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PREFACE

This manual is written for people who
are thoroughly versed in the use of
microcomputers. Many sections will
contain more information than you need,
and we encourage you to use the table
of contents as a guide for your read-
ing.

The information in this manual is be-
Tijeved to be accurate and complete at
the time it was printed. However, AMC
reserves the right to change specifica-
tions without notice. No responsibility
is assumed for errors that might appear

in this manual. No part of this manual
may be copied or reproduced in any form
without prior written permission from
AMC.

this manual

Publications related to

include:

AmZ8002 CPU Data Sheet

-AmZ8000 Family Interface Manual
AmZ8000 Data Book

AmZ8001/2 Processor Instruction Set
Am96/4016-ASM Assembler Manual
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'CHAPTER 1
INTRODUCTION

1-1. DESCRIPTION

The Am96/4016 Evaluation Board is a com-
plete single-board microcomputer built
around the new 16-bit AmZ8000 micropro-
cessor. Used with a standard CRT or
the low-cost keyboard/display console
available as an option, it provides an
excellent means of testing the advanced
capabilities of this remarkably ver-
satile CPU. Used with Advanced Micro
Computer's new AmSYS 8/8 Development
System, the entire AmZ8000 instruction
set can be macroassembled to create
very powerful programs for execution on
the Evaluation Board.

The fully assembled and tested board
has the following features:

Standard Features

e AmZ8002 CPU (non-segmented)

e 8 kilobytes of dynamic RAM,
able off-board

e Up to 12 kilobytes of ROM or E-PROM,
expandable off-board

e 4-kilobyte ROM Monitor,
point, single-step and up/down-Tload
commands

e Buffered CPU bus available at edge
of board

e Two programmable serial
(RS232C and 20mA)

e A programmable counter/timer channel
associated with one serial port

e 24 programmable parallel
(three 8-bit ports%

o Fits in Multibus? or iSBCT card
cage

expand-

I/0 ports

%

TTrademarks of Intel Corporation

- System configquration.

‘nection,

with break-.

1/0 Tines -

Optional Features

One-pass Assembler in ROM
Keyboard/Display console

CRT terminal

Universal prototyping board

CPU-bus backplane (2 or 3 slots)
Six-board card cage

64-kilobyte memory expansion
Complete AmSYS 8/8 Development Sys-
tem, with diskette storage, inter-
face utilities and PASCAL-1like mac-
roassembler for the AmZ8000 series

Programs can be entered and executed in
either the stand-alone or Development
Specialized cir-
cuits or external expansion boards can
also be attached in either mode. The
entire CPU bus is buffered and brought
to the edge of the board for intercon-
as are extra I/0 ports for
serial and parallel transfers on the

data bus.

Figure 1-1 1illustrates the board Tlay-
out. The lower two edge connectors are
physically compatible with the Multibus
standard, although the P1 edge connec-
tor uses only power and ground in the
standard Multibus card cage.

A1l four top edge connectors on the
board are used for I/0. The P3 connec-
tor has 24 programmable lines divided
into three 8-bit ports for data and
handshaking.~ The P4 connector is also
parallel but designed specifically for
the optional keyboard/display console
that can be attached to the Evaluation
Board. The P5 and P6 connectors both
carry programmable lines for asynchro-
nous or synchronous serial data. The
P5 connector also carries control 1/0
for an on-board programmab]e counter/
timer channel.
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KEYBOARD
PARALLEL 1/0 DISPLAY  SERIAL I/O SERIAL 1/O

| 1 | | I
P3 P4 P5 P6
50—pin 26-pin 26—pin 26—pin E
L] L
Am 8255A | | Driver/Terminator % 3 %
Sockets Break Sl RS ®
Switch E E
o
8 Kilobytes =1
Am 9050C &
RAM £
<
AM 4716 EPROM
Monitor and Assembler
1 I 1
86-pin 60-pin
P1 4 P2
L | | I
POWER AND GROUND CPU BUS
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Figure 1-1. Board Layout




The AmZ8002 CPU is in the center of the
board. At the upper right are the two
Am9551 USARTs for serial 1/0, surround-
ing the Am8253 counter/timer circuit
which clocks them. The Am8255A parallel
I/0 circuit is in the upper left, next
to six sockets for driver/terminators
on the parallel port Tlines. Sixteen
Am9050C dynamic RAM circuits provide
the 8 kilobytes of user memory. The
Monitor and optional Assembler programs
are contained in six Am4716 E-PROMs.

Figure 1-2 shows a block diagram of the
board. The system buses (address, data
and control) emerge from the CPU and
service all circuits, terminating at
the P2. The address and data buses,
which are multiplexed in the CPU, are
separated into two separate 16-bit
buses on the board. The diagram shows
more clearly the difference between the
P5 and P6 serial I1/0 ports; one has a
counter/timer channel available and the
other can be changed from RS232C to
20mA current-loop (TTY) interfacing.

Memory-expansion boards and prototyping
boards carrying any Amz8002-compatible
circuits (such as DMAs or even multiple
CPUs) can be attached at P2. Special-
jzed circuits can also be attached at
P3, P5 and P6. P5 is particularly use-
ful for event-counting process control
circuits or foreign host computers.

Figure 1-3 illustrates the range of
standard plug-in configurations sup-
ported by the board's Monitor program.
If attachments to the board are limited
to any one or more of these three
choices, application programming and
execution can begin immediately without
having to program the I/0 circuits.

When the AmSYS 8/8 is attached for up/
down loading of programs, the Develop-
ment System's console can communicate
with the Evaluation Board to control
all functions.

The Development System contains a com-
prehensive set of hardware and software
resources to fully utilize AmZ8000 cap-
abilities. The system includes dual
diskette drives, 64K bytes of RAM, se-
rial and parallel ports, and a multi-
master bus. Existing programming sup-
port includes a CPM-compatible oper-
ating system with 1linking Tloader, ed-
jtor and debugger and a PASCAL-1like
AmZ8000 macroassembler, 8080 macro-
assembler and AmZ8000 translator.
High-level languages, including PASCAL,
are available. See the AmSYS 8/8 bro-
chure for more details.

Table 1-1 gives a summary 1ist of spec-
jfications for the Evaluation Board

1-2. THE CPU

The AmZ8002 microprocessor is a regis-
ter-oriented CPU with exceedingly well
organized minicomputer-like architec-
ture. Sixteen general-purpose regis-
ters, each of them two-bytes (one 16-
bit word) wide, are available to the
user. Over 100 instructions, and 400
combinations of instructions, can be
used to manipulate data between the CPU
registers, memory and I/0.

The CPU can operate in two modes--
system and normal--with separate relo-
catable stacks for each mode. This al-
lows a distinction between privileged
and protected instructions, as well as
great flexibility in allocating the
system's use of memory. In either
mode, ten status conditions are con-
tinuously reported:

Internal operation

. Instruction fetch, first word
Instruction fetch, subsequent word
. Memory request, data

. Memory request, stack

. Memory refresh cycle

. 1/0 cycle

. Interrupt acknowledge, non-maskable
. Interrupt acknowledge, non-vectored
. Interrupt acknowledge, vectored

SOOI W=
L] L]

—
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TABLE 1-1. SPECIFICATIONS

CPU
Time Base

Serial I/0

Parallel i/0

RAM Memory

ROM Space

Counter/Timer

Power

Dimensions

Memory
Addressing

Environmental
Conditions

Edge-of-Card
Connectors

Monitor

AmZ8002 (non-segmented)
4MHz crystal oscillator

Two RS232C serial ports with software-pro-
grammable baud rates. One port jumper-
selectable for 20mA current-loop (TTY) oper-
ation.

24 parallel I/0 lines (three 8-bit ports).
Also provides interconnection to AnSYS 8/8 De-
velopment System.

8K bytes of on-board dynamic memory; CPU re-
freshed (transparent).

12K bytes of ROM/EPROM space provided in six
sockets; ROM monitor occupies two sockets.

Three 16-bit programmable interval counter;
two counters used for serial I/0 baud rate
control; third counter available to user.

-12VDC @ .085A, +12VDC @ .06A, +5VDC @ 1.65A
(without optional keyboard/display console),
or +5VDC @ 2.0A (with optional
keyboard/display console).

12.0" (305 mm) x 6.75" (172 mm); MULTIBUS
form factor with six edge connectors (P1
through P6).

ROM space: 0-2FFF(H)
RAM space: 4000-5FFF(H)

0 to 55°C ambient in free-air space with
relative humidity to 90% without condensation.

P1: 86-Pin for power, ground, and initialize.

P2: 60-Pin CPU bus

P3: 50-Pin parallel I/0 for up/down-Toad from
AmSYS 8/8 Development System.

P4: 26-Pin interface for optional keyboard/
display board.

P5: 26-Pin RS232 and counter/timer interface.

P6: 26-Pin RS232 or 20mA current loop for CRT
or TTY console.

4K ROM monitor included at addresses 0-OFFF(H)




Assembler

Up/Down-Load

Optional ASCII, one-pass, line assembler in ROM

Can be plugged into AmSYS 8/8 Development Sys-

Capability tem to provide up-load and down-load capabil-
jty. Can also by used with other computer sys-
tems to execute AmZ8000 code.

Optional 56-key keyboard with 20-character alphanumeric

Keyboard/ LED display. Same physical form as Am96/4016

Display Evaluation Board with attaching standoff con-
nectors and interconnection ribbon cable.

P3 P4 P5 P6
| L1 A ] A A
Y Y Y Y
Drivers/ RS232C
) Keyboard RS232C
Termi- Interface Interface or 20mA
nators Interface
\ A \ A
\ \ [ VY \
8255A 8253 9551 9551
Parallel Counter Serial Serial
1/0 Timer 1/0 1/0
X \ A
4 MHz . ) _T
Clock
Y Y i Y |
8002
CPU P2
A A
y Y
4716 9050C
EPROM RAM
+12V
—12v
+5V
L_GND_,
P1

Figure 1-2. Block Diagram




Use one or more of these options

Am SYS 8/8
Development
System

Flat cable to Development
System CPU board for
control and up/down
loading

CRT

Flat Cable

gy [ 1 I

P1

T

Power and Ground

P2

I |
L = |
L 1

CPU-bus backplane board (2 or 3
slots) for interconnecting external
prototyping or memory-expansion
boards
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Only three of these status outputs (2,
6 and 7) are needed by the Evaluation
Board's internal functions, but all are
available at the P2 edge connector.

The interrupt and trap structure is
particularly powerful, with very fast
response to external devices and il-
Tegal conditions.

Special instructions and hardware fea-
tures support multiprogramming and
multiprocessing. In an asynchronous
chain of CPUs, critical resources can
be shared without sacrificing through-
put.

1-3. MEMORY

The Evaluation Board's dynamic RAM is
refreshed by the CPU. Additional
memory, either dynamic or static, can
be added off-board through the P2 edge
connector. AMC will supply a 64-kilo-
byte memory-expansion board for this
purpose which has self-contained re-
freshing. There 1is a provision for
substituting off-board memory during
accesses to the on-board memory's ad-
dress space.

