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PREFACE

provides general informma-
tion, an installation and interface
guide, programming information, prin-
ciples of operation, and service infor-
mation for the Advanced Micro Computers
AMC 95/4005 MonoBoard Computer. Addi-
tional information can be obtained from

the following documents.

This manual

AMD 8080A/9080A MOS Microprocessor
Handbook

AMD Schottky and Low Power
Schottky Data Book

AmB8251-Am9551 Data Sheet
Am9555A/8255A Data Sheet
Am9517 Data Sheet
Am9511 Data Sheet
Am9519 Data Sheet
Am9517 Application Note

Algorithm Details for the Am9511
Arithmetic Processor Unit
with

Designing Interrupt Systems

the Am9519 Universal Interrupt Con-

troller

This manual is intended for use by sy:-
tem designers familiar with microcompu

ter architecture that utilizes the Mul-
tibust. The information presented is
sufficient to support normmal installa-
tion, system interface, and programming
needs; a basic theory of operation and
schematic diagrams are included to as-
sist in isolating system problems.

In this manual both active-high (posi-
tive. true) and active-low (negative
true) signals appear in the text. To
eliminate confusion, and simplify pre-
sentation, the following convention
will be adhered to within this manual.
Whenever a signal is active-low (nega-
tive true), its mnemonic is followed by
an asterisk * (i.e., MEMR* denotes an
active-low signal). For a signal that

- is active-high the asterisk is omitted

(i.e,, IORW denotes an active-high sig-
nal).

The information in this manual is be-
lieved to be accurate and complete at
the time it was printed. However, AMC
reserves the right to change specifica-
tions without notice. No responsibi-
lity 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 permis-
sion from AMC.

TMultibus is a trademark of Intel Corporation
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CHAPTER 1
GENERAL INFORMATION

1-1. INTRODUCTION

The AMC 95/4005 MonoBoard Computer
(MBC) is a complete microcomputer on a
single board. It is fully compatible
with Intel iSBC board products. The AMC
95/4005 offers substantially increased
performance with the 3MHz option. Major
functional capabilities of the AMC
95/4005 include the following:

Standard 2MHz 3MHz
clock rate.

and optional

Comprehensive Direct Memory Access
(DMA) capability with four fully
independent channels, including .a
built-in Memory-to-Memory transfer
capability as well as software-
initiated DMA requests.

Special purpose Arithmetic Proces-
sing Unit (APU) that operates con-
currently with the CPU to provide
both fixed-point, floating-point
and transcendental computational
capability.

Eight fully-programmable vectored
priority interrupt channels with
provisions for software-generated
interrupts.

Serial priority bus master for

multi-master operation.

Provision for software set override
to permit MonoBoard to retain con-
trol of bus regardless of requests
by other masters.

Serial Communications Interface
with a 20mA current loop or RS232C
capability and 13 switch select-
able baud rates up to 9600 baud.

Parallel 1/0 Interface with 48 pro-

grammable I/0 lines and sockets for
drivers and receivers.

4 kilobytes of on-board read/write
Random Access Memory (RAM)

Sockets for up to 16 kilobytes of
on-board Read Only Memory (ROM/E-
PROM)

Memory can be reconfigured by PROM
programming.

Bootstrap -program can be placed in
on-board ROM and selected by power-
on or initialization and then pro-
gram disabled.

1-2. PHYSICAL DESCRIPTION

The AMC 95/4005 MonoBoard Computer
(MBC) is a four Tlayer printed circuit
board with MSI TTL and LSI MOS cir-
cuits. Five edge connectors provide bus
and peripheral interface capabilities.
Physical characteristics of the AMC
95/4005 are:

Board Dimensions

Width 30.48 cm (12.00 inches)
Depth 17.15 cm (6.75 inches)
Thickness 1.50 cm (0.60 inches)

Environmental Requirements

Operating Temperature 0°C to 55°C

Relative Humidity Up to 90%
without con-
densation

Storage Temperature -40°C to +75°C

~ 1-3. FUNCTIONAL DESCRIPTION

The AMC 95/4005 MonoBoard Computer
(MBC) is a complete microcomputer on a
single board. The board is fully form-
factor and bus compatible with Intel
iSBC 80 single board products and is
designed to operate with other bus
masters in a serial priority multi-
master environment. However, while

1-1



maintaining mechanical and interface
compatibility with the iSBC 80 series,

the AMC 95/4005 offers significantly-

higher throughput and increased compu-
tational power over the iSBC 80 boards.

The standard board contains an Am9080A
microprocessor which operates at 2MHz,
a Multimode Direct Memory Access Con-
troller, an Arithmetic Processor Unit,
and a programmable eight level priority
interrupt system. Additional features
include: 4K bytes of RAM memory, soc-
kets for up to 16K bytes of ROM and

E-PROM memory, 48 programmable parallel

I/0 lines with sockets for line drivers
or terminators, a programmable synchro-
nous/asynchronous RS232C or 20mA cur-
rent loop communication interface,

switch selectable baud rate generator,
and bus drivers for off-board memory
and input/output expansion. Figure 1-1
is a block diagram of the AMC 95/4005.

A 3MHz version is available which sub-
'stantially increases throughput. The
3MHz version provides all the features
of the 2MHz board with an Am9080A-1 for
_3MHz operation.

Direct addressing of up to 64K bytes of
memory is supported by the 16-bit ad-
dress bus of the Am9080. An external
stack, located anywhere in RAM, can be
used as a last-in/first-out stack to
store the contents of the program coun-
ter, flags, accumulator, or any of the
six general purpose registers. A 16-bit
stack pointer controls the addressing
_of this external stack, which provides
subroutine nesting that is bounded by
memory size or 64K bytes, whichever is
greater.

The Am8224 provides an oscillator,
power-up controls, and two clock sig-
nals by dividing the frequency of the
crystal oscillator by nine. The two
clock signals (phase one and phase two)
define the CPU minor cycle. .

The Am8228 buffers the Data Bus and
demultiplexes control signals to gener-
ate memory read/write and 1/0 read/
write signals. The on-board memory
system provides up to 4K bytes of read/

1-2

write random access memory using eight
An9114 1024 by 4-bit static memory
chips. Up to 16K bytes of read only
memory can be installed using four
Am9732 or equivalent 4K by 8-bit E-PROM
chips. Alternatively, four Am9708 or
9716 equivalent memory chips, or pin
compatable ROMs/PROMs, can be used if
less on-board memory is required. All
of the on-board memory can be disabled
to permit off-board memory selection.
The address to memory chip location
relationship can be changed by repro-
gramming a single address decode PROM.
This enables users to insert their
existing ROM or PROM resident programs
in any memory chip location. Discrete
logic associated with the memory system
supplies the MEMSEL* and MEMACK* sig-
nals. The MEMACK* signal indicates to

. the CPU that on-board memory has been

selected. MEMSEL* indicates to the bus
control PROM that on-board memory. is
selected. ‘

An Am9517 provides four fully-indepen-
dent channels of direct memory access
capability. DMA transfers can be per-
formed at up to a 1.5 megabyte per
second rate. Each DMA channel may be
programmed to - perform I/0-to-memory or
memory-to-1/0 operation. Channels 0

~and 1 can also be programmed for

memory-to-memory block moves. Each of
the DMA channels can be programmed to
autoinitialize at the conclusion of the
specified transfer interval. This
allows repetitive DMA operations for
CRT display refresh or memory buffer
transfers to/from high-speed disk to be
accomplished without reprogramming the
DMA channel. In addition to the memory-
to-memory block transfer capability on
channels 0 and 1, each of the DMA chan-
nels can be programmed to operate in
one of three transfer modes.

First, a block transfer mode provides
for uninterrupted transfer of an en-
tire block of data; second, a demand
transfer mode provides for un1nterrupt¢m

“ed transfer as long as the demand sig-

nal is present; and third, a single
transfer mode allows the I/0 and CPU to
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Figure 1-1. AMC 95/4005 MonoBoard Computer Block Diagram.




interleave the use of available memory
cycles. DMA transfers can be initiated
by hardware or software. This allows
diagnostic software to be incorporated
in the user's system.

An Am9519 provides the basis for an
eight channel vectored priority
interrupt system. Each channel is
associated with its own unique four-
byte location in an internal response
memory. The eight channels can be
programmed to perform priority resolu-
tion on either a fixed or rotating
basis in either an interrupt or polled
mode, allowing the user flexibi-
lity to establish interrupt service
priorities based upon his unique
requirements. Interrupts can also be
initiated by software command, thereby
permitting the hardware to resolve the
priorities of software tasks and
allowing maintenance and diagnostic
programs to be incorporated into the
user's system.

An Am9511 Arithmetic Processing Unit
(APU) and its associated circuitry pro-
vide a full complement of fixed and
floating point arithmetic and a variety
of floating point transcendental and
mathematical operations. All internal
APU functions can operate concurrently
with the CPU. Transfers to and from
the APU are handled by the CPU. An End-
of-Process signal (EOP*) is issued by
the APU, and can be used as an inter-
rupt to the CPU to help coordinate pro-
gram execution. All transfers (inclu-
ding operand, result, status and com-
mand information) are via the data bus.
Operands required for APU operations
are received from the data bus and
stored in an internal stack. The 8-bit
bytes received during a CPU write
operation are assembled into 16-bit or
32-bit -operands. As each successive
operand is assembled 1in the internal
stack, each previous operand is moved
down one place in the stack. The last
operand entered before an Am9511 com-
mand is executed resides at the top of
the stack (T0S); the next to last
operand entered is next on the stack

1-4

transmission protocol.

(NOS) . When the Am9511 executes a
conmmand, the operands are obtained from
TOS and NOS. Operation results are

"~ stored on the T0S, and the contents of

the TOS are placed on the data bus
during a CPU read operation. Each sub-
sequent read operation reads NOS.

A programmable communications inter-
face, using an Am9551 USART, provides
either a 20mA current loop interface or
a standard RS232C communications inter-
face. The Am9551 provides full duplex,
double buffered transmit and receive
capabilities. A switch selectable baud
rate generator provides the common baud
rates between 50 and 9600 baud. The
communications interface can be pro-
grammed to implement the desired syn-
chronous or asynchronous serial data
Data format,
control character format, parity and
transmission rate are all under program
control. Parity, overrun, and framing
error detection are all incorporated on
the programmable communications inter-
face. Command and control 1lines,
serial data lines, and signal ground
lines are brought out to a 26-pin
RS232C compatible connector.

The system contains 48 programmable
parallel I/0 1lines implemented by
using two Am9555 Programmable Peripher-
al Interface chips. System software
can configure the I/0 lines to sets of
input, output or bidirectional input/
output ports. To take full advantage of
the large number of possible I/0 con-
figurations, sockets are provided for
interchangeable I/0 1line drivers and
terminators. Hence, the I/0 interface
is further enhanced by the capability
of selecting the appropriate combina-
tion of optional line drivers and ter-
mination characteristics for each ap-
plication. The programmable I/0 lines
and signal ground lines are brought out
to two 50-pin edge connectors.

'1.-4. SPECIFICATIONS

Specifications for the AMC 95/4005
MonoBoard Computer are listed in table
1-1.



TABLE 1-1. SPECIFICATIONS.

Word Size
Instruction:
Data:

Memory Addressing

On-Board ROM/E-PROM:

On-Board RAM:

Memory Capacity

On-Board ROM/E-PROM:

On-Board RAM:

O0ff-Board Expansion:

Serial I/0 Address
Control:
Data:

Parallel I/0 Address
Connector P3:

Connector P4:

Parallel I/0 Capacity:

Serial Communications Characteristics

Synchronous:

Asynchronous:

Serial Baud Rates:

Interrupt Controller Addressing

Control:
Data:

Latch:

8, 16 or 24 bits
8 bits

0-FFFH (using 1K devices)
3000-3FFFH (when using 1K or 2K ROMs)
A11 on-board addresses can be disabled for

off-board memory expansion.

Sockets for 16K bytes (using 4K devices)
4K bytes static (eight Am9114 chips)
Up to 64K bytes

EDH
ECH

CONTROL: E7H

Port A: E4H
Port B: ESH
Port C: E6H
CONTROL: EBH
Port A: E8H
Port B: E9H
Port C: EAH

48 Programmable lines

5 to 8-bit characters
Internal or External Character Syn-
chronization

5 to 8-bit characters
Break Character Generation
1, 1 1/2, or 2 Stop bits
False start bit detector

Switch Selectable (See table 2-2)

C3H
C2H

EQH
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TABLE 1-1. SPECIFICATIONS. (Cont.)

DMA Controller Addressing

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Command
Request

0 Address:

0 Word Count

1 Address:

1 Word Count

2 Address:

2 Word Count:
3 Address:

3 Word Count:
and Status Reg
Register:

ister:

Mask Register (Single Bit)
Mode Register:
Clear First/Last Flip-Flop
Temporary Register:
Master Clear:

Mask Register (Four Bits):

L 2

BOH
B1H
B2H
B3H
B4H
BSH
B6H
B7H
B8H
BOH
BAH
BBH
BCH
BDH
BDH
BFH

Arithmetic Processing Unit Addressing

Control:

Data:

Power Requirements

Vee
)
Vg
Van
Without .ROM
Memory
Max Typical
ICC ' 3.2A 2.0A
IDD 300mA 190mA
IBB 1mA 1mA
IAA 25mA 20mA

ClH
COH

+5v 5%
+12V +5%
-5V +5%
=12V 5%

NOTE:

A -5 volt regulator is used
to supply -5 volts to the

Am9080.

When 2708 E-PROMs

are used, an external -5
volts must be supplied.




TABLE 1-1. SPECIFICATIONS. (Cont.)

Am9511 Command Execution Times

Command N uSEC
Mnemonic Description 95/4005/2 95/4005/3
ACOS 32-bit floating-point inverse cosine 3152-4141 2101-2761
ASIN 32-bit floating-point inverse sine 3116-3970 2077-2647
ATAN 32-bit floating-point inverse tangent 2496-3268 1664-2179
CHSD 32-bit fixed-point sign change 12-14 8.0-9.3
CHSF 32-bit floating-point sign change 8-10 5.3-6.7
CHSS 16-bit fixed-point sign change 10-12 6.7-8.0
cos 32-bit floating-point cosine 1920-2440 1280-1627
DADD 32-bit fixed-point add 10-12 6.7-8.0
DDIV 32-bit fixed-point divide 98-106 65-71
DMUL 32-bit fixed-point multiply, Tower 96-106 64-71
pDMUU 32-bit fixed-point multiply, upper 92-112 61-75
DSUB 32-bit fixed-point subtract 18-20 12.0-13.3
EXP 32-bit floating-point exponentiation 1898-2440 1265-1627
FADD 32-bit floating-point add 28-184 19-123
FDIV 32-bit floating-point divide 78-92 52.0-61.3
FIXD 32-bit floating-point to 32-bit 46-168 31-112
fixed-point conversion
FIXS 32-bit floating-point to 16-bit 46-108 31-72
fixed-point conversion , '
FLTD 32-bit fixed-point to 32-bit 28-172 19-115
floating-point conversion
FLTS 16-bit fixed point to 32-bit 32-78 21.3-52.0
floating-point conversion
FMUL 32-bit floating-point multiply 74-84 49,3-56.0
FSUB 32-bit floating-point subtraction 36-186 24-124
LOG 32-bit floating-point common logarithm 2238-3566 1492-2377
LN 32-bit floating-point natural Togarithm 2140-3478 1427-2319
NOP No operation 2 1.3
POPD 32-bit stack pop 6 4.0
POPF 32-bit stack pop 6 4,
POPS 16-bit stack pop 5 3.3
PTOD Push 32-bit TOS onto stack 10 6.7
PTOF Push 32-bit TOS onto stack 10 6.7
PTOS Push 16-bit TOS onto stack 8 5.3
PUPI Push 32-bit floating-point = onto TOS 8 5.3
PWR 32-bit floating-point X to the Y power 4146-6016 2764-4011
SADD 16-bit fixed-point add 8-9 5.3-6.0
SDIV 16-bit fixed-point divide 42-48 28-32
SIN 32-bit floating-point sine 1898-2404 1265-1603
SMUL 16-bit fixed-point multiply, lower - 42-48 28-32
SMuU 16-bit fixed-point multiply, upper 40-49 27-33
SQRT 32-bit floating-point square root 392-436 261-291
SSUB 16-bit fixed-point subtract 14-16 9,3-11
TAN 32-bit floating-point tangent 2448-2944 1632-1963
XCHD Exchange 32-bit stack operands 13 8.6
XCHS Exchange 16-bit stack operands 9 6.0







CHAPTER 2
INSTALLATION AND INTERFACE

2-1. INTRODUCTION

This section provides information for
installing and interfaacing the AMC 95/
4005 MonoBoard Computer (MBC). These
instructions include unpacking and in-
spection, power requirements, cooling
requirements, user selectable options,
bus interface characteristics, and con-
nector pin assignments.

2-2. UNPACKING AND INSPECTION

Inspect the shipping carton immediately
upon receipt for evidence of mishand-
ling during transit. If the shipping
carton is severely damaged or water-
stained, request the carrier's agent to
be present 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,
keep the carton and packing material
for the agent's inspection. Shipping
damages should be immediately reported
to the carrier.

NOTE

Do not attempt to service the
board yourself as this will
void the warranty.

It is suggested that salvageable ship-
ping cartons and packing materials be
saved for use in case the product must
be shipped in the future.

2-3. POWER REQUIREMENTS

The AMC 95/4005 requires +5, -5, +12V,
and -12V power supply inputs. The cur-
rent -required from these supplies is
listed in table 1-1. Ensure that the
power supply has sufficient current to
accomodate the AMC 95/4005 require-
ments.

2-4. COOLING REQUIREMENTS

The AMC 95/4005 dissipates approximate-
ly 500 gram-calories/minute (2.1 Btu/
minute), and adequate air circulation
must be provided to prevent a tempera-
ture rise above 55°C (130°F).

2-5. USER SELECTABLE OPTIONS

The AMC 95/4005 is designed as a gen-
eral purpose microcomputer; therefore,
several optional jumpers might be ne-
cessary before operation. The follow-
1ng paragraphs provide instructions for
optional jumper configurations.

2-6. SERIAL 1/O INTERFACE

The serial I/0 interface is designed to
interface both RS232C devices or a 20mA
current loop device such as the tele-
type. The configuration, as shipped
from the factory, is jumpered for an
RS232C interface as shown in table 2-1.
Jumpers must be installed between
Jjumper pins 46 and 50 and jumper pins
47 and 48 when the Data Set Ready and
Clear to Send signals are required on
Connector P5. The jumper configuration
for a 20mA current loop is shown in
table 2-2. If an RS232C interface is
used, the Am9551 can be configured to
function as a data set or a data pro-
cessing terminal. Connector pin assign-
ments for connecting the P5 connector
to a terminal and a modem are shown in
tables 2-3 and 2-4.

2-7. BAUD RATE SELECTION

A crystal controlled baud rate gener-
ator provides an on-board baud rate
clock for serial I/0 interface. The
baud rate is selectable via a four
position dip switch. Table 2-5 shows
the baud rate as a function of the
switch settings.
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TABLE 2-1. RS232C INTERFACE JUMPERS.

9551
Jumper Connection
Pin Mnemonic
3 RxD 53-52 P5-3 (RECEIVED DATA)
19 TxD 42-41 P5-5 (TRANSMITTED DATA)
17 CTS* 49-51 Ground
9 TxC 61-59 U17-9 (CLOCK)
25 RxC 60-61 U17-9 (CLOCK)
TABLE 2-2. 20mA CURRENT LOOP INTERFACE JUMPERS.
9551
Jumper Connection
Pin Mnemonic
19 - TxD 42-43 P5-25 (TTY TX)
24 DTR* 46-44 P5-6 (TTY RDR CONTROL)
23 RTS* 48-49, 47-51 9551 PIN 17 (CTS)
17 . CTS* 49-48 9551 PIN 23 (RTS)
9 TxC 59-61 BAUD RATE CLK
25 RxC 61-60 BAUD RATE CLK
3 RxD 53-54 P5-22 (TTY RX RET)

In the asynchronous mode, TxC and RxC can be connected to externally
supplied clocks via jumpers 57-61 and 58-60.

TABLE 2-3. CONNECTOR P5 TO TERMINAL CONNECTOR PIN ASSIGNMENTS.

Pin Signal DB-25 Pin Signal DB-25
Pin No. Pin No.
1 | CHASSIS GND 1 14 DATA TERM READY/TX CLK 20
2 | Not Used 14 15 DATA CARRIER RET 8
3 | TRANSMITTED DATA 2 16 TTY RDR CONTROL 21
4 | Not USed 15 17 Not Used 9
5 | RECEIVED DATA 3 18 Not Used 22
6 | TTY RDR CONTROL 16 19 Not Used 10
7 | REQUEST TO SEND 4 20 Not Used 23
8 | Not Used 17 21 Not Used 11
9 | CLEAR TO SEND 5 22 TTY RX RET/RX CLK 24
10 | Not Used 18 23 TTY RX 12
11 | DATA SET READY 6 24 TTY RX RET 25
12 | Not Used 19 25 TTY TX 23
13 | SIGNAL GND 7 26 SIGNAL GND --

2-2




TABLE 2-4. CONNECTOR P5 TO MODEM
CONNECTOR PIN ASSIGNMENTS.

Pin Signal RS232C
Pin No.

1 CHASSIS GND 1

2 Not Used --

3 TRANSMITTED DATA 3

4 Not Used --

5 RECEIVED DATA 2

6 TTY RDR CONTROL --

7 REQUEST TO SEND 5

8 Not Used -

9 CLEAR TO SEND 4
10 Not Used --
11 DATA SET READY 20
12 Not Used --
13 SIGNAL GND 7
14 DATA TERM READY/ | 6/15

TX CLK

15 DATA CARRIER RET -
16 TTY RDR CONTROL -
17 Not Used --
18 Not Used -
19 Not Used --
20 Not Used --
21 Not Used : -
22 TTY RX RET/RX CLK 17
23 TTY RX -
24 TTY TX RET -
25 TTY TX --
26 SIGNAL GND -

TABLE 2-5. BAUD RATE SELECTION.

2-8. PRIORITY INTERRUPT JUMPERS

The priority interrupt jumper matrix
provides for eight out of sixteen pos-
sible interrupts to be jumpered to the
eight interrupt controller inputs.
When the .833msec real time clock in-
terrupt is selected, the system can be
interrupted at a fixed rate to service
some real time event. Table 2-6 shows
the possible jumper configurations for
the interrupt controler inputs.

2-9. PARALLEL /O JUMPER OPTION

The parallel 1/0 section is configured
for Am8216/8226 bidirectional bus

Switch Position
BAUD
4 3 2 1
50 0 0 1 0
75 0 0 1 1
110 1 1 1 1
134.5 0 1 0 0
150 1 1 1 0
200 0 1 0 1
300 1 1 0 1
600 0 1 1 0
1200 1 0 1 1
1800 1 0 1 0
2400 0 1 1 1
4800 1 0 0 1
9600 1 0 0 0
1 = open position

drivers at ports E4H and E8H. As de-
livered from the factory, jumpers are
installed between jumper pins 2 and 3,
and between jumper pins 23 and 24; this
ties the Am8216/8226 DIEN* inputs to
pin 6 of ports E6H and EAH, thereby
configuring both ports E4H and E8H as

bidirectional ports. Either or both
ports can be configured as input or
output ports with the following
changes.
CONFIGU- PORT  REMOVE  INSTALL
RATION
Input E4H 2 and 3 1 and 2
Input E8H 23 and 24 21 and 23
Qutput E4H 2 and 3 2 and 4
Output E8H 23 and 24 22 and 23
A1l lines for ports E6H and EAH are

jumper connected to their line driver/
terminator sockets. This allows com-
plete flexibility for signal inter-
change when operating in mode 2.
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TABLE 2-6. PRIORITY INTERRUPT JUMPERS.

. . Column 1 Column 2
Signal Pin No. Jumper Pins | Jumper Pins INT Input

XTT* (RTC) On-Board 107

ERROR* (9512) On-Board 113

EOP* (9517) On-Board 105

TIME OUT On-Board 103

INT 11%* On-Board 109

INT 51A* (TxRDY) On-Board 112 108 IRQO*
INT 51B* (RxRDY) On-Board 111 106 IRQ1*
SPARE On-Board 110 104 IRQ3*
IRQ7* P1-36 90 102 IRQ4*
IRQ6™* P1-35 91 100 IRQ4*
IRQ5* P1-38 92 98 IRQ5*
IRQ4* P1-37 93 96 IRQ6*
IRQ3* P1-40 95 94 IRQ7*
IRQ2* ‘P1-39 97

IRQ1* P1-42 99

IRQO* P1-41 101

Jumper any column 1 pin to any column 2 pin.

