a broad variety of portable or desk-
top microcomputer applications.

PRODUCT OVERVIEW

The Single Board Computer Module (SBC) allows users to desién
their products into compact modular stacks. The SBC module
plugs into a single slot in an RM 65 card cage/maotherboard and
controls other memory and 1/O modules. The heart of the SBC
module is an R6502 CPU, which is capable of addressing 65K
bytes of memory, In addition, the SBC module contains bank
address logic which allows addressing of one or two 65K byte
memory banks. Sockets on the module accept up to 16K bytes
of PROM/ROM. 2K bytes of static RAM are also provided.

An R6522 Versatile interface Adapter {(VIA) provides two 8-bit
parallel 1/O data lines, two 2 bit control lines, two counter-
timers and an 8-bit shift register. On-board switches assign mem-
ory sections to 4K byte blocks. All address, data and control lines
are buffered.

Eurocard Version
RM65-1000E

FEATURES

Compact size — about 4" x 6% (100 mm x 160 mm)

Edge connector and Eurocard versions

On-board R6502 CPU

2K of 2114 static RAM

Two sockets for up to 16K PROM/ROM

Supports the following PROM/ROM or equivalents

— TI TMS 2516, TMS 2532 and Motorola MCM 68764 PROMs

~ Rockwell R2316, R2332, or R2364 ROMs

R6522 Versatile Interface Adapter (VIA)} and 1/O Interface

Fully Buffered Address, Data, and Control lines for RM 65

Bus

® Separate switches allow RAM, PROM/ROM, and VIA to be
individually dedicated to one or two 65K byte memory banks

® Jumpers allow selection of the following

— 2K, 4K or 8K PROM/ROMs

-~ RAM, PROM/ROM and 1/O starting address to 4K byte
boundary

— On-board or External bank addressing source

— Programmable DMA Terminate

— On-board or external clock source

+5V operation

Fully assembled, tested and warranted

ORDERING INFORMATION

The SBC Module is available in an Edge Cc
1000) and a Eurocard version {RM65-1000E).

version (RM65-

Edge Connector Version
RM65-1000
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FUNCTIONAL DESCRIPTION

The Clock Circuit uses a crystal-controlled oscillator to provide a stable
1-MHz clock reference. A jumper selects between the internakclock
reference or an external clock {to 1 MHz) as the source for the R6502
and the derived system clock.

The Reset Control circuit conditions the Reset signal to drive the
RE6502 Reset line. A reset can be generated by either the on-board
reset pushbutton or an external switch. This circuitry also generates
a reset automatically, upon power-up.

The R6502 Central Processing Unit (CPU) is the heart of the SBC
Module and any interfacing Modules connected to the RM 65 Bus.
The R6502 controls all program execution by means of the address,
data, control, and timing lines. All internal R6502 operations are
synchronized to the clock source.

The Bank Select Control circuit detects when the SBC Module’s assigned
memory bank is addressed, by comparing the Bank Address signal to
the Bank Select Enable and Bank Select switches. The Bank Select
Enable Switches allow all on-board PROM/ROM, RAM, & VIA to be
independently assigned common to both Bank 0 (lower G5K) and
Bank 1 {upper 65K) or dedicated to either Bank O or Bank 1, depend-
ing on the Bank Select switches. A jumper allows the Bank Address
signal 10 be driven by the on-board R6522 V1A or from another module.

The Base Address Decoder uses the six most-significant address bits
and the Base Address Jumpers to generate chip selects for the on-board
PROM/ROM, RAM, and VIA. The RAM and VIA can be independ-
ently mapped into any 4K block of the selected 65K bank, The PROM/
ROMs may be mapped into any 4K or 8K block of the selected bank.

The 16K PROM/ROM section has two sockets which can accept 2K,
4K or 8K PROM/ROM devices. The size and type of PROM or ROM
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is specified by the Base Address selection jumpers and the PROM/
ROM type jumpers,

The 2K RAM section uses four 1K x 4 RAM devices to provide on-
board read/write memory.

The R6522 Versatile Interface Adapter (VIA) provides input-output
capability to the SBC Module. The VIA provides two 8-bit 1/O ports
each with two control lines. Both ports and control lines are brought

outtoa for user lications.