Depending on your use of CPU functions,
a very large amount of memory can be

used. The CPU's 16 address 1lines can
directly access 64 kilobytes. However,
if the various distinctions between

operating mode (system and normal) and
memory-access status (instruction, data
and stack) are used to differentiate
memory resources, up to 384 kilobytes
can be addressed as illustrated in
figure 1-4.

“1-4. INPUT/OUTPUT

Memory space and I/0 space are differ-
entiated by a memory-request line and
other status outputs from the CPU. The
CPU can use 16-bit I/0 port addresses,
allowing up to 64K ports, although in
the Evaluation board implementation the
upper four address bits are not decoded

and often the lower one or two address
bits are used for sub-addressing within
peripheral circuits.

The Evaluation Board also implements
only 8-bit I/0 transfers on the four
top edge connectors (P3 through P6).
These are the Tower 8 bits on the data
bus.

The 24 parallel I/0 Tlines of the
Am8255A circuit at P3 can be configured
to transfer data in a variety of ways,
with or without handshaking. In the
standard configuration, this edge con-
nector is used for up/down loading be-
tween the AmSYS 8/8 Development System
and the Evaluation Board. The circuit
has a bit set/reset function that in-
creases the efficiency of handshake
software. The sockets provided for
driver or terminator circuits allow
further characterization of these ports
for special applications. Ground lines
are interleaved with signal 1ines for
better noise immunity at this edge con-
nector.

The two Am9551 USART (universal syn-
chronous/asynchronous  receiver/trans-
mitter) circuits attached to the P5 and
P6 edge connectors can be programmed
for a broad range of full-duplex,
doubly-buffered communication proto-
cols, with many automatic overhead fea-
tures. The baud rate is controlled by
two of the three programmable channels
in the Am8253 counter/timer circuit.

As mentioned above, no programming of
I/0 circuits 1is necessary when the
Evaluation Board is used in one of the
standard configurations illustrated in
figure 1-3. The Monitor program will
initialize these circuits for you.
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1-5. SOFTWARE

The Evaluation Board's ROM-based Moni-
tor program provides complete system-
initialization functions and over two
dozen user commands for access to CPU
registers and memory. It features
breakpoint, single-step and trace func-
tions, as well as up-load and down-1oad
functions for use with the AmSYS 8/8
Development System.  Any AmZ8000 in-
struction whether privileged (system
mode) or protected (normal mode) can be
entered in hex format using only the
Monitor.

The optional ROM-based mnemonic Assem-
bler simplifies instruction entry. Most
of the full AmZ8000 instruction set can
be used with this one-pass line-by-line
Assembler, which also supports forward
symbolic references. It is an excellent
tool for gaining a feel of AmZ8000 in-
structions without the need for a com-
plete macroassembler, which is avail-
able on the AmSYS 8/8.

The full CPU instruction set can be
used to create very powerful applica-
tion programs. The 110 basic instruc-
tions have permutations around operand
addressing modes, plus autoincrement
and autodecrement facilities. Code
written for the AmZ8002 1is source-
compatible with the Amz8001 micro-
processor

Most instructions are between one and
three 16-bit words in length. Instruc-
tions and hardware are available to
operate on bits, 4-bit digits (BCD),
8-bit bytes, 16-bit words, 32-bit long
words, 64-bit quad words, byte strings
and word strings.

String instructions are auto-incremen-
ting or auto-decrementing block trans-
fers. The strings can be up to 64 kilo-
bytes in length, the entire directly-
addressable memory, and the transfers
are interruptible. It is this facility
that gives the CPU an intrinsic DMA
capability.

/////, CPU \\\\\\
MODE: SYSTEM NORMAL
MODE MODE
STATUS: CODE DATA STACK CODE DATA STACK
64 64 64 64 64 64
Kilobytes Kilobytes |- Kilobytes } | Kilobytes Kilobytes Kilobytes

Figure 1-4. Memory-Addressing Potential
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CHAPTER 2
HARDWARE INSTALLATION AND INTERFACING

2-1. UNPACKING AND INSPECTION

Upon receipt of this equipment, inspect
both the equipment and the shipping
carton immediately for evidence of dam-
age during transit. If the shipping
carton is damaged or water-stained,
request the carrier's agent to be pre-
sent when the carton is opened. If the
carrier's agent is not present when the
carton is opened and the contents of
the carton are damaged, save the carton
and packing material for the agent's
inspection. Shipping damages should be
reported immediately to the carrier.
Do not attempt to service the board
yourself as this will void the war-
ranty.

2-2. SYMBOLS

A special symbolism is used in this and
subsequent sections to denote active-
Tow signal levels. An asterisk (*) fol-
lTowing a signal name, rather than a bar
over the name, means that the signal is
active-low (negative-true). For exam-
ple, WAIT* is active when its voltage
potential is low.

2-3. INSTALLATION OVERVIEW

Figure 2-1 illustrates the hardware
connectors and sockets that may require
setup before the board can be used.
These are the six edge connectors, Pl
through P6, plus sockets for ROM or
E-PROM and the sockets for parallel-I/0
driver or terminator circuits. Each of
these groups is discussed individually
below.

NOTE

When one of the standard config-
urations ijllustrated in Figure
1-3 has been ordered from AMC,
only the following installation
connections need be considered:

Edge External
Connection Connection

P3 AmSYS 8/8 Development Sys-.
tem CPU board (P3), as il-
lustrated in figure 2-2.

P4 Keyboard/LED Display Board
(Am96/4016-KBD), as illus-
trated in figure 2-3.

P6 CRT or other RS232C term-

inal.

2-4. ROM/E-PROM SOCKETS

The board contains six sockets for
fixed-address ROM or E-PROM. All
boards are shipped with at least two
E-PROMs installed, which contain the
4-kilobyte Monitor program. If you
ordered the optional 1line-by-line 8-
kilobyte Assembler, the remaining four
E-PROM sockets will also be filled.
Table 2-1 is therefore only advisory
and will not require installation of
additional ICs unless you intend to
alter the use of ROM space or install
the Assembler circuits later.

2-5. PARALLEL I/O
DRIVER/TERMINATORS

When the board is ordered, the driver

and terminator circuits listed in table
2-2 are provided.

2-1



DRIVER/TERMINATOR SOCKETS
FOR Am 8255A PARALLEL 1/0

(U2-U7)
Keyboard/

Parallet Display Serial Serial

1/0 Console 1/0 1/0
l 11 1 R 1
P3 P4 P5 P6
50-pin 26-pin 26-pin 26-pin
= I e V'S e T s D NN

1 I L I'—'
86-pin 60-pin
P1 P2
L
Power and Ground CPU Bus

ROM/EPROM (U57—-U62)

Figure 2-1. Edge Connectors and IC Sockets




TABLE 2-1. ROM/EPROM ADDRESSES AND SOCKETS

Program Addresses Socket #
Monitor 0 - OFFF (even) us7
0 - OFFF (odd) U60
Assembler 1000 - 1FFF (even) us8
1000 - 1FFF (odd) U6l
2000 - 2FFF (even) us9
2000 - 2FFF (odd) ue6z2

TABLE 2-2. DRIVER/TERMINATORS FOR PARALLEL PORT

Device Function Socket #
741537 Driver uz
741537 Driver U3
74LS37 Driver ud
iSBC902 Terminator us
iSBC902 Terminator Uué
iSBC902 Terminator u7

TABLE 2-3. OTHER DRIVER/TERMINATOR CIRCUITS FOR P3

Drivers Terminators
7438,741.538 Intel iSBC 901
7437,74LS37 Intel iSBC 902
7432,741L532 National BLC 901
7426,74LS26 National BLC 902
7409,74LS09 National BLC 903
7408,741.508
7403,74LS03
7400,74LS00




Non-standard uses of the P3 edge con-
nector may require different devices
for these sockets. Some of the pos-
sible devices are listed in table 2-3.
Alternatively, the sockets can be jump-
ered for direct connection to the
Am8255A pins.

2-6. EDGE CONNECTORS

A minimum of two edge connectors must
be used to operate the board. Power
(#12v, -12v, +5V) and ground must be
supplied through the Pl connector. A
system console must also be connected
on one of the remaining connectors:
either P4 for the AMC-supplied key-
board/display console or P6 for a user-
supplied terminal.

Many additions to these required con-
nections are possible, as indicated in
the 1ist of edge-connector characteris-
tics and applications below. This list
is normally not needed if you are in-
stalling a standard configuration il-
lustrated in figure 1-3.

Note that connectors Pl and P2 have
their odd-numbered pins on the com-
ponent side of the board, whereas the
remaining connectors have them on the
solder side. The abbreviation N/C in
the pin-connection lists means no con-
nection.

P1 - an 86-pin connector physically
(but not electrically) com-
patible to the Multibus and
iSBC-80 formats. It is used
only for power and ground, ex-
cept that pin 14 can be used
for external initializing (re-
set) when jumpered for this
function (see figure 2-4). The
pin connections are shown in

table 2-14.

2-4

P2

P3

a 60-pin connector physically
compatible with the Multibus
and iSBC-80 formats. It car-
ries buffered signals from all
CPU lines except +5V, which is
on the P1 connector, and DE-
COUPLE which is not used on
the AmZ8002. The address/data
bus from the CPU is demulti-

plexed into separate address
and data buses. The CPU's
RESET* 1ine is connected

directly to the RST* 1line on
P2, although RST* also resets
the Am9551 USARTs and the
Am8255A PIO. One additional
line, INH* is used to control
addressing of on/off-board
memory.

This connector is used to in-
terface a prototyping board
and/or external memory boards.
An  optional backplane is
available for this purpose.

If the CPU is disabled via the
BUSRQ* input, an off-board de-
vice can take control over
most of the signals on this
connector to access memory and
peripherals on the Evaluation
Board. The pin connections
are shown in table 2-5.

a 50-pin connector to the six
driver/terminator sockets of
the Am8255A parallel I/0 cir-
cuit. The 24 active lines are
divided into three 8-bit ports
(addresses FFO, FF1 and FF2,
where the upper four address
bits are not decoded). Each
port can be programmed inde-
pendently for input or output
to match the functions of the
driver or terminator ICs that
you insert in sockets U2
through U7.



