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SECTION I

GENERAL DESCRIPTION

1.0 INTRODUCTION.

This manual provides operating and maintenance instructions

for the AH-IOO Central Processor Unit (CPU) circuit board

set manufactured by Alpha Microsystems located in Irvine,

California. Circuit board description, operating and usage

instructions, programming, theory of operation, and maintenance

instructions are included to provide the user with the infor

mation necessary to utilize this circuit board to its full

capability.

1.1 CIRCUIT BOARD DESCRIPTION.

The AM-IOO CPU circuit board set is a 16-bit microprocessor

board set that is compatible with the 5-100 Bus structure.

The AM-IOO utilizes the Western Digital. WD16 chip set

microprogrammed to enhance the software of the operating

system. The microprocessor provides 16-bit flexibility and

speed with floating point arithmetic to provide large throughput.

The two board AM-Ioo supports most of the standard 5-100 Bus

peripherals including static memory, 1/0 facilities and video.

A simplified block diagram of the AM-IOO CPU board set is

shown in Figure 1-1. For a complete detailed description

of CPU operation, see Section 4 of this manual.
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1.2 APPLICATION.

The AM-IOO is a l6-bit CPU that is fully compatible with a

standard 8-bit 5-100 bus system. It is fully compatible with

many available peripherals from other manufacturers. A block

diagram of the system capability is contained in Figure 1-2.

This shows the basic 5-100 Bus structure, the currently avail

able Alpha Micro circuit cards, and the commercially available

peripherals that can be used for a fully integrated system.

1-2
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Figure 1-2. AM-IOO System Block Diagram
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SECTION 2

OPERATING DATA

2.0 INTRODUCTION.

This Section contains information on the use of the AM-lOO

CPU two board set. Capabilities, specifications, interface

wiring and user option descriptions are provided for the

successful integration of the board into the user's system.

2.1 CAPABILITIES AND SPECIFICATIONS.

This two board set operates from the standard 5-100 Bus

structure and can be integrated into a complete system.

Specifications for the AM-lOO are contained in Table 2-1,

Table 2-1. AM-lOO Specifications

PARAMETER SPECIFICATION

Interface type Standard S-lOO Bus, l6-Bit words,

byte multiplexed for compatibility

to 8-bit peripherals and memories.

Instruction Set Over 150 standard instructions coded

in unique microcode executed on the

WD-16 CPU chip set.

Arithmetic Hardware floating point arithmetic

Operations to 11 s igni fican t digits.

CPU Architecture Microprogrammed instruction set;

eight l6-bit general purpose regis-

ters; floating point hardware uni t;

special high-speed byte multiplexing

logic.
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Table 2-1 (Cont.). AM-lOO Specifications

PARAMETER SPECIFICATION

Interrupt Capability Eight vectored and one non-vectored

interrupt lines.

DMA Capability Seven DMA channels. (Included in vec-
tored interrupt line count.)

..C-

Real Time Clock Standard Feature.

Circuit Boards Two board set - standard 5" x 10"

with lOO-pin connectors .

.

2.2 INTERFACE DESCRIPTION AND WIRING.

The AM-lOa CPU interfaces with the standard S-IOO Bus

structure. All data inputs, outputs, and control signals

are transferred through these lines. The S-IOO bus con

nections are made by the bottom edge connectors and are

listed in Table 2-2.

2-2
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Table 2-2. AM-lOO Interface Signals

SIGNAL NAME 31
PIN NO.

AD Address 0 79

Al Address 1 80

A2 Address 2 81

A3 Address 3 31

A4 Address 4 30

AS Address S 29

A6 Address 6 82

A7 Address 7 83

A8 Address 8 84

A9 Address 9 34

AID Address 10 37

All Address 11 87

A12 Address 12 33

A13 Address 13 85

A14 Address 14 86

A15 Address 15 32

CLOC 2 MHz Clock 49

DID Data Input Bus 95

DII Bits 0-7 94

DI2 41

DI3 42

DI4 91

DIS 92

DI6 93

DI7 43
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Table 2-2 (Cant.). AM-lOO Interface Signals

SIGNAL NAME 31
PIN NO.

-
DMAGRO DMA Grant 63
DMAGRI 62
DMAGR2 61
DMAGR3 60
DMAGR4 59
DMAGR5 58
DMAGR6 57
DMAGR7 56

DMARCVD DMA Received 64

DOO Data Out Bus 36
DOl Bits 0-7 35
DO 2 88

D03 89

D04 38

DOS 39

D06 40

DO 7 90

C!CDSB Not Used

t
18

ADDDSB 19

DODSB 22

/.!I~RITE ~!emory lI'ri te 68

PDBIN Data Bus In 78,

PHLDA P-Hold Acknowledge 26
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Table 2-2 (Cont.). AM-lOO Interface Signals

SIGNAL NAHE Jl
PIN NO.

PHOLD DMA Request Line 74

PINTE CPU Interrupt Enable 28

POC Power On Clear 99

PRESET Preset 75

PSYNC Processor Sync 76

PWAIT CPU Wait 27

PWR Write Strobe 77

SINP I/O Input Cycle 46

SINTA Interrupt Acknowledge 96
.

SMEMR Memory Read Cycle 47

SMI Bus Master OP Code Fetch 44

SOUT I/O Output Cycle 45

SWO Bus Master Output 97
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Table 2-2 (Cont.). AM-lOa Interface Signals

SIGNAL NAME 31
PIN NO.

VIa Vectored Interrupt a 4

VII Vectored Interrupt 1 5
VI2 Vectored Interrupt 2 6
VI3 Vectored Interrupt 3 7

VI4 Vectored Interrupt 4 8

VIS Vectored Interrupt 5 9

VI6 Vectored Interrupt 6 10
VI7 Vectored Interrupt 7 11

STVAL Status and Address Valid 25

02 Phase 2 Clock 24

2.3 USER OPTIONS.
Most of the optional capabilities of the AM-lOa CPU are
exercised with software, and an overview of the available

software capability is contained in Section 3. The hardware
option that must be implemented is for the bootstrap Loader
program and determines which peripheral the boot loader is

accessed from.

The boot loader may be accessed from either the AM-200 circuit
board (floppy disk controller), the AM- 500 (hard disk controller)

or the AM-400 (hard disk interface). Header U3 selects the
base address for the boot program by the jumper wires as shown
in Figure 2-1.
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CPUI Header U3

1 16 1 16
2 15 2 15
3 r- 14 3 14

il U3 r- 13 4
U3

13
r- 12 5 12

11 6 11
10 7 10

8 '- 9 8 9

AM-200 Floppy Disk AM-SaO (Hawk) Hard Disk

or

AM-400 Trident Disk

Figure 2-1. Header Jumper Wiring

Header U3 on CPUl can be jumpered for other non-standard jump

addresses. The address lines that are jumper selectable are

A8-A13 with A14 and AlS always high (1).

To select an address> pins 3, 4> S, 6, 7 and 8 can be jumpered

to ground or left open to generate the desired code. An open

(no jumper) selects a one for that address bit and a jump~r

to pin 14 selects a zero.

Pins 9,

U3 must

NOTE
10, 11> 12, 13 and 14 on header

always be connected together.

that correspond to the various address bitsThe pins on header

are as follows:

Address

8

9

10

11

12

13

GND

line

2-7

Pin on U3

S

4

7

3

8

6

14



2.4 INTERRUPT AND DMA OPTIONS.

The AM-lOO provides seven levels of DMA or eight levels of

interrupt capability. The interrupt and DMA signal lines to

the S-IOO bus are user selected with jumper wires applied to

the circuit board. These jumpers select the desired vectored

interrupts or DMA grant signals.

2.5 SYSTEM CONNECTIONS.

The AM-lOO board set plugs into two adjacent slots in a 5-100

Bus chassis and are connected together by a 40 pin flat cable

along the top of the circuit boards. An additional input must

be connected to the real time clock of the CPU. This can be

supplied from the 50 or 60 Hz power of the low voltage power

supply in the S-IOO bus chassis. Connect this 50 or 60 Hz

signal to CPU board 2 at header U3 pin 12 according to the

following procedure as shown in Figure 2-2. The AM-lOO is

then ready for use.
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1. Make sure AC power is off and chassis is unplugged.

2. Locate the secondary transformer tap supplying the +8

volt rectifier. The accompanying schematic illustrates

this point for the TEl MCS-122 chassis.

3. Locate the E-Z hook cable supplied with the AM-IOO CPU

board 5et.

4. Cut one end off the cable so that it is long enough to

reach from the top of the AM-IOO CPU set to the transformer

tap connection located in Step 2. (Make sure that the

cable is long enough to be conveniently routed.)

5. Solder the cut end of the cable to the transformer tap

connection.

6. Before attaching the cable to the AM-IOO, perform the

following steps:

a. Plug in the chassis and turn on AC power.

b. Observe the waveform at the "E-Z" hook contact. It

should appear as a ~ 10 volt signal at 60 or 50 Hz.

7. If the waveform at Step 6b appears correct, turn off AC

power, attach the "E-Z" hook to CPU board #2 at J3 pin 4.

An extended resistor lead is provided for convenience in

hook-up.
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SECTION 3

PRO GRAMllI NG

3.0 INTRODUCTION.

This section provides information for programming the AM-IOO

CPU and integrating it into the user's system. The actual

software itself is not contained in this manual. Only the

requirements and descriptions of the available software pro

grams and their capabilities are presented here.

3.1 SYSTEM CONFIGURATION.

A minimum system can consist of the AM-IOO two board set, a

minimum of 32K bytes of memory on a S-lOO Bus memory board,

a serial I/O card such as the AN- 300, a disk memory, and a

terminal. A PROM is needed to bootstrap the system and this

can be located on one of the peripheral interface boards.

Other standard Alpha Micro devices include:

1. Floppy disk subsystem (AM-200/AM-ZlO).

Z. Ten megabyte hard disk (AM-SOO).

3. Large storage capacity hard disk (AM-400/AM-410).

4. Tape storage subsystem (AM-600).

To utilize other devices in the system, it is necessary to

write a driver program for the device and place the resulting

module in a preassigned disk area. The bootstrap PROM can

be located on either the floppy controller interface board

(AM-200) or the hard disk controller interface board (AM-SOD

or AM-400). The starting address for the bootstrap program

is jumper selectable on a platform header on CPU Board 1, U3.

interrupt levels are

on interfacing Alpha

Technical manual for

For further details

consult the

The standard

in Table 3-1

standard DMA

addresses used in Alpha Micro systems are listed

and boot addresses are listed in Table 3-2. The

levels are listed in Table 3-4 and the standard,,
listed in Table 3-S.

Micr; circuit boards,

the individual board.
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Table 3-1. Alpha Micro I/O Addresses

Address (Hex) Interface

00 - OF Reserved

10 - 3B Unassigned

3C - 3F Reserved

40 - 4F Memory Bank Switching (1 port/memory bd)

50 - 6F Unassigned

70 - 7F Phone Link (DC Hayes bd)

80 - 83 Imsai PIO (parallel port, Data I/O control, etc. )

84 - 9F Unassigned

AD - A7 AM-600 Mag Tape I/F

A8 - AF Unassigned

BO - BF AM-3l0 4 Port Communications Bd (4 ports required/bd)

CO - C7 ICOM Floppy Controller or AM- 500 Disk Controller

(4 ports/bd)

C8 - CF Unassigned
-

C2 Unassigned
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Table 3-1 (Cant.). Alpha Micro I/O Addresses

Address (Hex) Interface

DO - D3 AM-410 Disk Controller

D4 - DF Unassigned

EO - E7 AM-400 Trident Formatter I/F

E8 - EF AM-300 Alternate (Znd board)

FO - F7 AM-ZOO Floppy Controller or AM- 210 Floppy
Controller

F8 - FF AM-300 6 Port Serial I/O Board

Table 3-Z. Boot Addresses

Address (Hex) Boot Location

F400 AM-SOO Boot Address

AM-410 Boot Address

FCOO AM-ZOO Boot Address

AM-ZIO Boot Address

AM-400 Boot address

CODa ICOM Floppy Boot Address
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TABLE 3-3. DMA Levels

Level Device

0

I

2

3

4

S AM-600 Mag Tape Controller

6 AM-200 Floppy Controller

7

Table 3-4. Interrupt Levels

Level Device

0

I AM-310 4 Port Communications Board

2 AM-410 Disk Controller

3 AM-300 6 Port Serial I/O

4 AM-SOO Disk Controller

] Not available on old systems

7
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3.2 SOFTWARE OVERVIEW.

A wide variety of software programs are available for use

in the AM-lOO system that have been operating in the com

mercial environment for many years. These programs have

been written under copyright solely by Alpha Microsystems

and are available in either floppy disk or hard disk form.

3.2.1 OPERATING SYSTEM.

The operating system is a commercial, full multi-tasking,

timesharing system capable of supporting as many job partitions

as memory capacity will allow. Each job may be controlled

by its own terminal or several jobs may be controlled by the

same user terminal under a unique software control system

built into the monitor. One job may also control several

terminals. The status of each job may be optionally displayed

on a central video display interfaced through a controller.

The I/O structure is fully device independent and contained

within the monitor. To incorporate a new device into the

system,the user creates a software driver to interface to

the device and includes it in the monitor.

The terminal service routines are also device independent

and operate through terminal drivers. Each terminal driver

contains a software translation routine to allow the use of

special terminal functions such as cursor address and common

I/O routines to all types of terminals, without being dependent

on which brand of terminal is attached to the system.

3.2.2 ASSEMBLY LANGUAGE PROGRAM.

The assembly language program development system includes:

1. A multi-phase macro assembler.

2. A linking loader.

3. A symbolic debugger.
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3.2.3 TEXT EDITORS.

Two text editor programs are included:

1. A character oriented editor.

2. A cursor-controlled screen editor.

3.2.4 UTILITY AND SUPPORT PROGRAMS.

Utility and support programs are available that include:

1. File maintenance programs.

2. Dump programs.

3. Memory test programs.

4. Device test programs.

5. Line printer spooler system.

6. Dynamic system status monitor programs.

7. A system generation procedure that allows custom

tailoring of the monitor to individual user

requirements.

8. Text formatting.

3.2.5 ALPHABASIC PROGRAM.

The AlphaBasic programming language processor is a full com

piler that is disk oriented and supports:

1.

3.

4.

5.

6.

Strings.

Hulti-dimensioned arrays.

Disk I/O file accessing.

A unique variable mapping system for file manipula

tion in applications programs and for assembly

language subroutine processing.

Assembly language subroutines.

Terminal independent cursor control.
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The AM-IOO utilizes floating point hardware so it typically

runs several times faster than other Basic systems. It is

precise to eleven decimal digits using a three-word binary.

floating-point format which is identical to that used by the

WDl6 instruction set,

3,2.6 ACCOUNTING PACKAGE,

An accounting package is available under special license that

includes:

1. General ledger.

2. Accounts receivable.

3. Accounts payable.

4. Order entry-inventory control.

S. Payroll.

Each of these is a fully interactive, menu-driven, complete

system by itself. However, interface is provided between all

five modules to create a totally integrated accounting package.

3.2.7 ALPHALISP.

An Alpha Micro version of the programming language LISP is

available. It is designed for users that require a language

that is both a formal mathematical language and (with extensions)

a convenient programming language.

3.2.8 ALPHAPASCAL.

ALPHAPASCAL is a systematic procedure-oriented, structured

programming language that is available. Adapted from the

UCSD/PASCAL system, ALPHAPASCAL utilizes a dynamic paging

system that allows the sy tern to run in a small amount of

memory.
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SECTION 4

FUNCTIOfIAL THEORY OF OPERATION

4.0 IllTRODUCTION.

This section describes in detail the functional theory of

operation of the AM-lOO Central Processor Unit (CPU). The

first part of this section provides a general description

of the configuration of the CPU and its integration into an

S-IOO Bus system. The second part describes the details of

CPU operation and how the CPU chip set operates with its

associated logic elements. The third part provides a complete

description of the CPU chip set and the fourth part describes

the operation of the individual logic elements that support

the CPU chip set.

4.1 CPU CONFIGRUATION.

The AM-lOO circuit cards function as a l6-bit CPU that plugs

in to an S-IOO Bus system. The data processing logic is

contained on a two-board set that is fUlly integrated into

an S-IOO Bus system.

4.1.1 AM-lOO TWO-BOARD SET.

The AM-lOO CPU is packaged on two circuit boards connected

together by a 40-conductor flat ribbon cable. Both boards

mate with the standard 100 pin connectors in the S-IOO Bus

system.

One Circuit board, CPU No.1, contains the CPU chip set that

consists of five 40-pin MOS/LSI chips. This chip set contains

the necessary data processing capability for CPU operation.

The second circuit board, CPU No.2, contains the logic that

interfaces the l6-bit bus ~f the CPU to the 8-bit S-IOO bus

plus the DMA and interrupt:logic.
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The CPU chip set contains six l6-bit accumulators/index

registers, a stack pointer and program counter, eight address

ing modes, hardware SAVE and RESTORE, and hardware floating

point arithmetic.

4.1.2 S-lOO BUS OPERATION.

The S-lOO Bus system is the single bus computer architecture

that supports the AM-lOa CPU and its associated memory and

peripherals. The I/O connectors are standard laO-pin type and

each of the 100 lines are bussed together throughout the com

puter chassis.

The 8-100 bus is an eight-bit format with eight bits of tri-state

data for CPU input, eight for CPU output, 16 bits for address,

and various control, status, and utility lines. There are also

eight lines for vectored interrupts/DMA requests and eight for

DMA Grant lines. The various devices connected to the bus are

referred to as bus master and bus slave depending on the opera

tional configuration taking place. The CPU is not the only

device that can control the bus. Any DMA device has the capa

bility of controlling the bus as a bus master.