2-10. MEMORY SELECTION

To customize the AMC 95/4005 board for
the type of memory devices being used,
jumper connections must be made as
shown on table 2-7. The memory address

to memory device relationship is con-

address decoder PROM at
location U39. As delivered, the PROM
is programmed as shown in figure D-2.
Information on how to program the PROM

trolled by the

TABLE 2-7. MEMORY JUMPER CONNECTIONS.

Memory Device

Function

Am9708 | Am9716 | Am9732

Address
Address
+12V to
pin 19
GND to —— - -
pin 19
Al0 -—-
All -—- --
-5V to
pin 21
+5V to -—
pin 21

76-77 | 76-77 | --- ---
74-75 | --- --- ---
66-68 | --- --- ---

for unique system requirements is pre-
sented in chapter 3. A jumper must be
connected between jumper -pins 79 and 80
to enable on-board memory.

2-11. Am9080A READY TIMING OPTION

- The MonoBoard Computer has a set of

Jumper pins associated with the 9080A
Ready input. When operating with the
3MHz option, one wait state is required
for a ROM. A jumper is installed be-
tween jumper pins 71 and 72 to delay
the MEMACK* signal and ensure the wait
state. When operating with a 2MHz
clock, the jumper is removed between
Jjumper pins 71 and 72 and a jumper is
installed between jumper pins 72 and
73.

~ 2-12. APU CLOCK FOR 95/4005/3

When operating a 3MHz MonoBoard, the
Am9511 APU operates on a 3MHz clock.
Jumper pins 114, 115 and 116 allow the
user to use the 3MHz phase two TTL
clock or the APU internal clock. For
APU operation with the phase two TTL
clock, install a jumper between jumper
pins 114 and 115. For the APU to
operate on its internal clock, remove
the jumper between jumper pins 114 and



115 and 1install a jumper between pins
115 and 116.

2-13. MULTI-MASTER CONTROL

The board, as shipped, is configured
for serial bus priority resolution; a
Jumper is connected between jumper pins
84 and 85. Remove this jumper to con-
figure the board for parallel priority
resolution. Jumper pins 120, 121, and
122 select the conditions that cause
the board to give up control of the
bus. When a jumper is connected between
- jumper pins 120 and 121, the MonoBoard
will retain control until another ex-
ternal bus request is received. When a
Jumper is connected between jumper pins
121 and 122, the MonoBoard gives up
control after each bus transfer. As
shipped, a jumper is connected between
pins 121 and 122.

2-14. INTERFACE REQUIREMENTS

The following paragraphs identify the

board external connections and bus
signal characteristics and timing.

2-15. SERIAL 1/O INTERFACE

The serial I/0 interface communicates
with an external devie via 26-pin PC
edge connector P5. An external device
can be connected to P5 using a 3M 3462-
0001 flat cable connector or a TI
H312113 or AMP 1-583715-1 solder con-
nector. When connected to a DB-25 con-
nector, the connector pins are numbered
differently. Table 2-4 is a pin list
for connector P5 and includes a cross
reference to standard RS232C pin num-
bering.

2-16. PARALLEL 1/O INTERFACE

The parallel I/0 interface communicates
with external I/0 devices via two 50-
pin double sided edge connectors P3 and
P4. External devices can be attached
to P3 or P4 using one of the mating
connectors listed in table 2-8. Tables
2-9 and 2-10 provide a pin list for

TABLE 2-8. PARALLEL I/O MATING

CONNECTORS.

Connector Vendor Part No.

Type
- Flat Cable 3M 3415-0001

AMP 2-86792-3

Soldered AMP 2-583715-3
VIKING 3VH25/1JV-5
TI H312125

Wire-wrap TI H311125
VIKING 3VH25/1JND-5
cDC VPB01B25D00A1
ITT EC4A050A1A

Crimp AMP 1-583717-1

TABLE 2-9. PARALLEL I/O CONNECTOR P3 PIN

ASSIGNMENTS.

Pin Signal | Pin | Signal
1 Bit 7 2 GND
3 Bit 6 4
5 Bit 5 6
7 Bit 4 8
9 Port E5| Bit 3 10

11 Bit 2 12

13 Bit 1 14

15 Bit 0 16

17 Bit 3 18

19 Bit 2 | 20

21 Bit 1 22

23 Port E6| Bit O 24

25 Bit 4 26

27 Bit 5 28

29 Bit 6 | 30

31 Bit 7 32

33 Bit 7 34

35 Bit 6 36

37 Bit 5 38

39 Port E4| Bit 4 40

41 Bit 3 42

43 Bit 2 44

45 Bit 1 46

47 Bit O 48

49 50 GND
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connectors P3 and P4. TTL line drivers
compatible with the I/0 driver sockets
in the parallel 1/0 interface are
listed in table 2-11. Parallel 1/0
interface lines can be terminated by
either a 2209/330Q divider or a 1K@
pull-up as shown in figure 2-1. The
2200/330@ divider is stocked by dis-
tributors under Intel part number
iSBC-901 and National Semiconductor
part number BLC-901. The 1K@ pull-up
is stocked under Intel part number
iSBC-902 and National Semiconductor
part number BLC-902.

2-17. AUXILIARY CONNECTOR P2

Connector P2 is a 60-pin double sided
edge connector that provides interface
to the DMA Controller and various other
signals. Table 2-12 is a pin list for
connector P2.

TABLE 2-10. PARALLEL /O CONNECTOR P4
PIN ASSIGNMENTS.

Pin Signal | Pin | Signal
1 Bit 7 2 GND
3 : Bit 6 4
5 Bit 5 6
7 Port E9 |Bit 4 8
9 Bit 3 10

11 Bit 2 12

13 Bit 1 14

15 Bit 0 16

17 Bit 3 18

19 Bit 2 20

21 Bit 1 22

23 Port EA |Bit O 24

25 Bit 4 26

27 Bit 5 28

29 Bit 6 30

31 Bit 7 32

33 Bit 7 34

35 Bit 6 36

37 Bit 5 38

39 Port E8 | Bit 4 40

41 - | Bit 3 42

43 Bit 2 44

45 Bit 1 46

47 Bit O 48

49 - 50 GND

2-18. BUS INTERFACE

This section describes the signals that
interface the MonoBoard Computer to the
external system bus. signals shown with
an asterisk (*) following the signal

2200

+5 :
2200/3300 3300 ’

Figure 2-1. Parallel I/O Line Terminator.

TABLE 2-11. PARALLEL 1/O SOCKET
COMPATIBLE LINE DRIVERS.

Driver | Characteristic | Sink Current
7438 I, OC . 48mA
7437 I 48mA
7432 NI 16mA
7426 I, 0C 16mA
7409 NI, OC 16mA
7408 NI 16mA
7403 I, OC 16mA
7400 I 16mA

~ Note: I = inverting;
NI = non-inverting
0C = open collector
TABLE 2-12. CONNECTOR P2 PIN
ASSIGNMENTS.
Pin Mnemonic Function
14 SVACK* | 9511 SVACK
39 SVREQ* | 9511 SVREQ
40 DRQO DMA Request 0
42 DACKO* | DMA Acknowledge O
44 - DRQ1 DMA Request 1
46 DACK1* | DMA Acknowledge 1
48 DRQ2 DMA Request 2
50 DACK2* | DMA Acknowledge 2
52 DRQ3 DMA Request 3
54 DACK3* | DMA Acknowledge 3
56 EOP* External End-0f-
. Process
55 IOACK* | I/0 Acknowledge
57 | WAIT* External ready
input

58 @2 TTL | @2 TTL OUT




name are active-low signals. Connector
Pl is an 86-pin double sided edge con-
nector that provides the bus interface
for the AMC 95/4005. Table 2-13 is a
pin list for connector Pl. DC charact-
eristics for the bus interface are
given in table 2-14. AC characteristics
are given in tables 2-15 through 2-18
with timing shown in figures 2-2

through 2-4. When the MonoBoard is
being used with another bus master, the
BPRN* input (P1-15) to the master
assigned the highest priority must be
tied low. The BPRN* input to each
master with the next Tlower priority
must be connected to the BPRO* output
(P1-16) of the next higher priority
master.

TABLE 2-13. SYSTEM BUS CONNECTOR P1 PIN ASSIGNMENTS.

(Component Side) . (Circuit Side)
Pin Mnemonic Description Pin Mnemonic Description
1 GND Signal GND 2 GND Signal GND
pover. . 3| 45 +5 VDC 4 +5 5 DC
uppite 5 | 45 +5 VDC 6 +5 +5 VDC
7 +12 +12 VDC 8 +12 +12 VDC
9 -5 -5 vDC 10 -5 -5 VDC
11 GND Signal GND 12 GND Signal GND
13 BCLK* Bus C1ock 14 INIT* Initialize
15 BPRN* Bus Priority In 16 BPRO* Bus Priority Out
17 BUSY* Bus Busy 18 BREQ* Bus Request
19 MRDC* Mem. Read Command 20 MWTC* Mem. Write Command
Bus 21 IORC* I/0 Read Command 22 10WC* 1/0 Write Command
Controls 23 XACK* XFER Acknowledge 24 INH1* Inhibit 1 (RAM)
25 AACK* Advance Acknowledge 26 INH2* Inhibit 2 (ROM)
27 BHEN* Not Used 28 ADR10* Not Used
29 CBRQ* Common Bus Request 30 ADR11* Not Used
31 CCLK* Constant Clock 32 ADR12* Not Used
33 INTA* Interrupt Acknowledge 34 ADR13* Not Used
35 IRQ6* 36 IRQ7*
Interrupts | 37 IRQ4* Interrupt Requests 38 IRQ5* Interrupt Requests
39 IRQ2* 40 IRQ3*
41 IRQO* 42 IRQL*
43 ADRE* 44 ADRF*
45 ADRC* 46 ADRD*
47 ADRA* 48 ADRB*
Addresses | 49 ADR8* Address Bus 50 ADR9* Address Bus
51 ADR6* 52 ADR7*
53 ADR4* 54 ADRS*
55 ADR2* 56 ADR3*
57 ADRO* 58 ADR1*
59 DATE* Not Used 60 DATF* Not Used
61 DATC* Not Used 62 DATD* Not Used
63 DATA* Not Used 64 " DATB* Not Used
Data 65 DAT8* Not Used 66 DATO9* Not Used
67 DAT6* 68 DAT7*
69 DAT4* 70 DAT5*
71 DAT2* Data Bus 72 DAT3* Data Bus
73 DATO* 74 DAT1*
75 GND Signal GND 76 GND Signal GND
77 Reserved 78 Reserved
Power 79 -12 -12 VDC 80 -12 -12 vDC
Supplies 81 +5 +5 VDC 82 +5 +5 VDC
83 +5 +5 VDC 84 +5 +5 VDC
85 GND Signal GND 86 GND Signal GND
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TABLE 2-14. AMC 95/4005 BUS DC CHARACTERISTICS.

Signals Symbol Parameter Test Min |Max [|Units
Description Conditions
ADRQ*-ADRF* VoL Output Low Voltage IoL = 50mA 0.6 )
ADDRESS VOH Output High Voltage IoH = -10mA 2.4 v
ViL Input Low Voltage 0.95 v
VIH Input High Voltage 2.0 v
ITL Input Current at Low V | VN = 0.45 -0.25 mA
ITH Input Current at High Vi Viy = 5.25V 10 uA
CL Capacitive Load 18 pF
MRDCI*, VoL Output Low Voltage IgL = 32mA | 0.4 v
MWTC*, Vou | Output High Voltage Iopy = -5.2mA 2.4 )
IORC*, ILH Output Leakage High Vo = 2.4~ 40 wA
IOWC* ILL Output Leakage Low Vo = 0.4 -40 pA
CL Capacitive Load 15 pF
DATAQ-" VoL Output Low Voltage IoL = 50mA 0.6
DATA7 VoH | Output.High Voltage IoH = -10mA 2.4
VIL Input Low Voltage ' 0.95
ViH | Input High Voltage , 2.0
I Input Current at Low V | Viy = 0.45 -0.25 mA
TLH Output Leakage High Vo = 5.25 100 pA
ILL Output Leakage Low Vo = 0.45 100 uA
CL Capacitive Load 18 pF
INTI* ViL Input Low Voltage 0.8
VIH Input High Voltage 2.0
ITL Input Current at Low V | Viy = 0.4V -2.2 mA
I1H Input Current at High V| Vyy = 5.5V 1 mA
CL Capacitive Load _ 18 pF
BPRN*, VIL Input Low Voltage 0.8
XACK*, VIH Input High Voltage . 2.0
AACK* I Input Current at Low V | Viy = 0.5 -2.6 mA
I1H Input Current at High V| Viy = 2.7V 0.300 mA
A CL Capacitive Load 18 pF
BUSY* VoL Output Low Voltage IgoL = 25 mA 0.4 v




TABLE 2-14. AMC 95/4005 BUS DC CHARACTERISTICS. (Cont.)

Signals Symbol Parameter Test Min | Max |[Units
Description Conditions
OPEN CL Capacitive Load 20 pF
COLLECTOR
INIT* VoL Output Low Voltage Iop = 32 mA 0.6 )
(SYSTEM VOH Output High Voltage OPEN COLLECTOR
RESET) ViL Input Low Voltage 0.7 v
VIH Input High Voltage 2.0 v
ITL Input Current at Low V | Viy = 5.5 0.1 mA
I1H Input Current at High V| Viy = 0.3 -0.7 mA
CL Capacitive Load 38 pF
BCLK* VoL Output Low Voltage IoL = 48 mA 0.5 v
' VoH Output High Voltage Igy = -1 mA 2.7 v
CL Capacitive Load 18 pF
EXT INTR* | Vi Input Low Voltage 0.8 v
' VIH Input High Voltage 2.0 )
ITL Input Current at Low V | Viy = 0.4V 6.8 mA
I1H Input Current at High V| Viy = 5.5V 2 mA
CL Capaéitive Load 18 pF
PORT E4 VoL Output Low Voltage IoL = 20 mA .45 )
and E8 VoH Output High Voltage JdoH = -12.mA 2.4 )
BIDIREC- VIL Input Low Voltage .95 v
TIONAL VIH Input High Voltage 2.0 )
DRIVERS I Input Current at Low V | Viy = 0.45 5.25| mA
ILH Output Leakage High Vg = 5.25 30| mA
ILL Output Leakage lLow Vo = 0.45 5.25| mA
CL Capacitive Load 18 pF
Am9555 VoL Output Low Voltage Iop = 1.7 mA .45 )
DRIVER/ VOH Output HIgh Voltage Ioy = -50 uA 2.4 )
RECEIVER VIiL Input Low Voltage .8 v
VIH Input High Voltage 2.0 v
It Input Current at Low V | Viy = 0.45 10 pA
I1H Input Current at High V| Viy = 5.0 10 pA
CL Capacitive Load 18 pF
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TABLE 2-15. AMC 95/4005 BUS EXCHANGE AC CHARACTERISTICS (2MHz CLOCK).

Overall Read Memory Write

Para- Min Max Min Max Min Max Description

meter (ns) | (ns) | (ns) | (ns) | (ns) | (ns)

tas 52 52 52 Address Setup Time to Command

taH ‘ 79 Address Hold Time

tps 52 52 Data Setup Time to Command

tpH 79 79 Data Hold Time

troy 65 65 First Ready Sampling Point

_ of Current Cycle

tRDY2 | 565 565 Second Ready Sampling Point
of Current Cycle

tRDY3 | 1065 1065 Third Ready Sampling Point

_ of Current Cycle

tey 500 500 500 Cycle Time

twc 715 935 Command Width

tace 550 Read Access Time

tgkD 65 9080A ACK Response Time
for Minimum Delay

tgko 100 100 100 9080A ACK Turn Off Delay

txkp 50 XACK Delay From Valid
Data or Write

txko 100 100 100 XACK Turn Off Delay

tpBs 3500 Bus Sample to Exchange
Initiation

tgs 102 110 Bus Sampling Point Delay

tpBY 25 125 Bus Busy Turn On Delay

Memory and I/0 access occurs with no wait states.
Assume HOLD* becomes active prior to DAT instruction.
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TABLE 2-16. AMC 95/4005 CONTINUOUS BUS CONTROL AC CHARACTERISTICS (2MHz CLOCK).

Overéll Read Memory Write

Para- Min Max Min Max Min Max Description

meter (ns)| (ns){ (ns)| (ns)| (ns) | (ns)

tas 52 52 52 Address Setup Time to Command

tAH 79 Address Hold Time

tps 495 495 Data Setup Time to Command

tpH 79 79 Data Hold Time

troy 65 65 First Ready Sampling Point
of Current Cycle

troY2 565 - 565 Second Ready Sampling Point
of Current Cycle

trOY3 | 1065 1065 Third Ready Sampling Point
of Current Cycle

tey 500 500 Cycle Time

twe 915 1035 Command Width

tacc 385 Read Access Time

tgkD 275 9080A ACK Response Time
for Minimum Delay

tgko 100 100 100 908C0A ACK Turn Off Delay

txkp 50 XACK Delay From Valid

. Data or Write

txko 100 100 100 XACK Turn Off Delay

tBCy 100 Bus Clock Cycly Time

tew 50 Bus Clock Low or High
Periods

tINT | 4500 Initialization Width

MAX assumes no acknowledge delays. )
Write Command to next Read Command separation.
After all voltages have stablized.
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TABLE 2-17. AMC 95/4005 BUS EXCHANGE AC CHARACTERISTICS (3MHz CLOCK).

Overall Read Memory Write

Para- Min Max Min Max Min Max Description

meter (ns) | (ns) | (ns) | (ns) | (ms) | (ns)

tas 52 52 52 Address Setup Time to Command

tAH 53 Address Hold Time

tps 52 52 Data Setup Time to Command

tpH 53 53 Data Hold Time

tRDY 43 43 First Ready Sampling Point
of Current Cycle

trDY2 380 380 Second Ready Sampling Point
of Current Cycle _

troy3 | 703 703 Third Ready Sampling Point
of Current Cycle

tey 333 333 333 Cycle Time

twe 476 623 Command Width

tacc 366 Read Access Time

tgkDp 43 9080A ACK Response Time
for Minimum Delay

tgko 100 100 100 9080A ACK Turn Off Delay

txkp 50 XACK Delay From Valid
Data or Write

txko 100 100 100 XACK Turn Off Delay

tpss 3500 Bus Sample to Exchange
Initiation

tgs 102 110 Bus Sampling Point Delay

toBy 25 125 Bus Busy Turn On Delay

Memory and I/0 access occurs with no wait states.
Assume HOLD* becomes active prior to DAT instruction.
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TABLE 2-18. AMC 95/4005 CONTINUOUS BUS CONTROL AC CHARACTERISTICS (3MHz CLOCK).

Overall Read Memory Write

Para- Min Max Min Max Min Max Description

meter (ns) | (ns)| (ns) | (ns)| (ns) | (ns)

tas 52 52 52 Address Setup Time to Command

tAH 53 Address Hold Time

tps 52 52 Data Setup Time to Command

tpH 53 53 Data Hold Time

trDY 43 43 First Ready Sampling Point
of Current Cycle

trRoY2 | 380 380 Second Ready Sampling Point
of Current Cycle

tRDY3 | 703 703 Third Ready Sampling Point
of Current Cycle

tey 333 333 333 Cycle Time

twe 676 © 823 Command Width

tace 256 Read Access Time

tgkD 183 9080A ACK Response Time
for Minimum Delay

“tgKo 100 100 100 9080A ACK Turn Off Delay

txkp 50 XACK Delay From Valid
Data or Write

txko 100 100 100 XACK Turn Off Delay

tacy 100 Bus Clock Cycly Time

2:1" 50 Bus Clock Low or High
Periods

tINT | 4500 Initialization Width

MAX assumes no acknowledge delays.

Write Command to next Read Command separation.

After all voltages have stablized.
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CHAPTER 3
OPERATION AND PROGRAMMING

3-1. INTRODUCTION

This section provides operating and
programming information for the AMC
95/4005 MonoBoard Computer (MBC) and
the programmable devices. The MBC
includes five programmable devices as
follows:

a An Am9551 Programmable Communica-
tions Interface chip that provides
serial 1/0;

b. Two Am9555 Programmable Peripheral
Interface chips that control the
48 parallel I/0 lines;

c. An Am9519 Universal Interrupt
Controller that responds to eight
interrupt lines; '

d. An Am9517 Multimode DMA Controller
that controls various memory and
I/0 data transfer operations;

e. An Am9511 Arithmetic Processing
Unit that provides extended fixed
and floating point arithmetic pro-

cessing capabilities.

3-2. ADDRESS ASSIGNMENT

The CPU communicates with the program-
mable devices through a sequence of 1/0
read and I/0 write commands. A summary
of the I/0 addresses as shipped from
the factory is provided in table 3-1.
Depending wupon the application for
which the board is to be used, users
might have to alter the factory
selected I/0 addresses by programming
their own I/0 chip select PROM (U32).
Bus address bits 9 through 15 corre-
spond to the Al through A7 PROM inputs
respectively; PROM input A0 is driven
by the 9080A Hold Acknowledge output.
PROM output pins 00, 01, and 02 are

connected to input pins A, B, and C
respectively of the three-to-eight line
decoder which generates the signals
used to select the I/0 chip. Therefore,
the relationship of the PROM output to
the I/0 devices controlled can not be
changed by programming; only the ad-
dress at which the output pattern for
selecting an I/0 device is stored can
be selected by PROM programming.

3-3. BUS OVERRIDE AND BOOT
CONTROL

A progranmable latch provides dynamic
override control of bus requests and
allows memory locations to be reassign-
ed under program control. As delivered,
the latch is accessed by address E@H.
(This address can be changed by chang-
ing the I/0 address PROM U32.) When
the latch is addressed, data bit 0 con-
trols the memory allocation and data
bit 7 controls the bus request over-
ride. The latch is cleared during power
up and by initialization and is input
as address bit 6 to the Address Select
PROM. Therefore, the low output from
the bit 0 latch is normally used to
select an on-board bootstrap starting
in the low addresses of ROM/E-PROM.
Once the bootstrap has executed, the
bit 0 Tatch can be set high to select
another group of Address Select PROM
locations. Another use of the Tow bit
0 latch output might be to disable all
on-board memory so that the bootstrap
can come from off-board. The Address
Select PROM determines how the bit 0
latch will be used.

The bit 7 latch is set to override a
bus request made by another master; a
high output prevents another master
from gaining control of the bus. This
latch would normally be set when it is
important that the MonoBoard not 1loose
control of the bus. When the critical
condition has passed, the bit 7 Tatch
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TABLE 3-1. |/0 PORT ADDRESSES.

I/0 Port I/0 Input Qutput

Address Device Function Function
BOH Channel 0 Address Channel 0 Address
B1H Channel 0 Word Count Channel 0 Word Count
B2H Channel 1 Address Channel 1 Address
B3H Channel 1 Word Count Channel 1 Word Count
B4H Am9517 DMA Channel 2 Address Channel 2 Address
B5H Controller Channel 2 Word Count Channel 2 Word Count
B6H Channel 3 Address Channel 3 Address
B7H Channel 3 Word Count Channel 3 Word Count
B8H Status Register Command Register
BYH Not Used Request Register
BAH Not Used Mask Register Single Bit
BBH Not Used Mode Register
BCH Not Used Clear First/Last Flip-Flop
BDH Temporary Register Master Clear
BEH Not Used Not Used '
BFH Not Used Mask Register Four Bits
COH Am9511 APU Data Byte From Stack Data Byte Onto Stack
ClH Read Status Enter Command
C2H Am9519 Inter- Data Register Data Register
C3H rupt Controller | Status Register Command Register
E@H 74L5273 Not Used Bus Override and Boot

Latch Control

E4H Am9555 Read Port A Write Port A
E5H Parallel 1/0 Read Port B Write Port B
E6H Ports E4H-E6H Read Port C Write Port C
E7H Not Used Control Register
E8H Am9555 Read Port A Write Port A
E9H Parallel I/0 Read Port B Write Port B
EAH Ports EBH-EAH Read Port C Write Port C
EBH Control Register
ECH Am9551 Serial Receive Data Buffer Transmit Data Buffer
EDH 1/0 Status Register Command Register

can be cleared to permit another bus

3-4. MEMORY SELECT PROM

request to be recognized. PROGRAMMING

A memory mapping PROM located at U39 is
used to control the address to memory
location relationship. As delivered,
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the PROM is programmed as shown in the
figure of Appendix D. When configured
for use with Am9708s, the PROM maps
addresses 0 through OFFFH to ROM and
addresses 3000H through 3FFFH to RAM;
when configured for use with Am9716s,
the PROM maps addresses 0 through 1FFFH
to ROM and addresses 3000H through
3FFFH to RAM; and when configured for
use with Am9732s, the PROM maps
addresses 0 through 3FFFH to ROM and
addresses 4000H through 4FFFH to RAM.
Memory references are directed to ROM
when input bit 5 (boot) is low. When
bit 5 is high, on-board memory is dis-
abled. To use a memory address config-
uration other than one supplied in the
standard memory address PROM, it is
necessary to replace the PROM with one
customized to the specific application.
A 27521 PROM can be used as the memory
mapping PROM at the expense of not
being able to map memory into the upper
32K addresses.