The SBC Module can contro! up to 15 additional support modules by
means of the RM 65 Bus. There are three groups of signals on the
RM 65 Bus: data, address, and control.

The Data Transceivers invert and transfer eight bits of parallel data
between the SBC Module and the RM 65 bus. The direction of the
transceivers is controlled by the read/write signal from the R6502.
The transceivers are disabled when the on-board PROM/ROM RAM,
or V1A is addressed or when the Bus Float signal from the RM 65 Bus
is active.

The Address Buffers invert and transfer 16 parallel address bits from
the SBC Module to the RM 65 bus.

The Control Buffers buffer all control and clock signals between the
SBC Module and the RM 65 bus. The Non-Maskable Interrupt, Inter-
rupt Request, Set Overflow, External Clock (#0), Ready and Bus Float
input lines are buffered coming from the RM 65 bus into the SBC
Module. The DMA Terminate, Reset and Phase 1 Clock {@1) output
fines are always driven from the SBC Module onto the RM 65 Bus.
The other six output lines for Read/Write, Phase 2 Clock, sync, and
Bank Address are also buffered, but are tri-stated (disabled) when the
Bus Float signal is active.
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RM 65 Bus Pin Assignments

Bottom (Solder Side) Top (Component Side)
Signal Signal
Mnemonic Signal Name Pin Pin Mnemonic Signal Name
Not Connected (See Note) Wa Wce Not Connected (See Note)
+5V +5 Vdc Line (See Note) Xa Xe +5V +5-Vdc (See Note}
GND Ground 1a 1c +5V +5 Vdc
BADR/ Buffered Bank Address 2a 2c BA15/ Buffered Address Bit 15
GND Ground 3a 3c BA14/ Buffered Address Bit 14
BA13/ Buffered Address Bit 13 4a 4c BA12/ Buffered Address Bit 12
BA11/ Buffered Address Bit 11 Sa Sc GND Ground
8A10/ Buffered Address Bit 10 6a 6¢c BA9/ Buffered Address Bit 9
BA8/ Buffered Address Bit 8 7a 7.c BA7/ Buffered Address Bit 7
GND Ground 8a 8¢ BA6/ Buffered Address Bit 6
BAS/ Buffered Address Bit 5 %a 9c BA4/ Buffered Address Bit 4
BA3/ Buffered Address Bit 3 10a 10c GND Ground
BA2/ Buffered Address Bit 2 11a 11c BA1/ Buffered Address Bit 1
BAO/ Buffered Address Bit 0 12a 12c Bé1 Buffered Phase 1 Clock
GND Ground 13a 13c BSYNC Buffered Sync
BSO Buffered Set Overflow 14a 14c BDRQ1/ *Buffered DMA Reguest 1
BRDY Buffered Ready 15a 15¢ GND Ground
# User Spare 1 16a 16¢ -12V/-v « -12 Vdc/-V
+12V/+V #+12 Vdc/+V 17a 17c «+ User Spare 2
GND Ground Line 18a 18¢c BFLT/ Butfered Bus Float
BDMT/ Buffered DMA Terminate 19a 19¢ sgo Buffered External Phase 0 Clock
« User Spare 3 20a 20c GND Ground
BR/W/ Buffered Read/Write “‘Not" 21a 21c BDRQ2/ *Buffered DMA Request 2
* System Spare 22a 22c BRW Buffered Read/Write
GND Ground 23a 23c BACT/ * Buffered Bus Active
BIRQ/ Buffered Interrupt Request 24a 24c BNMI/ Buffered Non-Maskable Interrupt
B@2/ Buffered Phase 2 ““Not’ Clock 25a 25¢c GND Ground
8g2 Buffered Phase 2 Clock 26a 26¢ BRES/ Butfered Reset
B8D7/ Buffered Data Bit 7 27a 27c 806/ Buffered Data Bit 6
GND Ground 28a 28¢c BDS5/ Buffered Data Bit 5
BD4/ Buffered Data Bit 4 29a 29c BD3/ Buffered Data Bit 3
BD2/ Buffered Data Bit 2 30a 30¢ GND Ground
B8D1/ Buffered Data Bit 1 31a 31c 800/ Buffered Data Bit 0
+5V +5 Vdc 32a 32 GND Ground
+5V +5 Vdc (See Note) Ya Ye +5V +5 Vdc (See Note)
Not Connected (See Note) Za Zc Not Connected {See Note)
NOTE