The command and control lines determine the timing of the

bus and are listed in Table 4-1. The status lines are asso

ciated with the address lines and indicate what type of bus

cycle is taking place. Any bus master must generate these

signals or at least ensure that the unasserted level is

maintained. The AM-lOO status lines are listed in Table 4-2.

The utility lines are clocks, power, and initialization and

are listed in Table 4-3.
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Table 4-1. S-IOO Bus Command/Control Lines

SIGNAL NAME

PSYNC Processor Sync
PDBIN Data Bus In
PWR Write Strobe
PHLDA P-Hold Acknowledge
PHOLD Processor Hold Request Line

Table 4-2. S-IOO Bus Status Lines

SIGNAL NAME

SMI Bus Master OP Code Fetch

SOUT I/O Output Cycle
SINP I/O Input Cycle
SMEMR Memory Read Cycle
SWO Bus Master Output
SINTA Interrupt Acknowledge

Table 4-3. S-lOO Bus Utility Lines

SIGNAL NAME

Power GND, +8VDC, +16VDC, -16VDC

02 2 MHz Phase 2 Clock

CLOC 2 MHz Clock

MWRITE Memory Write
PRESET Preset
POC Power-On Clear
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Read Timing. The timing of the signals involved with a READ

BYTE sequence on the S-IOO bus is shown in Figure 4-1. When

an I/O operation takes place, PSYNC is generated as the first

state of the bus cycle. Signal PDBIN is next to indicate that

a read operation is taking place. Address lines are valid

shortly after PSYNC and remain so until the next bus operation.

The addressed memory or peripheral has 400ns to place its data

on the bus for the read cycle. Once the CPU reads the data,

PDBIN is lowered, ending the cycle. The READ WORD cycle is

a similar sequence twice because two bytes are read. Timing

for the READ WORD sequence is also shown in Figure 4-1.

Write Timing. The timing of the signals involved with a WRITE

BYTE sequence on the S-lOO bus is shown in Figure 4-2. With

this sequence, PSYNC starts the bus cycle like the read timing.

Signal PWR occurs next to indicate that there is valid data

on the bus that is to be written into the addressed location.

Status and address data is placed on the bus < 100 nsec after

PSYNC by the bus master. The WRITE WORD cycle is a similar

sequence twice because two bytes are written as shown in Figure

4 - 2.

Read-Modify-Write Timing. The READ-MODIFY-WRITE cycle combines

these operations into a single sequence as is shown in Figure

4 - 3.

DMA Timing. The timing and sequence for a DMA cycle is shown

in Figure 4-4. The selected vector interrupt signal initiates

this cycle and it is acknowledged by DMARCVD. The selected

DMAGRANT signal indicates an active DMA cycle and the busses

are active < SOns later.
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READ BYTE TIMING

PDBIN

PSYNC r-"1____I 1 _

<;;100 NS --t ~-t
. & 1"- --------

E
;;>lOO NS

STATUS & ADOR ,--.-:.--

;>aOO NS ---I
DATA READ ---'nL- _

READ WORD TIMING

DATA READ

PDBIN
---

PSYNC r-"1 ~__......JI L-....J 1"- _

<;;100 NS --j±rffi>(100 NS

& & 1 ---

:nOO NS I'' j== ---I r= ;;>lOO NS
LOW BYTE I HI BYTE _

;>aOO NS --I ~
~_l

;>aOO NS I--

STATUS & ADDR----

& PDBIN MAY BE STRETCHED BY CONTROLLING PRDY.
PRDY IS EXAMINED AT <PI tWD} LEADING EDGE
TIME DURING PDBIN.

Figure 4- L S-IOO Bus Read Timing
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WRITE BYTE TIMING

r-- 500 NS TYP

,
";'00 NS --l l-

&,

I

;;., 00 NS::::I 1- .... ;;"00 NS t=
DATA :.......JX"- --'X'- _

PSYNC

STATUS & ADDR

WRITE WORD TIMING
I

4>2 (80lI01 __---J

<;;100 NS--l I+- ----J 1--<;100 NS

1.& I 1.& I
;;"00 NS

~r-
~ ;;"OONS

;;"00 NS I-;;"OONS

LOW BYTE HIGH BYTE

1LOW BYTE HIGH BYTEDATA

PSYNC r-:;\1 r---1__I ffiL__' 1 _

STATUS & ADDR

& PSYNC MAY BE STRETCHED ONE DR MORE CYCLES
DUE TO DOUT DELAY CAUSED BY MICROCODE.

&, ilWR MAY B~ STRETCHED BY CONTROLLI"G PRDY.
PRDY IS EXAMINED AT 4>1 IWDI LEADING EDGE
TIME DURlNG PWR.

Figure 4-2. 5-100 Write Timing
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READ-HODIFY-WRITE BYTE TIMING

--I I-- 500 NS TYP

';;;100 NS---j - -l I-- ';;;100 NS

, &"
~OONS

I r-I
~

I L
~ r=~OONS

X
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STATUS & ADDR----' READ WRITE

READ-MODIFY-WRITE WORD TIMING

<P
2

180801
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00 NS
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ill PDBIN AND j5W'l!f MAY BE STRETCHED BY CONTROLLING PRDY.
PRDY IS EXAMINED AT <P1 IWDI LEADING EDGE TIME DURING PD80N OR PWR.

Figure 4-3. S-100 Bus Read-Modify-Write Timing
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DMA TIMING

r-- 500 NS TYP

----~lss__--I
'--__----J_-<p <;;100 NS

----~U· .

OMAGRANTX l' I IL.!.l U
.;so NS ----I I-- 1ALL CPU 'I 55

BUSSES TRiSTATE .

I-- <;;100 NS

DMARCVD (<1>2 WD)

8::, DMAGRANTX MAY BE DELAYED IF A BUS CYCLE IS IN

PROGRESS WHEN A DMA REQUEST IS GENERATED.
IT WILL BE ISSUED IMMEDIATELY FOLLOWING
THE COMPLETION OF SYNC.

2. PHOtO IS ALWAYS FORCED LOW.

3. PHLDA IS ALWAYS HIGH.

Figure 4-4. 5-100 Bus DMA Timing
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For a complete description -of the 5-100 bus signals in the

AM-lOO system, refer to Table 4-4. This table lists all

signals in alphabetical order with AM-IOO pin numbers and

also the sheet number of the schematic where they interface

with the AM-lOO CPU. A complete description of each signal

is also given.
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Table 4-4. S-lOO Bus Interface Signals List

Jl SCHEM

SIGNAL NAME PIN NO. PAGE DESCRIPTION

AD Address 0 79 CPUl-9 16 bits of tri-state addressing.

Al Address 1 80 CPUl-9

A2 Address 2 81 CPUl-9

A3 Address 3 31 CPUl-9

A4 Address 4 30 CPUl-9

AS Address 5 29 CPUl-9

A6 Address 6 82 CPUl-9

A7 Address 7 83 CPUl-9

A8 Address 8 84 CPU1-l0

A9 Address 9 34 CPU1-l0

AID Address 10 37 CPU1-l0

All Address 11 87 CPU1-10

A12 Address 12 33 CPU1-10

A13 Address 13 85 CPU1-l0

A14 Address 14 86 CPU1-10

A15 Address 15 32 CPUI-10

CLOC 2 MHz Clock 49 r;PU2-3 2 ~lliz clock from same source as ~2.

I

""""")
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Table 4-4 (Cant.). S-lOO Bus Interface Signals List

SIGNAL INAME Jl ISCHEM
PIN NO. PAGE

DESCRIPTION

..,
I

>--'
>--'

DIO

DI1

DI2

DI3

DI4

DIS

DI6

DI7

Data Input Bus

Bi ts 0- 7 .

",-",

95

94

41

42

91

92

93

43

CPUl-6

CPUl-6

CPUl-6

CPUl-6

CPUl-6

CPUl-6

CPUl-6

CPUl-6

Data input port. Eight bit tri-state data bus

from bus slave to bus master.

DMAGRO IDMA Grant

DMAGR1

DMAGR2

DMAGR3

DMAGR4

DMAGR5

DMAGR6

DMAGR7

DMARCVDIDMA Received

63

62

61

60

59

58

57

56

64

CPUZ - 5

CPU2-5

CPU2-5

CPU2-5

CPU2-5

CPU2-5

CPU2-5

CPU2-5

CPU2-5

Grant signal issued to the highest priority

controller that has requested the bus.

CPU response to DMA request indicating that a DMA

exchange is in process. No other DMA controllers

may issue a DMA request while DMARCVD is asserted.
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Table 4-4 (Cant.). 5-100 Bus Interface Signals List

SIGNAL NAME Jl SCHEM DESCRIPTION

PIN NO. PAGE

DOD Data Out Bus 36 CPUl-8 Data output port. Eight bit tri-state data bus

DOl Bits 0-7 35 CPUl-8 from bus master to bus slave.

D02 88 CPUl-8

D03 89 CPUl-8

D04 38 CPUl-3

DOS 39 CPUl-8

D06
"I"

40 CPUl-8

DO? 90 CPUl-8

ENDF 18 CPU2-2 Only used internal to the AM-IOO

19

22

MWRITE l>Iemory Write 68 CPU2-2 Gated combination of PWR and SOUTo

PDBIN Data Bus In 78 CPU2-9 Read Enable. Used by bus master to request
address slave to place data on the data bus.

PHLDA P-Hold 26 CPU2-3 When asserted, indicates that the CPU is

releasing control of the bus in response to a

DMA request (PHOLD). (This signal is forced
high by the AM-IOO and not used.)

-- 1
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Table 4-4 (Cant.). S~lOO Bus Interface Signals List

SIGNAL NAME Jl SCHEM DESCRIPTION

PIN NO. PAGE

Used by DMA controllers to request bus master-PHOLD DMA Request 74 CPU2-2

ship. (This signal is held low by the AM-lOO

and not used.)

PINTE CPU Interrupt 28 CPU2-7 Output from CPU to enable slave interrupts

•.Enable (not used by Alpha Micro Systems) .

POC Power On Clear 99 CPU2-3 Clear signal generated by the CPU on

initial turn an.

PRESET Preset 75 CPU2-2 Reset signal normally originating from front

panel reset pushbutton.

PSYNC Processor Sync 76 CPU2-7 When asserted, indicates the start of a bus cycle.

PWAIT CPU Wait 27 CPU2-7 When asserted, indicates that the CPU is in a

wait period.

PWR Write Strobe 77 CPU2-7 When asserted, is a command from the bus master

for the addressed slave to accept the data on

the data bus.
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Table 4-4 (Cant.). S-lOO Bus Interface Signals List

SIGNAL NAME Jl SCHEM DESCRIPTION

PIN NO. PAGE

SINP I/O Input Cycle 46 CPU2-7 When asserted, indicates that the current bus

cycle is a bus master input from an I/O address.

SINTA Interrupt 96 CPU2-7 When as serted, indicates acceptance by bus

Acknowledge master of an interrupt request.

SMEMR M~mory Read Cycle 47 CPU2-7 When asserted, indicates that the current bus

cycle is a bus master input from a memory address .

SMl Bus Master 44 CPU2-7 When asserted, indicates that the current bus

OP Code Fetch cycle is a bus master OP code fetch.

SOUT I/O Output Cycle 45 CPU2-7 When asserted, indicates that the current bus

cycle is a bus master output to an I/O address.

SWO Bus Master 97 CPU2-7 When asserted, indicates that the current bus

Output cycle is a bus master output.

.~
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Table 4-4 (Cont.). S-lOO Bus Interface Signals List

SIGNAL NAME Jl SCHEM DESCRIPTION

PIN NO. PAGE

VIO Vectored Interrupt 0 4 CPU2-5 Vectored interrupt lines used for both

VII Vectored Interrupt 1 5 CPU2-5 interrupt requests and DMA requests.

VI2 Vectored Interrupt 2 6 CPU2-5

VB Vectored Interrupt 3 7 CPU2-5

VI4 Vectored Interrupt 4 8 CPU2-5

VI5 , ,Vectored Interrupt 5 9 CPU2-5

VI6 Vectored Interrupt 6 10 CPU2-5

VI7 Vectored Interrupt 7 11 CPU2-6

STVAL Status Valid 25 CPU2-3 Indicates Status &Address lines valid
during PSYNC.

~2 Phase 2 Clock 24 CPU2-3 2 MHz clock Phase 2. Master Timing signal
for the bus.

+8V +8vdc power 1, 51 CPU1-l System power and ground.

1, 51 CPU2-1

+16V +16 vdc power 2 CPU1-l

-16V -16 vdc power 52 CPUl-l
,

GND Gnd 50, CPU1-l

100 CPU2-1
.
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4.1.3 CPU CHIP SET.

The CPU chip set consists of five 40-pin MOS/LSI chips that

include a data chip, a control chip, and three microms. A

detailed description of the operation of the individual chips

is contained in paragraph 4.3. The chip set utilizes l6-bit

architecture with both word and byte operation. Since the

S-lOO Bus is an eight-bit system, further data processing is

required for compatibility and this is described in paragraph

4.2. The primary features of the chip are as follows:

a. 16-bit architecture with both word and byte

operation.

b. l6-bit data access port to memory and I/O.

c. Eight l6-bitregisters.

d. Four external interrupts.

e. Three internal interrupts.

f. Eight addressing modes.

The chip set is microprogrammable by the coded data within the

microms. Figure 4-5 contains a block diagram of the five chips

in the CPU chip set.

4.1.3.1 DATA CHIP.
The data chip provides the interfacing capability for data

and addressing. A 16-bit Data and Address bus (DAL) interfaces

the CPU to external logic. It also contains eight l6-bit

registers, the Arithmetic Logic Unit (ALU), microinstruction

bus lines, and some microinstruction decoding logic.
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Figure 4-5. CPU Chip .set
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4.1.3.2 CONTROL CHIP.

The control chip contains the microinstruction address register

which controls accessing of the microinstructions. It also

contains translation array logic and the interrupt logic.

The master timing control is directed by the control chip which

indicates when an address is valid on the DAL lines and indi

cates a read or write operation and a byte or word operation.

4.1.3.3 MICROM CHIPS.

The microm chips are 512 word by 22 bit ROMs which are programmed

to Alpha Micro specifications. These 22-bit outputs comprise

the microinstruction bus (MIB) that allows the chips in the CPU

to communicate with each other (MIBOO-MIB2l). Each ROM location

contains a l6-bit microinstruction, two control bits, and four

auxiliary bits. The l6-bit microinstructions and the two control

bits form a high impedance tri-state bus. Bits MIB18-MIB2l are

the auxiliary bits and are the state codes that direct external

logic to perform special functions.

4.1.3.4 MICROINSTRUCTION BUS.

The Microinstruction Bus (MIB) is a high impedance MOS bus for

data transmission between the chips in the CPU and is very

sensitive to external monitoring even with oscilloscope probes.

The capacitors located on CPU 1 suppress noise and optimize

data transmission on the bus.

Bits MIBOO-MIBlO serve a dual purpose, During the portion of

the cycle that addresses the microinstruction from the microm,

these bits contain the II-bit address. During another part of

the cycle, they are used to transmit the microinstruction to

the other chips. Bits MIBll-MIB17 just transfer part of the

microinstruction. Therefore, during the address phase, MIBOO

MIBIO address the microinstruction and during another phase

MIBOO-MIB17 transfer the microinstruction.

4-18
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Timing of the microinstruction bus is shown in Figure 4-6.

The four phases are running continuously, and phase two places

the address of the next required microinstruction on the MIB

in bits 0-10. This address data comes from the control c~ip.

Phase three decodes the microinstruction. Phase four provides

the precharge necessary for the nodes since this is a MOS bus.

At phase 1, the microinstruction is placed on the bus and the

proces s repeats.

The function of the state codes and operation of the CPU with

its associated external logic is described in paragraph 4.2.
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4.2 CPU OPERATIONS.
The AM-lOO CPU board set consists of the CPU chip set and

associated logic elements that provide data processing capa

bility for the 5-100 bus system. This Section describes

operation of the CPU in the system and operation of the CPU

chip set with its associated logic elements.

An overall blQck diagram of the CPU board set is shown in

Figure 4-7. Sheet 1 contains all the logic on CPU board 1,

and sheet 2 contains all the logic on board 2. Table 4-5

contains a complete list of the signals in the AM-lOO CPU.

The list is alphabetical by signal mnemonic, and a description

is given for the function of each signal and the location .

where it can be found on the schematic diagram.
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Table 4-1. AM-IOO Signals List

BOARD J2 SCHEM PAGE

SIGNAL NAME NO. PIN NO. OF SOURCE FUNCTION

BDALOO- Buffered Data and 1 - CPUl-8 Internal tri-state bus for Data and Address Lines.
BDAL15 Address Lines

BUSY Busy 1 14 CPUl-5 Asserted when any of the seven vectored interrupts
2 CPU2-S (VIO-VI6, PHOLD) are received. Indicates that a

DMA exchange is in process.

CLOC 2 MHz Clock Z - CPU2-3 Output of 2 MHz clock.

DALOO- Data and Address Lines I - CPUl-4, Tri-state bus for Data and Address Lines.
DALIS 6, 7

DBIN Data Bus In 2 - CPU2-8 Read Enable equivalent to PDBIN on $-100 Bus.
DBIN Enables CPU to read data from the Data In Bus.

DIN Data In 1 5 CPUl- 5 Control signal from the processor to cause the
DIN 2 CPU2-6 address unit to gate its read data on the data lines.

DOUT Data Out 2 9 CPU1-S Control signal from the processor which is made high
CPU2-3 at the same time that the write data is placed on

the DAL bus by the processor.