The memory select circuitry is designed
so that a low output on bit 3 of the
PROM selects RAM, and a low output on
bit 2 selects ROM. Address bits 10 and
11 are decoded by the 74LS139 chip at
U40 to select one of four pairs of RAMs
as shown in table 3-2. ROM selection

TABLE 3-2. RAM SELECTION.
Address Bits

Memory Pair

10 11 Selected
0 0 . 22, U26
0 1 uz23, u27
1 0 u24, U28
1 1 u25, U29

TABLE 3-3. ROM SELECTION.

PROM Bits ROM/E~-PROM
0 1 Selected
0 O ua2
0 1 u4a3
1 0 uaa
1 1 uas

is determined by PROM output bits 0 and
1 as shown in table 3-3. Note that if
neither PROM output bits O nor 1 are
low, on-board memory is not selected
and the memory reference will be to

- off-board memory.

After determining what memory configu-
rations are desired, it is necessary to
determine what addresses are to be used
to reference the memory locations. Ad-
dress bits 10 through 14 are connected
to PROM inputs O through 4 respective-
ly; address bit 15 is connected to PROM
input 8. PROM inputs 6 and 7 can each
be tied high or tied low, as shown in
table 2-7, to meet the requirements of
the ROMs being used. Connect a jumper
between jumper pins 74 and 75 to tie
input 6 low and connect a jumper
between jumper pins 76 and 77 to tie
input 7 Tow; the inputs are high when
the jumpers are removed. Input 5 to the
PROM 1is the boot control bit already
described. Based on the memory
configuration selected and the input
address and options desired, it is up
to the user to program the PROM so that
the desired PROM addres contains the
data pattern required for memory chip
selection.

3-5. SERIAL I/O INTERFACE
PROGRAMMING

An Am9551 Programmable Communications
Interface presents a parallel, 8-bit
interface to the CPU via the data bus
and presents an RS232C or a 20mA cur-
rent loop interface to an external
device via connector P5. Programmable
operating modes and format options
allow the Am9551 to service a wide
range of communications, disciplines
and applications. Operating modes are
determined by a mode instruction word
and a command instruction word.

3-6. Am9551 INITIALIZATION

The Am9551 chip is initialized as fol-

Tows:

a. Reset the chip by writing a command
word (with bit 6 set) to hex ad-
dress ED.
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b. Write a MODE instruction word to

address ED.

NOTE
If the Am9551 is looking for a .
MODE when the reset command
word is written, multiple re-
set commands must be issued.

c. If synchronous mode is selected,
write one or two sync characters
as required.

d. Write a command dinstruction word

to address ED.
NOTE

After initialization, always

check the status of the TxRDY

bit prior to writing data or a

new command word to the Am9551.
The TxRDY bit must be true to

prevent overwriting and subse-

quent loss of commands:or data.
The TxRDY is inactive until

initialization has been com-

pleted.

Once initialized, it is not necessary
for a command instruction to precede
all data transactions--only those trans-
missions that require a change in the
command instruction.

3-7. Am9551 MODE INSTRUCTION
WORD FORMAT

The mode instruction word defines the
general characteristic of the Am9551.
Once the mode instruction has been
written, sync characters or command
instructions may be inserted. The mode
instruction word defines the following:

a. For synchronous mode:

Character length

Parity enable/disable
Even/odd parity

Character synchronization
Single or double charcter
sync

b. For asynchronous mode:

Baud rate multiplier
Character length

Parity enable/disable
Even/odd parity
Number of stop bits

The mode instruction word. formats for
synchronous and asynchronous modes are
shown in figures 3-1 and 3-2 respec-
tively.

7 6 5 4 3 2 1 0-=— BitNo.

LIT T T I Jofo]

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 = 0Odd parity, 1 = Even parity

0 =SYNDET output
1 =SYNDET input

0 =2S8YNC characters
1 =18YNC character

Figure 3-1. Am9551 Synchronous Mode Control
Code.

3-8. Am9551 SYNC CHARACTERS

In the synchronous mode, one or two
sync characters must be written to
address EDH. The format of the sync
characters is at the option of the pro-
grammer.

7 6 5 4 3 2 1 0-=— BitNo.

LILITTTTT]
— .
j g? K‘svyavlilcdmode, 1 x Baud rate factor

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

00 S 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 =0dd parity, 1 = Even parity

00 Invalid

01 1 stop hit
10 1Y% stop bits
11 2stop bits

Figure 3-2. Am9551 Asynchronous Mode
Control Code.



3-9. COMMAND INSTRUCTION WORD
FORMAT

The command instruction word must fol-
low the mode and/or sync words. Once
the command word is written, data can
be transmitted or received by the
Am9551. The format of the command word
is shown in figure 3-3.

7 6 5 4 3 2 1 0-=— BitNo.

LITTTTTT]
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 to 0

IR
1 = Reset format

EH
1 = Enter HUNT mode

Figure 3-3. Am9551 Command Instruction Word
Format.

3-10. Am9551 STATUS READ

The CPU can determine the status of the
Am9551 any time by issuing an I/0 input
to address EDH. The format of the
status byte is shown in figure 3-4.

The definition of the status bits is as
follows:

TxRDY Transmitter Ready indicates
the Am9551 is 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

PE

OE

FE

SYNDET

Transmitter Empty signals
the processor that the
transmit register is empty.

Parity Error indicates the

~character stored in the

receive character buffer
was received with an incor-
rect number of binary 1
bits.

Overrun flag is set when a
byte stored in the receiver
character register is over-
written with a new byte be-
fore being transferred to
the processor.

Framing Error indicates the
asynchronous mode byte
stored in the receiver
character buffer was re-
ceived with incorrect char-
acter bit format.

When Sync Detect is set for
internal sync detect, this
bit 1indicates character
sync has been achieved and
the Am9551 is ready for
data.

7 6 5 4 3 2 1 0-=— BitNo,

RxRDY

TxE

PE
Parity error

OE
Overrun error

FE

SYNDET

DSR

Figure 3-4. Am9551 Status Word Format.



DSR Data Set Ready is set by
the external Data Set Ready
Signal to indicate the com-
munications data set is
ready

3-11. PARALLEL I/O INTERFACE
PROGRAMMING

Two Am9555 Programmable Peripheral
Interface chips provide 48 parallel
signal lines for the transfer and con-
trol of data to and from peripheral
devices.

Each chip provides three 8-bit ports
(A, B, and C). Each port can be con-
figured as either input or output, and
port C on each chip is used as control
lines for ports A and B in some modes.
The operating modes of the ports are
controlled by outputting either an
operation control word or a bit set/
reset control word. Table 3-4 is a
complete configuration guide for the
Am9555s.

3-12. Am9555 ADDRESSING

Each chip uses four consecutive addres-
ses (E4-E7H and E8-EBH) for control,
data transfer, and status read. See
table 3-1 for the port addresses and
their functions.

3-13. Am9555 INITIALIZATION

The Am9555 chips are initialized by
writing an operation control word to
address E7H and EBH to define the mode
and by writing a bit set/reset control
word for Port C control if required.

3-14. Am9555 OPERATION CONTROL
WORD FORMAT

The operation control word (bit 0=1)
defines three basic modes of operation

Mode 0 = Basic Input/Output -
Mode 1 = Strobed Input/Output
Mode 2 = Bidirectional Bus

3-6

The modes for port A and B can be sepa-
rately defined, while port C is divided
into two 4-bit ports as required by the
port A and port B definitions. Table
3-4 provides a summary of all mode def-
initions and port restrictions. The
mode control word format is shown in
figure 3-5.

D7 | D6} D5y D4| D3| D2} D1} DO

I—- Port C, Bits 0-3

1 = Input

0 = Output
Port B

1 = Input

0 = Output
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

Figure 3-5. Am9555 Operation Control Word
Format.

3-156. Am9555 BIT SET/RESET CONTROL
WORD ‘

When operating in mode 1 or 2, the bits
of port C can be set or reset using the
bit set/reset control word. The func-
tions of some port C bits are defined
by port A and B operations in modes 1
and 2. Refer to table 3-4 for port C
bit definitions in modes 1 and 2.
Figure 3-6 shows the bit set/reset con-
trol word format. )

3-16. Am9555 PORT C STATUS READ

The status of port C can be read at any
time by an I/0 read to address E6H or
EAH. The definition of port C bits are
determined by the operating modes of
port A and B. Refer to table 3-4 for
port C bit definitions.
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TABLE 3-4. PARALLEL I/O PORT CONFIGURATION SUMMARY.

Port and Mode | Control | Connector | Driver/Terminator Jumper Action Port
Word Polarity Network Delete | Add | Effect | Restrictions
E4H O Input 1001XXXX | Negative | 8226s at Ul 1-3 1-2 | Enable | Port E5H: None.
True and U2 input | Port E6H: None unless port
at U1 | E5H is in mode 1.
and U2
E4H O Output | 1000XXXX | Negative | 8226s at Ul - 1-2 1-3 | Enable |Port E5H: None.
(1atched) True and U2 input |Port E6H: None unless port
at U1 |E5H is in mode 1.
and U2
E4H 1011XXXX | Negative | 8226s at Ul 1-3 1-2 | Enable | Port E5H: None.
1 Input True and U2. input |Port E6H: Performs the
(strobed) Termination at U1 | following dedicated func-
Network at U3. and U2.| tions: -
Bit 0, 1, 2: None unless
port ESH is in mode 1.
Bit 3: INTR (Interrupt
Request) output for port
E4H. :
Bit 4: STB* (Strobe) in-
put for port E4H.
Bit 5: IBF (Input Buffer
Full) output for port E4H.
Bits 6 and 7: Can be used
for input or output. Both
have same direction.
E4H 1010XXXX | Negative | 8226s at Ul 1-2- | 1-3 | Enable | Port E5H: None
1 Output True and U2. Outputs| Port E6H: Performs the
(Tatched) Termination at following dedicated func-

Network at U4

8226s

tions: :

Bit 0, 1, 2: None unless
port ESH is in mode 1.
Bit 3:  INTR (Interrupt
Request) output for port
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TABLE 3-4. PARALLEL /O PORT CONFIGURATION SUMMARY. (Cont.)

Controi

Port and Mode
: Word

Connector
Polarity

Driver/Terminator
Network

Jumper Action

Delete

Add

Effect

Port
Restrictions

E4H

1 Qutput
(latched)
(continued)

Bits 4 and 5: Can be used
for input or output; both
have same direction.

Bit 6: ACK* (Acknowledge)
input for port E4H.

Bit 7: OBF* (Output Buf-
fer Full) Output for port
E4H.

E4H 2
Bidirectional

L11XXXXXX

Negative
True

8226s at Ul
and U2

Allows

ACKA*

output
of port
E6H to
control
8226
direc-
tion of
data
flow.

Port E5H: None
Port E6H: Performs the
following dedicated func-
tions:

Bit 0: Cannot be used.
Bits 1 and 2: Can be
used as input or output

. if port E5H is in mode O.

Bit 3: INTR (Interrupt
Request) output for port
E4H.

Bit 4: STR* (Strobe)
input for port E4H.

‘Bit 5: IBF (Input Buffer
Full) output for port E4H.
Bit 6: ACK* (Acknowledge)
input for port E4H. Data
flow direction control for
8226 via jumper 57-52.7
Bit 7: OBF* (Output Buffer
Full) output for port E4H.

ESH 1XXXX01X
0 Input

Positive
True

Termination
Networks at

U5 and U6.

None

None

Port E4H: None.
Port E6H: None unless port
E4H is in mode 1 or 2.

T Jumper use is optional.
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TABLE 3-4. PARALLEL |/O PORT CONFIGURATION SUMMARY. (Cont.)
Port and Mode | Control | Connector | Driver/Terminator Jumper Action Port
Word Polarity Network Delete| Add Effect | Restrictions
E5H 1XXXX00X | Negative | Driver None None ‘Port E4H: None.
0 Output True Networks at Port E6H: None unless port
(Tatched) US and U6. E4H is in mode 1 or 2.
ESH 1XXXX11X | Positive Termination Opt. Opt. Port E4H: None.
1 Input True Networks at Port E6H: Performs the
(strobed) u4, U5, and following dedicated func-
ué6. tions:

Bit 0: INTR (Interrupt
Request) output for port
ESH. ' _

Bit 1: IBF (Input Buffer
Full) output for port ESH.
Bit 2: STB* (Strobe) in-
put for port E5H.

Bit 3: Can be used as in-
put or output if port E4H
is in mode 0.

Bits 4 to 7: Can be used
as input or output if port
E4H is in mode O or in
some combinations where
port E4H is in mode 1.
These bits are always
dedicated when port E4H

is in mode 2.
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TABLE 3-4.

PARALLEL /O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode

Control
Word

Connector
Polarity

Driver/Terminator
Network

Jumper Action

Delete Add_ Effect

Port
Restrictions

E5H
1 Output
(Tatched)

1XXXX10X

Negative
True

Driver Networks
at U4, U5 and
)

Opt. |(Opt.

Port E4H: None.
Port E6H: Performs the
following dedicated func-
tions:

Bit 0: INTR (Interrupt
Request) output for port
ESH.

Bit 1: OBF* (Output Buf-
fer Full) output for port
ESH. -
Bit 2: ACK* (Acknow-
ledge) input for port ESH.
Bit 3: Can be used as
input or output if port
E8H is in mode 0.

Bits 4 to 7: Can be used
as input or output if
port E4H is in mode 0 in
some combinations where
port 1 is in mode 1.
These bits are always
dedicated when port E4H
is in mode 2.

E6H High
Order Bits
0 Input

100X10XX

Positive
True

Termination
Network at
u3

Opt. |Opt.

Port E4H: Port E4H must
be in mode 0 for all four
bits to be available.
Port E5H: Port ES5H must
be in mode 0 for all four
bits to be available.

E6H Low
Order Bits
0 Input

100XX0X1

Positive
True

Termination
Network at
U4

Opt. |Opt.

Port E4H: Port E4H must
be in mode 0 for all four
bits to be available.
Port ES5H: Port ES5H must
be in mode 0 for all four
bits to be available.
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TABLE 3-4. PARALLEL I/O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode | Control | Connector | Driver/Terminator Jumper Action Port
: Word Polarity Network Delete| Add Effect | Restrictions
E6H High 100X00XX | Negative Driver Network Opt. |Opt. Port E4H: Port E4H must
Order Bits True at u3 be in mode 0 for all four
0 Output bits to be available.
(1atched) Port ESH: Port ESH must
be in mode 0 for all four
bits to be available.
E6H Low 100XX0X0 | Negative Driver Network Opt. |Opt. Port E4H: Port E4H must
Order Bits True at U3 : be in mode 0 for all four
0 Output bits to be available.
(1atched) Port ESH: Port E5H must
be in mode 0 for all four
bits to be available.
E8H 1001XXXX | Negative 8226s at U7 22-23 | 21-23 | Enable | Port E9H: None.
0 Input True and U8 : inputs | Port EAH: None unless
at U7 port E9H is in mode 1.
and U8
E8H 1000XXXX | Negative 8226s at U7 21-23 | 22-23 | Enable | Port E9H: None.
0 Output True and U8 outputs| Port EAH: None unless
(1atched) at U7 port E9H is in mode 1.
and U8
ESH 1011XXXX | Negative 8226s at U7 22-23 | 21-23 | Enable | Port E9H: -None.
1 Input True and U8 inputs | Port EAH: Performs the
(strobed) Termination at U7 following dedicated
Network at U9 us functions:
Bits 0, 1, 2: None unless
port E9 is in mode 1.
Bit 3: INTR {Interrupt
Request) output for
port E8H.
Bit 4: STR* (Strobe)
input for port E8H.
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TABLE 3-4. PARALLEL /O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode | Control | Connector | Driver/Terminator Jumper Action Port
Word Polarity Network Delete| Add Effect | Restrictions

E8H Bit 5: IBF (Input Buf-

1 Input fer Full) output for

(strobed) port E8H.

(continued) Bits 6 and 7: Can be
used for input or out-
put. Both have same
direction.

E8H 1010XXXX | Negative 8226s at U7 21-23 | 22-23| Enable | Port E9H: None.

1 Output : True and U8. ' outputs | Port EAH: Performs the

(Tatched) Termination at u7 following dedicated func-

‘ Network at and U8. | tions:
U10. Bits 0, 1, 2: None uniess

port E9H is in mode 1.
Bit 3: INTR (Interrupt:
(Request) output for port
E84. ’
Bits 4 and 5: Can be used
for input or output; both
have same direction.

Bit 6: ACK* (Acknow-
ledge) input for E8H.

Bit 7: OBF* (Output Buf-
fer Full) output for port
E4H.
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TABLE 3-4. PARALLEL /O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode | Control | Connector | Driver/Terminator Jumper Action Port
Word Polarity Network Delete| Add Effect | Restrictions
E8H 11XXXXXX | Negative | 8226s at U7 21-23 | 23-24 | Allows | Port E9H: None.
2 Bidirec- True and U8. 22-23 ACKA* Port EAH: Performs the
tional. Termination output following dedicated func-
Network at U9. of port tions:
Driver EAHpto Bit 0: Cannot be used.
Network at control Bits 1 and 2: Can be used
U10. 8226 as input or output if
direc- port E9H is in mode O.
tion Bit 3: INTR (Interrupt
of Request) output for port
data E8H. -
£1omw " Bit 4: STB* (Strobe)
e input for port E8H.
Bit 5: IBF (Input Buf-
fer Full) output for port
E8H.
E9H 1XXXX01X | Positive Termination None None Port E8H: None.
0 Output True Network Port EAH: None unless
at U1l and port E8H is in mode 1
u12 or 2.
E9H 1XXXX00X | Negative Driver None None Port E8H: None.
0 Output True Network Port EAH: None unless
(1atched) at U1l and port E8H is in mode 1
_ u12 or 2.
E9H 1XXXX11X | Positive Termination Opt. Opt. Port E8H: None.
"1 Input True Network Port EAH: Performs the
(strobed) at U10, U1l following dedicated
and U12 functions:
Bit 0: INTR (Inter-
rupt Request) output
-for port E9H.
Bit 1: IBF (Input Buf-
fer Full) output for
port E9H.
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TABLE 3-4. PARALLEL I/O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode

Control
Word

Connector
Polarity

Driver/Terminator
Network

Jumper Action

Delete

Add

Effect

Port
Restrictions

E9H

1 Input
(strobed)
(continued)

Bit 2: STB* (Strobe)
input for port E9H.

Bit 3: Can be used

as input or output

if port E8H is in

mode 0.

Bits 4 through 7: Can be
used as input or output
if port E8H is in mode O
or in some combinations
where port E8H is in mode
1. These bits are always
dedicated when port E8H is
in mode 2.

E9H
1 Output
(1atched)

1XXXX10X

Netative
True

Driver
Network
at U10,
Ull, and
viz.

Opt.

Opt.

Port E8H: None.

Port EAH: Performs the
following dedicated func-
tions:

Bit 0: INTR (Interrupt
Request) output:- for port
E9H.

Bit 1: OBF* (Qutput Buf-
fer Full) output for port
E9H.

Bit 2: ACK* (Acknow-
ledge) input for port E9H.
Bit 3: Can be used as
input or output if port
E8H is in mode O or some
combinations of mode 1.
These bits are always
reserved when port E8H is
in mode 2.
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TABLE 3-4. PARALLEL I/O PORT CONFIGURATION SUMMARY. (Cont.)

Port and Mode | Control | Connector| Driver/Terminator Jumper Action Port
Word Polarity Network Delete| Add Effect| Restrictions

EAH High 100X10XX | Positive Termination Opt. Opt. Port E8H: " Port E8H must

Order Bits True Network at be in mode 0 for all four

0 Input ua. bits to be available.
Port E9H: Port E9H must
be in mode 0 for all four
bits to be available.

EAH Low 100XX0X1 | Positive Termination Opt. [Opt. Port E8H: Port E8H must

Order Bits True Network be in mode 0 for all '

0 Input at Ul10. four bits to be available.
Port E9H: Port E9H must
be in mode 0O for all four
bits to be available.

EAH High 100X00XX | Negative Driver Opt. |[Opt. Port E8H: Port ES8H must

Order Bits True Network be in mode 0 for all four

0 Output at U9. bits to be available.

(1atched) Port E9H: Port E9H must
in mode 0 for all four
bits to be available.

EAH Low 100XX0X0 | Negative | Driver Opt. |Opt. Port E8H: Port E8H must

Order Bits True Network : be in mode 0 for all four

0 Output at U10. bits to be available.

(1atched) Port E9H: Port E9H must

be in mode 0 for all four
bits to be available.
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Figure 3-6. Bit Set/Reset Control Word Format.

3-17. INTERRUPT CONTROL
PROGRAMMING

An Am9519 Universal Interrupt Control-
ler chip provides priority resolution
for eight interrupt levels. A jumper
pad provides for connecting the eight
interrupt lines to 16 possible inter-
rupt requests. When one or more of the
eight interrupt inputs are true, the
Am9519 determines the following.

Which unmasked input has the high-
est priority.

Whether the input has a higher
priority than the input presently
being serviced. If so, the inter-
rupt being serviced is interrupted;
if not, the input signal is held
for later service.

Commands entered are loaded into the
comand register. Depending upon the
-specific command that is entered, an
immediate internal activity could be
initiated or the chip might be precon-
ditioned for subsequent data transfers
(as in the preselect commands).
Commands controlling the operating
modes or commands that preselect other
registers for loading from the data
bus are loaded into the mode register
from the command register. The bit
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assignments of the mode register are
shown in figure 3-7.

3-18. Am9519 ADDRESSING

The Am9519 uses two consecutive I/0
addresses (C2H and C3H) for writing
commands and vector data and reading
status. The addresses and their func-
tions are shown in table 3-1.

3-19. Am9519 INITIALIZATION

Before the Am9519 can operate, it must
be initialized for a specific applica-
tion and loaded with appropriate re-
sponse data. Operating modes, control-
ling bits, and response data can be
modified while the controller is oper-
ating. The following are the basic
steps required to initialize the
Am9519.

a. Disable the CPU interrupts.

b. Issue a reset command to
address C3H.

M7 | M6 | M5 | M4 | M3 | M2 | M1 | MO

|_ Priority Mode

0 Fixed
1 Rotating

Vector Selection
0 Individual vector
1 Common vector

e Interrupt Mode
0 Interrupt
1 Polied

GINT Polarity
0 Active low
1 Active high

{REQ Polarity
0 Active low
1 Active high

Register Preselection
00 Interrupt service register
01 Interrupt mask register
10 interrupt request register
11 Auto clear register

Master Mask Bit
0 Chip disarmed
1 Chip armed

Figure 3-7. Am9519 Mode Register Bit
Assignments.



C.

d.

€.

Issue the appropriate commands to
address C3H defining the operating
mode and setting any mask bits
required.

Load the data register (address
C2H) with the appropriate response
data.

Enable CPU interrupts.

'3-20. Am9519 Command Descriptions

The

Am9519 command set allows the pro-

grammer to customize and alter the
interrupt operating modes, initialize

and
and
bit
the
the

update the response data registers,
manipulate the internal controlling
set during interrupt servicing. All
available commands are described in
following paragraphs.

RESET

c7lcelcs|calc3|c2|ci|co

0{0 (o |0 ]JOo |O|O O

Description: The Reset command
allows the host processor to estab-
lish a known internal
The response memory and byte count
registers are not affected by the
software reset. The IMR is set to
all ones. The ISR, IRR, ACR and
Mode registers are cleared to .all
Zeros.

CLEAR IRR AND IMR

C7|C6|C5(|C4(|C3|C2|Cl|CO

0 |0 (O |1 |0 [X [X [X

Description: - All bits in the IMR
and all bits in the IRR are cleared
at the same time. Thus, all inter-
rupts are enabled and the previous

history of all IREQ transitions :is-

forgotten. If GINT was active when

the command was entered, it will go

inactive.

‘Description:
“are cleared to zeros. All IRR bits

condition. .

CLEAR SINGLE IMR AND IRR BIT

C7|C6|C5|Ca|C3|C2]C1|CO

00 (0 (1 |1 |B2|Bl|BO

Description: The same single bit
position is cleared in both the IMR
and the IRR. Other bits are not
changed. If the specified Irr bit
was generating an active interrupt
output, GINT may go inactive upon
entry of the command. The bit
position cleared is specified by
the octal number contained in the
B2, Bl, BO field.

CLEAR IMR

C7{C6|C5|C4|C3|C2|Cl|cCO
010 |1 |O |0 X [X|X

A1l bits -in the IMR

will therefore be unmasked and any
IRR bits that had been set will be
able to cause an active GINT output
after the command is entered.