TABLE 2-4. P1 CONNECTOR PINS

Component Side

Solder Side

GND
+5Y
+5Y
+12V
N/C
11 GND
13 N/C
15 N/C

ONOTWE

73 N/C
75 GND
77 N/C
79 =12V
81 +5V
83 +5V
85 GND

2 GND

4 45V

6 +bY

8 +12V
10 N/C
12 GND
14 INIT*
16 N/C

74 N/C
76 GND
78 N/C
80 -12v
82 +bV
84 +5V
86 GND
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TABLE 2-5. P2 CONNECTOR PINS

Component Side

Solder Side

1 GND

3 N/C

5 VI*

7 N/C

9 AS*

11 R/W*
13 N/S*
15 BUSRQ*
17 MI*

19 RST*
21 PHI (clock)
23 NMI*

—— - - - - - - - - o

2 GND

4 N/C

6 NVI*
8 INH*
10 DS*
12 MREQ*
14 B/wW*
16 BUSAK*
18 MO*
20 WAIT*
22 STOP*
24 N/C
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Figure 2-2. Connecting to the AmSYS 8/8
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26 2 \
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Figure 2-3. Connecting the Keyboard/Display Console
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Figure 2-4. Jumper Option
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P4

P5

When the AmSYS 8/8 Development
System 1is wused, P3 of the
Evaluation Board is connected
to P4 of the Development Sys-
tem's CPU board (Am95/4005)
for up/down loading and con-
trol from the Development Sys-
tem's console. This is illus-
trated in figure 2-2b.

The pin connections are shown
in table 2-6. See the Am8255A
Data Sheet for more details.

26-pin connector used to at-
tach the optional keyboard/
display console (Am96/4016-
KBD), or for general-purpose
parallel I/0.

The cable-connection method
for the keyboard/display con-
sole is illustrated in figure
2"'3 .

The pin connections listed in
table 2-7 include keyboard re-
turn and scan lines (RO-R2,
S0-S2) and port addresses for
LED characters (Ports FCO
through FDO).

26-pin connector to the RS232C
interface of one of the two
Am9551 serial I/0 circuits,
plus three pins connected to
channel 0 of the Am8253 coun-
ter/timer circuit.

This connector can be used for
time-controlled serial I/0
(e.g., process controllers), a
host computer other than the
AmSYS 8/8 Development System,
or any other RS232C serial de-
vice.

P6

The I/0 port address for data
through this connector is FEF
or FED (they are equivalent).

The pin connections are given
in table 2-8. Parenthesized
numbers are the corresponding
EIA pin numbers for RS232C.
See the Am9551 and Am8253 Data
Sheets for more details.

26-pin connector to the RS232C
or 20mA current-loop (TTY)
interface of one of the two
Am9551 serial I/0 circuits.

The RS232C interface is
factory-set. To obtain a 20mA
current-loop interface, turn
the jumper at U56 180 degrees
(see figure 2-4), and re-
program for baud rate.

This connector can be used for
a system console (terminal) or
any other serial I/0 device.
When using an RS232 type CRT
Terminal, it is usually neces-
sary to connect the Clear To
Send signal to the Request To
Send signal. This connection
can sometimes be made on the
CRT Terminal. Alternatively,
the Clear To Send Tline can be
grounded on the Evaluation
board by removing the jumper
between U56 pins 3 and 14 and
connecting an insulated jumper
between U56 pins 3 and 6.

The I/0 port address for data
through this connector is FEB
or FE9 (they are equivalent).

The pin connections are given
in table 2-9. Parenthesized
numbers are the corresponding
EIA pin numbers for RS232C.
See the Am9551 Data Sheet for
more details.



TABLE 2-6. P3 CONNECTOR PINS

Solder Side

Component Side

1 PB7 (Port FF1)
3 PB6
5 PBS
7 PB4
9 PB3
11 PB2
13 PBL
15 PBO

17 PC3 (Port FF2)

33 PA7 (Port FFO)

2 GND
4 GND
6 GND
8
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TABLE 2-7. PA CONNECTOR PINS

Solder Side

Component Side

1 GND

2 KEYBOARD DETECT
4 SHIFT

TABLE 2-8. P5 CONNECTOR PINS

Solder Side Component Side  (RS232)
CHASSIS GND 2 N/C

TRANSMITTED DATA (2) 4 N/C

RECEIVED DATA (3) 6 N/C

REQUEST TO SEND (4) 8 N/C

CLEAR TO SEND (5) 10 N/C

DATA SET READY (6) 12 N/C

SIGNAL GND (7) 14 DATA TERM RDY (20)
N/C 16 N/C

N/C 18 N/C

N/C 20 N/C

N/C 22 N/C

CLKO 24 GATEO

0UTO 26 SIGNAL GND




TABLE 2-9. P6 CONNECTOR PINS

17480 % 1

Solder Side (RS232) Component Side (RS232)
=
1 CHASSIS GND (1) 2 N/C
3 TRANSMITTED DATA ( 2) 4 N/C ‘
5 RECEIVED DATA ( 3) 6 TTY RDR CONTROL (16)
7 REQUEST TO SEND (4) 8 N/C
9 CLEAR TO SEND ( 5) 10 N/C
11 DATA SET READY ( 6) 12 N/C
13 SIGNAL GND (7) 14 DATA TERM RDY (20)
15 DATA CARRIER RTN ( 8) 16 TTY RDR CONTROL RTN (21)
17 N/C 18 N/C
19 N/C 20 N/C
21 N/C 22 TTY RX TRN (24)
23 TTY RX (12) 24 TTY TX RN (25)
25 TTY TX (13) 26 SIGNAL GND




2-7. KEYBOARD/DISPLAY
INSTALLATION

When using the optional keyboard/dis-
play console, the following installa-
tion method should be used.

Orient the Evaluation Board and the
keyboard/display board so that their
component sides are facing up and the
P4 connector of the Evaluation Board
faces the only edge connector of the
keyboard/display board. Place the flat
cable between the two connectors so
that the even pins of the Evaluation
Board connect to the even pins of the
keyboard/display board, as shown in
figure 2-3a. Fold the cable between
the boards so that the board spacers
lock into the holes on the boards, as
shown in figure 2-3b. Both boards will
then have their component sides facing
down.

2-8. PROTOTYPING AND
MEMORY-EXPANSION BOARDS

Prototyping and memory-expansion boards
can be connected to the CPU bus via P2.
AMC offers the following optional pro-
ducts to accomodate these functions:

e Universal Prototyping Board for
Multibus (Am96/9410)

e 64-kilobyte dynamic RAM board for
standard Multibus and Evaluation
Board (Am96/1064).

e Two- and three-board backplane for
P2 edge connector (Am96/4016-2S
and Am96/4016-3S)

e Six-board Multibus-compatible card
cage with cooling fan (Am95/6440).
A card cage with power supplies is
also available (Am95/6448)

Prototyping boards can contain any type
of circuitry, including circuits that
capture the system buses. The AmZ8002
bus is described further in the section
entitled Principles of Operations.

Expansion memory can be of any type
compatible with the available pins and
the buffered electrical characteristics
at P2 (see appendix A). Dynamic-memory
refresh may be done on the external
board or it may use the CPU refresh cy-
cle, as does the on-board RAM.

The 64K RAM board supplied by AMC is
compatible with both the Evaluation

Board (through P2) and with standard
Multibus slave applications (through
P1). In either configuration, only one

of the two Multibus edge connectors is
enabled. Due to this dual use, dynamic
refresh is handled on the memory board
itself vrather than relying on the
AmZ8002. The P2 connector of the mem-
ory board supports 16 address bits
whereas its Pl connector supports 20
bits.

2-9. AmSYS 8/8 INTERCONNECTION

When an AmSYS 8/8 Development System is
used, P3 of the Evaluation Board is
connected to P4 of the Development Sys-
tem's CPU board as illustrated in fig-
ure 2-2. A cable (Am96/4016-PCBL) for
connecting P3 to P4 is available from
AMC. Alternatively, a cable can be
fabricated by using two Scotchflex card
edge connectors (3M part #3415-0001)
and one foot of Scotchflex flat cable
(3M part #3306/50).

A diskette-based program named HOST is
supplied with the Development System
for communication between the Develop-
ment System and the Evaluation Board.
Execution of this utility on the Devel-
opment System allows Evaluation Board
operations to be controled through the
Development-system console. However,
if the Am96/4016-KBD keyboard/display
console is attached, it takes priority
over all other consoles as the monitor
console.



The Development System can be used for
programming work simultaneously with
execution of programs on the Evaluation
Board. The Pl but serves the AmSYS 8/8
while the P2 bus serves the Evaluation
Board. In this case, separate consoles
may be needed. However, communication
or transfers between the Evaluation
Board and the Development System re-
quire the HOST program to be in execu-
tion.

2-10. JUMPER OPTIONS

Several jumpers, illustrated in figure
2-4, can be connected to modify the
standard functions of the Evaluation
Board. There is a Break switch for re-
gaining CPU control, two jumpers for
grounding external I/0 devices to the
board, one for timing an external de-
vice, one for selecting RS232C or TTY
serial interface, one for enabling an
initialization 1line, one for enabling
an inhibit line, and one for disabling
the memory-cycle Wait state.

A11 jumpers are unconnected when the
board is shipped; the jumpers (12, 13)
associated with the Break switch are
connected, but the Break switch itself
is normally open. Wire-wrapping be-
tween the jumper posts will affect the
board's functions as described below.

/%REAK SWITCH - When pressed, it asyn-

chronously generates a non-maskable
interrupt (NMI*) to the CPU, which
forces control back to the Monitor
program. This circuit is connected
via a trace between jumpers 12 and
13. If the NMI* line on P2 is to
be used, the Break switch must be
disabled by cutting the trace con-
necting jumpers 12 and 13. The
wire-wrap pins at 12 and 13 can be
used to reconnect the Break switch
at a later time.

Jumper 1,2 - When jumpered, it connects
the chassis ground of the external
serial I/0 device at P5 to the
Evaluation-Board ground.

Jumper 3,4 - When jumpered, it connects
the chassis ground of the external
serial I/0 device at P6 to the
Evaluation-Board ground.

“Gumper 5,6,7 - Used by the Monitor to
determine baud rate at P6 as fol-

lTows :
NC opreds
9600 baud - all open
2400 baud - connect 6 to 5
300 baud - connect 7 to 5
110 baud - connect 6 to 5

and 7 to b

Jumper 8,9 - When jumpered, it connects
the 2MHz clock (4MHz + 2) to coun-
ter 0 of the Am8253 counter/timer

circuit, which is available exter-
nally through P5.

‘Jumper 10,11 - When jumpered, it con-

nects the OUT@ output of the
Am8253 at P5 to the NVI* 1line,
thereby generating periodic non-

vectored interrupts. o,«c~

“Jumper 12,13 - These jumpers are fac-
tory-connected by a trace to enable
the Break switch. If NMI* is used
at P2, the trace must be cut. The
jumpers can be reconnected later by
wire wrapping.

“Zdumper U56 - Unplugging and rotating
g this jumper 180 degrees changes the
P6 interface from RS232C to 20mA
current loop (TTY). The Am9551 must

be reprogrammed for baud rate if
20mA is used.
Vﬁumper 14,15 - When jumpered, it en-

ables pin 14 on the Pl Multibus
connector to be an INIT* input.
When the INIT* 1ine is Tow, it re-
sets the CPU, USARTs and parallel
I/0 circuit.
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- VAR &
“Jumper 16,17,18 - When jumpered 16-to-

17, the INH* line on the P2 connec-
tor becomes an active-low output

.whenever on-board memory space

(0000-5FFF) is addressed, thereby
disabling off-board memory. When
jumpered 17-to-18, the INH* Tine
becomes an input for all memory ac-
cesses, thereby disabling on-board
memory when the line is low.