EARS External Address 1 29 CPUl-7 Output of the state code decoder that reads the
Register Select 2 CPU2- 4 starting address of the bootstra~ PROM.
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Table 4-5 (Cant.). AJ\I-l00 Signals List

BOARD J2 SCHEN PAGE

SIGNAL NA.1I-1E NO. PIN NO. OF SOURCE FUNCTION

ENDF 2 - CPU2-5 Not used.

ENDR 2 - CPU2-5 Not used.

FIVE Sequencer Count Five 2 - CPU2-9 Sequencer output for count five.

FOUR SequenceT Count FOUT 2 - CPUZ-9 Sequencer output fOT count fOUT.

FOUR

HALT Halt 1 10 CPUl-5 Used for CPU interrupt 13.

2 CPUZ-6

HALTA Halt-A 2 - CPUZ-2 Output of real time clock header used to generate

HALT for CPU interrupt 13.

HIBYTE High Byte 2 3 CPUl-6 When asse-rted~ switches the upper byte (bits 8- 15)

HIBYTE CPU2- 8 to the output port from the WD16. When it is low.

the lower byte (bits 0-7) is selected.

lACK Interrupt 2 7 CPUl-S Control signal output from the CPU to indicate that

lACK Acknowledge CPU2-7 the processor is responding to an interrupt.

lAO luitiate Address 1 26 CPUI-IO Sequencer output to generate LSB of address byte

AD CPUZ-3 in either bit AD or AB.

IDIN InteTrupt Data. In 1 30 CPUl-6 Enable signal to apply stored vectored interrupts

2 CPU2-6 VINTRl- VINTR3 to Data and Access Lines DALI-DAL3.

INTFF Vectored Interrupt 1 13 CPUl-S CPU vectored interrupt rD. Asserted with any of the

Input 2 CPU2-6 vectored interrupts.
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Table 4-5 (Cant.). AM-IOO Signals List

BOARD 32 SCHEM PAGE

SIGNAL NAME NO. PIN NO. OF SOURCE FUNCTION

lOSEL I/O Selected 1,2 24 CPUl-9 Asserted for an I/O data transfer. Pals e for
CPU2-7 a memory transfer.

ISR Input Status Register 1 28 CPUl- 7 Generated by State Code 6 (SC6) to a'P'Ply the status
2 CPU2 - 4 data to the DAL bus bits DALO-DAL7.

12 Interrupt 2 2 - CPU2-6 Interrupt signal set by State Code 4 (SC4) and
cleared by State Code 5 (SC5) • Serves as an Inter-
rupt enable for vectored interrupts.

l2FF CPU Interrupt 12 1 11 CPUl-7 CPU vectored interrupt 12 generated by any
2 CPUZ-6 vectored interrupt.

JFlVE Set Sequence 5 2 - CPUZ-9 J input to sequencer flip-flop 5.

JFOUR Set Sequence 4 2 - CPUZ - 9 J input to sequencer flip-flop 4.
JFOUR

JREST Set Sequence Rest 2 - CPUZ - 8 J input to sequencer flip-flop zero (REST) •

JSEVEN Set Sequence 7 2 - CPUZ-9 J input to sequencer flip-flop 7.

JTHREE Set Sequence 3 2 - CPUZ-9 J input to sequencer flip-flop 3.

MIBOO- Microinstruction 1 ZI, 22, CPUI-2,3,4,5 Data bus to transmit data between the five chips at
MIB2l Bus Bits 0-21 2 23, 25 CPUZ - 4 the CPU chip set.

MSYNCl M Sync One 2 - CPUZ - 8 State one of the sequencer.

MSYNCI

PHLDA P-Hold Acknowledge 2 - CPD2-3 When asserted. indicates that present bus master is

releasing control of the bus in response to a DMA
request (PHOLD) (forced high and not used).
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Table 4-5 (Cont.). AM-IOO Signals List

BOARD 32 SCHEM PAGE

SIGNAL NAME NO. PIN NO. OF SOURCE FUNCTION

PHOLD DMA Request Line 2 - CPU2-2 Used by DMA controllers to request bus mastership
(forced low and not used) .

POe Power On Clear 2 - CPUZ-3 Pulse signal asserted on initial power-up and by

PRESETB signal.

ros Power On Set 2 - CPUZ-3 Inverse of Power On Clear.

PRESETB Preset 2 - CPUZ- Z Buffered preset signal hom 5·100 Bus.

PSYNCI Processor Sync 2 - CPUZ-7 Indicates the start of a bus cycle J used to generate
Internal PSYNC on S-100 BUS.

RAQ Stored Address Zero I 27 CPUl- 9 Address data bit zero stored from the DAL bus clocked
2 CPU2- 3 into the register by SYNC.

RAOI- Stored Address I - CFUl-9 Address Data stored from the DAL bus clocked into

RAIS the register by SYNC.

Rl\ Read Byte 2 - CPUZ-4 State Code decoder signal for Read Byte 0Feration.
RB

READI'iORD Read Word 2 - CPU2-4 State code decoder signal for Read Word operation.

READY Ready 1 4 CPUl-6 Sequencer output indicating that the CPU chip set is

READY 2 CPUZ-8 ready to accept data.

REST Rest 2 - CPU2- 8 The state of the sequencer when no instruction or bus

operations are taking place (state o of the sequencer).

RMh- Read-Modify-Wri te 2 - CPUZ-4 State code decoder signal for R.ead~Modify-Write either
word or byte.
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Table 4-5 (Cont.), AM-lOO Signals List

BOARD J2 SCHEM PAGE

SIGNAL NA~1E NO. PIN NO. OF SOURCE FUNCTION

RMI'I'B Read-Modify- 2 - CPU2-4 Generated during an INPUT BYTE micro op code wi th RMW

RMWB Wri te-Byte active to indicate a Read-Modify-Write byte sequence
(1010 Microcode).

RMWIV Read-Modify- 2 - CPU2~4 Generated during an INPUT WORD micro op code with RMW

RMWW Write-Word active to indicate a Read-Modify-Write word sequence
(1001 Microcode).

RPLY Reply 1 16 CPUl- 5 Control signal used by the addressed unit to respond
Z CPU2- 6 to the processors data access signals.

J<5T CPU Reset 1 15 CPUl-S Resets CPU chip set on initial power-up.

2 CPlJ2-6

RTC Real Time Clock Z - CPU2- 2

RTCFF CPU Real Time Clock 1 12 CPUl- S Real time clock input to CPU.

2 CPU2-6

SCI-SCF State Codes 1-F (Hex) 2 - CPU2- 4 Outputs of state code decoder.

SEVEN Sequencer Count Seven 2 - CPU2-9 Sequencer output for count seven.

SIX Sequencer Count Six 2 - CPU2-9 Sequencer output for count six.

SOUT I/O Output Cycle 2 - CPUZ'"? When asserted indicates that the current bus cycle

SOUT is a bus master output to an I/O address.

SYNC Sync 1 6 CPUl-S Output of the CPU chip set indicating the start of

SYNC 2 CPU2-4 an I/O operation.

4-31



Table 4-5 (Cant.). AM-IOO Signals List

BOARD 32 SCHEM PAGE
SIGNAL NAME NO. PIN NO. OF SOURCE FUNCTION

THREE Sequencer Count Three Z - CPU2-9 Sequencer output for count three.
THREE

VINTR 1 Vectored Interrupt 1 1 31 CPUI-6 Vectored interrupt level one signal for the DAL bus.

2 CPUZ-6

VINTR 2 Vectored Interrupt 2 1 32 CPUl-6 Vectored interrupt level two signal for the DAL bus.

2 CPD2-6

VINTR 3 Vectored Interrupt 3 1 33 CPUl-6 Vectored interrupt level three signal for the DAL bus.

2 CPUZ-6

NO Wri te Operation 2 - CPU2-7 Indicates that the current process is a wri te
NO operation.

WAIT -Wait 1 - CPUI-4 Signal from CPU data. chip to control chip to establish

whether the data chip is in the Run or Wait mode.

Low'" Run, and the microinstruction is loaded and

executed.

WB Wri te Byte 1 8 CPUI-5 Control signal from the processor which is high when

2 CPUZ-3 the address is on the bus to signify a WRITE rather

than a READ and high during Data Out to signify BYTE

rather than WORD.

WBFF Write Byte Output 2 CPUZ-3 Write Byte signal clocked by DOUT.

WBFF

XDMA.G XDMA Grant - 2 CPUl-8 Controls the buffers that interface the CPU control

CPUZ-S signals with the $-100 bus to allow them to be removed

when another master is controlling the bus.
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Table 4-5 {Cant.], ~1-100 Signals List

BOARD J2 SCHEM PAGE

SIGNAL NAME NO. PIN NO. OF SOURCE FUNCTION

XDMAGRANT XDMA Grant 1 1 CPUI-IO Same as XIlMA.G.

2 CPU2-S

n Phase 1 Clock 1 18 CPUl~l Phase 1 of 2 MHz 4-phase clock see Figure 4-8.
2 CPUZ- 2

~IM Phase I Clock, 1 - CPUl-l Phase 1 of 2 MHz ~-phase clock buffered for 10.5
MOS Levels volt operation of CPU chip set.

~2 Phase 2 clock 1 17 CPUl-I Phase 2 of 2 MHz 4-phase clock see Figure 4- 8.
2 CPU2-2

~2B Phase 2 Clock 2 - CPU2- 8 Phase 2 of 2 ~ffiz 4-phase clock buffered for operation
sequencer flip-flops.

fl2M Phase 2 Clock, 1 - CPUl-1 Phase 2 of 2 MHz 4-phase clock buffered for 10.5 volt

MOS Levels operation of CPU chi-p set.

03 Phase 3 clock 1 20 CPUl-l Phase 3 of 2 MHz 4-phase clock see Figure 4-8.
2 CFU2-2

~3M Phase 3 Clock, 1 - CPUI-l Phase 3 of 2 MHz 4-phase clock buffered for operation

MOS Levels of CPU chip set.

j4 Phase 4 Clock 1 19 CPUl-1 Phase 4 of 2 MHz 4-phase clock see Figure 4-8.

2 CPU2-2

04M Phase 4 Clock. 1 - CPUl-l Phase 4 of 2 MHz 4-phase clock buffered for operation

MOS Levels of CPU chip set.
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4.2.1 CLOCK GENERATOR.

The basic clock signals originate at the 4 MHz crystal

oscillator US. Its output is divided-by-two by the J-k flip·

flop U23, gated and buffered to generate clock signals 01, 02

and CLOC. Clock 02 provides the 5-100 Bus clock and CLOC

drives the four-phase clock generator U12. The four phase

clock generator provides the internal clock signals to drive

the CPU chip set and to synchronize its associated logic.

Operation of U12 is described in paragraph 4.4.1. The timing

relationship of the 5-100 bus clocks and the four-phase clocks

is described in Figure 4-8.

The TTL level clocks from CPU 2 are sent to CPU 1 where they

are buffered through U2 and U3 to a level of at least 10.5

volts to drive the CPU chip set.

{

4>1_------JnL---_nL..--
S·1oo BUS
CLOCKS

4>2 1 r

4>1

4>2
4-PHASE ICLOCKS

<1>3 n n
I

4>4---_-I

Figure 4-8. AM-lOO System Clocks
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4.2.2 STATE CODE DECODER LOGIC.

The microinstruction state codes are contained in microinstruc

tion bits MIB18-MIB21 from the microinstruction bus in the CPU

chip set located on CPU 1. These bits are buffered on CPU 1

and then sent to decoders U7 and U8 on CPU 2. The information

contained in these bits controls the type of processing to be

performed. The decoder logic generates signals to control the

input of the status register and control the sequencer to per

form the required processing operations (write, read, read/

modify/write). The state codes and their functions are

listed in Table 4-6.

4.2.3 SEQUENCER OPERATION.

The sequencer on the AM-IOO CPU provides the timing and syn

chronizing required to interface the 16 bit CPU chip set to

the 8-bit S-100 Bus. There are ten states in this sequencer

that provide the various operations required for CPU data pro

cessing.

Function

for memory or I/O.

Once around for byte,

State

o
1

2, 3

4

5, 7

HI BYTE

READY

Rest

MSYNC1 - The sync signal

DBIN - Input functions.

twice for word.

Read-Modify-Write chain.

Output functions. Once around for byte, twice

for word.

LSB Address Control.

Replies to the CPU and latches the upper byte

of the DAL to the lower byte of the DAL during

READ WORD operations.
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Table 4-6. Microm State Code Functions

CODE MNEMONIC NAME FUNCTION

0001 PMSK Priori ty Mask Out. The state code is genera-ted on an OUTPUT WORD ins truction when 8. new

mask is written into location 2E. It signals the I/O devices that a

new interrupt mask is on the DAL. (Not used on AM-IOO.)

0010 RUN Macro Instruction Fetch Generated during macro instruction fetch from memory for a run light.

0011 IORST I/O Reset Not Used.

0100 INTEN 12 Set Enables the interrupt enable line 12. Sets 12 flip-flop.

0101 INTDS 12 Reset Disables the interrupt enable line 12. Resets 12 flip-flop.

0110 ESRR External Status Register Generated during an INPUT STATUS BYTE micro op code to indicate that

Request the external status register is being requested.

0111 SRS System Reset Not used.

1000 BYTE Read Byte Operation Generated during an INPUT BYTE micro op code to indicate a read byte

operation without a read/modify/write. (Not llsed on AM-IOO.)

1001 RMWW Read/Modify/Write Word Generated during an INPUT WORD micro op code with RMW active to
indicate a read/modify/write word sequence. (Not used on AM-lOO.)

1010
_B

Read/Hodi £y ;Write Byte Generated during an INPUT BYTE micro op code with RMW active to
indicate a read/modify/write byte sequence. (Not used on AM-lOO.)
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Table 4-6. Microm State Code Functions

CODE MNEMONIC NAME FUNCTION

1011 RLCI Reset Line clock
Interrupt

1100 EARR External Address Controls where the CPU looks for the bootstrap PROM upon po~er up.
Register Request

1101 - Duplicate of BYTE Same as BYTE except one bit sooner.

1110 - Duplicate of RMWW Same as RMWW except one bit seener.

1111 - Duplicate of RMWB Same as RMWB except one bit sooner.
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The flow diagram for sequencer operations is shown in Figure

4-9 and the associated logic equations are shown in Figure 4-10.

Each block on the flow diagram represents a flip-flop (CPUZ

schematic sheets 8 and 9). The J equations set the flip-flop

on the next clock, and the K equations reset the flip-flop on

the next clock.

Note

The sequencer clock is 02 from the four-phase

clock generator.

Timing diagrams for sequencer operations are contained in

Figure 4-11 through 4-16. The timing relationships given

show the S-IOO Bus timing on the top part of the diagram

with the processor signals necessary to produce the bus

signals drawn underneath. Only one state of the sequencer

is active at a time.

On initial power up, the reset line (PRESETB) is forced low

initializing the sequencer to the rest or zero state. The

sequencer is in this state until a bus operation is required.

When the CPU chip set is ready for an I/O operation, SYNC is

asserted to generate MSYNCI which is state one of the

sequencer. When the Interrupt Acknowledge (lACK) line is

true, the processor is not allowed to perform a bus operation.

Input signals to the sequencer from the state code decoder

and CPU then determine what type of sequence is required.

Eight different sequences are possible as shown on Figure 4-9.
The sequencer then proceeds through the required combinations

of states as shown on the flow diagram.

4-38



PRESET

READ
...- ....::C;::O:::M::,:P....j 0

REST

SYNC. iACK

(READ) 1
MYSYNCI

IWRITE)

WRITE
COMP

f(READY)

READY

7
(FLIP Aol

6
(1 BIT DELAY)

(1 BIT DELAY)

.·DOUT

(READ-MOD-WRITE)
flREADY)READ

COMP RMW •
DBIN 2 ,- (RESTORE Ao) 5
(READ) I _ (WRITE),"i...-_:::""--.J'"" -, "'-&.....,-_-..--_.....J

WORD. I I I
r -~ - - - - - H'iiiYTe I I r - - - - - - - - _-I
I I I I
I 3 3 I I I
I (FLIP Aol I I I r - - - - - - .1- -
I (1 BIT DELAY) I I I I l.-__...--__..J

I ,..- - - - - - - - - - I-- 1-1- L - - - - - - - - - - - WORD· HIBYTE

~_....:!J...e.../ I I i
I I I

HI BYTE I I I

~-K-L- 1J
r---------- J I
1,..------------...1

J .~;

REST RES.

~EST
READY

K "",- ~

PSYNC

SEOUENCE OF OPERATION

!!Q2! ~ REPLY LOIlIC'

1. READY BYTE tMEM OR 1101 0-102-11 READY· RIl· DIN
2. READY WORD lMEM OR 1101 0-102-3-2-11 READY. RW· HYIlITE • DIN
3. WRITE IlYTE IMEM OR 1101 0-1440 READY .WB.5
4. WRITE WORD lMEM OR 1101 0-1_7440 READY. WB ·5 • HIBYTE
5. RMW BYTE lMEMI 0-102~ H3 ABOVE
6. RWM WORD IMEMI 0-1·2-3-2-.7-&-e.o 2M ABOVE
7. RMWBYTE 11I01 0-1.... DIN+3 ABOVE
6. RMW WORD 11101 0-1_7440 DI_ ABOVE

"STROBED AT iI TRAILING EDGE AND GATED WITH IYNC. REPLY LOGIC
GENERATEI ilGNAU TO~ATECPU CYCLE.