Pins Wa, We, Xa, Xc, Ya, Y¢, Za and Zc are not used on Eurocard version,

* Not used on this module,
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SBC Module Physical and Electrical Characteristics

Characteristic

Value

Physical characteristics {See Notes)
Width
Length
Height
Weight

Environment
Operating Temperature
Storage Temperature
Relative Humidity

Power Requirements

RM 65 Bus Interface
Edge Connector Version
Eurocard Connector Version

1/O Connector

RESET Switch Connector

Eurocard Version
3.9in. (100 mm}

Edge Connector Version
3.9in. (100 mm)

6.5 in. (164 mm) 6.3 in. (160 mm)
0.56 in. {14 mm) 0.56 in. (14 mm)
6.3 0z. {150 g) 5.6 0z. (160 g)
0°c to0 70°¢
-40°C 10 +85°C

0% to 85% (without condensation)

+5 Vdc 5%, 0.75 A (3.5 W) — Typical
1.2 A {6.0 W) — Maximum

72-pin edge connector {0.100 in. centers)
64-pin plug (0.100 in. centers) per DIN 41612 (Row B not installed)

40-pin 3M mass termination (0.100 in. centers)
2 vertical pins (0.3 in. high} on 0.200 in. center

NOTES:

3. The Eurocard dimensions conform to DIN 41612.
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68IN.
(172 MM)

LENGTH

.
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EDGE CONNECTOR VERSION |

|
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WIDTH
I
]
__rt
<
EDGE CONNECTOR
COMPONENT AREA
HEiGHT [

}

1. The height inciudes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board
thickness (0.062 in.), and pin extension through the bottom of the module {0.1 in.).
2. The length does not include extensions beyond the edge of the module due to connectors or the module ejector.

MATING
MOTHERBOARD
AND RECEPTACLE

68 IN. |
(172 MM)

-1————LENGTH‘-!
-1
"
s
"
| 1]
n

EUROCARD VERSION h

MATING
MOTHERBOARD
AND RECEPTACLE

WIDTH !
'I
1!
1"
]
EUROCONNECTOR
EXTENSION
EUROCARD CONNECTOR
COMPONENT AREA
HEIGHT R |

i

Module Dimensions




PART NUMBER

RM65-5101(E)

RM 65
DATA SHEET

FLOPPY DISK CONTROLLER (FDC) MODULE

RM 65

The RM 65 product line is designed for OEM and end user micro-
computer applications requiring state-of-the-art performance,
compact size, modular design and low cost. Software for RM 65
systems can be developed in R6500 Assembly Language, PL/65,
BASIC and FORTH. Both BASIC and FORTH are available in
ROM and can be incorporated into the user's system,

The RM 65 product line uses a motherboard interconnect concept
and accepts any card in any slot. The 64-line RM 65 Bus offers
memory addressing up to 128K bytes, high immunity to elec-
trical noise and includes growth provisions for user functions.
A selection of card cages provides packaging flexibility. RM 65
products may also be used with Rockwell’s AIM 65 Microcom-
puter for product development and for a broad variety of portable
or desktop microcomputer applications,

PRODUCT OVERVIEW

The RM 65 Floppy Disk Controller (FDC) Module controls up
to four standard (8'') or mini- (6%") floppy disk drives, single or
double sided, soft sectored with either single density (FM) or
double density (MFM) format. Software control of media den-
sity allows single or double density disks to be used in any con-
nected drives.

Two DIP headers configure the FDC to interface with either
standard or mini-floppy disk drives. An on-board jumper selects
single or double sided drives and a switch disables on-board ROM.
The FDC directly interfaces to most popular drives with only
switch and/or header changes. Bank Select and Bank Select
Enable switches allow the FDC module to be dedicated to one of
two 65K memory banks or assigned common to bath banks. The
FDC module 1/O can be assigned to any pagé (256 bytes) using
- astandard PROM if the ROM is deselected.