“Jumper 19,20 - When jumpered, it dis-
ables the Wait cycle normally in-
serted between the T2 and T3 cycles
of on-board memory cycles.

~—
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CHAPTER 3
OPERATION WITH THE MONITOR

3-1. OVERVIEW OF OPERATIONS

When the Evaluation Board 1is powered
up, the ROM-based Monitor program in-
itailizes the standard board configur-
ations illustrated in figure 1-3. It
then displays an asterisk (*) prompt.

Immediately thereafter, any Monitor
command described in the following
pages can be entered, including the
commands that invoke the Assembler or
up/down-loads from the AmSYS 8/8 De-
velopment System.

The Monitor will communicate with any
console in the standard configuration
(figure 1-3), although precedence is
always given to the keyboard/display
console attached at the P4 edge con-
nector whenever it is present. If the
AmSYS 8/8 Development System is at-
tached to P3, the Monitor will also
communicate with its console if the
HOST program is running on the Develop-
ment System. When the keyboard/ dis-
play console at P4 plus the Develop-
ment System at P3 are attached, inputs
may be received from both but outputs
from the board will go only to the key-
board/display console. With consoles
only at P3 and P6 (nothing at P4), the
first one to communicate with the Eval-
uation Board becomes the system console
and receives output.

The on-board memory space accessible to
the Monitor includes hex addresses 0
through 5FFF, as indicated in figure
3-1. Both the Monitor and the optional
Assembler also use up to 100 hex bytes
each of RAM starting with address 4000
for the system stack and working stor-
age at various times.

If the P3, P4 and P6 edge connectors
are used for non-standard I/0 (i.e.,
any way other than that illustrated in
figure 1-3), or if the P5 connector
is used, the I/0 circuits controlling
these connectors must be reprogrammed
after initialization by the Monitor.
The Peripheral Programming chapter
discusses the methods for doing this.

Since the Tine-by-line Assembler is an
option with the Evaluation Board, a de-
scription of it is given in a separate
manual entitled Am96/4016-ASM Assembler
User's Manual.

3-2. MONITOR FUNCTIONS AND
USER CONTROLS

The Monitor allows you to perform the
following functions:

Examine, fill or substitute memory
locations

Examine or fill CPU registers

Execute a program starting at any
location

Single-step through a program
Specify breakpoints
Call the line-by-line Asssembler

Initiate and manage up/down loading
from the AmSYS 8/8 Development
System

There are two sets of operating modes
for the Monitor:

Normal/System Modes - These modes
differentiate between the abilities
to execute protected and privileged
AmZ8000 instructions, respectively.
The Monitor always comes up 1in
Normal Mode; any hex or Assembler
instructions can be entered, but
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3-2

Working Storage
for Monitor
(4000 thru 40FF)

ROM

HEX

ADDRESS
|'_ ————— —l—_ FFFF
| |
I |
| I
| I
A Optional J- !
Off-Board
T Memory T
I I
| B
I I
I I
I I
— 6000
RAM

AssembIer‘ )
(Optional)
— 1000 ,
Monitor o
-0

ON-BOARD
MEMORY

Figure 3-1. Memory Address




only protected instructions are ex-
ecuted. The SM command drops you
into System Mode. These modes cor-
respond to the CPU's distinction
between Normal and System modes.

Command/Program Modes - These modes
differentiate occasions when you
are directly interfacing with the
Monitor versus interfacing with the
Assembler or an application pro-
gram. In Program Mode, the Monitor
acts as a slave to the other pro-
gram being executed and services
that program's needs. The G or
ASM- commands, which execute pro-
grams, exemplify actions that cause
a change from Command Mode to Pro-
gram Mode. In Program Mode, calls
can be made to the Monitor either
through the SC dinstruction or
through direct keyboard entry at
program input points. Direct key-
board entry must be preceded by
the ESC (escape) key, and this only
works when the Monitor is driving
I/0 for the application program.

An asterisk (*) 1is used for command
prompting. However, since the keyboard/
display console has only one line of
display characters, the prompt does not
appear on this console if a line of
data is displayed in response to the
previous command. When commands are
used that require no display in re-
sponse, the command prompt will appear
on the keyboard/display console just as
on conventional CRT or printer con-
soles.

There are two text-editing functions:
The Tlast character entered can be de-
leted with the DEL key on RS232C con-
soles or the RUBOUT key on Teletype
(TTY) consoles. Also, the entire cur-
rent line of entry can be deleted with
the Control X key pair.

If unrecognized commands are entered,
the Monitor will respond with a ques-
tion mark (?).

3-3. MONITOR COMMANDS

The Monitor commands are listed accord-
ing to functional categories in table
3-1. Upper case characters are literal
entries, Tlower-case characters are
variable entries. The commands are de-
scribed in detail on the pages that
follow, according to the alphabetical
order of the command mnemonic; here
the commands are enclosed in paran-
theses which should not be entered as
part of the command. A1l memory ad-
dress and CPU register values (the
X,Y,Z parameters) are hexidecimal. Al]l
CPU register numbers, flag values and
other m,n parameters are decimal.

In addition to these commands, any
AmZ8000 hex-format instructions can be
entered through the Monitor, without
the Assembler. The Monitor initializes
the program counter at hex 1000 and the
stack pointer (register R15) at hex
40AE. System calls (the 7F instruction
followed by a non-zero reference value)
will display the reference value when
the program exits to the Monitor.

Blank spaces separating single-
character commands and variables are
optional.

A1l addresses are 16 bits Tong. Memory
reference always return words and in-
structions always begin on word bound-
ries (even addresses).

3-4. (ASM) EXECUTE ASSEMBLER

Invokes the 1line-by-line Assembler,
which is assumed to reside in ROM hex
addresses 1000 through 2FFF. It will
immediately prompt you for input. See
the Am96/4016-ASM User's Manual for
instructions on how the Assembler is
operated.

3-3



3-4

TABLE 3-1. MONITOR COMMAND SUMMARY

Edit Functions

Display memory

Display and substitute memory

Display program counter
Display all CPU registers

Display word register
Display flags

Fill memory
Fill program counter

Fill high-byte register

Fill Tow-byte register
Fill word register

Move memory

Set carry flag

Set decimal-adjust flag

Set half-carry flag
Set overflow flag
Set parity flag

Set sign flag

Set Zero flag

Execution Functions

Execute assembler
Execute program
Enter system mode
Enter normal mode
Hardware breakpoint
Software breakpoint
Single-step

Trace

Up/Down Loading

Down Load
Up Load

_U
x x
<

XXX XWIND
>3

2 20 20 Uum

NN O<ITOO =

B x,y,z
(cr) after Bor T
T m,n

LOAD d:file,x
SAVE d:file,x,y

NOTE:

m,n are decimal values
X,Y,z are hexidecimal values




3-5. (B x,y,z) SOFTWARE BREAKPOINT

Sets two or three software breakpoint
addresses (x,y and optionally z) and
starts execution at the current program
counter address. Only the first break-
point encountered is used; the others
are discarded when any one breakpoint
is reached.

This command executes to, but not in-
cluding, instruction x. Unlike the
hardware breakpoint command (Ex), this
command cannot be used in ROM space.

User code is modified temporarily by
inserting a system call at the break-
point address, but the code is restored
upon break. Thus the breakpoints are
cleared everytime and do not stay set.

Output 1includes the program counter
(PC) at break and the first word of the
next instruction (NI} to be executed.

You might need to set the program coun-
ter (P=x) prior to entering this com-
mand.

3-6. (C n) SET CARRY FLAG

Sets or resets the carry (C) flag to
n=1 or 0. See the XF command for dis-
playing flags.

3-7. [(cr) after B or T] SINGLE-STEP

After a B (breakpoint) or T (trace)
command has been executed, single car-
riage returns (cr) will execute and
display subsequent instructions one at
a time. This single-step mode is dis-
abled with any macro-type command such
as G, ASM, LOAD or SAVE.

3-8. (D n) SET DECIMAL-ADJUST FLAG

Sets or resets the decimal-adjust (DA)
flag to n = 1 or 0. This syntax takes
precedence over the Display Memory (D
X,y) command. See the XF command for
displaying flags.

3-9. (D x,y) DISPLAY MEMORY

Displays the contents of memory at ad-
dresses x through y. Up to eight hexi-
decimal words, plus their ASCII byte
equivalents and beginning address are
displayed on each line. Bytes with no
ASCII equivalent are represented by an
underline (this character may vary with
your terminal).

The y ending address is optional and if
missing is assumed equal to x. The
least significant bit of each address
x and y is cleared to insure display on
word boundries.

Display of locations @ or 1 can con-
flict with the Dn command. To avoid
this conflict, these addresses can be
represented by @@ and @1, respec-
tively. This is not necessary, however,
in the case of a range such as D@,F.

The ASCII equivalents displayed in the
right-hand column are useful for iden-
tifying alphanumeric data.

3-10. (E x) HARDWARE BREAKPOINT

Sets a hardware breakpoint at address
X. It stays set until changed. Set-
ting to zero has the same effect as a
clear. Control is returned to Monitor
following completion of instruction if
the address is encountered during user
program execution.

A breakpoint should not be set to the
address immediately following a system
call because unpredictable results will
occur.

3-11. (F x,y,z) FILL MEMORY

The contents of memory words from the x
address through the y address are fil-
led with the 16-bit value z. The Teast
significant bit of each address x and y
is cleared to insure fill on word boun-
dries (even addresses). If y is mis-
sing, it is assumed equal to x.
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The new EDPR Monitor comman& has the form

-12. (G i AR DE
Executes LDPR d:file.ext S ngY‘-
ning at m ed in-

itted. ex LDPR reads the binary file named file.ext on drive d
> from the AmSYS 8/8 and transfers the program to the
Evaluation Board memory. The drive, file name and
extension (if any) must all be specified. The file
must be a binary file (type .BIN) produced by
MACRO8000 or LINK800O on AmSYS 8/8. rerflow

You might :ommand

address i
command (
a breakpc¢
program e

2 The binary file includes destination addresses for the
ter (P_x) W F]ag
code. Also, a transfer address (main entry point) is nd for
automatically used to set the AmZ8000 program counter
3-13. (H (PC). Therefore, the user can start the program
simply with G, rather than G followed by an address.
Sets or r Ty 3= 18, (P = XJ FILC PROGHRAVT GouNTER

ton=1or 0. See the XF command for

displaying flags. . ., .0 Fills the program counter with the ad-

~w’””” dress x. The counter can be displayed
3-14. (LOAD d file,x) DOWN LOAD with the XF command.
Reads the object program named "file" _ _ _
on drive "d" from the AmSYS 8/8 3-19. %REHGr]STE)RFILL HIGH-BYTE
Development System into the Evaluation
Board memory beginning at memory ad- Fills the high-byte register n (where n
dress x. The "file" name must be in = 0 to 7) with the 8-bit hex value x.

the AmSYS 8/8 format with the disk  The register can be displayed with the
drive specified. The HOST program must]_ Xn command.

be running on the Development System. _
/’,ﬂ ~OSTS

. , i
If this command is” entered from the De- '3-20. (RLn = x) FILL LOW-BYTE

velopment System{ a prompt, consisting ' REGISTER
of the currently 1logged-in diskette ' Fills the low-byte register n (where n

identifier in parentheses, will appegﬁw' = 0 to 7) with the 8-bit hex value x.
on your console. ) N The register can be displayed with the
(e Xn command.