Figure 4-9. Sequencer Flow Diagram

4 - 39



REST
JREST = DBIN· SYNC· DIN + 6.'SYFJC
KREST ~ JMSYNCl

MSYNC 1
JMSYNC, ~ REST· SYNC· lACK
KMSYNC, = JDBIN + J5

DBIN
DBIN ~ Jt-MSYNCl . DIN· (I0SEl [RMWB + RMWW] I
KDBIN = JREST +J3 +J4

4
J4 ~ DBIN· Qiiij. (RMWB' READY + RHWW . READY· HIBYTE)
K4 = 4· DOUT

5
J5 = MSYNC, . DOUT +K4 +7
K5 ~ J6

3
J3 = READY· HIBYTE . DBIN . (RB + RMWB)
K3 = 3

6
J6 = 5· READY
K6 ~ JREST + J7

7
J7 ~ 6· WBFF· HIBYTE
K7 = 7

ADDRESS lSB LOGIC
Ao ~ Aol . (READWORD + Ws . DOUT) + HIBYTE . (READWORD + Ws . DOUT)

HIBYTE
JHIBVTE . J3 + J7
KHIBYTE = J4
DIR. RESET = REST

READY
JREADY = PRDY· XRDY· (DBIN + 5)
KREADY = PSYNC + 6
DIR RESET ~ REST

BUS SIGNALS
PSYNC = MSYNCl + 4 + 7 + 3
PWR =5
PDBIN ~ DBIN
SMEMR = IOWEl . SWo
S/NP ~ IOSEl . sw;;
SOUT ~ IOSEl· SWo
MWR ITE = PWR . SOOi"'"

Figure 4-10. Sequencer Logic Equations
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PDBIN

SYNC (</>2) _

DIN 1</>2) _

</>2 (8030, --_....

PSYNC r--,___-,I 11-. _

<;;
lOONS

4 ~
8::, 1-------------

C.

~OONS

ST ..TUS & ADOR ....,,.- ....,1--":'--;
;;;.eOO NS----i

DATA RE..D · .....In'-- _

</>2 (WDI -'

11- --------
1 ------

READY (</>11 1 11.. _

RPLY(</>21 ..JIl _

READ BYTE (MEMORY OR I/O)

8::, PDBIN MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS
EXAMINED AT</>llWD) LEADING EDGE TIME DURING PDBIN.

Figure 4-11. CPU Read Byte Timing
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POBIN

DATA READ

STATUS &: ADDR

~ 190801
----'

PSYNC _:- rL....rI -----------------------
'-;100 NS ----j±!ffi~";100 NS

- & & 1 -----
;>200NS l"'~ -I ~~NSLOW BYTE I HI BYTE _

#600 NS -I Pi I I
;;.eooNS~ ~

& PDBIN MAY BE STRETCHED BY CONTROLLING PRDY.
PRDY IS EXAMINED AT IPI IWD) LEADING EDGE
TIME DURING PDBIN,

IP21WDI ----'
SYNC IIP2l _

DIN IIP2) ------
READY IIPIi - Il.-J

RPLY IIP2) I--------

,----------
1 _

,'-----------'--
1'"- _

READY WORD 1MEMORY)

& PDBIN MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS
EXAMINED AT IPI IWD) LEADING EDGE TIME DURING PDBIN.

Figure 4-12. CPU Read Word Timing
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--j r- 500 NS TYP

IP2 t8080l
------'

,
<100 NS--1 r--

&

I

;;., 00 NS =:l 1--" ;;"00 NS t=

PSYNC

DATA --'X'- -.J'X'- _

STATUS & ADDR

IP2lWDI -_.....

SYNC (IP21
"'-'----'I

DOUT I:.:.IP.;.;II__...;&...;';..1

READY {IPI\ r----1;..;....;..-----'1 1.... _

RPLY ;.:IIP.;:2.;.1 11 _

WAITE BYTE (MEMORY OR 1/01

& PSYNC MAY BE STRETCHED ONE OR MORE CYCLES DUE TO DOUT DELAY
CAUSED BY MICROCODE.

&, PWR MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS EXAMINED
AT ~I IWDI LEADING EDGE TIME DURING PWR.

Figure 4-13. CPU Write Byte Timing
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"'OIl NS ---l I-- --I r--';;;'OO NS

1&1 1&1
>too NS l-r -l -r >tOONS

>tOONS 1--:;;"00 NS

I LOW BYTE I HIGH 9YTE

1LOW 9YTE HIGH BYTEDATA

PSYNC r-j\1r-1______1 L!J 1<-----1 1<-. _

STATUS & ADDR

'P2 (WD) __...J

SYNC I 'P;..2.'-1__

DOUT :..:('P..:'.:..) ---'

READY 1;..:;.'P~lI ___Jn~--....Jr_l _

RPLY:..:I'P.;:.21'--__----------'I1'----------------

WRITE WORD (MEMORY)

& PSYNC MAY BE STRETCHED ONE OR MORE CYCLES DUE TO DDUT DELAY
CAUSED BY MICROCODE.

11::, PWR MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS EXAMINED
AT 'P' (WD) LEADING EDGE TIME DURING PWR.

Figure 4-14. CPU Write Word Timing
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--l I-- lIOO NS TYP

~ 180801__.J

"100 NS----j :-- -I _<;I00NS

f &'
>:100 NS

I r-1
-

I Lf--Y )(

;;>60() NS--- r- =:j r-~OONS l= "'00 NS

1&1

SYNC r---1-----'I I,

PDB'N

DATA READ/DUT

STATUS & ADDR ___.....J
READ WRITE

tP2 fWD)
----'

SYNC :;ltP~2:.:.) _

DIN ;.:ltP..;:2::..) _

I
I I I \

I I I I

DOUT ;.:(tP::..1.:..' ...J

RPLY;.:ltP:.;2:.:,' _

READY (:.:tP:.:':..) _

READoWRITE-MODIFYoWRITE BYTE

& PSYNC MAY BE STRETCHED ONE OR MORE CYCLES DUE TO DOUT DELAY
CAUSED BY MICROCODE.

& PDBIN AND PWR MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS
EXAMINED AT tPl IWDI LEADING EDGE TIME DURING PDBIN OR I'WR.

Figure 4-15. CPU Read-Modify-Write Byte Timing
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00 NS

1&,
"'00 NS--j '-0-- -I 1--"100 NS --lI-- "'Oll NS -I I-- "tOO NS

1&1 I /}, I
>:100 NS Ih -l I~NS

- -I _ X ~OWBYTE HIGH BYTE

-. >6OO N
Sr ;;.aoo NS r- ~ h OONS ;;»tOONS

;;»tOO NS H-J ...... ;;»t

1£1 , & ,PWR

PDBIN

PSYNC .1L.Jl

DATA READ/OUT

STATUS & ADDR 1 ~OW BYTE I H_'G_H_B_Y_T_E__--' ~OW BYTE HIGH BYTE

1/>2 (WDI

LSYNC (1/>21

DIN (1/>21

LDoUT 11/>1)

READY (1/>11

RP~Y (1/>21

READ-MoDIFY-WRITE WORD

/1;, PSYNC MAY BE STRETCHED ONE OR MORE CYC~ES DUE TO DoUT DE~AY
CAUSED BY MICROCODE.

/1;, PDBIN AND iiWR MAY BE STRETCHED BY CoNTRo~~INGPRDY. PRDY IS
EXAMINED AT 1/>1 (WD) LEADING EDGE TIME DURING PDBIN OR PWR.

Figure 4-16. CPU Read-Modify-Write Word Timing
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4.2.4 INITIALIZATION AND STATUS.

Initialization of the AM-lOa occurs when the board set receives

its initial power. Initial reset is accomplished by

Power-On-Clear signal POC which goes Iowan initial power-up

or for the PRESET signal that actuates the POC one-shot U22.

Signal POC provides an output to the S-100 Bus and also clears

register Ula in the reply logic.

The logic that controls initialization of the CPU chip set

is located on CPUl and consists of two buffers: the status

Byte Register buffer and the External Address Register Select

buffer.

The Status Byte buffer is used by the CPU chip set during

power-up to determine the initialization sequence. There

are eight bits in this register that function as defined

in Table 4-7. The CPU chip set checks these bits as it

proceeds through its initialization.

Table 4- 7. Status Byte Buffer Bits

BIT NAME FUNCTION

J Power-Up 00 Used for AM-IOO

Option Jumpers

J Halt Option Not Used

Jumpers

4 Interrupt Enable Vectored Interrupt Enable

5 Parity Error Status Wired to ground

6 Bus Error Status Wired to ground

7 Power Fail St§itus Wired to ground
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The external address register is used by the CPU to determine

the base address of the bootstrap ROM. The base address is

six bits that are jumper selected by the header in U3. During

the power-up sequence, these six bits are added to COOO to

determine the bootstrap starting address.

Note

See Section 2 of this manual for header U3

wiring for the various peripherals used with

the AM-lOa.

The initialization process for the AM-lOa must proceed _through

the sequence described below so that the CPU can access the

bootstrap load program and begin executing. When the RESET

pushbutton is pressed, the CPU sends out an external request

to read the Status Register. This signal is ISR that accesses

the eight bits of data as defined in Table 4-7. The CPU

then checks each bit as described in Figure 4-17. When the

CPU has checked the eight bits of the Status Register, signal

EARS is asserted from the state code decoder and reads the

base address from header U3.

4.2.5 DATA ACCESS.

Data is processed from the eight-bit S-IOO bus system to

the l6-bit CPU through the supporting logic on both CPU boards.

The data bus is addressed and then the CPU performs either

read or write operations. Read/Modify/Write is a combination

of both in one sequence.
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YES

BIT7
HAROWIREO
TOGNO

YES

BIT 6
HARD WIRED
TOGND

YES

BITS
HARDWIRED
TOOND

RESET

READ
EXTERNAL

STATUS

NO

NO

OUTPUT
SYSTeM RESET

STALL
300 CYCLES

CHECK
BITS 0, 1

READ EXTERNAL
ADDRESS RGSiR

OETERMINE
SOOTSTRAP

BASE ADDRESS

MICROINSTRUCTION ADDRESs

0001

0002

0039

006'

0071

0076

0081

0085

0189

I

/
{

Figure 4-17. AM-100 Power Up Sequence
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4.2.5.1 ADDRESSING OPERATIONS.

The CPU chip set utilizes a data bus that contains both the

data and address mUltiplexed onto the same lines. When the

CPU chip set has address data on .the DAL, the SYNC signal goes

true. This is applied to the clock input of the address

latches U13, U14 and U25 to store the address data. Bits

AI-A? are applied directly to the S-IOO bus through buffers,

but the other bits require additional processing.

There are two basic bus operations where addressing is con

cerned: memory and I/O. If we are performing memory read

or write, then the lower byte contains AO-A? and the upper

byte contains AS-A15. When I/O operations are taking place,

the CPU sends out Hex address FFXX. This generates signal

IOSEL from the gate on U15 to distinguish between I/O and

memory operations. Signal IOSEL switches the Data Select

MUX to place AO-A? on both the upper and lower bytes of the

address bus.

Address line AO is generated by the sequencer logic on CPU2

to provide for byte/word data operations. With word operations,

two sequential addresses are fetched so AO is sequenced first

with 0, then with 1. With byte operations, address line AO

is unaffected by the sequencer.

4.2.5.2 WRITE OPERATIONS.

The DAL bus that processed the address data also contains

the data for write operations. The buffered data lines are

applied to the data select MUX on Ul? and UIS. This selects

the appropriate byte for S-IOO bus transfer to the selected

memory or I/O controller. Signal HIBYTE selects either the

upper byte or lower byte for transfer to the output bus of

the 5-100 Bus.
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If a write byte operation is taking place, only eight bits

of data are required. The address is first transmitted and

then the lower byte of data is placed on both DALO-DAL7 and

DALB-DALlS. If a write word operation is taking place. a

two-stage operation transmits the lower byte first to the

eight 5-100 lines and then switches to the upper byte.

Signal HIBYTE makes this selection.

4.2.5.3 READ OPERATIONS.

The data input lines are buffered and are applied to the

internal DAL bus on DAL8-DALlS. This input data is then

stored in the Low Byte Input Storage register on U9 and UlO.

For the read byte sequence. the 5-100 bus signals request

that the addressed memory or I/O port place its data on 5-100

bus lines DIO-DI7; signal DIN gates it on to the internal

data bus to the lower byte storage. Signal READY from the

sequencer indicates that the CPU chip set is ready to accept

the data so it is clocked into the Low Byte Input Storage

register. The lower byte of data is on both DALO-DAL7 and

DAL8-DALlS, and the CPU can read from either one.

For the read word sequence. the lower byte is transmitted

exactly like the read byte sequence. The sequencer then

starts another cycle and increments the LSB of the address

to fetch the data from an odd address in memory. The data

is applied to the input port as before and is gated to DAL8

DALlS. The Low Byte Input Storage register is not clocked

this time so it still contains the low byte and the high

byte is on DALS-DALlS. The operation is terminated and the

CPU chip set reads a 16-bit word from DALO-DALlS.

4.2.6 D~ffi AND INTERRUPT OPERATIONS.

The AM-lOO provides seven .levels of DMA and eight levels of

interrupt capability. This data access processing is inte

grated with the interrupt operations of the CPU chip set.
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4.2.6.1 CPU CHIP SET INTERRUPTS.

The CPU chip set provides capability for four interrupts as

listed in Table 4-8. These interrupts are inputs to the

control chip U28 on CPUI.

Table 4-8. CPU Chip Set Interrupts

INTERRUPT PIN SIGNAL FUNCTION

10 6 INTFF Vectored interrupt

II 5 RTCFF Non-vectored interrupt - real

time clock.

12 4 I2FF Enable for 10 and 11, con-

trolled by user state codes.

13 3 HALT Halt switch (not used).

Interrupt 10 is the vectored interrupt and is the normal

interrupt procedure. It is used by the peripheral controllers

to signal the CPU when they have finished a task. Signal

INTFF provides the 10 input from a signal generated on CPU2

when any of the eight vectored interrupts have been asserted.

This signal is generated by decoder U29, inverted, and stored

in a D flip-flop on UIO. Interrupt II is the non-vectored

interrupt and the real time clock signal RTCFF supplies this

input. Interrupt 12 is an enable for 10 and II and is supplied

by the user state codes. This is generated by flip-flop U18

on CPUZ that is preset by SC4 and cleared by SC5. Interrupt

13 is a halt switch input that is not implemented on the AM-lOO.

When a non-vectored interrupt is received by the CPU chip set

(real time clock), it checks the contents of the status regis

ter to examine bit 7. This is the power fail bit which is not

implemented in the S-lOO bus structure so it is wired to ground.

The CPU then determines that bit 7 is false and then fetches

the program counter address from Location 2A.
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4.2.6.2 VECTORED INTERRUPTS.

When a vectored interrupt is received by the CPU chip set

(10), the resulting process is similar to a read instruction.

When Vectored Interrupt is asserted, jumper wires on CPU2

connect it to any of the eight pads VlO-Vl7. This produces two

outputs at the decoder: VINTR1-VlNTR3 produce the interrupt

code and the other output from pin 14 is asserted any time

there is an input to the decoder. This produces INTFF which

is applied to CPU interrupt 10. At the same time, VINTRI

VINTR3 are sent to CPUI to the interrupt storage register UI

where they are clocked in by lACK. When Data In (DIN) is

received from the CPU, lDIN is asserted which applies VlNTRI

VINTR3 to the data bus DAL1-DAL3. The CPU then reads the

interrupts from the bus.

4.2.6.3 DMA OPERATIONS.

The AM-IOO provides seven levels of DMA capability. Levels

VIO-VI6 are jumper selectable and level 7 is wired directly

to PHOLD.

The other DMA inputs are jumper selectable and provide corres

ponding D~~GRANT (DMAGRO-DMAGR6) outputs to the 5-100 Bus.

A DMAG output (DMARCVD) is generated one clock cycle before

the selected DMAGRANT to signal all the DMA boards that a

new DMA grant is about to be issued. No DMA device should

issue a DMA request during the time DMARCVD is asserted.
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4.3 CPU MICROPROCESSOR CHIP SET DESCRIPTION.

The Western Digital MCP1600 microprocessor is an 8-bit micro

programmable computer implemented with 3 MOS/LSI chips using

UDC's N-channel silicon gate process. The chip set consists

of the CP1611B Data chip, the CP1621B Control Chip, and the

CP1631B microinstruction ROM (MICROM) chip.

These chips are interconnected by the 22 bit Microinstruction

Bus (MIB) which provides bi-directional communication between

the chips for addresses and instructions. A Data Access Bus

provides a 16 bit port for communicating with other system

components such as memory and I/O.

The list below describes the pertinent aspects of the set:

- 8-bit Internal Organization

- l6-bit Data Access Port to Memory and I/O

- 26 Registers

- Extensive Microinstruction Set Including Decimal

Operations

- Single and Double Byte Operations

- Micro and Macro Level Condition Flags

- 512 Word x 22-bit Control ROM

- Control ROM Expandable to 2048 words

- Micro Level Subroutine Capability

- Programmable Translation Array for Macroinstruction

Interpretation

- Four External Interrupts and Three Internal Interrupts

- External Instruction Set

- Power Supplies +12V, +5V, and -5V

- TTL Compatible 3 State Interface

~
Figure 4-18 describes th~ interconnection of the reqUired

"components of the MCP 1600 microprocessor set. The DATA CHIP,

(CP1611B) contains the arithmetic logic unit, the microinstruc-
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tions decode and the register file. Additionally, it contains

paths to control the operation of the processor.

The CONTROL CHIP (CP162lB) contains the program translation

array, portions of the control circuitry to control operation

of the processor set, the microinstruction counter and the I/O

control system.

The MICROM CHIP (CP1631B) contains the microinstruction ROM.