CLEAR SINGLE IMR BIT

C7|C6|C6|C5|Ca|cC3|C2|Cl

0|0 |1 (0 |1 |B2|Bl|BO

Description: A single bit in the
IMR is cleared. Other bits are not
changed. If the corresponding bit
in the IRR was set, it will be un-
masked and will be able to cause
an active GINT after entry of the
command. The IMR bit cleared is
specified by the octal number ex-
pressed by the B2, Bl, BO field.

SET IMR

C7(C6|C5[C4}]C3|C2(C1l|CO

0O (0O |1 {1 O |X | X |X
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Description: All bis in the IMR
are set to ones. A1l IRR bits will
therefore be masked and unable to
generate an active GINT. If GINT
had been active, it will go inac-
tive after the command is entered.

SET SINGLE IMR BIT
C7|Ce|C5|C4|C3|[C2|Cl|CO

0|0 |1 |1 |1 (B2|BljBO

Description: A single bit in the
IMR is set. Other bits are not
changed. If the corresponding bit

in the IRR was active and generat-
ing a GINT output, GINT will become
inactive after the command is en-
tered. The IMR bit set is specified
by the octal number contained in
the B2, Bl, BO field.

CLEAR IRR
C7|c6[C5(C4a|C3|C2]|Cl]|CO

01 |0 {0 [0 |X |X |X

Description: A1l bits in the IRR
are cleared to zeros. GINT will
become inactive. New transitions
on the IREQ inputs will be neces-
sary to cause an interrupt.

CLEAR SINGLE IRR BIT
C7/C6[C5|C4|C3|C2(CL|CO
0|1 |0 |0 |1 |B"|Bl|BO

Description: A single bit in the
IRR is cleared to zero. It will
not cause an active GINT until it
is set. The IRR bit cleared is
specified by the octal number con-
tained in the B2, Bl, BO field.

SET IRR
c7/Cc6|Cs5(CajC3|C2|Cl|CO

0|1 |0 |1 [0 |X |X (X

Description: All bits in the IRR
are set to ones. Any that are un-
masked will be able to cause an
active GINT output. This command
allows the host CPU to initiate
eight interrupts in parallel.

SET SINGLE IRR- BIT

C7|C6|Cb[C4|C3|[C2)Cl)cCO

0 |1 |0 |1 |1 {B2|B1l]|B0O

Description: A single bit in the
IRR is set to a logical one. If it
is unmasked, it will be able to
generate an active GINT. This com-
mand allows the host processor to
simulate with software the arrival
of a hardware interrupt request. It
also gives the software access to
the hardware priority resolution,
masking and control features of the
Am9519. The bit set is specified by
the octal number contained in the
B2, Bl, BO field.

CLEAR HIGHEST PRIORITY ISR BIT

C7|Ce|C5|C4|C3|C2(|C1|CO
0 (1 (1 (0O |X [X {X |X

Description: A single bit in the
ISR is cleared to zero. If only
one bit was set, that is the one
cleared. If more than one bit was
set, .this command clears the one
with the highest priority. This
command is useful in software con-
texts where the service routine
does not know which device is being
serviced. It should be used with
caution since the highest priority



ISR bit may not really be the bit
intended. When using the auto
clear option on some interrupts
"and/or when a subroutine nesting
hierarchy is not priority driven,
the highest priority ISR bit may
not correspond to the one being
serviced.

CLEAR ISR

c7|{ce|cs5|c4a|cC3|C2|Cl|cCO

0 {1 |1 {1 |0 |X X ]X

Description: All bits in the ISR
are cleared to zeros. Mask fencing
is elimated.

CLEAR SINGLE ISR BIT

C7|C6 (C5|C4[C3|C2|Cl|CO

o |1 (1 (1 |0 |X [X |X

Description: A single bit in the
ISR is cleared to zero. If the bit
was already cleared, no effective
‘operation takes place. The bit
cleared is specified by the octal
number contained in the B2, Bl, BO

field. This will be the most useful

command for service routines to use
in managing the ISR without the
help of the auto-clear option.

LOAD MODE BITS MO THROUGH M4

C7/C6|C5|C4a|C3|C2|C1]CO

1|0 [0 |M&|M3|M2|Ml|MO

Description: The five low order
bits of the command register are
transferred into the five low order

bits of the Mode register. This.

command controls all of the Mode
options except the master mask and
the register preselection,

CONTROL MODE BITS M5, M6, M/

c7| c6|{cs5|cajc3jczjclLco

1[0 |1 O |M6|M5|NL|NO

Description: The M6, M5 field in
the command is loaded into the M6,
M5 locations in the Mode register.
This field controls the register
preselection bits in the Mode
register. The N1, NO field in the
command controls Mode bit M7
(Master Mask) and is decoded as
follows:

Nl NO

010 No change to M7
011 Set M7

110 Clear M7

1]1 (i11egal)

Thus, this command may be consid-
ered as three distinct commands,
depending on the coding of Nl and

1. Load M5, M6 only
2. Load M5, M6 and set M7
3. Load M5, M6 and ‘clear M7

PRESELECT IMR FOR WRITING

C7|C6(C5(C4|C3|C2(C1|CO

1 (o |1 |1 |x |Xx [Xx|x

Description: The IMR 1is targeted
to be loaded from the data bus when
the next write operation occurs at
the data port. A1l subsequent data
write operatons will also load the
IMR until a different command is
entered. Read operations may be
successfully 1inserted between the
entry of this command and the sub-
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sequent writing of data into the
IMR. The Mode register is not
affected by this command.

PRESELECT ACR FOR WRITING

c7|ce|csfcalc3fcafcifco

1 |1 {0 |0 XX |[X]|X

Description: The ACR is targeted
to be loaded from the data bus when
the next write operation occurs at
the data port. A1l subsequent data
write operations will also load the
ACR until a different command is
entered. Read operations may be
successfully inserted between the
entry of this command and the sub-
sequent writing of data into the
ACR. The Mode register is not
affected by this command.

PRESELECT RESPONSE MEMORY FOR WRITING

3-20

c7(ce(cs|c4 |c3 |c2|c1|co
1 |1 |1 |8y1|syo|L2|L1 Lo

Description: One level in the
response memory is targeted for
loading from the data bus by subse-
quent data write operations. The
byte count register for that level
is loaded from the BY1l, BYD field
in the command. The L2, L1, LO
field specifies which of the eight
response levels is being selected.
This command should be followed by
one to four data write operations
to load response bytes. Field
coding:

BY1 BYO Count

—~l~lolo

0
1
0
1

W N |

L2 | L1 | LO | Level
0o lo]o | o
0|0 |1 1
0 {1 ]o0 2
0|1 |1 3
1 /0o 4
1 [0 |1 5
1 {1 ]o 6
1 (1|1 7

The byte count value does not con-
trol the number of bytes entered
into the response memory. It does
control the number of bytes read
from the memory by IACK* pulses.
Response bytes are output by the
Am9519 in the same order they were
entered.

3-21. Am9519 STATUS READ

The status register is eight bits wide
and contains information describing the
internal state of the Am9519 chip. The
status register is read directly by
executing an I/0 read to port C3H. The
status bit assignments are shown in
figure 3-8.

87 ] S6|S5|S4|S3|s2|8s1}S0

‘: Binary vector indicating the

number of the highest priority
unmasked bit that is set in IRR.
Valid only when 87 = 0.

Master Mask Bit
0 Chip disarmed
1 Chip armed

interrupt Mode
0 Interrupt
1 Polled

Priority Option
. 0 Fixed
1 Rotating

Enable Input
0 Chip disabled
1 Chip enabled -

Group Interrupt
0 At least one unmasked
IRR bit set
1 No unmasked
IRR bit set

Figure 3-8. Am9519 Status Word Definition.



3-22. MULTIMODE DIRECT MEMORY
ACCESS (DMA) CONTROLLER
PROGRAMMING

An Am9517 Multimode DMA Controller pro-
vides the capability for external de-
vices to directly transfer information
to or from memory. The Am9517 contains
four separate channels. Each channel
_can be programmed for one of three dif-
ferent transfer modes, and each trans-
fer mode can perform three different
types of transfers. The transfer modes

include single transfer mode, block
transfer mode, and demand transfer
mode. Within the modes, the three

types of transfers are read, write, and
verify. Memory-to-memory block moves
can be performed. The operation of the
DMA Controller is programmed by writing
control words to an internal register;
address and word count values are sent
to the four channel address and word
count registers.

3-23. Am9517 ADDRESSING

The Am9517 uses 16 consecutive addres-
ses (BOH through BFH) for reading and
writing to the internal registers. See
table 3-1 for the port addresses and
their function.

3-24. Am9517 Command Register

Am9517 operation is controlled by the
8-bit command register. The register
is programmed by a I/0 Write to address
B8H. Command register control word
format is shown in figure 3-9.

3-25. Am9517 Mode Register

Each channel has a 6-bit mode register.
The mode register is programmed by an
I/0 write to address BBH. - Bits 0 and 1
of the mode control word define the
channel mode register to be programmed.
The format of the mode register control
word is shown in figure 3-10.

7 6 5 4 3 2 1 0 -=—BitNumber

LITTTT 1]

.
s

0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
X ifbit0=0

0 Controller enable
1 Controller disable
0 Normal timing
— 1 Compressed timing
X ifbit0=1
0 Fixed Priority
1 Rotating Priority
0 Late write selection
e — 1 Extended write selection
X Hhit3=1 .

[ 0 DREQ sense active high
l 1 DREQ sense active low

{ 0 DACK sense active low
l 1 DACK sense active high

Figure 3-9. Am9517 Command Register Control
Word Format.

7 6 6 4 3 2 1 0

-=—Bit Number

HNEEEE

00 Channel O select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

0 Autoinitialize disable
1 Autoinltialize enable

0 Address increment select
1 Address decrement select

00 Demand mode select
01 Single mode select

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX Ifbits6and7 =11
(
{

1
10 Black mode select
11 Cascade mode select

Figure 3-10. Am9517 Mode Register Control

Word.
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3-26. Am9517 Request Register

The Am9517 provides a software service
request. Each channel has a request
bit associated with it in the 4-bit
request register. These bits are non-
maskable and are subject to prioritiza-
tion by the priority encoder. To set
or reset a request register bit, write
a data word to I/0 address B9. The
“format of the request register data
word is shown in figure 3-11.

4 3 2 1 0 -=— BitNumber

HNEEEEN

Don’t Care 00 Select channel 0
01 Select channel 1
10 Select channel 2
11 Select channel 3
0 Reset request bit
1 Setrequest bit

Figure 3-11. Am9517 Request Register Data
Word.

NOTE

Software requests will be ser-
viced only if the channel is
in block mode. When initiat-
ing a memory-to-memory trans-
fer, the software request for
channel 0 should be set.

3-27. Am9517 Mask Register

A 4-bit mask register provides a mask
bit for each of the four DMA channels.
These mask bits select which channels
will respond to the incoming DMA Re-
quest (DREQ) signal. A mask bit is set
when its associated channel produces an
EOP* signal and the channel is not pro-
grammed to autoinitialize. The entire
register is set by an external reset.
Setting the entire register disables
all DMA requests until a clear mask
register instruction allows them to
occur. The instruction used to sepa-
rately set and clear the mask bits is

3-22

shown in figure 3-12. All four bits
can be set or reset with a single
command as shown in figure 3-13.

3-28. Am9517 Temporary Register

A temporary register is used to hold
data during memory-to-memory transfers.
Following a memory-to-memory transfer,
the last word moved can be read by the
CPU with an I/0 read to address BDH.
The temporary register always contains
the last byte transferred in the pre-
vious memory-to-memory operation, un-
less cleared by a reset.

00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit

Don‘t Care

Figure 3-12. Am9517 Mask Register Single-Bit
Instruction.

Don't C 0 Clear Channel 0 mask bit
on't Care 1 Set Channel 0 mask bit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

0 Clear Channel 2 mask bit
1 Set Channel 2 mask bit

0 Clear Channel 3 mask bit
1 Set Channel 3 mask bit

Figure 3-13. Am9517 Mask Register Four-Bit
Instruction.




3-29. Am9517 Clear First/Last Flip/Flop
Command

Prior to writing or reading new address
or word count information to the
Am9517, a clear first/last flip/flop
command to address BCH must be execut-
ed. This initializes the flip/flop to
a known state so that subsequent CPU
accesses to the register contents will
address upper and lower bytes in the
correct sequence. The state of the
data bus does not affect this command.

3-30. Am9517 Master Clear

The Am9517 chip can be reset at any
time with a master clear command to
address BDH. The master clear command
has the same effect as a hardware re-
set. The master clear command clears
all internal registers and sets the
mask register. The state of the data
bus does not affect this command.

3-31. Am9517 STATUS READ

The status register is available to be
read by the CPU at address B8H. It con-
tains information about the current
status of the chip. This status infor-
mation includes which channels have
reached a terminal count (TC) and
which channels have a pending DMA
request. The format of the status word
is shown in figure 3-14.

3-32. ARITHMETIC PROCESSING
UNIT PROGRAMMING

The Am9511 Arithmetic Processing Unit
(APU) provides high performance fixed
and floating point arithmetic and
floating point transcendental and math-
ematical operations.

A11 transfers (including operands, re-
sults, and commands) take place on the
data bus. Operands are pushed onto an
internal 8-level, 16-bit wide data
stack and a command is issued to per-
form operations on the data in the

7 6 5 4 3 2

IHEEE

1 0 -=—Bit Number

L1

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

- — =

Channe! 0 request

Channel 1 request
Channel 2 request
Channel 3 request

[

Figure 3-14. Am9517 Status Word Format.

stack. Results are then retrieved
from the stack, or add1t1ona1 commands
may be entered.

Transfers to and from the APU can be
handled by the CPU by I/0 read and
writes or by the Am9517 Multimode DMA
Controller. Upon completion of each
command, the APU issues an end of ex-
ecution signal that can be used as an
interrupt to the CPU.

3-33. Am9511 ADDRESSING

The APU uses two consecutive addresses
(COH and C1H) for commands, data trans-
fers, and status read. See table 3-1
for the port addresses and their func-
tions.

3-34. Am9511 INITIALIZATION

- The APU does not require special ini-

tialization. After a power-on or system
reset operation, the status register is
clear and the APU is in the idle state.

3-35. Am9511 DATA FORMATS

The Am9511 APU handles operands in both
fixed-point and floating-point formats.
Within the internal stack, data is
logically organized as 16-bit or 32-bit
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~—— TOP OF STACK (TOS)
" |-—— NEXT ON STACK (NOS)

|
} 32

32 BIT OPERANDS

L TOP OF STACK (TOS)
[~=—— NEXT ON STACK (NOS)

f— 16——-'

16 BIT OPERANDS

Figure 3-15. Am9511 Data Stack Configurations.

operands as shown in figure 3-15. The
data stack operates as a true push-down
first-in/last-out (FILO) stack; the
data first written in is the last data
read out. Within each stack entry the
least significant byte is entered first
and retrieved last. Since all words
are entered as 8-bit bytes, data must
be entered into the stack in multiples
of the number of bytes appropriate to
the chosen data format.

3-35. Fixed-Point

Fixed-point operands can be represented

in either single (16-bit) or double

(32-bit) precision formats. They are
always represented as binary, twos
complement values. The single preci-
sion and double precision fixed-point

SINGLE PRECISION FIXED-POINT FORMAT

8 VALUE -
RN

1B 0

DOUBLE PRECISION FIXED-POINT FORMAT

VALUE

s
LLEE eyttt ibdtl
1

3 [

Figure 3-16. Fixed-Point Word Formats.

3-24 .

+ word formats are shown in figure 3-16.

The sign of the operand is located in
the most significant bit position.
Positive values are represented by a
sign bit of 0; negative values are re-
presented by a sign bit of 1. The range
of values that can be expressed by the
single precision format is -32,768 to
+32,767. The double precision value
range is from -2,147,483,648 to
+2,147,483,647.

3-37. Floating-Point

The 32-bit floating-point format is
shown in figure 3-17. Bit 31 indicates
the sign of the mantissa. The next

"seven bits form the exponent, with bit

30 representing the exponent sign.
Bits O through 23 form the mantissa
value.

EXPONENT | MANTISSA |

ME
SIS| LU UL e el dylt
3130 2423 0

Figure 3-17. Floating-Point Word Format.

The mantissa is a sign-magnitude number
with an assumed binary point just to
the left of the most significant man-
tissa bit (bit 23). The exponent is
interpreted as a power of two and is




expressed as a twos complement value
having a range of from -64 to +63

(2"64 to 2+63). .

A1l floating-point values must be nor-
malized, which makes bit 23 always
equal to 1 except when representing a
-value of zero. The number zero is
represented with binary zeros in all 32
bit positions.

3-38. Am9511 COMMAND
DESCRIPTIONS

The following detailed description of
the Am9511 commands are presented in
alphabetical order by command mnemonic.
In the descriptions, TOS means Top of
Stack and NOS means Next on Stack.
Figure 3-18 shows the command format.

) | OPERATION
SINGLE  FIXED CODE

7 6 5 4 3 2 1 0

SVREQ
R)

Figure 3-18. Am9511 Command Format.

A11 derived functions except square
root use Chebyshev polynomial approxi-
mating algorithms. This approach is
used to minimize the maximum error
values and to provide a relatively even
distribution of errors over the data
range. The basic arithmetic operations
are used by the derived functions to
compute the various Chebyshev terms.
The basic operations can produce error
codes in the status register as a
result.

Execution times are listed in terms of
clock cycles and can be converted into
time values by multiplying by the clock
period used. For-example, an execution
time of 44 clock cycles when running at

~ or underflow is possible.

a 2MHz rate translates tp 22 micro-
seconds (44 x .5us = 22us); the same 44
clock cycles translate to 14.5 micro-
seconds when running at a 3MHz rate (44
X .33us = 14.5us). Variations in exe-
cution cycles reflect the data depen-

. dency of the algorithms.

In some operations, exponent overflow
When this
occurs, the exponent returned in the
result will be 128 greater or smaller
than its true value.

Many of the fumctions use portions of
the data stack as scratch storage
during development of the results.
Thus, previous values in those stack
locations will be lost. Scratch loca-
tions destroyed are listed in the com-
mand descriptions and shown with the
crossed-out locations in the Stack
Contents After diagram. -

- 3-39. Am9511 STATUS READ

The APU status register is read by
executing an I1/0 read to port ClH.
When the status busy bit (bit 7) is
high, the APU is processing a previous-
1y entered command and the balance of
the status register is not valid. The
definition of the status bits is given
in figure 3-19.

STATUS REGISTER

7 6 5 4 3 2 1 0

HRRRERER

\— 1 = Carry or Borrow
e 1 - Overfiow
l————— 1 = Underflow Error
Field
01 = Negative Argument
10 = Zera Divisor
1 =

Argument too Large

= Top of Stack is Zero

— 1

1 - Top of Stack is Negative

1 - Busy

Figure 3-19. Am9511 Status Register Bit
Definitions.
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ACOS

32-BIT FLOATING-POINT INVERSE COSINE

Binawcm1ng:[:r[2|2|o|o[1]1]0\

Hex Coding: 86 withsr = 1

06 with sr = 0
Execution Time: 6304 to 8284 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the
32-bit floating-point inverse cosine of A. The result Ris a value in
radians between 0 and . Initial operands A, B, C and D are lost.
ACOS will accept all input data values within the range of —1.0to
+1.0. Values outside this range will return an error code of 1100
in the status register.

Accuracy: ACOS exhibits a maximum relative error of 2.0 x

107 over the valid input data range.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

ATAN

32-BIT FLOATING-POINT
INVERSE TANGENT

7 6 5 4 3 2
BlnawCodlng:‘sr{O I 0 I 0 ! 0 I 1 ‘ 1 I 1J
Hex Coding: 87 with sr -1 ‘

07 with sr =
Execution Time: 4992 to 6536 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-point inverse tangent of A. The result Ris a value in

radians between —#/2 and +/2. Initial operands A, C and D are

lost. Operand B is unchanged.

ATAN will accept all input data values that can be represented in

the floating point format.

Accuracy: ATAN exhibits a maximum relative error of 3.0 x
10~7 over the input data range.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER .
A TOS R
B
c
D
| 32 | ! 32 |

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 6 5 4 3 2 1 0
Binary Coding: [sr [ 0 o [o [ o[ 1o ] 1]

Hex Coding: 85 with sr = 1

05 withsr = 0
Execution Time: 6230 to 7938 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the

32-bit floating-point inverse sine of A. The resuit R is a value in

radians between —7/2 and +/2. Initial operands A B,CandD

are lost.

ASIN will accept all input data values within the range of —1.0 to

+1.0. Values outside this range will return an error code of 1100

in the status register.

Accuracy: ASIN exhibits a maximum relatlve error of 4.0 x
10~7 over the valid input data range.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B : B
c —
D ' -
! 32 | | 32 |

CHSD

32-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
BlnaryCodlng:|sr‘O]1|1lol1 ]0‘ 0‘\

Hex Coding: B4 with sr = 1

34 withsr =0
Execution Time: 26 to 28 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A at
the TOS is subtracted from zero. The result R replaces A at
the TOS. Other entries in the stack are not disturbed.
Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible
in the format since no positive equivalent exists.

Status Affected: Sign, Zero, Error Field (overfiow)

STACK CONTENTS

BEFORE AFTER
A - TOS —= R
B
c
D
! 32 | } 32 |

BEFORE AFTER
A TOS R
B B
c A c
D D
I 32 -] l 32 |
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CHSF

32-BIT FLOATING-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
BinaryCoding:lsr|0I0|1|0|1|0|1|

Hex Coding: 95 with sr = 1

15 with sr = 0
Execution Time: 16 to 20 clock cycles
Description:

The sign of the mantissa of the 32-bit floating-point operand A at
the TOS is inverted. The result R replaces A at the TOS. Other
stack entries are unchanged.
If A is input as zero (mantissa MSB = 0), no change is made.
Status Affected: Sign, Zero

STACK CONTENTS

COS

32-BIT FLOATING-POINT COSINE

7 6 5 4 3 2 1 0
BinaryCoding:lsrlO{010]0‘0]111

]

Hex Coding: 83 with sr = 1

03 withsr = 0
Execution Time: 3840 to 4878 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by

R, the. 32-bit floating-point cosine of A. A is assumed to be in

radians. Operands A, C and D are lost. B is unchanged.

The COS function can accept any input data value that can

be represented in the data format. All input values are range

reduced to fall within an interval of —#/2 to +7/2 radians.

Accuracy: COS exhibits a maximum relative error of 5.0 x
10~7 for all input data values in the range of —2m
to +2# radians.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A ~— TOS — R
B B
o] . G
D D
! 32 -] | 32 |

CHSS
16-BIT FIXED-POINT SIGN CHANGE

7 6 5 4 3 2 1 0
Binary Coding: [ sr | 1 |1 [ 1[0 [1]0] 0|

Hex Coding: F4 with sr = 1

74 withsr = 0
Execution Time: 22 to 24 clock cycles
Description:

16-bit fixed-point two's complement integer operand A atthe TOS
is subtracted from zero. The result R replaces A at the TOS. All
other operands are unchanged.

Overflow status will be set and the TOS will be returned un-
changed when A is input as the most negative value possible in
the format since no positive equivalent exists.

Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE 4
A : TOS

AFTER

D

I|lOmMmoO|O|®
IO MiMoOo|O|®

|
b
|
+

BEFORE AFTER
A — 708 R ]
B B |
c —_
= —
! 32 | |—— 32—

' DADD

32-BIT FIXED-POINT ADD

7 6 5 4 3 2 1 (2
BInaryCoding:\srlOJ1|011|1{0‘01

Hex Coding: AC with sr =

2C with sr = 0
Execution Time: 20 to 22 clock cycles
Description:

The 32-bit fixed-point two’s complement integer operand A at the
TOS is added to the 32-bit fixed-point two’s complement integer
operand B at the NOS. The result R replaces operand B and the
Stack is moved up so that R occupies the TOS. Operand B is lost.
Operands A, C and D are unchanged. If the addition generates a
carry it is reported in the status register.

If the result is too large to be represented by the data format, the
least significant 32 bits of the resuit are returned and overtlow
status is reported.

Status Affected: Sign, Zero, Carry, Error Field

STACK CONTENTS

BEFORE AFTER
A |l=—T0S —= R j
B c B
c D
D A

! 32 | 32—
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DDIV

32-BIT FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0
BlnaryCodlng:lsr'O I 1 ‘ 0 [ 1 ]1 {1[ 11
Hex Coding: AF with sr = 1

2F with sr = 0

Execution Time: 196 to 210 clock cycles when A # 0
18 clock cycles when A = 0.

Description: .