See the next section entitled AmSYS 8/8
Up/Down Loading if you are assembling
programs on the Development System. 3-21. (Rn = x) FILL WORD REGISTER

Fills the general-purpose register n
3-15. (M x,y,z) MOVE MEMORY (where n = 0 to 15) with the 16-bit hex
value x. The register can be displayed
Moves the contents of memory from ad- with the Xn command.
dress x through address y to addresses
z through z+(y-x). Memory is moved as
16-bit words. Therefore, the least 3-22. (SAVE d:file,x,y) UP LOAD
significant bit of addresses x and z
are cleared to ensure a memory move on Writes the contents of Evaluation Board
word boundries (even addresses). Also, memory between the addresses x and y to
when address y is an even address, ad- the AmSYS 8/8 Development System disk
dresses x through y+1 are moved to ad- "d" on the "file" specified. If the
dresses z through z+(y-x+1). file already exists, it will be deleted
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and recreated. The "file" name must be
in the AmSYS 8/8 format with the disk
drive specified, and the HOST program
must be executing.

IR A s A TE I A

s WA BN e

If this command is entered ﬁﬁm% the De-
velopment System, a prompt, consisting
of the currently Tlogged-in diskette
identifier in parentheses, will appear
on your screen. These simply acknow-
ledge communications received from the
Evaluation Board Monitor.

See the next section entitled AmSYS 8/8
Up/Down Loading if you are assembling
programs on the Development System.

3-23. (SM) ENTER SYSTEM MODE

Drops you into the CPU's System Mode,

in which all privileged instructions
can be executed. The Monitor is ini-
tialized at power-up in Normal (pro-

tected) Mode.

3-24. (S n) SET SIGN FLAG

Sets or resets the sign (S) flag to n =
1 or 0. This syntax takes precedence
over the Display and Substitute Memory
command. The XF command can be used to
display the flags.

3-25. (S x) DISPLAY AND
SUBSTITUTE MEMORY

Displays the contents of the memory
word at address x and waits for your
substitution. A 16-bit hex value will
replace the contents of the word at ad-
dress x and advance to the next word. A
carriage return only will advance to
the next word without substitution. A
period (.) will terminate substitution
and return to the Monitor's command
mode.

Substitutions of addresses @ or 1 can
conflict with the Sn command. To avoid

this conflict, these addresses may be
represented by @@ and Z, respec-
tively. . o7

3-26. (T m,n) TRACE

Executes m instructions beginning at
the current program counter address and
displays each instruction in sequence.
If n is specified, the display occurs
in intervals of n instructions. This
command is wuseful only for CRT or
printer consoles, as an alternative to
manual single-stepping.

You might need to set the program coun-
ter (P=x) before entering this command.

Care should be taken not to trace over
system calls because unpredictable re-
sults will occur.

3-27. (V n) SET OVERFLOW FLAG

Sets or resets the parity/overflow
(P/V) flag to n =1 or 0. This command
is equivalent to the Set Parity Flag
(Pn) command. The flags can be dis-
played with the XF command.

3-28. (X) DISPLAY ALL REGISTERS

Displays the contents of all 16 CPU re-
gisters, plus the program counter (PC)
and flags.

3-29. (XF) DISPLAY FLAGS

Displays the six flags contained in the
CPU's Flag and Control Word. The bit-
setting of the flag immediately follows
its mnemonic. The flags are:

Carry

Zero

Sign

Parity or overflow (P/V)
Decimal adjust (DA)
Half-carry

TOTWLNO
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3-30. (X n) DISPLAY WORD REGISTER

Displays the 16-bit contents of CPU re-
gister n, where n = 0 to 15. Register
15 is the stack pointer and is initial-
ized during power-up to 40AE.

3-31. (XP) DISPLAY PROGRAM
COUNTER

Displays the address contained
program counter register.

in the

3-32. (Z n) SET ZERO FLAG

Sets or resets the zero (Z) flag to n =
1 or 0. The flags can be displayed with
the XF command.

3-33. MONITOR 1/0 SUPPORT FOR
USER PROGRAMS

[/0 through the serial or parallel
ports can be done either by your pro-
gram, through the CPU's I/0 instruc-
tions in system mode, or by the Mon-
itor.

To wuse the Monitor for
general steps are followed:

1/0, these

1. Store a block of four 16-bit con-
trol words in memory.

2. Store the beginning address of
this block in register RI1.

3. Execute the SC instruction using
a value of zero (a non-zero value
will be interpreted as a program
exit which will return control
to the monitor).

The block of four 16-bit control words
is ordered as shown in table 3-2. The
function code is stored in the most
significant byte of word one; the least
significant byte of word one contains
the response code. Words two, three
and four provide the address of the
file name, the beginning address of

data, and the number of bytes to be
written on read as described in the
following function code description.

Read Control Statement (function code
0) - This command is intended for use
by the assembler. It transfers the
user call command line to the specified
area in the same form as the Read
Console function code 1

Read Console (function code 1) - Reads
a single line from the console. The
file name address is unused. The data
length represents a maximum and is re-
placed by the actual length. A con-
sole message is always terminated by a
carriage return. The response code is
nomally zero unless the message was
truncated, in which case, the response
code is 1.

Write Console (function code 2) -
Writes a single Tine to the console.

The file name address is unused. The
data length represents the write
length. The system provides no auto-

matic end of 1line thus, the message
must contain any required carriage re-
turn or line feed codes. The response
code is zero.

Write Line Printer (function code 3) -

Qutputs a single 1line to the 1line
printer. The file name address is
unused. The data length represents the

write length. A1l printer controls
must be user supplied. The System 8/8
host must be connected and its monitor
in execution. The response code is
zero.

Open Disk File (function code 4) -
Prepares a disk file to be read. The
data address and length are unused. The
file name address points to the address
of the file name, which must be thir-



TABLE 3-2. MONITOR 1/0 CONTROL BLOCK

Word

Byte

Contents

High

Low

High
Low

High
Low

High
Low

Function Code

1 = Read from console
Write to console
Write line printer
Open disk file
Close disk file
Created disk file
Read disk sector
Write disk sector
Read Control statement

[ Ne LN W& I~ WIS NN
na  wuw un nn

No entry. Response code is stored
here after 1/0.

Address at which the file name
is stored.

Beginning address of data to
be written or read. Data
written must include any
necessary carriage return,
line feeds etc. Data read
will include them also.

Length in number of bytes.

It indicates either the total
number of bytes to be writ-
ten, or the maximum number of
bytes to be read. The total
number of bytes read up to
and including the carriage
return is stored here upon
return to user program.
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teen characters long and in AMDOS for-
mat e.g., A:FILEbbbbEXT. The response
code is zero if the file was opened, 1
if not found, 2 if a disk error occur-
red, and 3 if the file is already open.
The Sytem 8/8 host must be connected
and its monitor in execution.

Close Disk File (function code 5) -
Closes a file. The data address and
length are unused. The file name ad-
dress points to the address of the file
name, which must be thirtheen chara-
cters long and 1in AMDOS format (See
function code 4). The response code is
zero if the file was closed, 1 if not
found, 2 if a disk error occurred, and
3 if not previously opened or created.
The Sytem 8/8 host must be connected
and its monitor in execution.

The

Create Disk File (function cod

Creates a disk file and prepares
be written. The data addre

length are unused. The file
address specifies the address atf
the file name is stored. The fil
must be thirteen characters Tong

AMDOS format. The response ¢
zero if the file was created, 1
file space, 2 if a disk error oct
and 3 if the file is already o
created. If a prior file exist
will be deleted before the new

created. The Sytem 8/8 host mi
connected and its monitor in exec

order:

section
COMMUNICATION,

re-opened. The Sytem 8/8 host must be
connected and its monitor in execution.

Write Disk Sector (function code 8) -
Write one disk sector (128 bytes) Both
the file name and record address must
be given. The data length is unused.
The next sequentioal sector on the
specified file will be written with the
contents of that data area. The re-
sponse code is zero if no errors, 1 if
no disk space, 2 if a disk error occur-
red, or 3 if this file was not pre-
viously created. Attempting to write
to an opened file will also return code
3. The System 8/8 host must be con-
nected and its monitor in execution.

should_  be

callﬁdﬁmﬂg§zi AND MONITOR

The capabilities should be listed in a more reasonable

Assemble (or assemble and 1link) AmZ8000 sourc.
code with MACRO8000 (or MACRO8000 and
LINK8000) on AmSYS 8/8.

Download programs to the Evaluation Board with
the LOAD Monitor command or LDPR Monitor
command, as described later in this section.

Store programs by uploading the memory image
from the Evaluation Board to a file on AmSYS
8/8. The file 1s uploaded with the SAVE
Monitor command and can later be downloaded
again with the LOAD Monitor command.

Read Disk Sector (function code "7 =
Reads one disk sector (128 bytes) Both
the file name and record address must
be given. The data length is returned.
The next sequential sector on the
specified file will be transferred to
the data area. The response code is
zero if no errors, 1 if end of file oc-
curred, 2 if a disk error occurred, or
3 if this file was not previously open-
ed or an attempt is made to read a
created file. If a created file is to
be read, it must be closed and

TTTTY Sy SCell SUPPUTTI T UL ey

HOST, which communicates with the Eval-
uation Board Monitor. The HOST utility
interfaces with AMDOS8 for service
calls to read the console, print lines,
and process disk requests.

The program is activated T1ike any other
AMDOS8 program: by typing in its name,
in this case HOST. It will respond
with the message SYSTEM 8/8 78000 HOST
followed by a prompt which consists of



the currently logged-in disk drive in
parentheses, e.g., (A).

After an up or down load, the HOST pro-
gram can be terminated with the Control
L and END sequence so that execution on
the Evaluation Board may proceed con-
currently with unrelated execution
under the Development System's oper-
ating system. The message HOST
SHUTDOWN appears upon termination.
This soft shutdown is provided so that
the program can close any files left
open.

The Control L entry indicates to the
HOST program that the command to fol-
low is meant for it. The Control L END
sequence 1is currently the only user
command to the HOST program. All other
commands entered from the AmSYS 8/8
console (i.e., those without Control L)
are transmitted to the Evaluation Board
for interpretation. Upon transmission,
the Development System will acknowledge
this with its prompt. The Evaluation
" Board will acknowledge reception of the
command with its prompt, another more
specific response, or both. Thus, the
Development System console can effect-
jvely become the Evaluation Board
console.