The MP1600 microprocessor set may be expanded up to four MICROMs

giving the user a total of 2,048 22 bit microinstructions. In

addition to the three parts comprising the Microprocessor Set,

twelve other available standard TTL parts are required. These

parts serve to:

- Generate the clocks

- Latch and gate input signals

- Latch and gate output signals

•
•
•

i' i'i' r :!! ;;

U
~rm
~

m m ~

512 X 22
:; :;

ADM

CHIP

CP1631B
f-cs

"I "'"t30

1

4 ",' "I' "I' "t
TE (TTL

CONTROL DATA DAL(l0

Ie \"TTL) I.-
15 111

:}-itf+-t-'
CHIP '"- CHIP

CP1621B CP1611B
13 TL

WAIT

II t
F'PL v (TTL!
BUSV lTTL)
SYNC (TTl)
DIN (lTLj

DouT ITT Ll

""8 llTLl
lACK (TTL\

Figure 4-18. ~fCP1600 Microprocessor Block Diagram

4-55



The three chips that make up the MP1600 microprocessor set
are contained in standard 40-pin DIPS with pin assignments
as listed in Tables 4-9, 4-10, and 4-11.

Table 4-9. Data Chip (CP1611B) Pin Assignments

PIN PIN PIN PIN
NO. SIGNAL NO. SIGNAL NO. SIGNAL NO. SIGNAL

1 03 11 DAL08 21 02 31 MIB07
2 VBB 12 DAL09 22 WAIT 32 MIB06
3 DAL00 13 DAL10 23 MIB15 33 MIB05

4 DAL01 14 DAL11 24 MIB14 34 MIB04

5 DAL02 15 DAL12 25 MIB13 35 MIB03
6 DAL03 16 DAL13 26 MIB12 36 MIB02
7 DAL04 17 DAL14 27 MIEll 37 MIB01

8 DAL05 18 DAL15 28 MIB10 38 MIB00

9 DAL06 19 VSS 29 MIB,09 39 VDD

10 DAL07 20 04 30 MIB08 40 01
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Table 4-10. Control Chip (CP1621B) Pin Assignments

PIN PIN PIN PIN
NO. SIGNAL NO. SIGNAL NO. SIGNAL NO. SIGNAL

1 ¢3 11 MIB16 21 ¢2 31 MIB07.
2 VBB 12 REPLY 22 VCC 32 MIB06
3 13 13 WAIT 23 MIB15 33 MIB05
4 12 14 DOUT 24 MIB14 34 MIB04
5 II 15 WB 25 MIB13 35 MIB03

6 I¢ 16 lACK 26 MIB12 36 MIB¢2
7 MIB17 17 SYNC 27 MIB11 37 MIB01
8 BUSY 18 DIN 28 MIBl¢ 38 MIB¢i!l
9 COMPUTE 19 VSS 29 MIB09 39 VDD

10 RESET 20 f;l4 30 MIB$8 40 $1

Table 4-11. Microm Chip (CPI631B) Pin Assignments

PIN PIN PIN PIN
NO. SIGNAL NO. SIGNAL NO. SIGNAL NO. SIGNAL

1 ¢3 11 MIB16 21 ¢2 31 MIB¢6

2 VBB 12 MIB17 22 VCC 32 MIB05

3 NC 13 MIB18 23 CHIP
SELECT 33 MIB04

4 NC 14 MIB19 24 NC 34 MIB03

5 NC 15 MIB2¢ 25 NC 35 MIB¢2

6 NC 16 MIB21 26 MIB11 36 NC

7 MIB15 17 NC 27 MIBl~ 37 MIBjh

8 MIB14 18 NC 28 MIB09 38 MIB00
9 MIB13 19 VSS' 29 MIB¢8 39 VDD

10 MIB12 20 04
, 30 MIB07 40 ¢1.
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4.3.1 SYSTEM COMPONENTS.

The main functional components of the CPU microprocessor are

physically partitioned into three kinds of devices. The logical

partitioning of the system, however, encompasses five areas as

follows:

1. Processing and Data Handling. This is generally

handled on the CPl6llB Data Chip.

2. Next Instruction Address Generation. This is gener

ally handled on the CP162lB Control Chip.

3. Microinstruction Storage. These are contained on

one or more CP163lB Microinstruction ROMs.

4. Microinstruction Bus. This bus connects the three

types of devices together and provides a path for

the microinstructions to flow from the microinstruction

ROM to both the Control and the Data Chip.

5. Data Access Bus. This bus provides access from the

MCP1600 microprocessor set to the outside world.

Lines comprising this data access bus come from all

three of the chip types. Lines containing the address

and data come from the Data Chip, control lines

defining the state of the data access come from the

Control Chip and user programmable control lines come

from the Microinstruction ROM.

The MCP 1600 operates on a four phase clock system. While

there are some variations, the general use of each phase period

is:

- ~l

- ~2

- ~3

- ~4

Instruction Access

Data Access

Execution

Data Update
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4.3.1.1 REGISTERS.
The various registers in the CPU microprocessor are described

in the following paragraphs.

Register File. The Register File consists of 26, 8 bit regis

ters which provide RAM data storage for the MCP1600 processor

set. The register file has 2 output ports and 1 input port.

Fourteen of the registers of the file can be directly addressed

by the A and/or B register designators of a microinstruction.

Additionally, the 16 top-most registers of the register file

may be considered as register pairs and can be addressed by the

G register to permit operation on full words of data. The

Register File is on the Data Chip.

The A and the B output ports of the register file feed into

the ALD.

G Register. The G register is a pointer register on the Data

Chip that describes the currently accessed linked consecutive

pair of registers in the register file. Note that, when the

G register is being used, access to the register file is from

the top down. This is opposed to the access to the register

file when only the A and B fields are being used as designators;

in which case, it is from the bottom up. This register is loaded

by IW and LGL instructions. "Input Word" instruction loads

the G Register from the DAL bus as specified by the "b" field

of the instruction. "Load G Low" instruction loads the G

Register Ra.

The first (or lowest) 14 registers of the Register File are

addressable only from the MIR register. The top 12 registers

are addressable only from the G Register. The middle 4 regis

ters are addressable from either the G or the MIR registers.

Figure 4-19 describes the addressing conventions of this file.

It is helpful to note that if the a or b fields of the MIR

are 1 or 0, then this enables G Register addressing.
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Some Examples

Assume G = 4, a = 0, b = B
Then one operand (A Port) will be from G'B'

The other operand (B Port) will be from R'B'

Assume G = 0, a = 7, b = 1
Then·one operand (A Port) will be from R'7'

The other operand (B Port) will be from G'l'

Assume G = b, a = 1, b = °
Then one operand (A Port) will be from G'D'
The other operand (B Port) will be from R'D'

Assume G = 3, a = 6, b = A
Then one operand (A Port) will be from R'6'
The other operand (B Port) will be from R'A'

Assume G = 5, a = 0, b = 1
Then one operand (A Port) will be from G'S'

The other operand (B Port) will be from G'6'
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REGiSTER FILE ADDRESSING MODES

A2

A3

A'

A'

••
A1
AO

A9

AA
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or>cr~

RD/GO

RE GE

RF II":F

GB
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G9
~8

"
-~;-

GS --
G'
G3

c2
c,

c.

Bottom

1o.

Jon Fat.

{" ~ F}
II C F

{
, 'n," ,

""II
G 0 5

Figure 4-1~ Register File

ALU Status Bits. The ALU provides 4 status bit outputs which

reflect the result of each 8 bit output which in turn reflects

the result of each 8 bit operation. The ZB and NB bits are

updated after every ALU operation. C4 and C8 are updated only

during Arithmetic or Shift operations. These bits may be tested

by Jump, but their primary function is to pass result data from

the first cycle of a word instruction to the second cycle.

The available status bits are:

ZB: Set if the result of a Byte or Word operation is

zero; cleared otherwise.

NB: Set if the high-order bit of a Byte or Word operation

is a one; cleared otherwise (except for SRW and SRWC).
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C4: Set if Carry Out of Position 3 is a one; cleared

otherwise. Updated only on Arithmetic operations.

This status bit is used mainly for decimal arithmetic

corrections.

C8: Set if Carry Out of Position 7 is a one; cleared

otherwise. (Note that this status bit is not set

to borrow for subtract as is the case with the C

Flag.) Also set if the shifted off bit of a Shift

operation is a one; cleared otherwise.

Condition Flags. The Condition Flags consist of 4 latches

which can reflect the status of the previous ALU results. The

updating of these flags can be selectively enabled or disabled

at the discretion of the microprogrammer. The condition flags

are updated with odd-numbered instruction opcodes in the range

of 80-EF.

Z Flag: Set if the result of a Byte or Word operation

is zero, cleared otherwise.

N Flag: Set if the high-order bit of the result of Byte

or Word operation (except for SRW and SRWC)

is a one; cleared otherwise. (Note that this

is the complement of the sign of the result if

overflow occurs.)

C Flag: Monitors the carry,

as follows:

Add and Increment:
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Subtract and

Decrement:

Shift:

Set if there is a borrow

(complement of carry) from the

most significant bit of the

Byte or Word result; cleared

otherwise.

Set if the bit shifted off in a

left or right shift 1S a one;

cleared otherwise.

The C Flag is not affected for operations (other

than those listed above) even if the other flags

are updated.

V Flag: Set if there is an arithmetic overflow on Arithmetic

operations, cleared if there is no overflow and

on Non-arithmetic operations. On Add operations,

overflow occurs when the sign of the two operands

are the same and the sign of the result is different.

On Subtract operations, overflow occurs when the

signs of the two operands are different and the sign

of the result is different from the operand in Ra

(V=C7 e C8).

The format of the ALU status and flag register word is shown

below:
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MIR Register. The 16 bit MIR register holds the least signifi

cant 16 bits of the 22 bit microinstruction currently being

executed. The MIR register is loaded every 01 unless the

currently executing microinstruction is of the 2 cycle variety.

In this case, the register is not clocked on the second occurrence

of 01.

4.3.1.2 INSTRUCTION ADDRESS GENERATION.

This paragraph describes the registers and arrays used in

generating the next microinstruction address.

Location Counter Register. The Location Counter (LC) is an

11 bit register which holds the address of the next micro

instruction to be accessed. Under normal conditions, the LC

is incremented by one after each access of a microinstruction.

The LC can be altered by other than one through execution of

a Jump instruction or a Return from Sub-routine (RFS) instruc

tion or by the invocation of a PTA translation.

Return Register. The Return Register (RR) holds an 11 bit

address and permits a subroutine depth of one in the micro

program. When a subroutine jump is indicated (MIB 16 = 1),

the return register stores the incremented contents of the

LC. Contents of the return register can be transferred to

the LC under the control of a RFS - (Return From Subroutine).

Translation State Register. The Translation Register (TR) is

a 16 bit register which holds the data presently being input to

the PTA. Data on the Microinstruction Bus (MIB) is used to

load the Translation Register. Note that only the upper or

lower half of the Translation Register can be fed into Array 3

at one time.
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Translation Arrays. There are four arrays on the control chip

that control the generation of the next microinstruction

address. They generate new inputs into the LC register, as

a function of the LC register contents, the contents of the

translation register, interrupts, and other miscellaneous

inputs. The detailed operation of these arrays is discussed

in Section 4.3.3, PROGRAMMABLE TRANSLATION ARRAY (PTA).

4.3.1.3 MICROINSTRUCTION BUS.

The Microinstruction Bus serves to interconnect the three

required parts of the MCP1600 Microprocessor set. The bus

is organized into 4 distinct sections.

MIBOO - MIB15 carry proper microinstruction data from the

microinstruction ROM chip to both the control chip and the

data chip. These lines may also carry data between the data

chip and the control chip under certain conditions.

MIB 16 controls the subroutine jump operation. When MIB16

is set on a jump instruction, it causes the incremented con

tents of the LC register to be placed into the Return Register.

MIB17, if set, causes the PTA on the Control Chip to perform a

Read Next Instruction translation.

MIB18 - MIB2l are TTL level outputs that can be programmed by

the user as his needs dictate. They are not used by the MCP1600

Microprocessor set to control its operations. They are pro

vided for the convenience of the user in order that he may

interface to the MIB bus or control devices directly from the

microprogram level.
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4.3.1.4 DATA ACCESS BUS.

The data access consists of three sections:

DALOO - DAL15 carry address and data between the data chip

and the outside world.

Outside Control Lines. There are five TTL level Outgoing Con

trol Lines that inform the outside world of the present state

of the MCP1600 set. These signals include Sync, Input Instruc

tion, Output Instruction, Wait and Interrupt Acknowledge.

Incoming Control Lines. There are 8 TTL level Incoming Control

Lines. These incoming control lines inform the MCP1600 Micro

processor set of the state of affairs in the outside world.

There are four interrupt lines, a Compute line, a Reset line,

a Reply line and a Busy line.

With these lines, the MCP1600 can control a wide variety of

peripheral devices.

4.3.1.5 MICROINSTRUCTION STORAGE.

The microinstruction ROM (MICROM) is a 512 x 22-bit word,

high speed ROM which stores the instructions of the micro

program. The transfer of addresses into the chip and the

microinstruction out of the chip are performed over the MIB.

Address is received from push-pull drivers in the Control Chip

on 02. The decoding takes place on 03. On 04 the selected

microinstruction is internally accessed and the MIB is pre

charged. The accessed microinstruction is placed on MIB15

MIB0 for transfer to the Data Chip and Control Chip during 01.

4.3.2 CPU OPERATIONS.
This section describes th~ internal workings of the Data Chip,

the CPU of the MCP1600 system. There are two important and

distinct partitions to the processor. The first partition,
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called the Data Chip, provides classical stored program pro

cessing. The Data Chip consists of:

-A register file

-An ari thmetic logic unit (ALU)

-A Microinstruction register

-A register file address decoder

-A control signal generation function

-Condi tion flags

-Jump decoding

-Input/Output gating

The data chip is responsible for data manipulation as a result

of instruction execution.

The second partition, the Control Chip, generates address data

that directs the accessing of the next microinstruction to be

executed. This address generation mechanism provides the MCP1600

with its unique emulation capabilities. While the Data Chip

is executing the presently fetched microinstruction, the

Control Chip is performing a transformation upon the presently

executing macroinstruction to determine the address from which

to fetch the next microinstruction to be executed.

The description of the processor proceeds by first outlining

the operation of the Data Chip (CPU) and then in the following

section outlining the operation of th~ Control Chip. It is

important to note that the two chips are not synchronized

except by a common clock, and the fact that the contents of

the NI register on the Control Chip and the contents of the

MIR register on the Data Chip are the same. Very few control

lines are passed between the Data Chip and the Control Chip.

4.3.2.1 CPU

First assume

just entered

,
SEQUENCING.

that the machine has been properly reset and has

the compute mode. The Control Chip causes a
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microinstruction to be fetched from the MICROM to be placed

on the MIB bus. (See Figure 4"20.) Assuming that the clock

is now on the leading edge of 01, the contents of the MIB

bus are gated into the MIR register on the Data Chip and the

MI register on the Control Chip.

At the end of 01 (trailing edge of the clock), the contents

of the MIR register have settled. The contents on the MIR

register are held fixed until the next occurrence of 01 (four

phase times).

At the beginning of 02, the contents of the MIR register are

presented to the various different functions of the CPU. The

A and B fields are presented to the address decoder, as is the

G register. The contents of the MIR register's C field and

OP field are presented to the master control function of the

Data Chip. During 02 and 03, the master control function

decodes the C field and generates signals which control the

gating of data to the various functions of the Data Chip.

In 02, the address decoder is interpreting the contents of

A field and the B field and accessing the appropriate register

in the register file. Also during 02, the condition codes

reflecting the result of the last ALU operation become valid.

They are presented to the FLAGS register which retains them

for examination on the next occurrence of 04. Figure 4-21

illustrates 02 data paths.

Phase 3 is the register access phase. During 03, data is

presented to the ALU by the A and the B output ports of the

register file. Data may also be presented to the ALU B port

by means of the literal path from the MIR register. Note the

literal path (whose contents are the A and B field of the MIR)
\

bypasses the address decoging logic and the register file.

Also during 03, the contents of the A and B register file

output ports may be presented to the Data Access on line DALOO
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-DALI5. During this phase time, the contents of the register

file A port may be presented to the flag register. Finally,

during this phase time, the contents of the register files

A and B ports may be presented to the gating which controls

access to the MIB bus. Figure 4-22 illustrates 03 data paths.

During 0\ the output of the ALU becomes valid. Input to the

ALU may occur from the data bus in 04. That is, data presented

on lines DALOO-DALI5 may be presented to the gating structure

which controls the output of the ALD. Finally, during 04,

the data available from the Data Access may be presented to

the gating structure that controls access to the MIB bus.

Figure 4-23 illustrates the 04 data paths. Note that, during

04, the jump control takes place. If the jump decoder indicates

that all the proper jump conditions are met and if JXX is

asserted, then MIBlS will cause the Control Chip to effect

a jump on the next clock cycle.

As the next 01 clock occurs to start the next cycle of the

instruction/execution, the data that was presented to the gating

structure that controls access to the A input port of th,

register file is gated or not gated, depending upon a signal

from the Master Control, into the register file. Figure 4-24

illustrates this path. If the instruction contained in the

MIR register is one that requires only one clock cycle for

execution, then a new instruction is fetched from the MICROM

according to the address generated by the Control Chip and

execution begins as in Figure 4-20.

If however, the instruction requires two cycles for execution,

things proceed differently. At the beginning of 01 of the

second cycle, the contents of the MIR are preserved and no new

data is gated in. The low order bits of both the 'A' and 'B'

fields are complemented ~o access adjacent slots in the register
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file to those previously addressed in the first cycle. Also

during this phase, the CPU may output data to the MIB bus.

Figure 4-24 illustrates this path.

Other than these exceptions, two cycle instructions proceed

as do one cycle instructions.