The 32-bit fixed-point two's complement integer operand B at
NOS is divided by the 32-bit fixed-point two's complement in-
teger operand A at the TOS. The 32-bit integer quotient R re-
places B and the stack is moved up so that R occupies the
TOS. No remainder is generated. Operands A and B are lost.
Operands C and D are unchanged.

If A is zero, R is set equal to B and the divide-by-zero error
status will be reported. If either A or B is the most negative
value possible in the format, R will be meaningless and the
overflow error status will be reported.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A ~—— TOS —= R
B c
c D
D
| 32 ' 32—

DMUL
32-BIT FIXED-POINT MULTIPLY, LOWER

7 6 5 4 3 2 1 0

Binary Coding: [ sr [ 0 [1 [o[ 1 [1]1] 0]
Hex Coding: AE with sr = 1

2E with sr = 0
Execution Time: 194 to 210 clock cycles
Description:
The 32-bit fixed-point two's complement integer operand A at the
TOS is muitiplied by the 32-bit fixed-point two's complement in-
teger operand B at the NOS. The 32-bit least significant half of the
product R replaces B and the stack is moved up so that R oc-
cupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. Operands C and D are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can
be represented in the format, that value is returned as R and
the overflow status is set.
Status Affected: Sign, Zero, Overflow

STACK CONTENTS

DMUU

32-BIT FIXED-POINT MULTIPLY, UPPER

7 6 5 4 3 2 1 0
BinaryCoding: [ sr [ 0 [1 [ 1 o1 ]1] 0]
Hex Coding: B6 with sr = 1

36 with sr = 0 .
Execution Time: 182 to 218 clock cycles
Description: .
The 32-bit fixed-point two's complement integer operand A at
the TOS is multiplied by the 32-bit fixed-point two's comple-
ment integer operand B at the NOS. The 32-bit most signifi-
cant half of the product R replaces B and the stack is moved
up so that R occupies the TOS. The least significant half of
the product is lost. Operands A and B are lost. Operands C
and D are unchanged. . .
If A or B was the most negative value possible in the format,
overflow status is set and R is meaningless.
Status Affected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A ~—TOS — R
B ‘ C
C D
D e
| 32 | ' 32 |

DSUB
~32-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
BinaryCoding:[sr|0|1]0.1 I1 IO[ 1'|
Hex Coding:  AD with sr = 1

2D withsr = 0
Execution Time: 38 to 40 clock cycles
Description:
The 32-bit fixed-point two's complement operand A at the
TOS is subtracted from the 32-bit fixed-point two's comple-
ment operand B at the NOS. The difference R replaces
operand B and the stack is moved up so that R occupies the
TOS. Operand B is lost. Operands A, C and D are un-
changed.
If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result
cannot be represented in the data format range, the overflow
bit is set and the 32 least significant bits of the result are re-
turned as R.
Status Affected: Sign, Zero, Carry, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R i
B c
c D
D
| 32 I f— 32 -|

BEFORE AFTER
A TOS R
B c -
C D
D A
| 32 f f 32 -]
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32-BIT FLOATING-POINT ¢
7 6 5 4 3 2 1 0
BinaryCoding:‘srlOIOlO'1|0‘1’0]
8A with sr = 1
0A with sr = 0

Execution Time: 3794 to 4878 clock cycles for |Al < 1.0 x 25 .
34 clock cycles for |Al > 1.0 x 2%

Hex Coding:

Description: )

The base of natural logarithms, e, is raised to an exponent value

specified by the 32-bit floating-point operand A at the TOS. The

result R of e” replaces A. Operands A, C and D are lost. Operand

B is unchanged. ’

EXP accepts all input data values within the range of —1.0 x

to +1.0x 275, Input values outside this range will return a code of

1100 in the error field of the status register.

Accuracy: EXP exhibits a maximum relative error of 5.0 x
1077 over the valid input data range.

Status Affected: Sign, Zero, Error Field

2+5

FDIV
- 32-BIT FLOATING-POINT DIVIDE

7 6 5 4 3 2 1 0
Binary Coding: Lsr l 0 { 0 | 1 ‘ 0 l 0] ] 1 ] 1 }
Hex Coding: 93 withsr = 1
13 withsr = 0

Execution Time: 154 to 184 clock cycles for A # 0
22 clock cycles for A = 0

Description:

32-bit floating-point operand B at NOS is divided by 32-bit
floating-point operand A at the TOS. The result R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.

If operand A is zero, R is set equal to B and the divide-by-zero
error is reported in the status register. Exponent overflow or
underfiow is reported in the status register, in which case the
mantissa portion of the result is correct and the exponent portion
is offset by 128. .

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BeFORe  STACK CONTENTS .
A ~—TOS —= R
B ) B
c
D
! 32 | I 32

BEFORE AFTER
A «—T0S R
B c |
c ' D
D P
! 32 |- 32 |

FADD

32-BIT FLOATING-POINT ADD

7 6 5 4 3 2 1 0
BinaryCoding:IsrlO!O[1l0’0|0|0|
90 with sr = 1
10 withsr = 0

Executicn Time: 54 to 368 clock cycles for A # 0
24 clock cycles for A = 0

Hex Coding:

Description:

32-bit floating-point operand A at the TOS is added to 32-bit
floating-point operand B at the NOS. The resuit R replaces B and
the stack is moved up so that R occupies the TOS. Operands A
and B are lost. Operands C and D are unchanged.

Exponent alignment before the addition and normalizaticn of the
result accounts for the variation in execution time. Exponent
overflow and underflow are reported in the status register, in
which case the mantissa is correct and the exponent is offset by
128. i

Status Affected: Sign, Zero, Error Field

FIXD

32-BIT FLOATING-POINT TO
32-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: [ sr [0 [o [ 1 [1[1[1] o]
Hex Coding: 9E with sr = 1
1E with sr = 0
Execution Time: 90 to 336 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
32-bit fixed-point two's complement integer. The result R re-
places A. Operands A and D are lost. Operands B and C are
unchanged.

If the integer portion of A is larger than 31 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Affected: Sign, Zero Overflow

serore  STACKCONTENTS berone  STACK CONTENTS
A —— TOS — = R A TOS R !
B c B B
c D c c
D D S
B —— -~ 32 |~ 32 | - 32 |
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FIXS

32-BIT FLOATING-POINT TO
16-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
BinaryCodlng:Isr]O[0|1|111|_1!1|

Hex Coding:  9F with sr = 1

1F with st = 0
Execution Time: 90 to 214 clock cycles
Description:

32-bit floating-point operand A at the TOS is converted to a
16-bit fixed-point two's complement integer. The result R re-
places the lower half of A and the stack is moved up by two
bytes so that R occupies the TOS. Operands A and D are
lost. Operands B and C are unchanged, but appear as upper
(u) and lower (1) halves on the 16-bit wide stack if they are
32-bit operands. _

If the integer portion of A is larger than 15 bits when con-
verted, the overflow status will be set and A will not be
changed. Operand D, however, will still be lost.

Status Aftfected: Sign, Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A - TOS ————» R
B _ Bu
C BI
D Cu
32— cl
fe— 16—

FLTD

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
Binary Coding: | sr [0 [o [ 1 [1 [ 1[0 o]

Hex Coding: 9C with sr = 1

1C withsr = 0
Execution Time: 56 to 342 clock cycles
Description: :

32-bit fixed-point two’s complement integer operand A atthe TOS

is converted to a 32-bit floating-point number. The resuit R re- -

places A atthe TOS. Operands A and D are lost. Operands B and
C are unchanged.
Status Affected: Sign, Zero

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 6 5 4 3 2 1 0
BInaryCodlng:[sr’!OlOl1‘|1 l1 [0]1]

Hex Coding: 9D with sr = 1

1D with sr = 0
Execution Time: 62 to 156 clock cycles
Description:

16-bit fixed-point two's complement integer A at the TOS is
converted to a 32-bit floating-point number. The lower half of the
result R (RI) replaces A, the upper haif (Ru) replaces H and the
stack is moved down so that Ru occupies the TOS. Operands A, |
F, G and H are lost. Operands B, C, D and E are unchanged.
Status Affected: Sign, Zero

scrone  STACKCONTENTS

A | TOS — Ru
B ' RI
c B
D c
E D
F E
G
H

fet— 16— 16—

FMUL
32-BIT FLOATING-POINT
MULTIPLY

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 [ o [ 1 Jo o[ 1] o]

Hex Coding: 92 with sr = 1

12 withsr = 0
Execution Time: 146 to 168 clock cycles
Description:

32-bit floating-point operand A at the TOS is multiplied by the
32-bit floating-point operand B at the NOS. The normalized result
R replaces B and the stack is moved up so that R occupies the
TOS. Operands A and B are lost. Operands C and D are un-
changed.

Exponent overflow or underflow is reported in the status register,
in which case the mantissa portion of the resuit is correct and the
exponent portion is offset by 128.

Status Affected: Sign, Zero, Error Field

eFoRe  STACK CONTENTS AFTER BEFORE  STACK CONTENTS AFTER
A TOS R A - TOS —» R
B ‘ B B c
c c C D
D D
! 32 - |e—32 | [ 32 ! [ 32 !
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FSUB

32-BIT FLOATING-POINT SUBTRACTION

7 6 5 4 3 2 1 0
Binary Coding: [ sr | 0 [0 [ 1 [0 [0 [ o] 1|
Hex Coding: 91 with sr = 1

11 withsr = 0

Execution Time: 70 to 370 clock cycles for A # 0

26 clock cycles for A = 0
Description:
32-bit floating-point operand A at the TOS is subtracted from
32-bit floating-point operand B at the NOS. The normalized
difference R replaces B and the stack is moved up so that R
occupies the TOS. Operands A and B are lost. Operands C
and D are unchanged. ‘
Exponent alignment before the subtraction and normalization
of the result account for the variation in execution time..
Exponent overfiow or underflow is reported in the status regis-
ter in which case the mantissa portion of the result is correct
and the exponent portion is offset by 128.
Status Affected: Sign, Zero, Error Field (overflow)

STACK CONTENTS

BEFORE AFTER’
A TOS R
B (o
C : D
D
| 32 | - 32 -

LN

32-BIT FLOATING-POINT
NATURAL LOGARITHM

7 6 5 4 3 2 1 0
Binary Coding: [ sr | 0 |0 [0 [1 [ o [0 ] 1]
89 with sr = 1
09 with sr = 0

Execution Time: 4298 to 6956 clock cycles for A > 0
20 clock cycles for A< 0

Hex Coding:

Description:
The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point natural logarithm (base e) of A
Operands A, C and D are lost. Operand B is unchanged.
The LN function accepts all positive input data values that can
be represented by the data format. If LN of a non-positive
number is attempted an error status of 0100 is returned.
Accuracy: LN exhibits a maximum absolute error of 2 x 1077
for the input range from e ' to e, and a maximum
relative error of 2.0 x 1077 for positive values less
than e or greater than e.

Status Affected: Sign, Zero, Error Field

LOG

32-BIT FLOATING-POINT
COMMON LOGARITHM
7 6 5 4 3 2 1 0
Binary Coding: [ sr [0 [o [o [ 1] o] o] o]
88 with sr = 1
08 with sr = 0

Execution Time: 4474 to 7132 clock cycles for A > 0
20 clock cycles for A< 0

Hex Coding:

Description:

The 32-bit floating-point operand A at the TOS is replaced by R,

the 32-bit floating-point common logarithm (base 10) of A.

Operands A, C and D are lost. Operand B is unchanged.

The LOG function accepts any positive input data value that can

be represented by the data format. If LOG of a non-positive value

is attempted an error status of 0100 is returned.

Accuracy: LOG exhibits amaximum absolute error 0f2.0 x 1077
for the input range from 0.1 to 10, and a maximum
relative error of 2.0 x 10~ for positive values less
than 0.1 or greater than 10.

Status Affected: Sign, Zero, Error Field

BEFORE STACK CONTENTS AFTER
A TOS R
B ‘ B
C
D’
| 32 | | 32

BEFORE  STACK CONTENTS AFTER
A " |—TOS—> R
B B
c et
D e
! 32 ! |- 32 !
~ NO
OPERATION

BinaryCoding:I:r ] 2 Is ] : I Z {s ] :) !Ag‘]

Hex Coding: 80 with sr = 1

00 with sr = 0
Execution Time: 4 clock cycles
Description:

The NOP command performs no internal data manipulations. It
may be used to set or clear the service request interface line
without changing the contents of the stack.

Status Affected: The status byte is cleared to all zeroes.
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POPD

32-BIT
STACK POP

7 6 5 4 3 2 1 o0
BinaryCoding:[sr|o|1|1I1|o|o|o]

Hex Coding: B8 with sr = 1

38 with sr = 0
Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged. POPD and POPF execute the
same operation. .

Status Affected: Sign, Zero

" STACK CONTENTS

BEFORE AFTER
A - TOS —=| B
B C
C D
D A
-— 32— |f——32

POPF

32-BIT
STACK POP

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [0 [ 1 [1 oo 0|

Hex Coding: 98 with sr = 1

18 withsr = 0
Execution Time: 12 clock cycles
Description:

The 32-bit stack is moved up so that the old NOS becomes the
new TOS. The old TOS rotates to the bottom of the stack. All
operand values are unchanged. POPF and POPD execute the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

POPS
~ 16BIT
STACK POP

7 6 5 4 3 2 1 0
Binary Coding: | sr [ 1 [ 1 [ 1 [1 oo o0 |

Hex Coding:  F8 with sr = 1

78 withsr = 0
Execution Time: 10 clock cycles
Description:

The 16-bit stack is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates to the bottom of the stack. All
operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE _
A = TOS -

AFTER

@

I|®OMm|oio
> xio/mMmmio|lo

|
{
|
]

PTOD

PUSH 32-BIT
TOS ONTO STACK

7 6 5 4 3 2 1 o0
BInaryCodIng:Iﬁlol1|1|0’1!1]1[

Hex Coding: B7 with sr = 1

37 withsr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is
copied into the new TOS location. Operand D is lost. All other
operand values are unchanged. PTOD and PTOF execute the
same operation. ;

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A -~ TOS —» B
B o]
c D
D A
- 32— -~ 30—
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BEFORE AFTER
A TOS A
B A
c . B
D c
! 32 | | 32 !




PTOF

PUSH 32-BIT
TOS ONTO STACK

7 6 5 4 3 2 1 0
BinaryCoding:[sr|010\1|0|1l1\1|

Hex Coding: 97 with sr = 1

17 with sr = 0
Execution Time: 20 clock cycles
Description:

The 32-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand D is lost. All other operand
values are unchanged. PTOF and PTOD execute the same op-
eration. '

Status Affected: Sign, Zero

STACK CONTENTS

PUPI

PUSH 32-BIT
FLOATING-POINT 77

7 6 5 4 3 2 1 0
BInaryCoding:I[sr‘ 0]0‘1 | 1 I 0 I1L04|

Hex Coding:  9A with sr = 1

1A with sr = 0
Execution Time: 16 clock cycles
Description:

The 32-bit stack is moved down so that the previous TOS oc-
cupies the new NOS location. 32-bit floating-point constant m is
entered into the new TOS location. Operand D is lost. Operands
A, B and C are unchanged.-
Status Affected: Sign, Zero

BEFORE AFTER
A : TOS A
B A
c B
D o}
| 32 ! | 32

PTOS

PUSH 16-BIT
TOS ONTO STACK

7 6 5 4 3 2 1 0
Binary Coding: [sr | 1 [ 1 [ 1 Jo [ 1 [ 1] 1]

Hex Coding: F7 with sr = 1

77 withsr = 0
Execution Time: 16 clock cycles
Description:

The 16-bit stack is moved down and the previous TOS is copied
into the new TOS location. Operand H is lost and all other
operand values are unchanged. :

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS A

I/ MM O OO0
O(mimoiO|T|>

!
+
|
i

STACK CONTENTS
BEFORE ‘ AFTER
A TOS n
B A
c B
D ‘ ¢
I 32 ! | 32 |
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PWR

32-BIT
FLOATING-POINT X

7 6 5 4 3 2 1 0
BinaryCoding:Ler 0 [ 0 l 0 ] 1 I 0 l 1 l 1.
8B with sr = 1 :

" OB withsr =0
Execution Time: 8290 to 12032 clock cycles
Description:
32-bit floating-point operand B at the NOS is raised to the power
specified by the 32-bit floating-point operand A at the TOS. The
result R of B replaces B and the stack is moved up so that R
occupies the TOS. Operands A, B, and D are lost. Operand C is
unchanged.
The PWR function accepts all input data values that can be
represented in the data format for operand A and all positive
values for operand B. If operand B is non-positive.an error status
of 0100 will be returned. The EXP and LN functions are used to
implement PWR using the relationship B* = EXP [A(LN B)].
Thus if the term [A(LN B)] is outside the range of —1.0 x 2*%to
+1.0x2% 5 an error status of 1100 wilt be returned. Underflow and
overflow conditions can occur.

Accuracy: The error performance for PWR is a function of
the LN and EXP performance as expressed by:
|(Relative Error)pwrl= |(Relative Error)gyp+|A(Absolute
E"OY)LN'

Hex Coding:

The maximum relative error for PWR occurs when
A is at its maximum value while [A(LN B)] is near
1.0 x 2% and the EXP error is also at its maxi-
mum. For most practical applications the relative
error for PWR will be less than 7.0 x 1077,

Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER
A TOS R
B c
c
D
[ 32 I = 32 |
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SADD

16-BIT
FIXED-POINT ADD

7 6 5 4 3 2 1 0
Binary Coding: [ sr | 1 [ 1] o[ 1] 1 ]0o] o]

Hex Coding: EC with sr = 1

6C withsr = 0
Execution Time: 16 to 18 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is added to 16-bit fixed-point two's complement integer
operand B at the NOS. The result R replaces B and the stack
is moved up so that R occupies the TOS. Operand B is lost.
All other operands are unchanged.

If the addition generates a carry bit it is reported in the status
register. If an overflow occurs it is reported in the status regis-
ter and the 16 least significant bits of the result are returned.

Status Affected: Sign, Zero, Carry, €rror Field

STACK CONTENTS

BEFORE AFTER
A ——T0S R
B C
C D
D E
E F
F G
G H
H A
16— f— 16—



SDIV

16-BIT
FIXED-POINT DIVIDE

7 6 5 4 3 2 1 0
BinaryCodlng:[srl1J1|0]1|1J1L1J
Hex Coding:  EF with sr = 1 '

6F with sr = 0

Execution Time: 84 to 94 clock cycles for A # 0
14 clock cycles for A = 0

Description:

16-bit fixed-point two's complement integer operand B at the
NOS is divided by 16-bit fixed-point two's complement integer
operand A at the TOS. The 16-bit integer quotient R replaces B
and the stack is moved up so that R occupies the TOS. No
remainder is generated. Operands A and B are lost. All other
operands are unchanged.

If A is zero, R will be set equal to B and the divide-by-zero error
status will be reported. ’

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
D E
E F
F G
G H
H
e 16— f—16—»

SIN

32-BIT
FLOATING-POINT SINE

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 [o [oJof o1 [ o]
Hex Coding: 82 with sr = 1

02 with sr = 0

Execution Time: 3796 to 4808 clock cycles for Al > 2712

radians

30 clock cycles for |Al = 27'2 radians
Description:

The 32-bit floating-point operand A at the TOS is replaced by

R, the 32-bit floating-point sine of A. A is assumed to be in

radians. Operands A, C and D are lost. Operand B is un-

changed.

The SIN function will accept any input data value that can be

represented by the data format. All input values are range re-

duced to fall within the interval — /2 to +=/2 radians.

Accuracy: SIN exhibits a maximum relative error of 5.0 x
1077 for input values in the range of —27 to +2m
radians.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE
A TOS
B
o]
D
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16-BIT FIXED-POINT
MULTIPLY, LOWER

7 6 5 4 3 2 1 0

BimryCoding:‘sr‘1l1|0]1|1[1|o
Hex Coding: EE withsr = 1
6E withsr = 0

Execution Time: 84 to 94 clock cycles

Description: :

16-bit fixed-point two's complementinteger operand A at the TOS
is multiplied by the 16-bit fixed-point two's complement integer
operand B at the NOS. The 16-bit least significant half of the
product R replaces B and the stack is moved up so that R
occupies the TOS. The most significant half of the product is lost.
Operands A and B are lost. All other operands are unchanged.
The overflow status bit is set if the discarded upper half was
non-zero. If either A or B is the most negative value that can be
represented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER

A TOS - R

|l B ' c
(o} D
D E
E " F
F G

- G H
H

[e— 16 —= 16—
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“SMUU

16-BIT FIXED-POINT
MULTIPLY, UPPER

7 6 5 4 3 2 1 0
BinaryCoding:lsr’1 ]1[1 ]o |1 |1]0]

Hex Coding: F6 with sr = 1

76 with sr. = 0
Execution Time: 80 to 98 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is multiplied by the 16-bit fixed-point two's complement
integer operand B at the NOS. The 16-bit most significant half
of the product R replaces B and the stack is moved up so that
R occupies the TOS. The least significant half of the product
is lost. Operands A and B are lost. All other operands are un-
changed.

If either A or B is the most negative value that can be rep-
resented in the format, that value is returned as R and the
overflow status is set.

Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER
A TOS - R
B c
C D
D E
E F
F G
G H
H
f— 16— 16—



SQRT

32-BIT FLOATING-POINT SQUARE ROOT

7 6 5 4 3 2 1 0

Binary Coding: | st [ 0 | o [o [ oo o] 1]
Hex Coding: 81 withsr = 1
01 withsr =0

Execution Time: 782 to 870 clock cycles

Description:

32-bit floating-point operand A at the TOS is replaced by R, the
32-bit floating-point square root of A. Operands A and D are lost.
Operands B and C are not changed.

SQRT will accept any non-negative input data value that can be
represented by the data format. If A is negative an error code of
0100 will be returned in the status register.

Status Affected: Sign, Zero, Error Field

. BEFORE  STACK CONTENTS AFTER
A ' TOS ‘ R
B B
C - c
5
—— 32 — ] ! 32 !

- SSUB

16-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
BinaryCoding:lsr>|1‘1‘011]1|Ol1\

Hex Coding: ED with sr = 1

6D withsr = 0
Execution Time: 30 to 32 clock cycles
Description:

16-bit fixed-point two's complement integer operand A at the
TOS is subtracted from 16-bit fixed-point two's complement in-
teger operand B at the NOS. The result R replaces B and the
stack is moved up so that R occupies the TOS. Operand B is
lost. All other operands are unchanged.

If the subtraction generates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rep-
resented in the format the overflow status is set. If the result
cannot be represented in the format range, the overflow
status is set and the 16 least significant bits of the result are
returned as R.

Status Affected: Sign, Zero, Carry, Error Field

BEFORE  STACK CONTENTS AFTER
A TOS - R
B c
C D
D E
E F
F G
G H
H A
fe— 16 —a! le— 16—

TAN

32-BIT FLOATING-POINT TANGENT

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 | 0 [0 [0 | 1 ][0 ] o]
Hex Coding: 84 with sr = 1

04 with sr = 0

Execution Time: 4894 to 5886 clock cycles for IAl ~ 2 '2

radians

30 clock cycles for Al < 27 '2 radians
Description:

The 32-bit. floating-point operand A at the TOS is replaced by
the 32-bit floating-point tangent of A. Operand A is. assumed
to be in radians. A, C and D are lost. B is unchanged.

The TAN function will accept any input data value that can be

represented in the data format. All input data values are

range-reduced to fall within —n/4 to +/4 radians. TAN is un-
bounded for input values near odd multiples of #/2 and in
such cases the overflow .bit is set in the status register. For
angles smaller than 272 radians, TAN.returns A as the tan-

gent of A,

Accuracy: TAN exhibits a maximum relative error of 5.0 x
10~ for input data values in the range of —27 to
+2m radians except for data values near odd mul-
tiples of =/2.

Status Affected: Sign, Zero, Error Field (overflow)

BEFORE STACK CONTENTS AFTER
A TOS — R
B B
c —
D —
! 32 | fe——32—

XCHD

EXCHANGE 32-BIT STACK OPERANDS

7 6 5 4 3 2 1 VO
BinaryCoding:lsr ] 0 [ 1 l 1 [ 1,1 0 I 0 IJ]

Hex Coding: B9 with sr = 1

39 withsr = 0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation.
Status Affected: Sign, Zero

BEFORE STACK CONTENTS AFTER
A TOS B ]
B A
c ) c N
D o]
! 32 | ! 32
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- XCHF

EXCHANGE 32-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 o [ 1 [1 o o] 1]

Hex Coding: 99 with sr = 1

19 with sr = 0
Execution Time: 26 clock cycles
Description:

32-bit operand A at the TOS and 32-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHD and XCHF
execute the same operation. '

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS _ B
B A
C c
D D
! 32 | 32—
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XCHS
EXCHANGE 16-BIT
STACK OPERANDS

7 6 5 4 3 2 1 0
Binary Coding: (st [ 1 [ 1 [ 1] 1[0 o] 1]

Hex Coding: F9 with sr = 1

79 withsr = 0
Execution Time: 18 clock cycles
Description:

16-bit operand A at the TOS and 16-bit operand B at the NOS
are exchanged. After execution, B is at the TOS and A is at
the NOS. All operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A - TOS B

I|OMmMOo|O|lm
IO MiMoOoO|>»

!
4
!
]



CHAPTER 4
THEORY OF OPERATION

4-1. INTRODUCTION

This chapter provides a detailed func-
tional description of the AMC 95/4005
MonoBoard Computer. The MonoBoard
Computer consists of the functional
blocks shown in figure 4-1.