The HOST program can issue five error
messages, which are explained below.

COMMAND ERROR -
command .

Invalid Control L

78000 MESSAGE PENDING - A prior mes-
sage to the Evaluation Board CPU has
not yet been acted upon.

MESSAGE EXCEEDS 80 CHARACTERS -
Re-enter your message using fewer
characters.

ILLEGAL REQUEST FROM Z8000 - The
Development System has received an un-
recognized message from the Evalua-
tion Board.

TRANSMISSION ERROR - Communication
with the Evaluation Board produced a
parity error and transmission is
being retried. If this continues,
reset the CPU (power off/on, unless
you have connected a reset circuit).

The Development System's MACR08000
(MACZ) Assembler produces hex code that
must be converted to binary before
down-loading to the Evaluation Board.
Normally, the Development System's LOAD
program is used for this translation.
However, AMDOS8 assumes programs always
start at 100 hex, while on the Evalua-
tion Board programs must start no lower
than about 4100 hex (see figure 3-1).

To overcome this situation, the Devel-
opment System's DEBUG program can be
used to load, translate and offset the
hex source file before down-loading to
the Evaluation Board. This is accom-
plished with the following entries:

|

a
b

Howm [

oe >z 2

1. DEBUG Calls 3~ §° ®
progra = ;,;'“m & §

. Sp 83 o

2. 1 filename.HEX Declar K3 &5 &
source 3 4 e B
for tr , 88
binary 8 E e :

o e extens 8 & g 6
filena 23 ~ &
used). R F13

wn - B. :
w308
3. R value Loads, § =S
and ¢ 8 oS :
source & & g d*.é' E B
value 2.8 8T 4
10100 av< o® 2 ©
desirec ~ @ o o0
origin  § 3 § g
i~ X
4, Control C Exits - §‘SL:3 é
bug pri R G B
@ o =
2°g °
5. SAVE nnn Saves -
filename prograi Fe®
ette. e T T T T
value nnn is de-




rived from the two
most significant
characters of a
hex value returned
by the R command
in step 3.

After this sequence is entered on the
Development System, the prcgram can be
down-loaded by executing the HOST
program and entering the Evaluation
Board Monitor's LOAD command.

For example, if you want your program
origin to be hex 5000 for Evaluation
Board execution, your entry in step 3
would be:

R B1g@
The value Bl@#@ 1is obtained by sub-

tracting hex 5000 from hex 10100. Fol-
lTowing the R command, AMDOS8 returns a

The secfion sho{The

secfion

4-character hex value called NEXT, as
in:

NEXT
69E2

The first two hex characters of this
value must be converted to their deci-
mal equivalent to obtain the value nnn
used in step 5. For example:

69 (hex) = 105 (decimal)

The SAVE command in step 5 would then
be:

SAVE 105 filename

This file can then be down-loaded to
the Evaluation Board by first running
HOST and then entering the Evaluation
Board Monitor's LOAD command.

should be called SAVE/RESTORE with

| UPLOAD /DOWNLOAD .

The AMC binary i
information,

.COM file, the .program by uploading to AmSYS 8/8.
acommand saves the specified memory space as a file on
The file type
should make a record of the current PC at the

Like
inform:AmSYS 8/8.

code.
address
address spaces.user

asThe user can save the memory image of an AmZ8000

The SAVE Monitor

.2ZSV 1is recommended. The

transfer addrestime of the SAVE.

Program Counter
Board.

as output from information
(type
the file.

The user can later restore the program by downloading
from AmSYS 8/8 with the LOAD Monitor command.
Either MACR0O800O(special preparation of the

saved with the
.BIN) hasdirectly reloaded with the Monitor LOAD. The PC
The §should then be set to the wvalue

No
involved; the
SAVE can be

file 1is
Monitor

it had when the

‘program was saved.

HOST



CHAPTER 4
PRINCIPLES OF OPERATION

4-1. POWER-UP SEQUENCE

The Evaluation Board requires three
input voltages at the Pl edge conector.
Their use is shown below:

+12V - RAM and serial I[/0 circuits

-12V - RS232C and TTY interfaces.
-5V for RAM is derived from
this voltage.

45V - TIL

The ground (GND) pins at P1, P2, P3 and
P4 are tied together with the Signal
Ground pins at P5 and P6. They require
external ground at Pl. The Chassis
ground pins at P5 and P6 can be jump-
ered into this ground plane as shown in
figure 2-4.

When the board is powered up, an RC
network generates a reset to the CPU
and to the programmable parallel and
serial I/0 devices. The CPU's flag and
control word (FCW) 1is initialized, with
only the System/Normal flag set to Sys-
tem Mode. The Monitor program then be-
gins execution.

The Monitor writes a value to the CPU's
refresh counter that causes refresh at
30-microsecond intervals. The program
status area pointer (interrupt vector
table) is also written. Then, the Mon-
itor writes control bytes to the Am8253
counter/timer, the two Am9551 serial
1/0 circuits, and the Am8255A parallel
I/0 circuit. It also samples a line to
see if the optional keyboard/display
console is present at P4 (when present,
it receives all output).

The Monitor then sets the user's pro-
gram counter to 1000 hex and sends a
command prompt to either the keyboard/
display (if attached) or to the console

at P6. If consoles are attached to both
P5 and P6, without the keyboard/display
at P4, the first console to respond be-
comes the system console and gets all
output.

4-2. CPU FUNCTIONS

The list of CPU pins below describes
which pins are used for the internal
functions of the Evaluation Board. All
pins, after buffering, are available
for external use at the P2 edge con-
nector.

AS* - (output, three-state).
Used in the normal way to
indicate valid addresses,
and to demultiplex the
address/ data buses.

DS* - (output, three-state).

Used in the normal way to
indicate valid data, and to
demultiplex the addreess/
data buses. Figure 4-1
shows how it is also used
with R/W* and I/0* (a line
decoded from the STp-
ST3 lines) to decode the
IOR* and IOW* Tines which
gate the Am8255A, Am9551
and Am8253 circuits.

MREQ* - (output, three-state).
Used in the normal way to
gate memory.

R/W* - (output, three-state).
Used with DS* and [/0%,
See figure 4-1. RAM R/W*,
which is forced high during
memory refresh, is derived
from this Tine.



N/S* - (output, three-state). Not
used. Trapping of System
Mode instructions is done
independently of this out-
put, which is designed pri-
marily to distinguish phy-
sical memory spaces for
Normal and System Modes.

B/W* - (output, three-state).
Used in the normal way to
distinguish byte or word
memory references.

STp-ST3 - (outputs, three-state).
Only three of the ten pos-
sible conditions meaningful
for the AmZ8002 are used

on-board:

1) I/0 reference is used
with R/W* and DS* as
described under DS*

2) memory refresh becomes
RFSH* and is used on the
RAM

3) instruction fetch, first
word, becomes IF1* and
is used in the hardware
breakpoint and single-
step functions.

WAIT* - (input). Used to generate
Wait states between the T2
and T3 clock cycles of a
memory cycle during memory
references to address O-

SFFF.

STOP* - (input). Not used. It stops
the CPU entirely, which
prevents the Monitor pro-

gram from executing.

BUSRQ* - (input). Not used on-board
since only the CPU controls

the system buses.

4-2

BUSAK* - (output). Not used. How-
ever, it is connected to
disable P2 buffers if the
BUSRQ* is used by an exter-
nal device.

NMI* - (input). Used by the break-
point, single-step and
break switch functions to
force control back to the
Monitor program.

VI* - (input). Not used.

NVI* - (input). Not used.

MI* - (input). Not used.

MO* - (output). Not used.

RESET* - (input). Connected to the

RST* Tine on the board,
which resets the CPU and
all other programmable cir-
cuits during power-up.

4-3. BUS STRUCTURE

The CPU's 16-bit multiplexed address/
data pins are demultiplexed into sep-
arate 16-bit data and address buses, as
shown in figure 4-2. The address bus
is latched and the data bus is buffered
before use on the board and termination
at the P2 edge connector. A transparent
latch instead of a register is used on
the buffered address bus so that ad-
dresses may become valid before the

trailing edge of the address strobe
(AS*).
The status lines and control strobes

are also buffered to P2. All of these

lines and buses float to the high
impedance state when an external
device's bus request (BUSRQ*) is ac-

knowledged (BUSAK*).

The CPU's data bus is separated from a
16-bit internal data bus (IDg-ID1g4)
by a transceiver which can be disabled
by an active-Tow input on the INH*
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Tine. The INH* 1line is normally an
output on P2 during memory references
to the on-board memory space (0-5FFF);
this disables off-board memory, but it
can be jumpered (see figure 2-4) to be-
come an input and thereby give priority
to off-board memory.

The internal data bus services on-board
memory (16 bits) and I/0 ports (lower 8
bits). A 16-bit hardware breakpoint
register sits between the internal data
bus and the address bus. When loaded
through the data bus with a hardware
breakpoint address (the Bx command), it
generates a non-maskable interrupt to
the CPU upon seeing that address on the
address bus.

4-4. MEMORY

Figure 3-1 shows the allocation of
memory space on the board. The ROM
Monitor occupies addresses 0-OFFF. The
optional ROM Assembler occupies 1000-
2FFF. There is an empty hole at 3000-
3FFF due to lack of space on the board
for additional memory. RAM occupies
4000-5FFF, with up to hex 400 low bytes
used by working storage for the ROM
programs and CPU stack pointer. (i.e.,
up to hex address 4200.)

RAM memory 1is refreshed at 30-micro-
second intervals by the CPU, according
to the Monitor's initialization of the
CPU's fresh counter. ROMs are disabled
during this refresh. Since there is
only one row of RAM, the internal data
bus is sourced only by the RAM during
refresh. Care should be taken if the
INIT* input on P1 is enabled by jumpers
14 and 15 (figure 2-4): this causes a
CPU reset, during which memory refresh
ceases.

Each memory address contains an 8-bit
byte. For a RAM read, both high and
low bytes of the word-oriented memory
are enabled, irrespective of whether
the operation is on a byte or a word.
In a byte write to RAM, however, only

the high or low byte of memory is
enabled (internal data bus 1lines IDjg
-1Dg or ID7-1Dg, respective]y}
By contrast, all ROM transfers enable
the entire word.

A single Wait state is inserted betwen
clock cycles T2 and T3 during on-board
memory cycles, but it can be disabled
by a jumper (figure 2-4).

An INH* T1ine is present at the P2 edge
connector for inhibiting either on- or
off-board memory, depending on the use
of optional jumpers 16, 17 and 18
(figure 2-4). The board 1is shipped
with no jumpering at these connections;
therefore, the INH* line 1is never act-
ivated.  When jumpers 16 and 17 are
connected, INH*0 1is an active-low
output at P2 during memory references
to on-board memory space (0-5FFF); this
is useful in disabling off-board memory
that overlaps this space. When jumpers
17 and 18 are connected, INH* is an
active-low input to the on-board memory
for all memory references; on-board
memory is never accessed in this case.