4.3.2.2 CONTROL LINES.

During 02 and 03, the Master Control function is decoding the

new contents of the MIR register in order to generate signals

to control the data transfers described above. These control

signals are generated on the basis of the contents of the C

and OP fields of the MIR register. All of the control lines

generated by the Master Control function are not described here

because some of them serve timing and sequencing functions that

are not necessary to the understanding of the CPU operation

and how it affects the Data Access and Microinstruction Bus.

Several are described in detail in the following paragraphs

and in Figure 4- 25.

Register Load. This control line determines whether or not

the output of the ALU will be gated back into the register

file input port. It is invoked by register to register format

instructions.

Load Flags. This line controls whether or not the output of

the FLAGS register will be gated into the register file input

port. It is generated by the Load Flags and Copy Flags

instruction.

Load Hi Byte. This control line determines whether or not the

contents of the DAL08-15\will be gated into the register file

input port. This line is controlled primarily by the Input

class of instructions.
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Load Lo Byte. This control line determines whether the con

tents of DAL-07 will be gated into the register file input

port. It is generated by input class instructions. Note that

this signal and preceeding signal are generated by the speci

fication in theB field of the appropriate input instruction.

Note also that one can input the low order byte, the hi order

byte, or both bytes. This latter case is an input Word

Instruction.

Modify Lo. This control line is invoked by the Modify instruc

tion and causes the output of the A register file port to be

gated on to the low order 7 bits of the microinstruction bus.

This control line is also invoked by the Load Translation

Register instruction.

Modify Hi. This control line is the high order analog of the

previously described control line.

JXX. This control line is invoked by the jump instruction It

is made hi during the first phase four of the jump instruction,

if the jump instructions have been met. It causes the contents

of the MI register on the control chip to be placed into the

LC register.

Load LIT. This instruction controls the multiplexer which

selects the B input to the ALU. The ALU B input port may be

fed from either the literal field of the MIR register or the

B port output of the register file. This control signal is

set by the literal class of instructions and causes the B input

to the ALU to be selected from the literal path.

Double/Single. This control line is generated by the Master

Control for use by itself. It is invoked by instructions that

require two cycles for execution. In the main, it controls
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whether or not a new instruction is gated into the MIR

register at the next occurrence of 01.

Load TR. This control line is invoked by the Input Word

instruction if either bits 4 or 5 of the B field are set.

These bits being set will cause the data on the Data Access

to be placed into the translation register on the Control

Chip. It is in this fashion that new macroinstructions are

fetched from the user memory for decoding.

4.3.3 PROGRAMMABLE TRANSLATION ARRAY (PTA).

This section describes the operation of the\MCP1600 Micro

processor set's most unique feature, the Pr~grammable Trans-
,

lation Array. The Programmable Translationl array serves to

generate new microinstruction fetch address~s as a function of

several parameters. These parameters are t~ose which are

normally considered during the decoding of ~ macroinstruction.

While the Programmable Translation Array was designed speci

fically to eliminate most of the overhead of macroinstruction

translation, it is useful for other purposes. For example,

a data driven processor could determine the next operation

to be performed on a data structure as a function of the

present data and the present operation.

Briefly, the Programmable Translation Array consists of eight

elements. They are:

-Location Counter

-Array 1

-Array Z

-Array 3

-Translation Register

-Array 4

-Translation State Register

-Return Register
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These elements give the capability of calculating micro- ("

instruction addresses other than sequentially, or as specified

by a jump instruction. Figure 4-26 depicts their interconnec-

tion. The mapping (or new Location Counter value) that the

PTA generates, when invoked, is a function of the value of the

Location Counter, the contents of the Translation Register,

the interrupts, and the state of the RNI line.

4.3.3.1 PROGRAMMABLE TRANSLATION ARRAY COMPONENTS.

This Section describes the components of the Programmable

Translation Array 'and their functions.

Location Counter. It is the function of the Location Counter

to hold the address of the next microinstruction. The Location

Counter is 11 bits wide and has outputs to MIBOO-MIBIO and to

Array No.1. It has inputs from the Master Control function,

Array No.4 and the Return Register. There is also an in~ut

to the Location Counter from an incrementer.

Array No.1. Array No.1 is an 88 element array with 23 inputs.

There are 11 true inputs and 11 complemented inputs from the

Location Counter and the RNI bit (MIB17). Figure 4-27 illus

trates the organization of Array No.1. Figure 4-28 illustrates

the concept, as opposed to implementation of a typical gate,

one of.88, that make up Array No.1. The outputs of these gates

make up the bulk of the inputs of Array No.2.

The purpose of Array No. 1 is to perform a selection function.

When the inputs to Array No. 1 match one (or more) of the word

values (addresses), the output associated with that word is

asserted. This array is programmed with 6 hexidecimal digits

as shown in Figure 4-29. Transistors are placed in the array

for 1 bits in the data specification. To program a group of

addresses, the bits of the address to be left out are specified
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as 0 bits for the true and complement address inputs. This

produces a 'DON'T CARE' effect for those bits and the result

will always be a match. This lets the user match on modulo

address.

The RNI serves to inhibit the output of Array No.1. The

reason for this is described later.

GJ LC ADDRESS
2322

Example:
Address ~ X' 5FS'

Arrav ., Data Word = X' 5F8A07'

Figure 4-29. Array No. 1 Data Specification

Array No.2. Array No. 2 is an ORed array whose outputs are

negated. The array has 89 inputs, 88 from Array No.1 and

one from MIB17, the RNI line. The seven outputs from Array

No. 2 represent a translation state code and become inputs

into Array No.3.

Figure 4 M 30 illustrates the organization of Array No.2.

Figure 4-31 illustrates in some detail, the conceptual structure

of the gate and interconnect structure of Array No.2. The

small circles present where the lines would normally cross

represent connections that can or cannot be made. It is via

the making or not making of the connections with transistors

that this array is programmed.
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Figure 4-31. Array No. 2 Gate and Interconnect Structure
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Due to electrical considerations, there are restrictions placed

on the configuration of Array No.2. Normally this array is

programmed in a 4 of 7 code (4 of 7 outputs may be selected

to be high, the other 3 must be low), or more ideally, to

reduce capacitive loading, a 5 of 7 code. The tables 4-12 and

4-13 describe the various state code outputs available in

both the 4 of 7 and the 5 of 7 schemes.

Table 4-12. Translation Table 4-13. Translation

State Code Outputs--4 of 7 State Code Outputs - - 5 of 7

0F 20 3C 56 69
IF 3D 5B 68 75

17 2E 47 59 6A
2F 3E 50 60 76

lB 33 4B 5A 6C
37 4F 5E 6E 79

10 35 40 5C 71
3B 57 67 73 7A

IE 36 4E 63 72
7C

27 39 53 65 74

28 3A 55 66 78

The outputs of Array No. 2 represent some of the inputs to

Array No.3.

The RNI line (MIB17) deserves mention at this point. It is

the purpose of the RNI line to force a particular user defined

state code from the mapping represented by Arrays No. 1 and

No.2. This state code will be independent of the contents

of the Location Counter.

Accordingly, RNI inhibits the outputs of Array No.1 and

invokes that state code selected by the user in Array No. 2

and makes it present at the output of Array No.2.

The programming of Array ~o. 2 is illustrated in Figure 4-32,,
Transistors are put in the arrays for zero bits as per the

data specifications.
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Figure 4-32. Data Specification

Array No.3. Array No.3 is a NANDed array, and has 42 inputs.

In contrast to Arrays No. 1 and No.2, the inputs come from

a variety of sources. The inputs to this array constitute a

direct interface to the real world at the macromachine level,

as one of the inputs is the translation register. The inputs

to Array No.3 are:

'Seven from Array No.2. (Translation Code)

'Sixteen from the Translation register. Eight are true

data and eight are complemented data .

• Fourteen inputs from the interrupt latches. Again, both

true and complemented data are present.

'Two from the translation state register. Again, both

true and complemented data are used.

'One input, called the Q signal, not generally usable.

It is worth noting, that while there are 42 inputs in Array

No.3, they are not all present at the same time. The array

is broken into two partitions. The first partition consists

of words 0 through 15, and has as its inputs, the 14 bits from

the interrupt latches. The second partition of the array,

words 16 through 99 have in the same slots the 16 bits of

inputs from the Translation Register.

The Figure 4-33 illustrates the structure of the first parti

tion of the array. Figure 4-34 illustrates the second parti

tion of the array. Figure 4-35 shows a conceptual picture

of a typical gate in the array.
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Figure 4-33. Array No. 3 Interrupt Organization
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Figure 4-34. Array No. 3 Translation Register Organization
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Figure 4-35. Typical Gate of Array No.3

Array No.3, being an ANDed array, will try to match the con

figuration of its inputs against one of the words that make up

the array. If it finds a match, the output associated with

that word will be asserted.

Array No.3 is programmed with true data as eight hexadecimal

digits. DON'T CAREs, which always result in matches, are

created by placing both ~rue and complemented bits to zero.,
Below is a data specification for the programming of Array

:-io. 3.
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- TRANSLATION TRo~NSLA;~ON -RANSLATION
TSR TSR o 0 o 0 0 r"n~

AND Gates
e· 15:

AND Gates
16·99:

3130292827

. 3130292827

242322

242322

TRANSLATION o
161514

15

INTERRUPTS e
876

87

INTERRUPTS

o

o

Array No.4. Array No.4 is a NORed array with 100 inputs which

come from Array No.3. The outputs generated by Array No. 4

include address data to be fed into the Location Counter, data

to be fed into the Translation State Register, and three control

lines. Two control lines determine whether the Location Counter

will be loaded from the Return Register or the output of the

translation array. The third control line determines whether

or not the value presented to the Translation State Register

will in fact be loaded into the Translation State Register.

Figure 4-36 illustrates the organization of this array. Note

that not all the outputs are complemented. The two control

signals LRA and LTA are true data.

Array No.4 will determine if any of its inputs are active.

If they are, the word associated with the active input is placed

on the output lines.

The array is programmed into terms of true data. Five hexa

decimal digits are used to program each word. Transistors are

placed in the array for I bits in the data specification. More

than one active AND gate in Array 3 causes the outputs to OR.

L L ~
,
<;e R T S TRANSLATION ADDRESS

A A R

19 18 17 16 15 i2 11 0
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Figure 4-36. Array No.4 Organization

Translation State Register. The Translation State Register

serves two functions. One is to determine whether the Hi or

the Lo order byte of the Translation Register is to be selected

for input to Array No.3. The oth.er is to provide a four s ta te

feedback as an input of Array No.3. The loading of the Trans

lation State Register is controlled by an output (LTSR) of

Array No.4.

Translation Register. The Translation Register holds the data

presently serving as input to the Programmable Translation Array.

It receives its inputs from the Microinstruction Bus (MIBOO 

MIB15) as a result of an LTR or IW instruction. Because of the

fact that its output destination is 8 bits wide, only half of

the Translation Register can be examined at anyone time. The
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Translation State Register controls which half of the Translation

Register is gated into the input of Array No.3, its destination.

It serves as a feedback term of information to the second half

of the word.

Bit 2 of the TSR controls the selection of translation input

from the TR. When this bit is a zero,the upper byte of the TR

is selected; when it is a one,the lower byte is selected. TSR2

does not serve as an input to Array No.3.

4.3.3.2 PROGRAMMABLE TRANSLATION ARRAY OPERATIONS.

This section describes the operation of the Programmable Trans

lation Array. The Programmable Translation Array operates

as a loop. The beginning and end points of the loop can be

considered as the Location Counter.

This loop is completed wi thin one machine cycle and .the main

components are:

The Location Counter

Arrays No. I and No.2, which taken together perform a

mapping of the Location Counter to a translation code.

The translation register, which hOlds the macroinstruction

undergoing the translation process.

Arrays No. 3 and No. 4 which take the translation code

and the macroinstruction presently undergoing translation

and map them into an address.

This newly generated address can then point to the beginning

of a macro routine to interpret the macroinstruction presently

accessed.

The operation of the Programmable Translation Array is a

function of phase time clocks and begins at 01. During 01,

the location counter is loaded with its new value. The new

value can come from anyone of four sources as follows:
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From Array No.4 of the Programmable Translation Array

From the MI register

From the incrementer

From the Return Register

Figure 4-37 assumes, for the purposes of instruction, that the

Location Counter is loaded from the incrementer. Concurrently,

with the loading of the Location Counter at ~l, the Trans

lation Register is also being loaded if either a LTR or an

IW instruction was executed.

At the beginning of ~2, (see Figure 4-38) the contents of the

Location Counter are clocked out to the MIB bus (MIBOO-10) and

to Array No.1. Both the true and complemented forms of the

Location Counter are input to Array No.1. Also input is the

RNI line. Array No. 1 takes the input data word and determines

whether or not it has a match. If it has a match, then the

appropriate output is set at the end of 02. If there is no

match, the translation proceeds no farther because no outputs

are set.

At the beginning of ~3, (see Figure 4-39), Array No.2 samples

the outputs from Array No. 1 and determines whether any are

active. If there is a match, then the translation code is

generated and fed to Array No.3, also during ~3.

During 03, the contents of the selected byte of the Translation

Register are fed to Array No.3 along with the contents of the

interrupt register, the Translation State Register, and the Q
bit. During the later portions of ~3, Array No.3 determines

if there is a match and, if a match is found, at the end of 03

an output is generated.

This output is fed

(See Figure 4-40.)

there is an active

into Array No. 4 at the beginning of 04.

During 04, Array No. 4 determines whether

input to it. If there is an active input,
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the contents of the word associated with the input are sent out

at the end of 04. The Array No. 4 word mayor may not cause

the Translation State Register to be loaded, and mayor may not

cause the Location Counter to be loaded at the next occurrence

of jH.
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4.3.4 MICROINSTRUCTIONS.

This section contains descriptions of the microinstructions.

With each description is a diagram showing the format of the

instruction and its operation code given in hexadecimal.

Above each diagram is the instruction mnemonic operation code,

the argument needed by the assembler, the instruction, and

the name of the instruction. Under each diagram is a descrip

tion of the command and its timing in clock cycles.

While the formats presented here describe 16 bits of instruction

word, be aware that the word is, in fact, 22 bits wide. The

portion of the instruction described here controls the operation

of the processor. The other 6 bits are:

-bits 16 and 17 are involved with control of the Location

Counter. Bit 16 determines whether or not the contents

of the Return Register will be loaded into the Location

Counter. Bit 17 determines whether or not a Read Next

Instruction translation will be invoked.

These two options are available on all instructions.

-bits 18 through

MCP1600 system.

as TTL levels.

21 have nothing to do with control of the

They are available for the user to program

These bits are available on all instructions.

Instruction Types. All of the MCP1600 microinstructions are

22 bits long. Of the 22 bits, the 16 least significant effect

the operation of the CPU. The purposes of the other 6 bits

are covered in either the Programmed Translation Array descrip

tion or the Micro Instruction Bus description.

The instructions for the M~P1600 are divided into four classes

as follows:
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JUMP FORMAT
~-----....,

OP I~ Address

15121110

This format provides an II-bit Control ROM address. It causes

an unconditional jump to any location in the permissable MICROM

address space by always asserting the jump control line (JXX

on the Data Chip or MIB 15 on the Micro Instruction Bus). The

unconditional jump instruction is the only one that utilizes

this format.

Unconditional jump instructions always take two clock cycles;

one to decode the instruction, the second to load the Location

Counter on the Control Chip.

A special case of this format is' the Return From Subroutine

instruction, covered later.

CONDITIONAL JUMP FORMAT
~-------

oP C I ADDRESS I
15 1211 87 0

This format provides a Jump address within a page. This instruc

tion is substantially the same as the Unconditional Jump format

with the exception of the reduced address space. It is also

a two cycle instruction with the jump decision (based upon

the contents of the C Field) being made by the jump decode

logic on the Data Chip during the first cycle. This decision

is communicated to the Control Chip via MIBlS (JXX on the Data

Chip). During the second cycle the jump is affected.

LITERAL FORMAT

Literal •
15 1211 43 o
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This format provides 8-bi t Ii teral data. The "a" field usually

specifies a file register. These instructions invoke the

"literal path" to fetch data around the register file for the

"b" input to the ALU. All of these instructions execute in

one clock cycle.

REGISTER FORMAT

__op__==r=!__-, .,,-__a_-----!I
15 8 7 4 3 0

This format is by far the predominant one. In it, "b" and "a"

are register file designators. Generally, depending upon the

operation, there can be two meanings to the register designators:

an arithmetic instruction.

a shift or move instruction

•
"a lf

as,

as,

"b" (operation)

for instance, in

"b" (operation)

for ins tance, in

"a"
•"aft

"b" and "a" can specify either a single byte data quantum or

a word (double byte) data quantum. In this latter case, the

designators usually point to the even addressed member of a.

register pair. While they may both point to an odd addressed

pair, note carefully the instructions description for the effect.