Both active-high (positive true) and
active-low (negative true) signals
appear on the schematics. To eliminate
confusion, and simplify presentation,
the following convention is adhered to
within this manual: whenever a signal
is active-low (negative true), its

mnemonic is followed by an asterisk
- (*). For example, MEMR* denotes an
active-low signal. When a signal fis
active-high, the asterisk is omitted.

4-2. CENTRAL PROCESSING UNIT
(CPU) GROUP

The CPU group consists of an Am3080A

CPU, an Am8224 Clock Generator, an
Am8228 High Speed System Controller and
- associated control ciruits.

The Am8224 Clock Generator (U34) and an
18MHz crystal provide the primary
timing reference for board operation.
The 18MHz crystal establishes the fre-
"quency of oscillation for the Am8224
via a 33pF capacitor. The Am8224
divides the crystal frequency by nine
to produce the 2MHz phase one and phase
“two timing inputs to the CPU. A TTL
Tevel phase two TTL signal is also de-
_rived and made available for TTL gat-
ing.

two clocks.

The 3MHz MonoBoard contains a 27MHz
crystal which is divided by nine to

.produce the 3MHz phase one' and phase

two timing inputs_for the CPU.

~ the CPU.

AT processing activities are
"referenced to the phase one and phase

A power up reset circuit provides a re-
set to the Am8224 upon power turn-on.
The Am8224 in turn provides a reset
(RST) output to the CPU and other pro-
granmmable devices on the board. The
reset output also generates the INIT*

 signal that is used to initialize other

boards.

A Ready In (RDYIN) input to the Am8224
is gated from the on-board and off-
board ready and acknowledge outputs.
When an addressed device responds with
its ready or acknowledge signal, it is
gated to the RDYIN input of the Am8224.
The RDYIN input provides the D input
for an internal flip-flop. After RDYIN

" goes high, the leading edge of the next

phase two clock pulse clocks the flip-
flop to produce a high READY signal to
A failsafe timer circuit pro-
duces a TIME OUT* signal that is also
gated to the Am8224 RDYIN input. The
failsafe timer is designed to prevent
hanging up the CPU if memory or a de-
vice does not respond within approxi-
mately 25ms.

NOTE
It is recommended that the fail-
safe timer be used to generate a
timeout interrupt to inform the
program that the operation has
not completed. Otherwise, in-
valid data could cause the pro-
gram to go to unknown locations.

The failsafe timer signal goes high
when a one-shot is triggered by the
Status Strobe signal (STSTB*) from the
Am8224 at the beginning of each machine
cycle. If the one-shot is not retrig-
gered within approximately 25ms, its
output goes 1ow and is gated through to
the RDYIN pin on the Am8224, thereby
driving the READY line high and allow-
ing the CPU to exit the wait state.
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Three groups of signals are provided by
the Am9080A CPU to transmit data and
controls between the CPU, memory, and
peripheral devices. An 8-bit parallel
data bus transmits instructions, data,
and status to and from the CPU. A 16-
bit address bus identifies any of
65,536 (64K) bytes of memory location
during a memory access operation. The
address bus also addresses peripheral
~devices during I/0 read or write in-
structions. The third group of signals
includes control signals to synchronize
CPU operations with memory and per1ph-
eral devices.

Within the CPU, an instruction cycle is
defined as the time required to fetch
and execute an instruction. During the
fetch, a selected instruction is ex-
tracted from memory and stored in the
CPU operating registers. During the
. execution part, the instruction is
decoded and translated into specific
processing activities. :
The instruction cycle consists of from
one to five machine cycles. A machine
cycle is required each time the CPU
accesses memory or an I/0 port. The
fetch portion of an instruction cycle
requires one machine cycle for each
byte to be fetched. The number of
machine cycles required for instruc-
tion execution depends on.the kind of
instruction that has been fetched.
Some instructions do not require addi-
tional machine cycles for execution;
others require additional cycles to
write or read data to/from memory or
1/0 devices. An instruction could

require from one to five machine .

cycles.

Each machine cycle consists of from
three to five clock pulses. The clock
pulses are identified as states (Tl
through T5). A state is identified as
the interval between two succesive
positive-going transitions of the phase
one clock.

In summary, a clock period defines a
state. Three to five states constitute

-Halt state.

"READY Tline goes high,

a machine cycle, and one to five
machine cycles comprise an instruction
cycle.

There are three exceptions to the

defined duration of a state. These are
the Wait state, the Hold state, and the
Because the duration of
these states depends upon external
events, they are of indeterminate
length. These states must be synchro-
nized with the phase one clock pulses.
Their duration is therefore an integral
multiple of the phase one clock.

At the beginning of each machine cycle
(in state T1) the CPU activates its
SYNC output and issues status informa-
tion on its data bus. The Am8224
accepts SYNC and generates an active-
Tow status strobe (STSTB*) signal to
the Am8238 and the failsafe timer. The
status information indicates the type
of machine cycle in progress.

" The rising edge of the phase two clock

during T1 Tloads the address lines of
the processor. - These lines become
stable during the phase two clock and
remain stable until the first phase two
pulse after state T3. This gives the
CPU time to read the data returned from
memory. Once the processor has sent
an address to memory, the processor
samples the READY input. If the READY .
input is low, the processor will idle.
This gives the memory time to respond
to the addressed data request. The CPU
remains in the idle condition until its
READY line again goes high. When the
the cycle pro-
ceeds, beginning with the rising edge
of the next phase one clock.

The events that occur during the T3
through T5 states are determined by the
machine cycle in progress. During a
fetch memory cycle the CPU interprets
the data on the data bus as an instruc-
tion. During a memory read the CPU
interprets the data as a data word.
The CPU outputs data on the data bus
during a memory write. During an I/0
operation the CPU can either receive or
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transmit data, depending upon whether
the machine cycle is an input or output
operation.

An Am8238 eight bit, bidirectional bus
driver buffers the data bus from memory
and devices. At the beginning of each
machine cycle the CPU issues status on
the data bus that indicates the type of
function that will occur during the
cycle. The Am8238 stores this informa-
tion in a status latch when the STSTB
input from the Am8224 goes low. The
outputs of the status latch are con-
nected to a gating array which is used
for control signal generation. The
gating array generates control signals
MEMW*, MEMR*, IOW*, IOR*, and INTA* by
gating the status latch with the DBIN,
WR*, and HLDA signals from the CPU.

4-3. MULTI-MASTER BUS CONTROL
LOGIC

Multi-Master bus operation is made
possible by the bus control logic shown
on sheet 6 of the schematics. The AMC
95/4005 MonoBoard Computer can be con-
figured for either serial or parallel
bus priority resolution. As shipped, a
jumper is connected between jumper pins
84 and 85 to configure the board for
serial priority operation. Therefore,
the BPRO* signal is low when no higher
priority master (including this master)
is using the bus.

When an off-board memory or I/0 opera-
tion is to take place, the XFER REQ
signal is generated by the PROM at U67
to initiate a Bus Request,
flop at US55 pin 2 is set, which in turn
generates the common Bus Request
(BREQ*) signals. The BREQ* signal is
used only in parallel priority resolu-
- tion application to indicate a request
for control of the bus.

When no higher priority master is re-
questing the bus (BPRN* high) and no
master has control of the bus (BUSY*
high), the flip-flop at U55 pin 14 is
set, which causes the CBRQ* signal to
go high. One B clock cycle later, the
flip-flop at U57 pin 2 is set to turn
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120,

The flip- -

'MEMSEL* signal

on the bus command drivers. Jumper pins
121, and 122 are used to select
the conditions under which this master
will release the bus. Depending on the
connection of the jumpers, the Mono-
Board will either retain control of the
bus until another master requests the
bus (by pulling CBRQ* low) or relin-
quish control of the bus after each bus
transfer.

When this master is in control of the
bus, the OVERRIDE signal from the
programmable latch going high causes
the bus to be held busy. A1l bus
requests are ignored and this master
retains control of the bus until the
override bit is cleared.

4-4. ON-BOARD MEMORY

MonoBoard memory addressing is con-
trolled by a mapping PROM (U39) and the
7415139 decoder at U40. Address bits O
through 9 specify a single storage
location within each memory device.
The decoder output determines which
memory chips are enabled.

Inputs to the memory select PROM can be
program and Jjumper selected, as de-
scribed in chapters 2 and 3. A custo-
mized PROM might also be inserted to
satisfy unique application require-
ments. PROM output bit 3 is used to
enable the decoder to select a pair of
RAM memory chips. PROM output bit 2 is
used to enable the ROM memory chip
select decoder. When either the RAM or
ROM is selected, the resultant RAMSEL*
or ROMSEL* is used to generate the
MEMSEL* to indicate that an on-board
memory read or write operation is in
progress.

When this master is already in control
of the bus, data and addresses are
placed on the bus during an on-board or
off-board device selection. When the
is not present during a
memory read operation or the IORDY*
signal is not present during an I/0
read operation, an off-board memory
read or off-board I/0 read is taking
place; the DBOUT* signal causes the bus



drivers to read into the board. During
a read or write to an on-board device,
bus master 1logic determines whether
data and address information is placed
onto the bus, but read and write con-
trol signals are not placed on the bus.

When this master is not already in con-
trol of the bus during an on-board mem-
ory reference or on-board I/0 opera-
tion, the Am8226 address and data bus
drivers are held in the high impedance
state by the high BUSEN* signal. The
control drivers are placed in the high
impedence state by the CMEN* signal.
Therefore, although the direction con-
trol for the data bus drivers is out,
the data bus driver/receivers are dis-
abled during an on-board memory refer-
ence,

The memory acknowledge (MEMACK*) signal
is input to the Am8224 control circuit,
which in turn generates the READY sig-
nal to the Am9080 CPU to indicate that
the memory access is taking place. One
wait state is inserted in the on-board
memory acknowledge timing by the cir-
cuitry at U47 when the board is con-
figured for 3MHz operation.

4-5. READ ONLY MEMORY
(ROM/E-PROM)

The Read Only Memory (ROM/E-PROM)
section provides for installing up to
16K bytes of ROM using four Am9208,
Am9218, or Am9233 compatable ROMs or
four Am9708, Am9716, Am9732, or 2758
compatable E-PROMs. Jumpers are used

to customize the memory socket voltages.

to the ROM/E-PROM being used as shown
in table 2-7.

Memory addressing 1is controlled by a
mapping PROM at U39 and the 74LS139 de-
coder at U40. Address bits O through 9
specify a single storage location with-
in each of the four ROM/E-PROM devices;
the decoder output selects one of the
“four chip locations.

~ 8-bits of read/write storage.
.memory consists of eight Am9114 static
RAM chips which store 1024 by 4-bits

4-6. RANDOM ACCESS MEMORY (RAM)

The Random Access Memory (RAM) section
provides the user with 4096 (4K) by
The RAM

each. Address decoding for chip se-
lection is accomplished by using an
Am25LS139 one-of-four decoder and as-
sorted control gates.

Each Am9114- chip has 10 address inputs
(0 through 9) and four common data
input/output pins 1/01 through 1/04, as
well as active low chip select CS* and
write enable WE* inputs. The data
input/output pins I/01 through 1/04-
from two Am9114 chips are connected to
the data bus as bits DBO through DB7.

When on-board RAM is accessed, the tern
least significant bits (0 through 9) of
the address bus specify the 4-bit seg-
ment to be accessed on the selected
RAMs. Address bits 10 and 11 specify
which pair of RAMs are to be selected.
Access to the RAMs is controlled by bit
3 from the memory select PROM at U39.
RAM read/write control is provided by
the ADVMW* signal.

4-7. /0 ADDRESS DECODING

The MBC includes six programmable de-
vices and. one 8-bit latch that are ac-
cessed by I/0 commands.

Two Am9555 Programmable Peripheral
Interfaces

An "Am9551 Programmable Communica-
tions Interface

An Am9519 Universal Interrupt Con-
troller

An Am9517 Multimode Direct Memory
Access Controller

An Am9511 Arithmetic Processing
Unit .
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The I1/0 Address Decode logic consists
of 256 by 4-bit PROM and an Am25LS138
one-of-eight decoder. The PROM is pro-
grammed with the bit pattern required
by the Am25LS138 to select one of eight
active Tow outputs. Seven of these out-
puts select the six programmable de-
vices and the latch. One output is not
used and is never selected. Table D-2
in appendix D shows the bit pattern to
memory location relationship for the
I/0 addresses.

Output bit 3 of the PROM is gated to
the RDYIN pin of the Am8224 chip at U32
_to provide an input ready acknowledge
signal to the CPU. During a DMA opera-
tion, the PROM is disabled; however,
another signal, IORW (U50 pin 3), is
generated by the IOR* and ADVIOW* sig-
nals to provide (in conjunction with
the IORDY* or EXTIOACK* signals) the
Ready input (U28 pin 8) to the DMA con-
troller.

4-8. SERIAL 1/O INTERFACE

The Serial 1/0 Interface provides the

MonoBoard Computer with a serial data
communications channel that can be pro-
grammed to operate with most of the
current serial data transmission pro-
tocols: synchronous or asynchronous.
Character length, number of stop bits,
and even/odd parity are program selec-
table. Baud rate is switch selectable.
The serial 1/0 Interface consists
primarily of an Am9551 Programmable
Communications Interface, a 4702 Baud
Rate Generator, and driver receiver
circuits.

The least significant address bit is
applied to the C/D input of the Am9551.

An output instruction (IOW* true, CS51*
true, and C/D high) causes the Am9551

to accept a control byte through its
data bus pins. The control byte can be
either a mode instruction or a command
instruction, depending on the sequence
in which it is sent. The mode instruc-
tion specifies the baud rate multip-
lier, character length, parity, and
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the number of stop bits. The actual
baud rate selection is determined by
the baud rate input from the 4702.
The command word instructs the Am9551
to enable/disable the receiver and
transmitter, to reset errors, to return
to Idle mode, and to set/clear the

- Data Terminal Ready Signal output. An

output instruction also causes the
Am9551 to accept a data byte through
its data bus pins. Bit 0 is the least
significant bit and bit 7 is the most
significant bit. The Am9551 will sub-
sequently transmit serial data to. an
external device if the transmitter is
enabled.

An input instruction (IOR* true, CS51*
true and C/D high) causes the Am9551
to place a status byte on the data bus.
The status bits are the result of
status and error checking functions
performed within the Am9551. An input
instruction also causes the Am9551 to
output a data byte onto the data bus.
Bit.0 is the least significant bit and
bit 7 is the most significant bit.

Timing for the Am9551 internal func-
tions is provided by the CO pin of the
4702 baud rate generator. The baud
rate generator uses a derived 2.4576MHz
crystal controlled frequency as the
basic timing reference. A four position
DIP switch is used to selct baud rates.
A second output pin (Z) on the baud
rate generator provides an output that
can be jumpered to the transmit clock
(TXC) and receive clock (RXC). The TXC
and RXC signals can also be supplied
externally. :

A high on the Am9551 reset (RST) line
forces the Am9551 into an idle mode.
After a high RST input, the device
remains idle until a new set of control
words are written into the Am9551 to
define its function.

In addition to the above control lines,
the Am9551 also has a set of control
inputs and outputs that can be used to
simplify the interface to almost any



serial data device. These control
signals are general purpose in nature.
The following paragraphs describe the
interface controls.

Receiver Data (RxD) Serial data is
received from the communication
line of the RxD input.

Receiver Clock (RxC*) The serial data
on input RxD is clocked into the Am9551
by the RxC* clock signal. In the
synchronous mode, RxC* is determined by
the baud rate and supplied by the
- modem. In the asychronous mode, RxC*
is 1, 16, or 64 times the baud rate
selected by the mode control instruc-
tion. Data is sampled by the Am9551 on
the rising edge of RxC*.

Receiver Ready (RxRDY) The RxRDY out-
put signal 1indicates to the processor
that data has been shifted from the
‘receiver section into the receiver buf-
fer and can be read. The active high
RxRDY signal is reset when the buffer
is read by the processor. RxRDY can
be activated only if the receiver en-
able (RxE) has been set in the command
register, even though the receiver
might be running. If the processor
does not read the receiver buffer
before the next character is shifted
from the receiver section, an overrun
error is indicated in the status
buffer.

Sync Detect (SYNDET) This signal is
used only in the synchronous mode. It
can be either an output or input de-
pending on whether the program is set
for internal or external synchroniza-
tion. As an output, a high level
indicates when the sync character has
been detected in the received data
stream after the internal synchroniza-
tion mode has been programmed. If the
Am9551 is programmed to utilize two
sync characters, SYNDET will go to a
high level when the last bit of the
second sync character is received.
SYNDET is reset when the status buffer
is read or when a reset signal is acti-

vated. SYNDET will perform as an input
when the external synchronization mode
is programmed. External logic can sup-
ply a positive-going signal to indicate
to the Am9551 that synchronization has
been achieved. This will cause it to
initiate the assembly of characters on
the next falling edge of RxC*. To suc-
cessfully .achieve synchronization, the
SYNDET signal should be maintained in a
high condition for at least one full
RxC period.

Transmit Data (TxD) Serial data is
transmitted to the communication
line on the TxD output.

Transmitter Clock (TxC) The serial

data on TxD is clocked out with the
TxC* signal. The relationship between
clock rate and baud rate is similar to
that for RxC*. Data is shifted out of
the Am9551 on the falling edge of TxC*.

Transmitter Ready (TxRDY) The TxRDY
output signal goes high when data in
the transmit data buffer has been
shifted into the transmitter section
allowing the transmit data buffer to
accept the next byte from the proces-
sor. TxRDY is reset when information
is written into the transmit data buf--
fer. Loading the command register also
resets TxRDY. TxRDY is available only
when the Am9551 is enabled to transmit
(CTS* = 0, TxEN = 1), However, the
TxRDY bit in the status buffer will
always be set when the transmit data

buffer is emgtg regardless of the state
of TxEN and CTS*.

Transmitter Empty (TxE) The TxE

output signal goes high when.the trans-
mitter section has transmitted its data
and is empty. The signal remains high
until a new data byte is shifted from
the transmit data buffer to the trans-
mitter section. In the synchronous
mode, when the processor does not 1oad
a new byte into the buffer in time, TxE
will momentarily go to a high level as
SYNC characters are 1loaded into the
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transmitter section. TxE going high is
independent of the status of the TxEN
bit in the command register.

Data Terminal Ready (DTR*) This
signal is a general purpose output
which reflects the state of bit 1 in
the command instruction. It is commonly
connected to an associated modem to
indicate that the Am9551 is ready.

Data Set Ready (DSR*) This is a
general purpose input signal and
forms part of the status byte that can
be read by the processor. The DSR*
signal 1is generally generated by the
modem as a response to the DTR* signal;
it indicates that the modem is ready.
The signal acts only as a flag and does
not control any internal logic.

Request to Send (RTS*) This is a
general purpose output, similar to
DTR*; it reflects the state of bit 5
in a command instruction. RTS* is nor-
mally used to initiate a data trans-
mission by requesting the modem to
prepare to send.

Clear to Send (CTS*) This is a
general purpose input signal used
to enable the Am9551 to transmit data
if the TxEN bit in the command byte is
a one. CTS* is generally used as a
response to RTS* by a modem to indicate
that transmission can begin. Designers
not using CTS* in their systems should
remember to tie it low so that Am9551
data transmission will not. be disabled.

4-9. PARALLEL 1/O INTERFACE

The Parallel I/0 Interface on the Mono-
Board provides 48 lines for the trans-
fer and control of data to and from
peripheral devices. Sixteen lines have
bidirectional driver/terminator net-
works installed. The remaining 32 lines
are uncommitted. Sockets are provided
for installing driver/terminator net-
works in groups of four lines per net-
work .

A1l forty-eight signal Tlines emanate
from the I/0 ports on two Am3555 Pro-
grammable Peripheral Interface Chips.
The two Am9555s each provide 24 1/0
lines and are operationally identical
except for addressing. For this
discussion only one Am9555 will be
covered.

Each Am9555 contains three 8-bit ports
(A, B and C). A1l ports can be config-
ured by software for a variety of func-
tions. Each port has the following
special characteristics. '

Port A: Provides an output latch,
an input latch, an input
buffer or a bidirectional
bus for eight data bits.

Port B: Provides an output latch,

an input latch or an input
input buffer for eight
data bits.

Port C: Operates as an output
latch for eight bits, an
input buffer for eight
bits, or as two four bit
control ports for ports
A and B.

Communication between the CPU and the
Am9551 is via the data bus and six
control lines. Control bytes and data
bytes are transmitted to the Am9551;
status bytes and data bytes are trans-
mitted from the Am9551 on the data bus.
The six control 1lines provide the
necessary controls for all data bus
operations.

The chip select (CS55A* and CS55B*) to
the CS* inputs allow the chips to be
individually addressed. When CS* is
true (logical 0), the Am9555s accept or

‘output data or control bytes from the

data bus., The direction of data flow
is determined by the RD and WR (IOR*

and IOW*) inputs to the Am9555.

A Tow

- (true) ‘IOR* allows the CPU to read data

or status from the Am9555. A low
(true) on the IOW* allows the CPU to
write data or control words to the
Am9555.



Address lines 0 and 1 allow selection,
by the CPU, of a specific port or
control word register. When the chip
select (CS*) is true and IOR* or IOW*
is true, the CPU can read or write to
the ports or control registers identi-
fied by 0 and 1 as follows:

Al AO SELECTION

0 0 Port A

0 1 Port B

1 0 Port C

1 1 Control Register

A1l internal registers are cleared and
the ports are set to the high impedance
input mode when a high level is pre-
sented to the Reset input.

4-10. INTERRUPT CONTROLLER

The interrupt controller logic consists
of an Am9519 Interrupt Controller and a
Jjumper pad that allows the user to con-
nect any of 16 possible interrupt re-
quests to the Am9519 eight interrupt
priority inputs.

The Interrupt Controller resolves
- priorities among the eight levels. The
priority resolution algorithm can be
changed dynamically at any time. This
means that the complete interrupt
structure can be modified as required.

The operation of the Interrupt Con-
troller is controllrd via five control
lines and the data bus. The five
control lines are decoded to provide
controls for programming and reading

status. Control words and status
~information are transferred through the

data bus. The functions of the control
lines are as follows:

The Chip Select (CS) input .conditions
the chip to read or write on the data
bus. Read/write transfers occur when
the CS input is low. The chip select

does not condition Interrupt Acknow-
ledge Operations.

The RD (IOR*) input is an active low

signal that indicates information is to
be transferred from the Am9519 to the
data bus.

The WR (ADVIOW*) input is an active low
signal that indicates information is to
be transferred from the data bus to the
Am9519.,

The Control/Data (C/D) input is con-

nected to the Tow order address bit
(A0). A0 identifies the data bus
information as control or data. A Tow
on A0 identifies data bus information
as data. A high on A0 causes data bus
information to be written into the
control registers when WR is low; the
status register is read when RD is
Tow.

The Interrupt Acknowledge (IACK*) s

supplied by the Am8238 INTA* signal.
INTA* is used to request interrupt-
response information. One response
byte is transferred by the Am9519 for
each INTA* pulse received. As many as
four bytes can be transferred during
each interrupt acknowledge sequence.
The first INTA* pulse following an
interrupt (INT*) to the CPU initiates
the internal selection of the highest
priority unmasked interrupt.

Two outputs from the Am9519 provide the
interrupt to the CPU and also provide
coordination of activities between the
Am9519 and the CPU. The GINT output
from the Am9519 (INT*) indicates to the
CPU that at least one bit is set in the
Interrupt Request Register. The PAUSE*
output signal is used during INTA*
cycles to indicate to the CPU that the
Am9519 has not completed the data bus
transfer. PAUSE* is connected to the
CPU RDY input. The INTA* pulse
is held true by the CPU until the
PAUSE* output goes high.
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4-11. ARITHMETIC PROCESSING UNIT
(APU) :

An optional Am9511 Arithmetic Proces-
sing Unit (APU) performs both single
(16-bit) and double (32-bit) precision
fixed-point arithmetic as well as
floating-point addition, subtraction,
multiplication, and division. Tran-
scendental derived functions and data
manipulation and conversion commands
can also be executed by the APU. The
following . paragraphs are intended to
familiarize the user with the basic
theory of the Am9511 operation.