The INH* 1line can be gated off-board
with the MREQ* line and selected ad-
dress Tlines to vary this priority
scheme within the 0-5FFF address space.
For example, figure 4-3 shows how off-
board memory can take precedence at all
addresses except O0-0FFF, where the
Monitor resides.

4-5. PERIPHERAL DECODING

Only the low-order 12 address bits on
the Evaluation Board are decoded for
peripherals, giving a total of up to 4K

I/0 ports. Some peripheral circuits
use Ag and A; to directly address
internal channels or registers. There-
fore, these two bits are uniformly

treated as don't-care bits for device
addressing as a result, each decoded
I/0 port consists of a block of four
contiguous addresses.



These address lines are gated by the
decoded status signal I/0*, indicating
an input or output cycle (either one).
In order to be compatible with the
peripheral chips, two control strobes,
IOR* and IOW* are generated from the
R/W* Tine when I/0* is active, and they
are gated by DS* as illustrated in the
CPU Functions discussion above.
Furthermore, the last eight groups are
decoded as write-only ports by gating

with the IOW* strobe.

The complete list of I/0 port addresses
is shown in table 4-1. The range of
four contiguous addresses in each group
is first shown. If the device uses the
Ag or A1 Tlines for direct addres-
sing of channels or registers within
the circuit, these are listed below the
group range.

A1b5

Al4

A13

Al12

YYVY

ON-BOARD OFF-BOARD

INH*
-—(

MREQ*

Y

Figure 4-3. Customizing Off-Board Memory References
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TABLE 4-1. PERIPHERAL ADDRESSES

FFC-FFF
FF8-FFB
FF4-FF7

FF3-FFO
FF3
FF2
FF1
FFO

FEF-FEC
FEF
FEE
FED
FEC

FEB-FES8
FEB
FEA
FE9
FE8

FE7-FE4
FE7
FE6
FE5
FE4

FE3-FEO
FDF-FEC
FD8-FDB
FD7-FD4

FD3-FDO
FD3
FD2
FD1
FDO

FCF-FCC
FCF
FCE
FCD
FCC

N/C
N/C
N/C

Am8255A buffered user ports
Control port

Port C

Port B

Port A

Am9551 RS232 port
Control

Data

Control (same as FEF)
Data (same as FEE)

Am9551 RS232 or TTY port
Control

Data

Control (same as FEB)
Data (Same as FEA)

Am8253 counter time
Mode control
Counter 2

Counter 1

Counter O

Keyboard return Tines
Keyboard scan lines
Single-step control
Breakpoint register

LED display

20th character (left most)
19th character

18th character

17th character

16th character
15th character
14th character
13th character




TABLE 4-1. PERIPHERAL ADDRESSES (CONT'D)

FCB-FC8
FCB : 12th character
FCA : 11th character
FC9 : 10th character

FC8 : 9th character
FC7-FC4

FC7 8th character

FC6 : 7th character

FC5 : 6th character

FC4 : 5th character
FC3-FCO

FC3 : 4th character

FC2 : 3rd character

FC1 : 2nd character

FCO : 1st character (right-most)







CHAPTER 5
PERIPHERAL PROGRAMMING

5-1. PARALLEL 1/0

The Am8255A provides three 8-bit paral-
lel I/0 ports into or out of the lower
eight lines of the internal data bus.
In the standard Evaulation Board con-
figuration, the three ports (A, B and
C) are used for up/down program loading
and remote console control from the
AmSYS 8/8 Development System. Port A
is used for data output to the Develop-
ment System, port B for data input, and
port C for software-controlled hand-
shaking (4 bits in, 4 bits out).

During power-up initialization, the
Monitor writes an 8-bit Operation Con-
trol Word to the Am8255A control reg-
ister for this purpose. In addition, a
Bit Set/Reset handshaking byte is writ-
ten to the same I/0 address by the Mon-
itor for each byte of data sent to port
A, and the port C lines are read for a
response from AmSYS 8/8 that the last
data byte was received.

For non-standard uses of the P3 edge
connector, the 8-bit Operation Control
Word must be rewritten after initiali-
zation by the Monitor. There are three
modes of operation possible:

Mode 0 - Basic input or output with-
out strobed handshaking (but
allowing software handshake
routines). Ports A and B
are 8 bits each and port C
consists of two 4-bit ports.
Any port can be input or
output. Outputs are latched;
inputs are not. In the
standard Evaluation Board,
the Am8255A 1is initialized
in this mode.

Mode 1 - Input or output in conjunc-
tion with strobed handshak-
ing signals. Port A consists
of 8 data lines in conjunc-
tion with the wupper four
handshake lines of port C.

Port B is similar but uses
the lower four Tines of port
C for handshake. All data
lines are latched, whether
input or output.

Mode 2 - Bidirectional data transfers
on the eight lines of port
A, controlled by the upper

five monodirectional lines
of port C. Port A is
latched on both input and

output. The Tlower three
Tines of port C and the
eight Tines of port B are
monodirectional input or
output data Tlines.

The form of the 8-bit Operation Control
Word is shown in table 5-1.

Port C contains an 8-bit output
latch/buffer and an 8-bit input buffer
(no latch). Any of the output bits can
be set or reset with an output instruc-
tion to the same address according to
the 8-bit Bit Set/Reset Control Word
shown in table 5-2.

After initialization, data or control
bytes can be transfered at ports A, B
and C using the I/0 addresses shown in
table 5-3.

The six 14-pin sockets provided for
drivers and terminators between the
Am8255A and the P3 edge connector limit
the use of all three ports to either
input or output, i.e., no bidrectional-
ity, which 1is normally possible with
port A in Mode 2. However, if there is
only a short distance between the P3
edge connector and the external device,
the driver/terminator sockets can be
shorted with headers and jumpers to get
bidirectionality in port A at the ex-
pense of sacrificing buffering.

Refer to the AMD Am8255A Data Sheet for
more details.
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TABLE 5-1. Am8255A OPERATION CONTROL WORD FORMAT

L]

D7 | D6y D5{ D4} D3| D2]| D1| DO

S, o— |
Port C, Bits 0-3

1 = Input

0 = Output
Port B

1 = Input

0 = Output
L —————— Mode Selection
1 = Mode 1

0 = Mode 0
Port C. Bits 4-7
1 = Input

0 = Output
Port A

1 = Input

0 = Output
Mode

00 = Mode 0
01 = Mode 1
1X = Mode 2

1 = Operation Control Word

TABLE 5-2. Am8255A BIT SET/RESET CONTROL WORD FORMAT

T[]

L

NOT USED BIT SET/RESET
1 - SET
0 - RESET

PORT C BIT SELECT

8IT D3 D2 D1
0o 0 0 O
t 0 0 1
2 0 1 0
3 0 1t 1
4 1 0 0
5 1 0 1
6 1 1 0
7 0t 1 1

0 - BIT SET/RESET CONTROL WORD




5-2. SERIAL I/O

Two Am9551 USARTs provide full-duplex
serial transmission between the Tower
eight lines of the internal data bus
and the P5 and P6 edge connectors.
Both the transmitter and receiver clock
inputs to these circuits come from the
- Am8253 counter/timer.

In the standard Evaluation Board con-
figuration, the Am9551 at P6 devices
are initialized by the Monitor with
control bytes at power-up, indepen-
dently of whether the ports are
jumpered for RS232C or TTY compati-
blity. The devices are configured for
8-bit asynchronous characters with two
stop bits, parity disabled and 16x baud
rate factor. They are also enabled for
transmission and reception, with the
Request-To-Send line forced active and
without Hunt Mode. This 1is accom-
plished by first writing a hex CE Mode
Control Code to I/0 addresses FE9 and
FED, followed by a hex 27 Control Com-
mand to the same address (11001110 fol-
lowed by 00100111). The format for the
‘Asynchronous Mode Control Code is shown
in table 5-4.

The format for the Control Command that
follows it is shown in table 5-5.

Synchronous transmission/reception is
obtained by first writing a Synchronous
Mode Control Code followed by one or
two 8-bit synch characters, followed by
the same Control Command format illus-
trated above. The format for the Syn-
chronous Mode Control Code is shown in
table 5-6.

If you wish to change the Monitor's
initialization of the P6 USART after
power-up, or if you intend to use the
P5 USART, the following steps are re-
commended:

1. Write three successive null bytes
to the control port (FE9 for P6 or
FEO for P5).

2. MWrite a hex 40 to the port for a
software reset.

3. Initialize the device by writing
new control information as de-
scribed above.

After initialization, data can be
transferred using the 1/0 addresses
shown in table 5-7.

A readable status register maintains
information on the current operational
status of the device. Its format is
shown in table 5-8.

The definition of the status bits is as
follows:
TxRDY  Transmitter Ready indicates the
Am9551 1is ready to accept a
data character or command.
RxRDY Receiver Ready indicates the
Am9551 has received a character
on its serial input and is
ready to transfer it to the
CPU.

TxE Transmitter Empty signals the
processor that the transit
register is empty.

PE Parity Error indicates the
character stored in the receive
character buffer was received
with an incorrect number of
binary 1 bits.

OE Overrun flag is set when a byte
stored in the receiver
character register is overwrit-
ten with a new byte before
being transferred to the
processor.

FE Framing Error indicates the
asynchronous mode byte stored
in the receiver character buf-
fer was received with incorrect
character bit format.

SYNDET When Sync Detect is set for

internal sync detect, this bit
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TABLE 5-3. Am8255A ADDRESSES

PORTS

A B C
DATA | FFo | FF1 | FF2

Am 8255A
Paraliel 1/0

CONTROL FF3
EDGE
CONNECTOR P3

TABLE 5-4. Am9551 ASYNCHRONOUS MODE CONTROL CODE

7 6 5 4 3 2 1 0-=-— BitNo.

LITTTTTT]
e w—-—;—__ 00 invalid
01 Async mode, 1 x Baud rate factor

10 Async mode, 16 x Baud rate factor
11 Async mode, 64 x Baud rate factor

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

—— 0 = Parity disable, 1 = Parity enable

b 0 = 0dd parity, 1 = Even parity

00 Invalid

01 1 stop bit
10 1% stop bits
11 2stop bits




TABLE 5-5. Am9551 CONTROL COMMAND

Bit No.

TxEN
1 = Enable transmission
0 = Disable transmission

DTR
1 =DTR output is forced to 0

RxE
1 = Enable RxRDY
0 = Disable RxRDY

SBRK
1 =TxD is forced low
0 = Normal operation

ER
1 = Resets all error flags in
Status register (PE, OE, FE)

RTS
1 = RTS output is forced 1o 0

IR
1 = Reset format

EH
1 = Enter HUNT mode

TABLE 5-6. Am9551 SYNCHRONOUS MODE CONTROL CODE

Bit No.