If the designators apply to a word data quantum, the instruction

takes two cycles to execute. The following sections describe

MCP1600 instructions by classes of function. See Table 4-14

for the microinstruction set, Table 4-15 for a list of the micro

instructions, and Table 4-16 for a summary of microinstruction

and status flags.
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Table 4-14. Microinstruction Set

Symbols Meaning- is transferred to

( I contents of location or register

/I Logic Product (AND)

V Inclusive "or"

¥ Exclusive "or"

RxRy Forms extended register Ry = LSB, Ax = MSB

Ra The register specified by the micro-instruction "a" field

Rb Designates no catagory

Flag Selt ing The register specified by the micro-instruction "b" field

X Don't care condition

0 Flag cleared (set to 0)

1 Flag set

- Flag not affected

• Set accordinn to function
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Table 4-15. Microinstructions

Instruction OP Code Mnemonic Microcycles Description of Operation

Jump 0101 JMP 2 IMIR11·001-ILCI Jump unconditionally
to microm location specified bv MIR11-0v'

Return from Subroutine 0(1) RF5 2 IRRHLCI Restore return address
from subrou1ines

Jump if 2B False 10 J~F 2 If rB=0, (MIR 07001-ILC7·0)Jump
conditionalbJ within microm DaOe

Jump if rB True 11 JrBT 2 If rB=1, iMIR07·00\-iLC7·0\
Jump if C8 False 12 JC8F 2 If C8=O, IMIR07·00HLC7·01
Jump if C8 True 13 JC8T 2 If C8=1, (MIR07·00HLC7·01
Jump if IC5 False 14 JIF 2 IIIC5=0, IMIR\;,·00)-ILC7·0)
Jump if IC5 True 15 JIT 2 If IC5=l, (MIR07·00)-ILC7·01
Jump if NB fOalse 10 JNBF 2 If NB=O, (MIR07·00)-ILC7·01
Jump if NB True 17 JNBT 2 If NB·l, (MI R07·00HLC7·01
Jump if r False 18 JrF 2 If roO, IMIR07·001-ILC7·01
Jump if r True 19 JrT 2 If r=l, (MIR07·001·ILC7·01
Jump if C False lA JCF 2 If C=O, (MJ R07·001·(LC7·01
Jump if C True lB JCT 2 If C=l, (MIR07·001-ILC7·01
Jump if V False lC JVF 2 II V=O, iMIR07·00).(LC7·0)
Jump if V True lD JVT 2 If V=l, IMI R07·001.I.LC7·0)
Jump if N False lE JNF 2 II N=O, (MIR07·001-ILC7·01
Jump if N True IF JNT 2 II N=l, IMIR07·001-ILC7·0)
Add Literal 2 AL 1 (Ral+Literal.Ra the 8 bit constant

is added to Ra
Compare Literal 3 CL 1 (RaJ-literal, The 8 bit result of the

literal is compared against Ra and
the annronrate flaos set.

And Literal 4 NL 1 I Ralll Literal_lRal The 8 bit result
of a logical product of Ra and the
literal are coded into Ra.

Test Literal 5 TL 1 IRa) II Literal The 8 bit restilt of the
logical product of Ra and the literal
set condition Flags. The contents of
Ra are unaiiected.

Load Literal 6 LL 1 Literal·IRal. The 8 bit literal is
loaded into Ra.

Reset Interrupts 70 RI 1 The three software interrupts 14. 15, and
16 are reset as indicated in the instruction
b fi•.ld.

Set Interrupts 71 51 1 The three software interrupts 14, 15. and
are set as indicated in the instructions
h liol"

Copy Condition Flags 72 CCF 1 Flags-IRal The four condition flags are
four ALU status flafls iJre loaded in Ra

Load Condition Flags 73 LCF 1 (Ra) ...Flags. The contents of Ra are
transferred to the AL U stiJtusflags
unconditionally and to thp. condition flans
unrlm control of the b fjp,ld.

Reset T5R 74 RT5R 1 Q.(T5RI. The tilren T5R bi's in the
control chin arc reset

Load GLow 75 LGL I . IRa) 2·0 .lGI. The three least significant
~ bits of Ra are loaded into the G register.,

Conditionally Increment 76 G;lB 1 If C8 is set, fRa)oJ _IRa)
Byte
Conditionally Decrement 77 CDB I If C8 is set. (Ra)·1 - IRal
Byte
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Table 4-15 (Cont.). Microinstructions

Instruction OP Code Mnemonic Microcycl.. Description of Operation
Mo"," Byte 80/81 'MB 1 (Rbl-/Ra), The S bit contents of Rb

are transferred to Ra. Rb ,s unaffected.
Mo"," Word 82/83 MW 2 'Rbi·lRa), Tne 16 bil contents olRbfl Rb

are transferred to Ra+t Ra, Rb+1 and Rb
are "n-ffort""

Conditionalty Move Byte 84/85 CMB 1 (Rb)·IRa), if C=I, The S bit contents of
Ab are transferred to Aa if the carry flags
is set from a preViOIJS operation.

Conditionalty Move Word 86/S7 CMW 2 (Rb)-IRa), iIC=I. The 16 bit contents 01
Rb=1 Rb are transferred into Rafl Ra if
the carry flaa is set from a previous operation,

Shift Lett Byte with Carry 68/S9 SLBC 1 . (Rbml.IRamfll, (carry I -IRaoll. The 8
bh contents c~ Rb a~e shit ted (€oh ene b~t

and loaded into Ra. The contents of the
carry flag is inserted into the vacated low
oosition of Ra.

Shift Left Word with Carry BA/BB SLWC 2 (Rbm).( Ram+il, (carry)-( Ra 01. The 16
bit contents of Rb+l. Rb are sh,fted left
one bit and loaded into Ra+1 Ra. The
contents of the carry flag lOS inserted into
the vacated low posit ion of Aa.

Shift Left Byte SC/SD SLS 1 IRbml.(Ram+11 The S bit contents of
Rb are shifted left one bit and loaded
into Ra.

Increment Syte by 1 90/91 ICSI 1 IRbl+I.(Ra), The B bit contents of Rb are
incremented by One and the result is
transferred to Ra.

Increment Word by 1 92/93 ICWI 2 (Rblfl.IRa). rhe 16 bit conlents of Rb+1 Rb
are incremented by one and the fesult
transferred 10 Rat' A;I_

Increment Byte by 2 94/95 ICB2 1 (Rblf2.( Ral The B bit contents of Rb are
incremented by two and the r~5U\t

tram.terred \0 Ra.
Incremen t Word by 2 96/97 ICW2 2 IRb)+2.IRal. The 16 bit contents of

Rb+l Rb are incremented by two ,d the
result transferred to Ra+l. Ra.

Twos Complement Byte 9S/99 TCS t IRbl+I-Ra. The S bit contents of Rb are
two's complemented and tran5h"'.HPG to Ra.

Twos Complement Word 9A/9B TCW 2 IRblfl.Ra. The 16 bit conlents of Rbfl
Rb are two's complemented and transferred
to Ra+1 Ra.

Ones Complement Byte OC/9D OCB 1 (Rbl-Ra, The S bit contents of Rb are one's
comptemented and trarrsferred to Ra.

One's Complement Word 9EI9F OCW 2 Im;j-Ra. The 16 bit conlenlS of Rb+1 Rb
are one's complemented and transferred to
Rafl:Ra,

Add Byte A0/AI AB , IRb)fIRa).lRa), The S bit COnlents of Rb
are added to Ra and loaded intn Ra.

Add Word A2/A3 AW 2 (Rb)+(Ra!.(Ra!. The 16 bit contents of
Rbf I Rb are added to Ra+ I. Ra and loaded
into Rat I- Ra.

CondH·,onally Add Byte Mmo CAB , \l'.\>\'\I'.a\.(R,,1. II C·L 1tw. ~ hit e"",•."t,
of Rb are added to Ra and the rpsult is
transferred to Aa if the carry flag is set
from a previous ooeration.

Conditionaily Add Word A6/A7 CAW . 2 (Rbl+IRaI-iRal, if C-I. The 16 bit coolenls
i of Rbf 1. Rb are added to Ra'l Ra and

the resUlt is transferred to Aa+I.Aa if
the carry flag is set from a previous
operation.

Add Byte wltn carfV AS/A9 AHC 1 lRblfIRal+C.IRa) The 8 bit sum of the
contents of Rb plus the carry flag are added

I to Ra and the result is transferred to Ra.
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Table 4-15 (Cant.). Microinstructions

Instruction OP Code Mnemonic Microcycles De~rjptjon of Operation

Add Word wi rh Carry AA/AB AWC 2 IRbffIRa)+C·IAal. The 16 bit sum of the
contents of Rbi 1 Ab plus the carry flag arp
added to Aa+' Ra and the result is tfilrls1:eH(I,
to Ra+l·Ra.

Conditionally Add Digits AC CAD 1 IRbI3·otIRaI30·(RaI30 If C4=0
IRb)74+{Ra)7·0·{AaI7·4: if C8:0
The 4 least significant and/or 4 most signified
bits of Rb are addoo 10 their corresponding
bits in Aa if C4 or C8 and reset respectively
from a previous operation. This allo'HS
decimal arithmetic corrections.

Conditionally Add Word AE/AF CAWI 2 IRblt(Ralo(Ral, d ICS-I. The 16 bit
on Indirect Condition contents of Rbtl Rb are added to Ra+l:
Status Aa and the results transferred to Ratl: Aa

if the ICS code is set from a prior operation.
This instruction aflows address displacement
addi1ion on Branch conditions.

Subtract Byte B0/BI SB 1 IRaHAbHRal. The 8 bil content' of Rb
are subtracted from Ra and the result
loaded into Ra.

Subtract Word B2/B3 SW 2 IRaHRbHRal. The 16 bit contents of
Rb+I:Ab are subtracted from Ra+f:Aa and
the results loaded rnto Ra+1 Ra.

Compare Byte 84/B5 CB 1 (RaHRb). The B bit dillerence between
the contents of Ra and Rb is used to set
the status flags at all times and the
condition flags if OP code 85 is selected
Registers Ra and Rb are not changed.

Compare Word B6/B7 CW 2 (RaHAbl. The 16 bit difference between
the contents of Ra+/'Ra and Rb+I'Rb are
used to set the s1atus flags at all times
and the conditlcn fla~s if OP Code 87 is
selected. Registers Ra+l, R.a and Rb+\' Rb
are not changed

Subtract Byte with Carry B8/B9 SBC 1 IRal·IRb}·Co(Aal. The difference 01 the
e bit contents of Rb subtracted from Aa
minus the contents of C flag is loaded
in!" R,

Subtract Word with Carry BAiBB SWC 2 (Aa)·Abl·CoIAa) The dilference of the 16
bit contents of Rb+l: Rb subtra<.~ted

from Ra+I.Aa minus the contents of
the C flag is loaded into Ratl Ri;.

Decrement Byte by I BC/BD DBI 1 (Rbi· loRa. The B bit content, of Rb
minus one are loaded into Aa.

Decrement Ward by I BE/BF OWl 2 {AbHoAa. The 16 bit contents of Rb+1
Rb minus one are loaded into Ra+l: Ra.

And Byte C0/CI NB 1 (RbII\iAaHRa) The a bit logical product
of Rb and Ra is loaded into Ra.

And Word C2/C3 NW 2 IRblAIRaHAal 1he 16 bl! log\eol
product of Rb+l Rb and Ra+1 Ra is loaded
into Aa+ I Aa.

Test Byte C4/C5 TB 1 (RbIA(Ral. The 8 hI! 10911'ili product of
Rb and Aft s~ts the statuS tlC)Qs al all
times and the condition flags if OP code
C5 is sefected. Ra and Rb are unchanged.

Test Word C6/C7 TW 2 (Ab}A(Aal. The 16 bit logical product of
Ab+ ,. Ab and Ra+ t Aa sets the status
flags at all times and the condilion flags.
if OP code C7 is selected. Ra and Rb
are unchanged.

Or Byte CB/C9 OB 1 (RblV(RaHAa) The 8 bit logical OR
operation is performed between the can·
tents of Ra and Rb and the result are
transferred to Ra.
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Table 4-15 (Cont.). Microinstructions

Instruction OP Code Mnemonie Microcycles Description of Operation

Or Word CAICB OW 2 IAblV IRal.IRa). The 16 bit logical
OR operation is performed between
the contenlS of Aa+1: Ra and Ab+l: Ab
and the results are transferred to
Aa+I:Aa.

Exclusive-Or Byte CCICO XB 1 IAb)VtAal·Aa. The 8 bit logical exclu·
sive OR operation is performed between
the contents of Rb and Ra and the result
is transferred to Aa.

Exclusive-Or Word CE/CF XW 2 IAb)VIAa).Aa. The 16 bit logical exclu·
sive OR operation is pef10rmed between
the contents of Rb+1: Ab and Aa+l: Aa
an~ the ,""ult i< t,an<ferred tn Ra+}' Ra

And Complement Byte 00/01 NCB 1 IAbIAIAa)·IRal. The 8 bit logical pra-
duct of the inverse of Ab and the can·
tenlS of Aa is loaded into Aa.

And Complement WUfd D2/03 NCW 2 IAbl AIAa)·IAal. The 16 bit logical pro-
duct of the inverse of Ab+l: Ab and the
contents of Ra+l: Ra is loaded into Ra+\: Ra.

Shift Right Byte with 08/09 SRBC 1 IAbm+l) .(Ram). icarry)-(Aa7l. The 8 bit
Carry contents of Rb are shifted right one bit

and loaded into Aa. The carry flag is
inserted into the high order position of
Aa_

Shift Right Word DAlOB SAWC 2 IAbm+I).IAam). Icarry)-IRa15). The 16
with Carry bit contents of Rb+1 Rb are shifted right

One bit and loaded into Ra+l. Ra. "The carry
flag is inserted into the high order position
of Ra+1.

Shift Right Byte DC/DO SRB 1 IRbm+J)·IAam). The 8 bit cOntents of Rb
are shifted right one bit and 10aded into Aa.

Shift Right Word DE/OF SAW 2 IRbm+I\.IRam!. The 16 bit contents 0\
Rb+I.Rb are shifted right one bit and loaded
into Ra+l: Ra,

Input Byte EWEI IB 1 1m in) IDALI·IRa) An 8 bit byte on the OAL is
loaded into the sPecified Ra. The b field
in this instruction selects read or read,
modify" Write operation and selects' upper
IBitI5-8) or lower IBits 7·0) as the byte
to be input from the Dal lines,

Input Word E2/E3 IW 2 (min) (OALHRal. The 16 bit word contaoned
on the OAL is loaded Into Ra+ I' Ra. The
b field in this instruction selects read or
read-modify-write operation, selectively
updates the G register. and selectivelV sets
the ICS bit.

Input Status Byte E4/E5 ISB 1 (OALI·IAal. The 8 bit byte from the OAL
line, as specified by the b told is input to
register Ra. regardless of the State of reply
or busy signal.

Input Status Word E6/E7 ISW 2 (DALHAal. The 16 bit word from the
DAL line is loaded into Ra+1 Ra regardless
of the state of the Reply Of Busy Signal.

Modify Instruction EC/ED MI , 1 IMIBIVIAb: Ral. The 16 bit contents of
registers Rb. Ra are QRed with the contents
ot next mlcrom micro-instruction on the
MIS lines to modify any or all of the next
micro-instruction. This instruction CCI"I be
used to make on·line changes to micro-
program flow.
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Table 4-15 (Cont.). Microinstructions

Instruction OP Code Mnemonie Microcycl.. Description of Operation

load Translation EE/EF lTR 2 (Rb.RaHTRI. The 16 bit contents of
Register registers Rb: Aa are transferred to the

Translation Register on the chip. This
allo'WS a translation of resultant data
into a micro·instruction.

Read and Increment F0 RIBI 1 IRb Ral·DAl IRal+I.(Ral. The 16 bit
Byte by I address located in Ab: Ra is transferred

to the DAl lines and a DATA READ
operation is initiated. The contents of
Aa are incremented by one. Ab is
unchanged.

Write and Increment FI WIBI 1 IRb·Ral.DAL. (Rbl+I.(Ral. The 16 bit
Byte by I address located in Rb; Ra is transferred

to the DAl lines and a DATA WRI TE
operation is initiated. The content'! Q~ Ra
are incremented bv one. Rb is unchanaed.

Read and Increment F2 AIWI 2 (Rb: RaJ.DAL, (Ra+l: Ral+I·(Ra+I: Ral.
Word by I The 16 bit address located in Rb;Ra is

transferred to the DAl lines and a DATA
READ operation is initiated. The contents
0'1 Ra+l: Aa are incremented by one.

Write and Increment F3 WIWI 2 (Rb: RaJ.DAL. (Ra+1 Ral+I.(Ra+l. Ral.
Word by I The 16 bit address located in Rb: Ra is

transferred to the DAL lines and a DATA
WAITE operation is initiated. The con-
tents. of Ra+t: Ra are incremented by one.

Read and Increment F4 RIB2 1 (Ab:Ra).DAL, (Ral+2·(Ral. The 16 bit
Byte by 2 address (oeated in Rb:Ra IS Cransferred to

the DAL lines and a DATA READ operation
is initiated. The contents of Rs are incre-
mented by 2, Rb remains unchanged.

Write and Increment F5 WIB2 1 IRb.Ral.DAL. IRa\+2·(Ral. The t6 bit
Byte by 2 address located in Rb. Aa is transferred

to the DAl line and a DATA WRITE
operation is initiated. The contents ot
Aa are incremented by 2. Rb is not changed.

Read and Increment F6 RIW2 2 (Rb. Ral·DAL. (Ra+1 Ral+2·( Ra+l: Ral.
Word by 2 The 16 bit address located in Rb. Ra is

transferred to the DAL lines and a DATA
READ operation is initiated. The content
of Ra+I:Ra are incremented by 2.

Write and Increment F7 WIW2 2 (Rb:Ra).DAl. IRa+I.RaI+2·(Ra+IRal. The
Word by 2 16 bit address located in Rb: Ra is transferred

to the DAL lines and a DATA WRITE
operation is initiated. The contents of
Ra+l: Ra are incremented by 2.

Read FB R 1 (Rb Ral·DAL. The 16 bit address located
in Ab: Ra is transferred to the DAL line
and a DATA READ operation is initiated.

Write F9 W 1 IRb:Ral.DAL. The 16 bit address located
in Rb: Ra is transferred to the DAL lines
and a OAT A WRITE operation is initiated.

Read Ad nowledge FA RA 1 (AbRal.(DAL, I.IACK. The 16 bit address
located in Rb: Ra is transferred to the
DAL lines and a OATA READ operation
is initiated. The interrupt acknowledge
line is set hiah.