Operands and commands are written into
the APU, and results and status are
read from the APU via the data bus.
Four control signals identify these
operations to the APU. The Chip Select
(CS) 1input to the APU selects a read or
write operation; the RD and WR inputs
define the direction of data flow to
(ADVIOW* true) or from (IOR* true) the
APU. Data bus information is defined
as data (C/D Tow and ADVIOW* 1low)
command (C/D low and IOR* low), or
status (C/D high and IOR* Tow) by the
C/D input.

Data (operands) is stored in the Am9551
in an eight level 16-bit wide data
stack. Since single precision fixed-
point operations are 16-bits wide,
eight such values can be concurrently
maintained in the stack. When using
eéither double precision fixed-point or
floating-point formats, four values can
be concurrently stored. Data is written
into the stack eight bits at a time.
The least significant byte is written
first. Data is removed from the stack
in the reverse byte order. Data must be
entered onto the stack in multiples of
the number of bytes appropriate to the
chosen format.

Data is removed from the stack in the
reverse order of entry. That is, the
first byte in is the last byte out. The
removal of each data word redefines
the top of stack (T0S) so that the next
successive byte to be removed becomes
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TOS. Data removed from the stack
rotates to the bottom of the stack.

During data bus operations, an active
low output (PAUSE) from the APU to the
CPU indicates the APU has not completed
its information transfer over the data
bus. Whenever a data read or status
read operation is requested, PAUSE goes
low. It returns high only after the
data bus contains valid data. When an
existing command is in the process of
execution, any read or write request
will cause the PAUSE output to go lTow
for the remaining duration of the
command plus any time needed for
initiating a data bus operation.

When any command has completed execu-
tion, an active low (open drain) output
(END) indicates that execution of the
previous entered command is complete.
The END output is applied to the inter-
rupt controller jumper matrix as
INT11%*.

4-12. DIRECT MEMORY ACCESS
CONTROLLER

The Direct Memory Access (DMA) control-
ler allows external devices to directly

MonoBoard memory. Memory-to-memory
transfer capability is also provided.
The DMA controller logic consists of an
Am9517 Programmable DMA Controller and

an Am74L5374 8-bit address register.

The DMA controller contains four fully
independent channels. Each channel can
be programmed to autoinitialize to its
original condition following an End-0f-
Process (EOP*) condition. The DMA
controller is programmed by writing
data words to its various internal
registers. When CS and IOW (ADVIOW*)
are true, the DMA controller accepts
data bytes to program the internal
registers. Table 3-1 gives the I/0
addresses and the registers programmed.
Conversely, when CS and IOR are true,
the internal registers can be read by
the CPU.



After programming, the DMA controller
responds to a DMA request (DREQ) with a
hold request (HREQ) to the CPU. The
CPU responds with a DHLDA to the DMA
hold acknowledge (HACK) input. The DMA
then pulls the DMA acknowledge (DACK*)
low to notify the requesting device a
DMA request has been issued. Once the
DMA request has been granted, the DMA
controller provides the necessary
address and control signals to complete
the operation. The input/output con-
trols. and their functions are described
in the following paragraphs.

CS (Chip Select, Input) Chip Select
is an active low input signal used to
select the Am9517 as an I/0 device
during the idle cycle. This allows CPU
communication on the data bus.

CLK (Clock, Input) This input con-

trols the internal operations of the
Am9517 and its rate of data transfer.
CLK 1is supplied by the phase two TTL
from the Am8224 Clock Driver.

RESET (Reset, Input) Reset is an
asynchronous active high input which
clears the Command, Status, Request and
Temporary registers. It also clears
the first/last flip-flop and sets the
Mask register. Following a reset, the
device is in the idle cycle.

READY (Ready, Input) Ready is an
asynchronous input used to extend the
memory read and write pulses from the
Am9517 to accomodate slow memories or
I/0 peripheral devices.

HACK (Hold Acknowledge, Input) This
~active high from the CPU indicates that
control of the address and data bus has
been relinquished.

DREQO-DREQ3 (DMA Request, Input) The

DMA Request lines are individual:

asynchronous channel request inputs
used by peripheral circuits to obtain
DMA service. In fixed priority, DREQO
has the highest priority and DREQ3 has
the Towest priority. A request is

generated by activating the DREQ line
of a channel. DACK will acknowledge
the recognition of the DREQ signal.
Polarity of DREQ 1is programmable.
Reset initializes these lines to active
high.

DB0-DB7 (Data Bus, Input/Output) The

Data Bus lines .are bidirectional three-
state signals. The outputs are enabled
in the program condition during the 1/0
read to output the contents of an
address register, a status register,
the temporary register or a Word Count
register to the CPU. The outputs are
disabled and the inputs are read during
an I/0 write cycle when the CPU is pro-
gramming the Am9517 control registers.
During DMA cycles, the most significant
eight bits of the address are output
onto the data bus to be strobed into an
external latch by ADSTB. In memory-to-
memory operations, data from the memory
comes into the Am9517 on the data bus
during the read-from-memory transfer.
In the write-to-memory transfer the
data bus outputs place the data into
the new memory location.

IOR (I/0 Read, Input/Output) 1/0

Read is a bidirectional active Tow
three-state line. In the idle cycle,
it is an input control signal used by
the CPU to read the control registers.
In the active cycle, it is an- output
control signal used by the Am9517 to
access data from a peripheral during a
DMA write transfer.

IOW (I/0 Write, Input/Output) 1/0

Write is a bidirectional active low
three-state line. In the idle cycle,
it is an input control signal used by
the CPU to load information into the
Am9517. In the active cycle, it is an
output control signal used by the
Am9517 to load data to the peripheral
during a DMA read transfer.

EOP (End of Process, Input/Output)

EOP is an active low bidirectional

signal. Information concerning the
completion of DMA services is available
at the bidirectional End of Process

411



(EOP) pin. The Am9517 allows an
external signal to terminate an active
DMA service. This is accomplished by
pulling the EOP input low with an
external signal. The Am9517 also
generates a pulse when the terminal
count (TC) for any channel is reached.
This generates an EOP* signal which is
output through the EOP* line. The
reception of EOP*, either internal or
external, causes the Am9517 to temmi-
nate the service, reset the request and
(if autoinitialize is enabled) to write
the base registers to the Current
Address registers of that channel. The
mask bit and TC bit in the status word
will be set for the currently active
channel by EOP* unless the channel is
programmed to autoinitialize, in which
case the mask bit remains clear.
During memory-to-memory transfers, EOP*
will be output when the TC for channel
1 occurs.

A0-A3 (Address, Input/Output) The
four Tleast significant address 1lines
are bidirectional three-state signals.
In the idle cycle they are inputs and
are used by the Am9517 to address the
control register to be loaded or read.
In the active cycle they are outputs
and provide the lower four bits of the
output address.

A4-A7 (Address, OQutput) The four
most significant address lines are
three-state outputs and provide four
~bits of address. These lines are

enabled only during the DMA service.

HREQ (Hold Request, Output) This is
the Hold Request to the CPU and is used
- to request control of the system bus.
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If the corresponding mask bit is clear,
the presence of any valid DREQ causes
the Am9517 to issue the HREQ.

DACKO-DACK3 (DMA Acknowledge, Output)
DMA Acknowledge is used to notify the
individual peripherals when one has
been granted a DMA cycle. These lines
can be programmed to be active high or
active low; however, reset initializes
them to active low.

AEN (Address Enable, Output) The

Address Enable is an active high Tlevel
used to enable the output of the
Am74LS374 external latch (which holds
the upper byte of address) and to dis-
able the system bus during the DMA
cycle. Note that during DMA transfers
HACK and AEN should be used to deselect
all other I/0 peripherals which might
erroneously be accessed as programmed
I/0 during the DMA operation. The
Am9517 automatically deselects itself
during DMA transfer.

ADSTSB (Address Strobe, Output) The

active high Address Strobe is used to
strobe the upper address byte into the
Am74L.5374 external latch.

MEMR (Memory Read, Output) The
memory Read output is an active low
three-state signal used to access data
from the selected memory 1location
during a DMA Read or memory-to-memory
transfer.

MEMW (Memory Write, Output) The
Memory Write output is an active low
three-state signal used to write data
to the selected memory location during
a DMA Write or a memory-to-memory
transfer.




APPENDIX A
COMMAND SUMMARIES

A-1. INTRODUCTION

The following are command summaries for
the programmable devices in the AMC 95/
4005 MonoBoard Computer.

A-2. Am9555 PROGRAMMABLE
PERIPHERAL INTERFACE

CONTROL WORD

[or oo ]os [oe oo [oe Jor [

e— v—

Group B
Port C (Lower)
1 = Input
0 = Output
Port B
1 = Input
0 = Output
Mode Selection
0 = Mode 0
1 = Mode: 1

Group A
Port C (Upper)
1 = Input
0 = Output
Port A
1 = Input
0 = Output

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

Mode Set Flag
1 = Active

Mode Definition Format

CONTROL WORD
Lo Lo [os [ou oo [oe [or [0 ]
| I I Bit Set/Reset
X X X 1 = Set
S poe” 0 = Reset
Don't
Care Bit Select
0|1{2[3(4[5]6]7
o[1]o[1]o]1]0]1][Bg
olo[1[1]olo]1[1]B4
o|ofo[Oftf1[1[1]|B2
Bit Set/Reset Flag

0 = Active

Bit Sét/Resét Format

A-3 Am9551 PROGRAMMABLE

COMMUNICATIONS INTERFACE

cB=1

cid=0

MODE CONTROL

COMMAND

INITIALING
SEQUENCE

DATA

MODE CONTROL

SYNC #1

SYNC #2
(OPTIONAL)

co=1

c/6=o{

SEQUENCE

COMMAND

DATA

Control Word Sequence for Initialization

6 5 4 3 2 1

|_[o]o]

R

Q ~—-—o

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 = 0dd parity, 1 = Even parity

0 =SYNDET output

1 =SYNDET input

Q =2 SYNC characters
1

=18YNC character

Synchronous Mode Control Code

Bit No.

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
0 = Qdd parity, 1 = Even parity

00 Invalid

01 1stop bit

10 1% stop bits
11 2 stop bits

Asynchronous Mode Control Code

INITIALIZING




TxEN| TxE | TxRDY
1 1 1
1 0 1
1 1 0
1 0 0
0 01 0/1

Transmit Output Register and
Transmit Character Buffer empty.
TxD continues to mark if Am9551
is'in the asynchronous mode. TxD
will send Sync pattern if Am9551 is
in the Synchronous Mode. Data
can be entered into Buffer.

Transmit Output Register is shifting
a character. Transmit Character
Buffer from the processor.

Transmitt Register had finished
sending. A new character is waiting
for transmission. This is a transient
condition.

Transmit Register is currently send-
ing and an additional character is
stored in the Transmit Character
Buffer for Transmission.

Transmitter is disabled.

Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN

TxEN
L——— 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
G = Normal operation

ER

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

RTS
1 = RTS output is forced to 0

IR

1 = Reset format

EH

1 =Enter HUNT mode

The Am9551 Status Register

L—— TxRDY

RxRDY

TxE

PE
Parity error

OE
Overrun error

FE

SYNDET

DSR
Am9551 Control Command
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A-4. Am9519 UNIVERSAL INTERRUPT CONTROLLER

COMMAND CODE

COMMAND
7 6 5 4 3 2 1 0 DESCRIPTION
0 0 0 0 0 0 0 0 Reset
0 0 0 1 0 X X X Clear all IRR and all IMR bits T
0 0 0 1 1 B2 B1 BO | Clear IRR and IMR bit specified by B2, B1, B0
0 0 1 0 0 X X X Clear all IMR bits
0 0 1 0 1 B2 B1 BO Clear IMR bit specified by B2, B1, BO
0 0 1 1 0 X X X Set all IMR bits o
0 0 1 1 1 B2 B1 BO | Set IMR bit specified by B2, B1, BO -
0 1 0 0 0 X X X | Clear all IRR bits o
0 1 0 0 1 B2 B1 BO Clear IRR bit specified by B2, B1, BO o
0 1 0 1 0 X X X Set all IRR bits ,
0 1 0 1 1 B2 B1 BO | Set IRR bit specified by B2, B1, B0 -
0 1 1 0 X X X X Clear highest priority ISR bit -
0 1 1 1 0 X X X Clear all ISR bits
0 1 1 1 K] B2 B1 BO Clear ISR bit specified by B2, B1, BO o
1 0 0 M4 M3 M2 M1 Mo Load Mode register bits 0—4 with specified patterhA
1 0 1 0 M6 . M5 0 0 Load Mode register bits 5, 6 with specified pattern
1 0 1 ) M6 M5 0 1 Load Mode register bits 5, 6 and set mode bit 7
1 0 1 0 M6 MS5’ 1 0 Load Mode register bits 5, 6 and clear mode bit 7
1 0 1 1 X X X X Load IMR from data bus
1 1 0 0 X X X. X Load auto-clear register from data bus o
1 1 1 BY1 BYO L2 L1 LO Load BY1, BYO0 into byte count and load data bus in-

to response memory of level specified by L2, L1, LO

STATUS REGISTER

§7

6

S5

sS4

S3|s2|s1|so

Master Mask Bit
0 Chip disarmed
1 Chip armed

Interrupt Mode
0 interrupt
1 Polled

Priority Option
0 Fixed
1 Rotating

Enable Input
0 Chip disabled
1 Chip enabled

Group Interrupt

0 At least one unmasked

IRR bit set
1 No unmasked
tRR bit set

‘: Binary vector indicating the

number of the highest priority
unmasked bit that is set in [RR,
Valid only when S7 =0.

MODE REGISTER

M7 | M6 | M5 { M4 | M3 | M2 | M1 { MO
— I_
Priority Mode
0 Fixed
1 Rotating

Vector Selection
0 Individual vector
1 Common vector

Interrupt Mode
0 interrupt
1 Polled

GINT Potarity
0 Active low
1 Active high

IREQ Polarity
0 Active low
1 Active high

Register Preselection
00 Interrupt service register
01 Interrupt mask register
10 Interrupt request register
11 Auto clear register

Master Mask Bit

0 Chip disarmed
1 Chip armed
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COMMAND REGISTER STATUS REGISTER
EOONRRN0 [FTe[s[als]2]1]0]

0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable

1 Channel 0 address hold enable 1 Channel 0 TC
X ifbit0 =0 t—-— 1 Channel 1 TC
0 Controller enable 1 Channel 2 TC
1 Controller disable 1 Channel 3 TC

0 Normal timing
1 Compressed timing
X fbit0o =1 — Channel 0 request

1
0 Fixed Priority 1 Channel 1 request
{ 1 Rotating Priority 1 Channel 2 request
1 Channel 3 request
0 Late write selection
1 Extended write selection
X ifbit3 =1
_—{ 0 DREQ sense active high
1 DREQ sense active low
| 0 DACK sense active fow
| 1 DACK sense active high
’ . DATA BUS
MODE REGISTER —{7[6]5]4]3]2]1]0] conrenrs
[7]e]s]a]3]2]1]0] , 00 Select channel O
Don't Care
00 Channel O select 01 Select channel 1
‘ 01 Channel 1 select 10 Select channel 2
10 Channel 2 select 11 Select channel 3
11 Channel 3 select
00 Verify transfer 0 Reset request bit
01 Write transfer 1 Set request bit
10 Read transfer
11 lllegal
XX Ifbits6and 7 = 11
—{ 0 Autoinitialize disable
1 Autoinitialize enable DATA BUS
—7]6[s]al3]2[1]0] conrents
0 Address increment select ——— 00 Select channel 0 mask bit
! Address decrement select Don't Care 01 Select channel 1 mask bit
00 Demand mode select 10 Select channel 2 mask bft
01 Single mode select 11 Select channel 3 mask bit
l 10 Block mode sefect
11 Cascade mode select 0 Clear mask bit
’ : : 1 Set mask bit
REGISTER ADDRESSING
A3 A2 A1 A0| Operation Register
o 0 0 O R/W Channel 0 Address
0o o o0 1t RIW Channel 0 Word Count
o 0o t 0 RW Channel 1 Address DATA BUS
o 0 1 1 AW Channel 1 Word Count ~|7|6|5|4|3|2|1[°|CONTENTS
0o 1 0 O RIW Channel 2 Address .
0 1 0 1 R/W Channel 2 Word Count Don’t Care 0 Clear Channel 0 maSk.bn
o 1 1 o RwW Channel 3 Address 1 Set Channel 0 mask bit
o 1 1t RW Channel 3 Word Count
1 0 0 0 Read Status Register 0 Clear Channel 1 mask bit
it 0 0 O Write Command Register 1 Set Channel 1 mask bit
1 0 0 1 Wirite Request Register
t 0.1 0 Write Mask Register Single Bit 0 Clear Channel 2 mask bit
1 0 1 1 Wirite Mode Register .
1 1 0 O Write First/Last Bit Cleared 1 Set Channel 2 mask bit
1 1 0 1 Read Temporary Register
11 0 1 Write Master Reset 0 Clear Channel 3 mask bit
11 1 Write Mask Register Four Bits 1 Set Channel 3 mask bit




A-5. Am9511 ARITHMETIC PROCESSING UNIT

COMMAND CODE

Q wh whk "

z o gl u

2 s 255 3

2 g3 zz3 9

§ ng ag o

HEX OPCODE
FIXED POINT 16-8IT
SADD EC 6C 17
ssuB ED 6D 31
SMUL EE 6E 88
SDIV EF | 6F 89
FIXED POINT 32-8IT
DADD AC 2C 21
DSUB AD 20 40
DMUL AE 2E 194-210
DMUU B6 36 182-218
DDIV AF 2F 196-210
FLOATING POINT 32-BIT
FADD 90 10 54-368
FSuUB 91 1 70-370
FMUL 92 12 146-168
FOIV 93 13 154-184
SQRT 81 o1 800 *
SIN 82 02 4464 *
coSs 83 03 4118 *
TAN 84 04 5754 *
ASIN 85 05 7668 *
ACOS 86 06 7734 %
ATAN 87 07 6006 *
LOG 88 08 4490*
LN 89 09 4478+
EXP 8A 0A 4616*
PWR 8B 08 9292*
DATA MANIPULATION

NOP 80 00 4
FIXS 9F 1F 90-214
FIXD 9E 1E 90-336
FLTS 9D 1D 62-156
FLTD 9C 1c 56-342
CHSS F4 74 23*
CHSD B4 34 27
CHSF 95 15 18*
PTOS F7 77 . 16
PTOD 87 37 20
PTOF 97 17 20
POPS F8 78 10
POPD B8 38 12
POPF 98 18 12
XCHS F9 79 18
XCHD B89 39 26
XCHF 99 19 26
PUPI 9A 1A 16

*Weighted average execution cycle

PORT ADDRESSING
- C/D RD | WR Operation
0 1 0 Enter data byte into stack
0 0 1 Read data byte from stack
1 1 0 Enter command
1 1] 1 Read status

STATUS REGISTER

BUSY  SIGN  ZERO |~e———— ERROR —— = cARRY
7 [ 6 | 5 4 | [ 2 ] 1 0

01 Negative argument
10 Divide by zero — Overfiow
11 Argument too large

Underfiow
DATA FORMATS
32-BIT FLOATING POINT
MANTISSA SIGN
/ EXPONENT SIGN
lM g EXPONENT MANTISSA
sisp bttt byt
3130 24 23 0

SIGN-MAGNITUDE MANTISSA
UNBIASED TWO'S COMPLEMENT EXPONENT

16-BIT FIXED POINT

flllllllllllllll
TWO’S COMPLEMENT

32-BIT FIXED POINT

VALUE
Sp Lt e ettt et
3 0
TWO'S COMPLEMENT







APPENDIX B
INSTRUCTION SET SUMMARY

B-1. INTRODUCTION

This appendix summarizes all the
instruction opcodes for the Am9080A
Microprocessor. Instructions are
listed by functional categories, in
ascending order of hex opcode value,
and alphabetically by mnemonic.

B-2. INSTRUCTION SUMMARY BY FUNCTIONAL GROUP

Data Transfer

Hex Mnemonic Hex = Mnemonic Hex Mnemonic Hex Mnemonic
40 MOV B,B 58 MoV E,B 70 MOV M,B 1A LDAX D
41 Mov B,C 59 MoV E,C 71 MOV M,C 2A THLD
42 Mov B,D 5A MOV E,D 72 MOV M,D 3A LDA
43 MOV B,E 58 MOV E,E 73 MOV M,E 02 STAX B
44 MOV B,H 5C MOV E,H 74 MOV M,H 12 STAX D
45 MOV B,L 5D MOV E,L 75 MOV M,L 22 SHLD
46 MOV B,M 5E Mov E,M 77 MOV M,A 32 STA
47 MOV B,A 5F MOV E,A 78 MOV A,B 01 LXI B
48 Mov C,B 60 MOV H,B. 79 MOV A,E 11 LXI D
49 Mov C,C 61 MOV H,C 7A MOV A,D 21 LXI H
4A Mov C,D 62 MOV H,D 78 MOV ALE 31 LXI SP
48 MOV C,E 63 MOV H,E 7C MOV A,H F9 SPHL
ac MOV C,H 64 MOV H,H 7D MOV A,L E3 XTHL
ap MOV C,L 65 MOV H,L 7E MOV A,M EB XCHG
4t MOV C,M 66 MOV H,M 7F MOV A,A D3 ouT
4F MOV C,A 67 MOV H,A 06 MVI B DB IN
50 MOV D,B 68 MOV L,B OE MVI C €5 PUSH B
51 mov D,C 69 - MOV L,C 16 MVI D D5 PUSH D
52 MOV D,D 6A MOV L,D IE MVI E E5 PUSH H
53 MOV D,E 6B MOV L,E . 26 MVI H F5 PUSH PSW
54 MOV D,H 60 MOV L,H 2t MVI L. Cl PoP B
55 MOV D,L 6D MOV L,L 36 MVI M D1 POP D
56 MOV D,M 6E MOV L,M 3E MVI A El POP H
57 MOV D,A 6F MOV L,A 0A LDAX B F1 POP PSW

B-1




Arithmetic

B-2

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic
80 ADD B c6 ADI 9E SBB M 3C INR A
81 ADD C CE ACI 9F SBB A 03 INX B
82 ADD D 90 SUB B D6 SUI 13 INX D
83 ADD E 91 SuB C DE SBI 23 INX H
84 ADD H - 92 SUB D 09 DAD B 33 INX SP
85 ADD L 93 SUB E 19 DAD D 05 DCR B
86 ADD M 94 SUB H 29 DAD H 0D DCR C
87 ADD A 95 SUB L -39 DAD SP 15 DCR D
88 ADC B 96 SUB M 27 DAA ID DCR E
89 ADC C 97 SuB A 04 INR B 25 DCR H
8A ADC D 98 SBB B - 0cC INR C 2D DCR L
8B ADC E 99 SBB C 14 INR D 35 DCR M
8C ADC H 9A SBB D 1C INR E 3D DCR A
8D ADC L 98 SBB E 24 INR H 0B DCX B
8E ADC M 9C SBB H 2C INR L 1B DCX D
8F ADC A 9D SBB L 34 INR M 2B DCX H

3B DCX SP
Logical

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic |
A0 ANA B A9 XRA C B2 ORA D BB CMP E
Al ANA C AA XRA D B3 ORA E BC CMP H
A2 ANA D AB XRA E B4 ORA H BD CMP L
A3 ANA E AC XRA H BS . ORA L BE CMP M
A4 ANA H AD XRA L B6 ORA M BF CMP A
A5 ANA L AE XRA M B7 ORA A FE CPI
A6 ANA M AF XRA A F6 ORI 07 RLC
A7 ANA A EE XRI BB CMP B OF RRC
E6 ANI BO ORA B B9 CMP C 17 RAL
A8 XRA B Bl ORA C BA CMP D 1F . RAR

2F CMA
Branching Control

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic
c3 JMP D7 RST 2 EC CPE 00 - NOP
c2 JNZ DF RST 3 F4 cp 76 HLT
CA Jz E7 RST 4 - FC CM F3 DI
D2 JNC EF RST 5 c9 RET FB El
DA Jc F7 RST 6 co RNZ 37 STC
E2 JP0 FF RST 7 c8 RZ 3F CMC
EA JPE cD CALL DO RNC
F2 JP c4 CNZ D8 RC
FA JM cC 4 EO RPO
E9 PCHL D4 CNC E8 RPE
Cc7 RST O DC cC FO RP
CF RST 1 E4 CPO F8 RM




B-3. INSTRUCTION SUMMARY IN HEXADECIMAL ORDER

NOP
LXI
STAX
INX
INR
DCR
MVI
RLC
DAD
LDAX
DCX
INR
DCR
MVI
RRC
LXI
STAX
INX
INR
DCR
MVI
RAL
DAD
LDAX

- DCX

INR E
DCR E
MVI E
RAR
LXI
SHLD
INX
INR
- DCR
MVI
DAA
DAD
LHLD
DCX
INR
DCR
MVI
CMA
LXI
STA
INX
INR
DCR
MVI

ic

Mnemon

Tz pm T XTXITX X

EEZ=WV w
© O

oo (e vl wo il v Jl v OOOWW® O oo W

Hex Mnemonic
37 STC

39 DAD SP
3A LDA

3B DCX SP
3C INR A
3D DCR A
3E MVI A
3F CMC

40 MOV B,B
41 MOV B,C
42 MOV B,D
43 MOV B,E
44 MOV B,H
45 MOV B,L
46 MOV B,M
47 MOV B,A
48 MOV C,B
49 MOV C,C
4A MOV C,D
4B MOV C,E
4c MOV C,H
4D MOV C,L
4E MOV C,M
4F MOV C,A
50 MOV D,B
51 MOV D,C
52 MOV D,D
53 MOV D,E
54 MOV D,H
55 MOV D,L
56 MOV D,M
57 MOV D,A
58 MOV E,B
59 MOV E,C
5A MOV E,D
5B MOV E,E
5C MOV E,H
5D MOV E,L
5E MOV EM
5F MOV E,A
60 MOV H,B
61 MOV H,C
62 MOV H,D
63 MOV H,E
64 MOV H,H
65 MOV H,L
66 MOV H,M
67 MOV H,A
68 MOV L,B

Hex

Mnemonic Hex Mnemonic
MOV L,C 9A SBB D
MOV L,D 9B SBB E
MOV L,E 9C SBB H
MOV L,H 9D SBB L
MOV L,L 9E SBB M
MOV L,M 9F SBB A
MOV L,A A0 ANA B
MOV M,B Al ANA C
MOV M,C A2 ANA D
MOV M,D A3 ANA E
MOV M,E A4 ANA F
MOV M,H A5 ANA L
MOV M,L A6 ANA M
HLT A7 ANA A
MOV M,A A8 XRA B
MOV A,B A9 XRA C
MOV A,C AA XRA D
MOV A,D . AB XRA E
MOV AL,E AC XRA H
MOV AH AD XRA L
MOV A,L AE XRA M
MOV A,M AF XRA A
MOV ALA BO ORA B
ADD B Bl ORA C
ADD C B2 ORA D
ADD D B3 . ORA E
ADD E B4 ORA H
ADD H B5 ORA L
ADD L B6 ORA M
ADD M B7 ORA A
ADD A B8 CMP B
ADC B B9 cMP C
ADC C BA CMP D
ADC D BB CMP E
ADC E BC CMP H
ADC H BD CMP L
ADC L BE CMP M
ADC M BF CMP A
ADC A co RNZ
SUB B Cl POP B
SUB C c2 JINZ
SUB D c3 JMP
SUB E ca CNZ
SUB H c5 PUSH B
SUB L Cé6 ADI
SUB M c7 RST O
SUB A c8 RZ
SBB B c9 RET
SBB C CA JZ

B-3




B-3. INSTRUCTION SUMMARY IN HEXADECIMAL ORDER (Cont.)