FEATURES

o Compact size — about 4” x 6%" (100 mm x 160 mm)

e Edge Connector and Eurocard versions

o RM 65 Bus compatible

o Buffered address, data and control lines

o Supports single or double sided, standard or mini-floppy disk
drives

o Controls up to four disk drives

e Interfaces directly to Shugart SA-850 or SA450 disk drives,
with user options for other popular floppy disk drives

e Supports single-density IBM 3740 (FM) or double-density
IBM System 34 (MFM) formats

o DMA data transfer capability

e Supports interrupt-driven or polled operation

e Bipolar PROM Base Address decoding

o Switches or jumpers for

— Bank Selection to one or two banks
— Double or Single sided operation
— Select or deselect ROM
~ Module disable .
e On-board header configures |/O for 8" or 5% drive interface
e On-board Program ROM containing disk utility and file man-
agement functions
e Fully assembled,-tested and warranted.

ORDERING INFORMATION

The Floppy Disk Controller Module is available in an Edge Con-
nector version (RM65-5101) and a Eurocard version (RM65-
5101E).

Eurocard Version
RM65-5101E

N

Edge Connector Version
RM65-5101

Specifications subject to
change without notice
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FUNCTIONAL DESCRIPTION

The Data Transceivers invert and transfer 8-bits of parallel data between
the FDC module and the RM 65 bus, based on control signals from the
Base Address Decoder and the Control Buffers. The read/write control
line determines the direction, while the bus active enables the Data
Transceivers,

The Address Buffers invert and transfer 12 of the 16 parallel address
lines from the RM 65 bus to the Base Address Decoder, the Program
ROM and the Floppy Disk Controller {FDC) device.

The Control Buffers invert and transfer phase 2 clock, reset, and read/
write control signals from the RM 65 bus onto the module.

The Bank Select Control circuit detects when the module's assigned
memory bank is addressed by comparing the bank address signal from
the RM 65 bus to the Bank Select and Bank Select Enable switches.
The Bank Select Enable switch assigns the module to be active in com-
mon memory (both Bank 0 and Bank 1) or only in the Bank set by the
Bank Select switch {either Bank 0 or Bank 1).

The Interrupt and DMA Control circuit enables operation in either an
interrupt driven mode or under DMA control. Both Interrupt genera-
tion and DMA requests can be disabled under program control. The
DMA request is jumper selectable for either of two DMA request lines
connected to the RM 65 bus.

The Base Address Decoder, with the Base Address Select PROM, the
Bank Select Control circuit, the ROM Disable switch, and the phase 2
and read/write signals control Hevice selection on the module. The
Base Address Select PROM compares the eight most significant address
lines to the programmed addresses to generate device select signals to
the Program ROM and the 1/O devices. The ROM Disable switch
assigns the module to be active either in a 256 byte page (disabled) or
in a 4K byte block {(enabled). A separate Module Disable switch
allows the entire module to be disabled.

When the ROM is disabled, only the.1/O devices are active, in the 256
byte page that matches all eight Base Address Select bits. For the }/O
devices, the three least significant address lines, along with the phase 2
clock and read/write control signals, drive register select lines to the
FDC device, and device select lines to the Drive Status Buffer and Drive
Control Register.

When the ROM is enabled, the module is active in the 4K byte block
that matches the four most significant Base Address select bits. The
program ROM is selected except when the address matches the four
least significant Base Address Select bits, in which case the /O device
select lines are selected.

The Controller Clock derives a reference frequency for the FDC device
from a crystal controlled oscillator. The frequency is 1 MHz or 2 MHz,
depending on the Drive Configuration Header position,

The FDC device, in conjunction with the Data Separator and Precom-
pensation Circuitry, interfaces the RM 65 bus to the .Floppy Disk

medium. The circuitry supports 5%’ or 8", single or double sided disk
drives, with choice of single or double density, soft sector formats.
The FDC features powerful commands, including single or multiple
record read/write with selectable record lengths. Write precompensa-
tion circuitry ensures reliable data recovery in double density formats.
The Precompensation jumper selects precompensation on all tracks,
only on tracks 44 and greater, or no precompensation at all.

The Drive Configuration header selects the 1/0 connector and FDC
circu