Sync mode

00 5 bits per character
01 6 bits per character
10 7 bits per character
11 8 bits per character

0 = Parity disable, 1 = Parity enable
0 = Qdd parity, 1 = Even parity

0 =SYNDET output
1 =SYNDET input

0 =2SYNC characters
1 =1SYNC character
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5-6

TABLE 5-7. Am9551 ADDRESSES

FEF or FED

Am 9551
Serial 1/0

FEE or FEC

P5

CONTROL FEB or FE9
Am 9551
Serial 1/0
DATA FEA or FE8
EDGE P6
CONNECTOR

TABLE 5-8. Am9551 STATUS REGISTER

3 2 1 O0-=— BitNo.

[T [ T1]

t—‘ TxRDY

L———— RxRDY

TxE

PE
Parity error

. OE
Overrun error

b FE

SYNDET

DSR




indicates character sync has
been achieved and the Am9551 is
ready for data.

After initialization, always check the
status of the TxRDY bit prior to writ-
ing data or a new command word to the
Am9551. The TxRDY bit must be true to
prevent overwriting and subsequent loss
of commands or data. The TxRDY is
inactive until initialization has been
completed.

Refer to the AMD Am8251/Am9551 Data
Sheet for more details.

5-3. COUNTER/TIMER

The Am8253 provides three counter/timer
channels using a 2MHz clock input de-
rived from the 4MHz CPU clock. Two of
the three counter outputs drive the
transmit and receive clock inputs of
the two Am9551 USARTs at 9600 baud;
counter 1 is attached to the USART at
P6, and counter 2 is attached to the
USART at P5. The third counter output,
together with its associated gate and
clock 1inputs, are available for ex-
ternal use on P5 together with the ser-
ial port.

A 16-bit binary counter in each channel
counts down at the clock input rate and
generates a signal when reaching zero.
Alternatively, a 4-decade BCD counter
can be used.

There are five modes associated with
the manner in which signals are output:
Mode 0 Interrupt on terminal count

The output will be ini-
tially Tow after the mode-
set operation. After the
count 1is Tloaded into the
selected count register,
the output will remain Tow
and the counter will count.
When terminal count is

Mode 1

Mode 2

reached, the output will
go high and remain high
until the selected count

register is reloaded with
the mode.

Reloading a counter regis-
ter during counting results
in the following:

(1) Load 1st byte stops
the current counting.

(2) Load 2nd byte starts
the new count.

The GATE input will enable
the counting when high and
inhibit counting when Tow.

Programmable One-Shot

The output will go Tow on
the count following the
rising edge of the GATE
input.

The output will go high on
the terminal count. If a
new count value is loaded
while the output is Tow it
will not affect the dura-
tion of the one shot pulse
until the succeeding trig-
ger. The current count can
be read at any time without
affecting the one-shot
pulse.

The one-shot is retrigger-
able, hence the output
will remain low for the
full count after any rising
edge of the gate input.

Rate Generator

Divide by N counter. The
output will be Tow for one
period of the input clock.
The period from one output
pulse to the next equals
the number of input counts
in the count register. If
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5-8

Mode 3

Mode 4

the count register 1is re-
loaded between output
pulses, the present period
will not be affected, but
the subsequent period will
reflect the new value.

The GATE input, when Tow,
will force the output high.
When the GATE input goes
high, the counter will
start from the initial
count. Thus, the GATE

input can be used to syn-
chronize the counter. When
this mode is set, the out-
put will remain high until
after the count register is
loaded. The output then
can also be synchronized by
software.

Square Wave Rate Generator.

Similar to Mode 2 except
that the output will remain
high until one-half the
count has been completed
(for even numbers) and go
low for the other half of
the count. If the count is
odd, the output will be
high for (N+1)/2 counts and
Tow for (N-1)/2 counts.

If the count register is
reloaded with a new value
during counting, this new
value will be reflected im-
mediately after the output
transition of the current
count.

Software-triggered strobe.

After the mode is set, the
output will be high. When
the count 1is loaded, the
counter will begin coun-
ting. On terminal count,
the output will go low for

one input clock period,
then will go high again.

If the count register is
reloaded between output
pulses the present period
will not be affected, but
the subsequent period will

reflect the new value. The
count will be inhibited
while the gate input s

low. Reloading the counter
register will restart coun-
ting beginning with the new
number.

Mode 5 Hardware-triggered strobe
The counter will start
counting after the rising
edge of the trigger input
and will go Tow for one
clock period when the ter-
minal count is reached.
The counter 1is retrigger-
able. The output will not
go Tow until the full count
after the rising edge of
any trigger.

The format of the control byte is shown
in table 5-9; the various bits in the
control byte are defined by table 5-10.
Counter 0 is not initialized by the
Monitor during power-up. It s
available for use at P5 and must be
programmed, if used, in the same manner
described above. There are two inputs
(clock and gate) and one output
available. A jumper is provided on the
Evaluation Board for tieing the clock
input to the same 2MHz clock used in
channels 1 and 2.

The current counter values at each
channel can be read while actively
counting 1in the following manner:

first, the control byte shown in table
5-11 is written to the control register
(FE7) in order to latch the current
value. Then the counter is read by
addressing it as shown in table 5-12.



TABLE 5-9. Am8253 CONTROL BYTE FORMAT

D7 Dg Ds Dg D3 D2 D3 Do
SC1|SCO [RL1|RLO| M2 [ ML | MO | BCD

TABLE 5-10. Am8253 CONTROL BYTE DEFINITION

SC1 SCo

0 0 Select Counter O
0 1 Select Counter 1
1 0 Select Counter 2
1 1 IT1egal
RL1 RLO
0 0 Counter Latching
operation
1 0 Read/Load most sig-
nificant byte only.
0 1 Read/Load least sig-
nificant byte only.
1 1 Read/Load least sig-
nificant byte first,
than most significant
byte.
M2 MI MO
0 0 0 Mode 0
0 0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5

0 Binary Counter 16-bits

1 Binary Coded Decimal (BCD)
Counter (4 Decades)




TABLE 5-11. Am8253 CONTROL BYTE TO LATCH COUNT

Dy [Dg [Ds | Dg | D3 | D2 | D1 | Dp
SC1| SCO |0 0 X X X X

TABLE 5-12. Am8253 ADDRESSES

COUNTERS

l ]
o 1 2

FE4 | FE5 | FE6| STATUS READS

Am 8253
Counter/Timer

FE7 CONTROL WRITES




APPENDIX A
CPU BUS BUFFERING CHARACTERISTICS AT P2

The following output delay facing external logic through
and input setup times need the P2 edge connector.
to be considered when inter-

P2 Pin Delay (output) Setup (input)

BUSREQ* Ons

VI* Ons

NVI* Ons

MI* Ons

STOP* Ons

WAIT* 20ns

NMI 37ns

NREQ* 9ns

BUSAK* 9ns

R/W* 9ns

N/S* 9ns

B/W* 9ns

AS* 9ns

DS* 9ns

STp-ST3 9ns

Ag-A15 Valid at Teast 35ns before ris-
ing edge of AS*. Addresses remain
valid at least 7lns after rising
edge of DS*.

Dp-D15 Output valid within 66ns after
falling edge of DS*. Input must be
valid at Teast 93ns before falling
edge of T3. It must remain valid
until rising edge of DS*.







APPENDIX B
ASCIil CHARACTER SET

The ASCII internal character set

used with the Evaluation Board is
the ANSI X3.4 1968 version. The

following is a summary.

Table B-1. ASCII

Hex | Dec | Char Hex | Dec | Char ‘Hex [ Dec | Char “ Hex | Dec | Char
%

00 0 NUL 20 32 SP i 40 64 @ 60 96 N
01 |1 SOH 21 |33 |! '41 |65 |A 61 | 97 |a
02 2 STX 22 34 " 42 66 B 62 98 b
03 3 ETX 23 35 # 43 67 C 63 99 c
04 4 EOT 24 36 $ 44 68 D 64 100 | d
05 5 ENQ 25 37 % 45 69 E 65 101 | e
06 6 ACK 26 38 & 46 70 F 66 102 | £
07 7 BEL 27 39 ‘ 47 71 G 67 103 | g
08 8 BS 28 40 ( 48 72 H 68 104 | h
09 9 HT 29 41 ) 49 73 I 69 105} 1
0A 10 |LF 2A 42 * 4A 74 J 6A 106 | j
0B 11 VT 28 43 + 4B 75 K 6B 107 | k
ocC 12 FF 2C 44 , 4C 76 L 6C 108 | 1
(0))] 13 CR 2D 45 - 4D 77 M 6D 109 {m
OE 14 SO 2E 46 . 4E 78 N 6E 110 | n
OF 15 SL 2F 47 / 4F 79 0} 6F 111 | o
10 16 DLE 30 48 0 50 80 P 70 112 | p
11 17 DC1 31 49 1 51 81 Q 71 113 | ¢q
12 18 DC2 32 50 2 52 82 R 72 114 | r
13 19 DC3 33 51 3 53 83 S 73 115} s
14 20 | DC4 34 52 4 54 84 T 74 116 | t
15 21 NAK 35 53 5 55 85 U 75 117 { u
16 22 SYN 36 54 6 56 86 A 76 118 | v
17 23 ETB 37 55 7 57 87 W 77 119 | w
18 24 CAN 38 56 8 58 88 X 78 120 | x
19 25 EM 39 57 9 59 89 Y 79 121 | y
1A 26 SUB 3A 58 : 5A 90 Z 7A 122 | z
1B 27 ESC 3B 59 3 5B 91 [ 78 123 | ¢
1C | 28 | Fs I3c | 60 | < 5¢ | 92 |\ 7C | 124 | |
1D 29 GS 3D 61 = 5D 93 ] 7D 125 | }
1E 30 RS 3E 62 > 5E 94 - 7E 126 | ~
1F 31 Us 3F 63 ? 5F 95 _ 7F 127 | DEL







APPENDIX C
SERVICE PARTS AND SCHEMATICS

If it is necessary to return the
Evaluation Board for service, con-
tact the Service Manager for OEM
Products at the telephone number
listed  below. A Return Material
Authorization number be obtained
prior to shipment. If the service

requirement arises from damage
during shipment from AMC, or the
the board 1is out of warranty, a

purchase order is required.

Repackage the board in the orig-
inal packing material, or an
equivalent substitute, and enclose
in a corrugated carton suitable
for shipping. <-Seal the shipping
carton securely, mark it FRAGILE,
and address to:

Advanced Micro Computers
Service Manager, OEM Products
3340 Scott Boulevard

Santa Clara, California 95051

TELEPHONE :

TOLL-FREE:

(408)

988-7777.

(800) 672-3548

California

(800) 538-9791
U.S.A. (except Calif.)

A component

figure C-1.
are shown in
C-8m

1t location diagram for
the Am96/4016 board is
Schematic diagrams
figures C-2 through

shown in



L EED

10

96/4016

E

B A

PRI E R - ]

€ Pwa 950117 REV.

Figure C-1. Component Location Diagram
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Figure C-5. Am96/4016 Schematic Sheet 4
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