- Mnemonic

4
CALL
ACI
RST 1
RNC
POP D
JUN
ouT
CNC
PUSH D
Sur .
RST 2

Hex Mnemonic

RC

Jc

IN

cC

SBI
RST 3
RPO
POP H
JPO
XTHL
CPO
PUSH H

Hex Mnemonic Hex Mnemonic
E6 ANI 4 F3 DI

E7 RST 4 F4 cp

E8 RPE F5 PUSH PSW
E9 PCHL F6 ORI

EA JPE F7 RST 6
EB XCHG F8 RM

EC CPE F9 SPHL

EE XRI FA JM

EF RST 5 FB EI

FO RP FC CM

F1 POP PSW FE CPI

F2 JP FF RST 7

B-4




B-4. INSTRUCTION SUMMARY IN ALPHABETICAL ORDER

Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic
ACI 19 DAD D 78 MOV A,B 69 Mov L,C
ADC A 29  DAD H 79 MOV A,C 6A MOV L,D
ADC B 39 DAD SP LS MOV A,D 6B MOV L,E
ADC C 3D DCR A 7B MOV A,E 6C MOV L,H
ADC D 05 DCR B 7C MOV A,H 6D MOV L,L
ADC E 0D DCR C D MOV A,L 6E MOV L,M
ADC H 15 DCR D 7E MOV A,M 77 MOV M,A
ADC L 1D DCR E a7 MOV B,A 70 MOV M,B
ADC M 25 DCR H 40 Mov B,B 71 MOV M,C
ADD A 2D DCR L 41 Mov B,C 72 MOV M,D
ADD B 35 DCR M 42 MOV B,D 73 MOV M,E
ADD C 05 DCR B 43 MOV B,E 74 MOV M,H
ADD D 1B DCX D 44 MOV B,H 75 MOV M,L
ADD E 2B DCX H 45 MOV B,L 3E MVI A
ADD H. 3B DCX SP 46 MOV B,M 06 MVI B
ADD L F3 DI aF MOV C,A OFE MVI C
ADD M FB EI 48 MoV C,B 16 MVI D
AD1 76 HLT 49 MOV C,C IE MVI E
ANA A DB IN 4A MOV C,D 26 MVI H
ANA B 3C INR A 48 MOV C,E 2E MVI L
ANA C 04 INN B 4c MOV C,H 36 MVI M
ANA D 0c INR C 4D MOV C,L 00 NOP
ANA E 14 INR D 4E MOV C,M B7 ORA A
ANA H 1C INR E 57 Mov D,A BO ORA B
ANA L 24 INR H 50 MOV D,B Bl ORA C
ANA M 2C INR L 51 Mov D,C B2 ORA D
ANI 3 INR M 52 Mov D,D B3 ORA E
CALL 03 INX B 53 MOV D,E B4 ORA H
cC 13 INX D 54 MOV D,H B5 ORA L
CM 23 INX H 55 MOV D,L B6 ORA M
CMA 33 INX SP 56 MOV D,M F6 ORI
CMC DA Jc 5F MOV E,A D3 ouT
CMP A FA JM 58 MOV E,B E9 PCHL
CMP B C3 JMP 59 MOV E,C Cl POP B
cMp C D2 JNC 5A MOV E,D D1 POP D
CMP D c2 JNZ 58 MOV E,E El . POP H
CMP E F2 JP 5C MOV E,H Fl POP PSW
CMP H EA JPE - 5D MOV E,L c5 PUSH B
CMP L E2 JPO 5E MOV E,M D5 PUSH D
CMP M CA Jz 67 MOV H,A E5 PUSH H
CNC 3A LDA 60 MOV H,B F5 PUSH PSW
CNZ 0A LDAX B 61 MOV H,C 17 RAL
cP 1A LDAX D 62 MOV H,D 1F RAR
CPE 2A LHLD 63 MOV H,E D8 RC
CPI 01 LXI B 64 MOV H,H c9 RET
CPO 11 LXI D 65 MOV H,L 07 RLC
W4 21 LXI H 66 MOV H,M F8 RM
DAA 31 LXI SP 6F MOV L,A DO RNC
DAD B 7F MOV A,A 68 MOV L,B co RNZ

B-5




B-4. INSTRUCTION SUMMARY IN ALPHABETICAL ORDER (Cont.)

Hex Mnemonic Hex Mnemonic Hex Mnemonic Hex Mnemonic
FO RP c8 RZ 32 STA D6 SUI
E8 RPE 9F SBB A 02 STAX B EB XCHG
EO RPO 98 SBB B 12 STAX D AF XRA A
OF RRC 99 $BB C 37 STC A8 XRA B
c7 - RST O 9A SBB D 97 SuB A A9 XRA €
CF RST 1 9B SBB E 9 SUB B, AA XRA D
D7 RST 2 9C SBB H 91 SuB C AB XRA E
DF RST 3 9D SBB L 92. SUB D AC XRA H
E7 RST 4 9E  SBB M 93 SUB E AD XRA L
EF RST & DE SBI 94 SUB H AE XRA M
F7 RST 6 - 22 SHLD 95 SUB L EE XRI
FF RST 7 F9 SPHL 96 SuB M E3 XTHL




APPENDIX C
ASCIl CHARACTER SET

C-1. INTRODUCTION

The ASCII internal character set used 1968 Version. The following is a
with the AMC 95/4005 is the ANSI X3.4 summary of the ANSI X3.4 1968.

ASCII CODES

GRAPHIC OR ASCII GRAPHICOR | ASCIl GRAPHIC OR ASCII
CONTROL (HEXADECIMAL) CONTROL (HEXADECIMAL) CONTROL (HEXADECIMAL)
. i

NUL 00 + : 28 v 56
SOH 01 , 2C w 57
STX 02 - 2D X 58
ETX 03 . . 2E Y 59
EOT 04 / 2F z 5A
ENQ 05 0 30 { 5B
ACK 06 1 31 \ 5C
BEL 07 2 32 1 5D
BS 08 3 33 A (1) : 5E
HT 09 4 34 —(=) 5F
LF 0A 5 35 ' 60
VT 0B 6 36 a 61
FF oc 7 37 b 62
CR oD 8 38 ¢ 63
SO OE 9 39 d 64
sl OF : 3A e 65
DLE 10 ; 3B f 66
DC1 (X-ON) 1 < 3C g 67
DC2 (TAPE) 12 = 3D h 68
DC2 (X-OFF) 13 > 3E i 69
DC4 (TAPE) 14 ? 3F j 6A
NAK 15 @ 40 k 6B
SYN 16 A 41 I 6C
ETB 17 B 42 m 6D
CAN 18 c 43 n 6E
EM 19 D 44 o 6F
suB 1A E 45 P 70
ESC 1B . F 46 q 71
FS 1C G a7 r 72
GS 1D H 48 s 73
RS 1E | 49 t 74
us 1F J 4A u 75
SP 20 K 4B v 76
! 21 L 4C w 77
” 22 M 4D X 78
# 23 N 4E y 79
$ 24 0 4F z 7A
% 25 P 50 { 78
& 26 Q 51 | - 7C
' 27 R 52 } (ALT MODE) 7D
( 28 s 53 ~ 7E
) 29 T 54 DEL (RUB OUT) 7F
. 2A V] 55

c1



~ APPENDIX D
SERVICE INFORMATION

D-1. INTRODUCTION

This appendix provides information on
service and repair assistance, user
replaceable parts and service diagrams
for the AMC 95/4005 MonoBoard Computer.

D-2. SERVICE AND REPAIR
ASSISTANCE

If it is necessary to return the AMC
95/4005 MonoBoard Computer to Advanced
Micro Computers for service or repair,
contact the Service Manager for OEM
Products at the telephone number listed
below. A Return Material Authorization
number must be obtained prior to ship-
ment. When reshipment is due to the
board  being damaged during shipment
from AMC or the board is out of war-
ranty, a purchase order is required to
complete the repair.

Repackage the board in the original
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: (408) 988-7777

TOLL FREE:

800-672-3548 California

800-538-9791 U.S.A. (Except
California)

D-3. USER-REPLACEABLE PARTS

A listing of all user replaceable parts
is provided in table D-1. Figure D-1
is a component location diagram.

D-4. SERVICE DIAGRAMS

The MonoBoard Computer component loca-
tions are shown on the assembly draw-
ing, figure D-1. Part numbers for the
components shown on the assembly draw-
ing are listed in table D-1.

The programmed bit patterns for the
MonoBoard Memory Mapping PROM and the
I/0 Mapping PROM are shown in figures
D-2 and D-3 respectively.

of the MonoBoard
shown in figures D-4
through D-9. Active-low (logical O0)
signals are indicated by an asterisk
(*) following the signal name.

Schematic diagrams
Computer are



TABLE D-1. USER REPLACEABLE PARTS

AMC Part Description Location

Number

340035 Capacitor, 33 PF, 100V, 5% C13, 25

340044 Capacitor, 330 PF, 200V, 5% C7

340011 Capacitor, .1MF, 100V c1-6, 10, 14, 16, 18-22,
24, 26, 30, 32, 33

340038 Capacitor, 1IMF, 35V, 20% C17

340046 Capacitor, 10MF, 16V, 20% C15

340042 Capacitor, 22MF, 15V, 20% €c27-29, 31, 34

340012 Capacitor, 82PF (3MHz) C12

340040 Capacitor, 1000PF, 100V, 5% (3MHz) Cl1

470003 Card Extractor

650002 Diode, IN 914 CR1, 2, 3, 4

380004 Inductor, .33MH L1

280007 Integrated circuit, Am1488 ul13

280001 Integrated circuit, Aml489 ul4

260003 Integrated circuit, Am4702 ul7

210003 Integrated circuit, Am26123 U6

240017 Integrated circuit, Am27S13 U39

240004 Integrated circuit, Am27S521 u32,67

240016 Integrated circuit, Am2708PC u42-45

220010 Integrated circuit, Am8224PC u34

220014 Integrated circuit, Am8226PC (2MHz) u63, 64

220015 Integrated circuit, Am8226PC (3MHz) U63, 64

280002 Integrated circuit, Am8228PC us0

260004 Integrated circuit, Am9080APC (2MHz) u49

260023 Integrated circuit, Am9080A-1PC (3MHz) | U49

230005 Integrated circuit, Am9114CPC u22-29

260008 Integrated circuit, Am9511DC (2MHz) u68

260019 Integrated circuit, Am9511-1DC (3MHz) u68

260009 Integrated circuit, Am9517PC (2MHz) Us1

260024 Integrated circuit, Am9517-1DC (3MHz) Us1

260011 Integrated circuit, Am9519PC (2MHz) u66

260020 Integrated circuit, Am9519-1DC (3MHz) u66

260001 Integrated circuit, Am9551PC (2MHz) u18

260013 Integrated circuit, Am9551-4PC (3MHz) u1s

260025 Integrated circuit, Am9555APC (2MHz) uz20, 21

260026 Integrated circuit, Am9555A-1PC (3MHz) | U20, 21

210005 Integrated circuit, SN7438 u19

310008 Integrated circuit, TIL 113 uls, 16

260030 Integrated circuit, 4020 u72

220002 Integrated circuit, 74500 us9

220024 Integrated circuit, 74503 u48

220017 Integrated circuit, 74504 us4

220004 Integrated circuit, 74S11 us6

220013 Integrated circuit, 74574 us7

220025 Integrated circuit, 745109 U55

220007 Integrated circuit, 74S241 us8

200045 Integrated circuit, 74LS00 u3l, 53




TABLE D-1. USER REPLACEABLE PARTS (Cont.)

AMC Part Description Location
Number

200032 Integrated circuit, 74LS04 u36, 69

200001 Integrated circuit, 74LS08 u37

200057 Integrated circuit, 74LS11 u30

200058 Integrated circuit, 74LS21 ue60

200003 Integrated circuit, 74LS32 u38

200004 Integrated circuit, 74LS74 U4z, 52

200005 Integrated circuit, 74LS138 u33

200006 Integrated circuit, 74LS139 u4o0

200042 Integrated circuit, 74LS193 u71

200016 Integrated circuit, 74LS240 Uel, 62

200078 Integrated circuit, 74LS273 U4l

200087 Integrated circuit, 74LS368 u3b

200026 Integrated circuit, 7415374 u65

850101 MonoBoard Sub-Assembly

450016 14 Pin Socket u3, 4, 5, 6, 9, 10, 11, 12
450017 16 Pin Socket v1, 2, 7, 8, 17, 32, 39, €7
450018 18 Pin Socket U22-29

450019 24 Pin Socket U42-45, 68
450020 28 Pin Socket u18, 50, 66
450021 40 Pin Socket u20, 21, 49, 51
750036 PWB MonoBoard

630040 Resistor, 47 ohm, 1/4W, 5% R3

630058 Resistor, 100 ohm, 1/4W, 5% R10

630046 Resistor, 470 ohm, 1/4W, 5% R5, 11, 16
630029 Resistor, 680 ohm, 1/4W, 5% R8

630029 Resistor, 1K, 1/4W,1 5% R1, 2

630043 Resistor, 2.2K, 1/4W, 5% R6, 9

630019 Resistor, 2.7K, 1/4W, 5% R7

630017 Resistor, 4.7K 1/4W, 5% R4, 12, 15, 18, 19, 21
630033 Resistor, 10K 1/4W, 5% R22

630060 Resistor, 68K, 1/4W, 5% R17

630061 Resistor, 220K, 1/4W, 5% R13

630012 Resistor Network, 1K SIP, 10 Pin RP1, 2

630014 Resistor Network, 4.7K SIP, 8 Pin RP3, 4, 6, 7, 9
630056 Resistor Network, 4.7K SIP, 10 Pin RP5, 8

960036 Schematic

690007 Switch, 4 Pos. DIP SW1

310502 Transistor, 2N4403 Q1

430011 Wire Wrap, Jumper Pin

480003 Xtal, 18MHz (2MHz) Yl

480016 Xtal 0SC 19.6608MHz 0sC-1

480012 Xtal, 27MHz (3MHz) Y1

D-3/D-4
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Figure D-1. AMC 95/4005 Components Location Diagram.
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00: § 20: F 4o: 8 60: F 80: 8 Ao: F co: F EO: F

01: 9 21: & bi: 8 61: & 81: 8 Al: & cl: & E1: &
02: A 22: 42: 9 62: 82: 8 A2: c2: £E2:
03: B 23: 43: 9 63: 83: 8 A3: C3: E3:
Oh: F 2h: Lh: A 64: 84: g AlL: Ch: Ek:
05: F 25: 45: A 65: 85: 9 AS5: C5: ES:
06: F 26: 46: B 66: 86: 9 A6: C6: E6:
07: F 27: 47: F 67: 87: 9 A7: c7: E7:
08: F 28: 48. F 68: 88: A A8: C8: E8:
09: F 29: kg: F 69: 89: A A9: €9: E9:
OA: F 2A: ka: F 6A: 8A: A AA: CA: EA:
0B: F 2B: LB: F 6B: 8B: A AB: CB: EB:
oc: b 2C: Le: b 6C: 8C: B AC: cc: EC:
oD: 5 2D: 4p: 5 6D: 8p: B AD: CD: ED:
OE: 6 2E: LE: 6 6E: 8E: B AE: CE: EE:
OF: 7 2F: k. 7 6F: 8F: B AF: CF: EF:
10: F 30: 50: F 70: 90: 4 BO: DO: FO:
11: F 31: 51: F 71: 91: 6§ B1: D1: Fi:
12: F 32: 52: F 72: 92: 6 B2: D2: F2:
13: F 33: 53: F 73: 93: 7 B3: D3: F3:
14: & 34: 54: F 7h: 94: F Bh: D4: Fh:
15: 35: 558: 75: 95: F BS: D5: F5:
16: 36: 56: 76: 96: F B6: Dé6: F6:
17: 37: 57: 77: 97: F B7: D7: F7:
18: 38: 58: 78: 98: & B8: D8: F8:
19: 39: 59: 79: 99: B9: D9: F9:
1A: 3A: GA: 7A: 9A: BA: DA: FA:
1B: 3B: 5B: 78: 98B: BB: DB: FB:
1C: 3C: 5C: 7C: 9C: BC: DC: FC:
1D: 3D: 5D: 7D: 9D: BD: DD: FD:

1E: o | 3E: SE: o 7E: ¢ | 9E: ¢ | BE: ¢ | DE: o FE: o

1F: F 3F: F SF: F JF: F 9F: F gF: F OF: F FF: F
Address: MSB = A7 =3 Advanced Micro Computers

LSB = AO ’} 3340 SCOTT BLVD,SANTA CLARA CA.95051

APPROVALS OATE 256 X 4 PPOM PROGRAM
Data: MSB = 03 | HAYLeD £-2¢77 Memory Map Prom for OEM Board
LSB = 00 C.E?KLEZ ORR 6-2921 Foize DWG. NO. REV.
SSUED A 290005 Ay
SCALE [ lsuser 1 oF 1

Figure D-2. Memory Mapping PROM Pattern.

D-7/0-8



00: F 20: F ho: F 60: F 80: F AO: F Co: 8 EO: 6
01: 4 21: A h: & 61: 4 81: 4 Al: & Ci: F E1: F
02: 22: 42: 62: 82: A2: c2: 2 E2: F
03: 23: 43: 63: 83: A3: C3: F E3: F
oh: 24 Ly 64: 84: Al: cL: & Eh: 4
05: 25: 4s: 65: 85: A5: C5: ES: F
06: 26: LT:H 66: 86: A6: Cé6: E6: &
07: 27: 47 67: 87: A7: c7: E7: F
08: 28: 48: 68: 88: A8: c8: £8: 5
09: 29: 49: 69: 89: A9: €9: E9: F
OA: 2A: La: 6A: 8A: AA: CA: EA: 5
0B: 2B: LB: 6B: 8B: AB: CB: EB: F
oc: 2C: he: 6C: 8C: AC: cC: EC: 3
oD: 2D: Lp: 6D: 80: AD: CD: ED: F
OE: 2E: LE: 6E: 8E: AE: & CE EE: 4
OF: 2F: LF. 6F: 8F: AF: F CF: EF:
10: 30: 50: 70: 90: BO: 1 DO: FO:
11: 31: 51: 71: 91: B1: F D1 Fi:
12: 32: 52: 72: 92: B2: 1 D2: F2:
13: 33: 53: 73: 93: B3: F D3: F3:
14: 34: 5h: 7h: 9k Bh: 1 D4 Fl:
15: 35: 55: 75: 95: B5: F D5: F5:
16: 36: 56: 76: 96: B6: 1 Dé6: Fé6:
17: 37: 57: 77: 97: B7: F D7: F7:
18: 38: 58: 78: 98: B8: 1 D8: F8:
19: 39: 59: 79: 99: B9: F D9: F9:
1A: 3A: 5A: 7A: 9A: BA: 1 DA: FA:
1B: 3B: 5B: 7B: 9B: BB: F DB: FB:
1C: 3C: 5C: 7C: 9C: BC: 1 DC: FC:
10: 3D: 5D: - 7D: 9D: BD: F oD: FD:
1E: ¢ 3E: ¢ 5E: @ 7E: & 9E: ¢ BE: 1 DE: ¢ FE: o
1F: F 3F: F 5F: F 7F: F 9F: F BF: F DF: F FF: F
Address: MSB = A7 1 Advanced Micro Computers
LSB = AQ @ 3340 8COTT BLVD,SANTA CLARA CA.95081
APPROVALS DATE 256 X 4 PROM PROGRAM
Data: MSB = 03 DZ\A)NC\K‘)‘VJ{}{S’I: 0207‘} U32-2 1/0 Mapping Prom
LSB = 00 CHeﬁclkzz oer b-2°-11 I5i7e DWG. NO. REV.
1SSUED A 290001 A
SCALE l | sneeT 4 oF

Figure D-3. [/O Mapping PROM Pattern.
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cL-an-a

3
[+]
TABLE |
e 2 MHz 3 MUz
— Y1 18 MHz 27 MHZ
L NOT REQUIRED SEE NOTE_ K1)
CIt NOT REQUIRED SEE NOTE O
Ciz NOT REQUIRED SEE NOTE {1 X
uig 9551 =5 - 4
u20 8255 N 8255A-5
u2l ZZ5BHA 8255A5
U34 8224 8224
¢ [IE) 2080A S080A- |
050 8233 8238
us! 817 2517-1
V6o 3519 9519-1
UG8 OSIIA Tt & 51 TA-]
Y2222 Su4c S14C
Jus,uoR| THLSST (SEE NOTE 5) ——
U3, U [RESISTOR PACK 1K £SEE NOTE ). e
—>
TABLE 2
U3z | T/0 ADORESS MAPPING FPROM SEE PARTS LIST
U39 | MEMORY ADDRESS MAPFING PROM SEE PARTS LIST
UeT | BUS CONTROL PROM SEE FARTS LIST
s '
NOTES : UNLESS OTHERWISE SPECIFIED
(D REQUIRED ON 3MHZ MONOBOARD IF AN .
OVERTONE 27MHZ CRYSTAL (S USED.
2. ALL RESISTORS ARE IN OHMS AW +5%
3, ALiL CAPACITORS ARE iN UFE.
4. ALL EVEN NUMBERED PINS ON P3 AND
P4 ARE CONNECTED TO GROUND. e |
5, THESE PARTS USED IN SYSTEM &/8 ONLY PARTS LisT
A N e Advanced Micro Compisters
! w“""“":_.u wiouzs
950125 [cEm (3mra) Ed senouis e SCHEMATIC
950124 | system 8 il |y MONOBOARD
22019 |oem (2 ke = L | 25/400%
| oo o | =2e006 |5
- A DO NOT SCALE DRAWING oAt \one | Jomer | om
SMEATT

Figure D-4. AMC 95/4005 Schematic Sheet 1.
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