Write Acknowledge FB WA 1 (RbRal-DAL. I-lACK. The 16 bit address
located in Rb: Ra is transferred to the DA'
lines and a DATA WRITE operation is
initiated. The Interrupt Acknow\edge
line is set high.
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Table 4-15 (Cont.). Microinstructions

Instruction OP Code Mnemonic Microcycles DescriptIon of Operation

Output Byte FC DB 1 Imin,) lAb Ral·DAL. I-DOUT. The 16 bit
: ,"

data contents of Ab Ra are transferred
to the DAL lines. Registers Aa and Rb
are unchanged. The DATA OUT signal
IS activated. This instruction is completed
when the REPLV signal is received
from the addressed unit. For byte
operations Rb musl equal Aa so that the
same byte is placed in both 8 bit posHions
on the OAL.

Output Word FD OW 1 Imin,) IRb.Aa)-DAL, I.DOUT. The 16 bit daia
contents of Ab: Ra are transferred to the
DAL lines. The DATA OUT signal is
activated. Registers Aa and Rb are
unchanged. This instruction is complete
when the RE PlY signal is received hom
the addressed unit.

Output Status FE OS 1 IRbiAal-DAL. The 16 bit contents of
registers Rb Aa is transferred to the DAL
lines and takes place regardless of the
state of the Aeply or Busy signal. DOUT
is not activated and Sync is not terminated.
Registers Rb and Ra are unchanged.

No Operation FF NOP 1 This instruction causes no operation.

Table 4-16. Summary of Microinstruction and Status Flags .-
ALU Status Flags Condition Flags

Mnemonic OP Code Microcvcles NB ZB C4 CB N t V c I:A. Jump Format Bit 15·12 II 10·0
JMP 0 0 ADDA 2 - - - - - - - -
RFS 0 I .---.-.-.. 2 - - - - - - - -

B. Conditional Jump
Format

Bit 15·12 11-8 7-0
J;;;BF I a ADDR 2 - - - - - - - -
~BT 1 1 ADDR 2 - - - - - - - -
JC8F 1 2 ADDA 2 - - - - - - - -
Je8T 1 3 ADDR 2 - - - - - - - -,
JIF 1 4 ADDR 2 - - - - - - - -
JIT 1 5 ADDR 2 - - - - - - - -
JNBF 1 6 AD DR 2 - - - - - - - -
JNBT 1 7 ADDR 2 - - - - - - - -
J;;;F 1 8 ADDR 2 - - - - - - - -
~T 1 9 ADDR 2 - - - - - - - -
JCF 1 A ADDR 2 - - - - - - - -
JCT 1 B ADD A 2 - - - - - - - -
JVF 1 C ADDR 2 - - - - - - - -
JVT 1 D ADDA 2 - - - - - - - -
JNF 1 E ADDR 2 - - - - - - - -
JNT 1 F ADDR 2 - - - - - - - -
C Literal Format

Bit 15·12 114 3-0
AL 2 Lit a 1 • • . • - - - -
CL 3 Lit a 1 • • - - - - - -
NL 4 Lit a 1 • • - - - - - -
TL 5 Lit 1 • • - - - - - -a
LL 6 Lit 1 • • - - - - - -a
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Table 4-16. (Cant.). Summary of Microinstruction and Status Flags

ALU Status Flags Conditon Flag,

Mnemonic OP Code Microcvcles NB ZB C4 C8 N Z V C

D. Reg1ster Format Bit 15-8 7-4 3-0

RI 70 b x 1
SI 71 b x 1
CCF 72 x • 1
LCF 73 b • 1
RTSR 74 x x 1
LGL 75 x a 1
CIB 76 x • 1 • • • •
COB 77 x a 1 • • • •
MB 80/81 b • I • • • • 0
MW 82/83 b • 2 • • - • • 0
CMB B4/B5 b a 1 (. • • • 0 -I.C
CMW 86/87 b • 2 (. • • • 0 -I.C
SLBC 88/B9 b • 1 • • • • • • • •
SLWC BA/8B b a 2 • • • • • • • •
SL8 BC/8o b • 1 • • • • • • • •
SLW BEIBF b • 2 • • • • • • • •
IC8 90/91 b a 1 • • • • • • • •
ICWI 92/93 b • 2 • • • • • • • •
ICBZ 94/95 b a 1 • • • • • • • •
ICWZ 96/97 b a 2 • • · • • • • •
TC8 9B/99 b a 1 • • • • • • • •
TCW 9A/9B b a 2 • • · " " " " "
OCB 9C/9D b a 1 " " 0 0 " " 0 1
OCW 9E/9F b a 2 " " 0 0 " " 0 1
AB A0/A 1 b a 1 " " " " " " " "
AW A2/A3 b a 2 " • " • " " " "
CA8 M/A5 b a 1 (. • • " " " " "I.C

CAW A6/A7 b a 2 (. • " " " " " "I.C

ABC A8/A9 b a 1 • • " " " ". " "
AWC AA/AB b a 2 • " " • " " • "
CAD AC b a 1 • " " • " " " "
CAWI AEIAF b a 2 t· • • • " " • "j.e
SB B0I81 b a 1 • • " • • " • "
SW B2/B3 b a 2 " " " • • • " "
CB B4/B5 b a 1 " • • • • • • •
SW B6/B7 b a 2 • • " • " · " "
SBC B8/B9 b a 1 • • " " " • " •
SWC BA/BB b a 2 • • " • • • • ·
OBI 8C1Bo b a 1 • • • • • · • •
OWl BE/BF b a 2 • • • • " • " "
NB C0ICI b a 1 " • • • 0
NW C2/C3 b a 2 • • • " 0
fB C4/C5 b a 1 " • " • 0
TW C6/C7 b a 2 • • • • 0
OR8 C8/C9 b a 1 • " • " 0
ORW CA/CB b a 2 • • • • 0
XB CClCD b 1 · · " " 0a
XW CE/CF b • 2 • • • " 0
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Table 4-l6.(Cont.). Summary of Microinstruction and Status Flaqs

Condition Flags
,

ALU Status Flags
Mnemonic OP Code Microcycles NB ze C4 CB N ;J V C

D. Register Format Bit 15·8 7-4 3-0 ,

NCB OWOt b , • • - - • • 0 -a
NCW 02/03 b a 2 • • - - • • 0 -
SRBC 08/09 b 1 • • 0 • • • 0 •a
SRWC OA/OB b 2 • • 0 • •• • 0 •a
SRB DC/DO b 1 • • 0 • • • 0 ••
SRW DE/OF b 2 • • 0 • • • 0 ••
IB EWE' b 1 • • - - • • 0 -a
iW E2/E3 b 2 • • - - • • 0 -a
ISB E4/E5 b , • • - - • • 0 -a

E6/E7 2 • • - - • • 0 -ISW x a
MI EC/EO b • 1 - - - - - - - -
LTR EE/EF b • 2 - - - - - - - -
RIBI F0 b , • • • • - - - -a
WIBI Fl b 1 • • • • - - - -a
RIWI F2 b 2 • • • • - - - -a
WIWI F3 b 2 • " • • - - - -•
RIBZ F4 b 1 • • • • - - - -a
WIBZ F5 b , • • • • - - - -a
RIWZ F6 b 2 • • • • - - - -a
WIWZ F7 b 2 • • • • - - - -aa

R F8 b a 1 - - - - - - - -
W F9 b a 1 - - - - - - - -
RA FA b a , - - - - - - - -

WA FB b a 1 - - - - - - - -

OB FC b a 1 - - - - - - - -
OW FO b a , - - - - - - - -
as FE b a 1 - - - - - - - -
Nap FF x x 1 - - - - - - - -
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4.3.5 MICROINSTRUCTION BUS OPERATION.

The Microinstruction Bus interconnects the three different

circuits that make up a MCP1600 Microprocessor system. Con

nected to the Microinstruction Bus can be one CP1611B Data

Chip, one CP1621B Control Chip, and as many as four CP1631B

Microinstruction ROM Chips. There may also be user supplied

TTL logic connected to the Microinstruction Bus in a fashion

to be defined below.

The discussion below describes the 22 different lines on the

Microinstruction Bus from the standpoint of each of the various

types of devices attached to it and from the standpoint of user

attached devices. Figure 4-41 illustrates the system inter

connections.
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Figure 4-41. System Interconnections Microprocessor Set
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4.3.5.1 BUS OPERATION.

The Microinstruction Bus consists of 22 lines. These lines

are pre charged by each of the microinstruction ROMs attached

to the bus. Most generally, the lines are precharged high

during 04 but MIBIS is precharged high during 03 and MIB16

is charged high during both 02 and 04. The microinstruction

bus conveys its information by conditional discharge at the

appropriate phase times. The microinstruction bus is aMOS

compatible 4 phase bidirectional bus, and data on the bus is in

logical complement form.

Table 4-17 defines the meaning of each of the lines on the

bus at each phase time on the bus. Note that some lines

have more than one meaning, depending upon the phase time.

4.3.5.2 MICROINSTRUCTION BUS ELEMENT DESCRIPTION.

The Microinstruction Bus is divided into seven partitions.

These partitions can carry data in both directions. They

assume different meanings at different points in the clock

cycle of the processor set. This section describes each

element and its meaning as a function of the phase time in

each clock cycle.

MIBOO-MIBlO. These lines serve to carry data bidirectionally

between microinstruction ROMs and the Data and Control Chips.

They are unconditionally precharged Hi at ~4 by the MICROMS

attached to the bus. At the following ~~ they may have two

different meanings depending upon whether the Microinstruction

presently being executed is a one cycle or a two cycle instruction.

If the Microinstruction executes one cycle, then the next ~l

conveys the next microinstruction from the Microinstruction ROM

to the Data Chip and ContrOl Chip. If the Microinstruction

takes two cycles, the second occurrence of ~l may result in

data being transferred from the Data Chip to the Control Chip.
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Table 4-17. Microbus Timing

01 02 03 04

MIBOO-MIBIO - MicrOInstructIon from ROM - Address D"ta - Addres~ must - Prechilrge
to Data Chip and Control 10MICROM remain valid by MICROM

- Second Cycle of 2-Cycle
Instruction: Data from
Data Chip to Control Chip.

MIB11-MIB14 - Microinstruction from ROM - Prechargr.

to Data Chip and Control by MICROM
Chip

- Second Cycle of 2-Cycle
Instruction: Data from
Data Chip to Control Chip.

MIB15 - Microinstruction from ROM - Precharge - Conciitton,,\

to Data Chip and Control by MICROM Jump Results
Chip.

- Second Cycle of 2·Cycle
I f1struction: Data from
Data Chip to Control Chip.

MI816 - Load Return Register - Precharge - Disable - Pre(;hArql~

by MICROM. MICROM by MICROM
outputs at
next 01

MI817 - RNI - Prer-h,HQP

by MICROM

M1818-M1821 - TTL Outputs Valid - Precl1arge
by MICROM

At 02, address data is transferred from the Location Counter

in the Control Chip to the MICROM. At 03,the address data

remains valid on the bus. The processor cycle is completed

by an unconditional precharge of these lines by the MICROM

at 04.

MIBll-MIBl4. These lines serve to convey Microinstruction data

from the Microinstruction;ROM to the Data and Control Chips

in much the same fashion as the preceeding lines do. These lines

are unconditionally precharged Hi by the MICROM at 04. At 01
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of a single cycle, they are conditionally discharged to represent

Microinstruction Data from the Microinstruction ROM to the Data

Chip and the Control Chip.

If the preceeding Microinstruction was of the 2-cycle variety,

the second occurrence of 01 on these lines can carry data from

the Data Chip to the Control Chip. These lines have no other

significance during 02 and 03.

MIBls. MIB 15 is used to carry Microinstruction data from the

ROM to the Data Chip and Control Chip and also to transfer the

results of conditional jump tests from the Data Chip to the

Control Chip.

This line is precharged Hi unconditionally by the Microinstruc

tion ROM at 03. At 0~ it can be conditionally discharged

by the results of a conditional jump test.

At 01 this line conveys the microinstruction data from the

ROM to the Data and Control Chip. In the case of a micro

instruction whose execution takes two cycles, the second

occurrence of 01 may serve to convey data from the Data Chip

to the Control Chip. The contents of MIBls are not significant

at 02. The cycle is completed by an unconditional precharge

of MIBls at 03.

MIB16. This control line conveys data from the ROM to the

Control and Data Chips and from the Control Chip to the Micro

instruction ROM. It is unconditionally precharged HI at both

02 and 04. At 01 following 04, it may conditionally discharge

low by the MICROM; in which case, the signal is interpreted by the

Control Chip as a command to load the subroutine Return Register

with the incremented content of the Location Counter. On 02,

the lines are unconditio~ally pre charged Hi. At 03, the Control

Chip may conditionally discharge these lines. If it does so,

this is an instruction to the selected MICROM (Microinstruction

ROM) to disable its outputs at the next 01. In this fashion,
~
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2 cycle instructions inhibit the transfer of new microinstruc

tions from the MICROM to the Control Chip and the Data Chip.

MIB17. MIB17 has but one purpose. This is to convey the READ

NEXT INSTRUCTION imperative from the MICROM to the Control Chip.

This line is unconditionally precharged by the MICROMs attached

to the Microinstruction Bus and conditionally discharged at 01.

A discharge indicates that the RNI imperative is required.

MIB18-MIB21. These lines are not part of the Microinstruction

Bus in that they do not transfer data between the Micro

instruction ROM and the Data Chip and the Control Chip. They

are TTL level outputs capable of driving one TTL load per line.

They represent four bits in the Microinstruction word and are

made valid at the same time as the other outputs of the MICROM,

01. The lines are unconditionally precharged Hi by the MICROM

at 04 and conditionally discharged Low according to the contents

of the word at 01. The user may set these outputs in any

fashion he chooses. They remain valid in the inclusive interval

01 to 03. Figure 4-42 illustrates their timing.

WAIT Line. The WAIT Line from the Control Chip to the Data

Chip establishes whether or not the Data Chip is in the RUN

or WAIT mode. Whenever the WAIT control line is in the Low

state, the Data Chip is in the RUN mode and the Microinstruction

will be loaded into the MIR register and executed. This line

is normally Low and must be driven Hi during 04 to cause the

Data Chip to enter the WAIT state. It always returns to Low

when the beginning edge of the 01 clock appears.
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4.3.5.3 DATA CHIP.

The CP1611B Data Chip interacts with a subset of the Micro

instruction Bus. Lines MIBOO-MIB15 are present at the Data

Chip. They convey Microinstructions from the Microinstruction

ROM to the Data Chip, and they convey data from the Data Chip to

the Control Chip. MIB15 also has a use as a control line con

veying the results of conditional jump sets.

During the first 01 of a two cycle instruction, data is trans

ferred from the microinstruction ROM into the MIR register of

the Data Chip. The microinstruction bus is not sampled during

02 and 03. At 04, the Data Chip may conditionally discharge

MIB15 to indicate the results of a conditional jump test. At

the second occurrence of 01 of a two cycle instruction, the

Data Chip mayor may not transfer data to the Control Chip.

If the two cycle instruction was of the Jump class or word

operation class, the Data Chip will not transfer data to the

Control Chip. If the two cycle instruction was a LTR or IW

instruction (with the appropriate bits in the control field

properly set), then the Data Chip transfers 16 bits of data into

the Control Chip. This data is gated into the Translation Regis

ter on the Control Chip.

During the execution of a one cycle microinstruction, data is

only transferred from the microinstruction ROM to the Data

Chip. This transfer occurs at 01. Figure 4-43 illustrates

the timing of the Microinstruction bus interface as seen by

the Data Chip.

4.3.5.4 CONTROL CHIP.

The CP1621B Control Chip interfaces with the MIBOO-MIB17 as

the Data bus. Data can come to the Control Chip from both the

Data Chip and the Microinstruction ROM. From the Microinstruc

tion ROM,the Control Chip can receive microinstructions into
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Figure 4-43. Microinstruction Bus Interface Timing

the MI register. There these microinstructions are used to

drive the Master Control function and are also present in the

event that the Microinstruction is of the jump variety and a

jump is required. Data from the microinstruction ROM also is

presented on MIB16, which controls whether or not the Return

Register will be loaded with the incremented contents of the

Location Counter. MIB17 from the Microinstruction ROM, controls

whether or not the RNI translation will be invoked. Data from

the Data Chip to the Control Chip can be passed over MIBOO-MIBls

as a result of an LTR instruction or an IW instruction. MIBls

is also used by the Data Chip to send the results to the Control

Chip's Master Control function informing it of the results of a

conditional jump test.

The Control Chip can generate a WAIT signal which goes to the

Data Chip, and causes Dat~ Chip operations to be suspended,,
pending the completion of -'an I/O operation. The Control Chip

also generates a signal placed on MIB16 which enables or disables

the outputs of selected microinstruction ROM. This is used
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during the second cycle of the execution of two cycle instruc

tions to avoid conflicts on the microinstruction bus. The

timing of the microinstruction bus as seen from the Control Chip

is illustrated in Figure 4-44.

\
\ i
'---'

NOTES 1 BUS PRECHARGING IS Pt:RFORMEO BY THE C"631S
2. ADDRESS OUTPUT SWITCHING TIME lTMOH AND 'MOLl APPLIES TO MUiR UTIll ONLY
3. JUMP RESPONse FADM DATA CHIP CP16118.
4. SWITCHING TIMES ARE MEASURED AT 1~ AND 9O'llo OF SPECIFIED LEVELS

Figure 4-44. Control Chip Microinstruction Bus Timing

4.3.5.5 MICROINSTRUCTION ROM.

The Microinstruction ROM interfaces with all 22 lines of the

Microinstruction bus. It receives Microinstruction addresses

on MIBOO-MIBIO from the Location Counter in the Control Chip.

It also receives an ENABLE/DISABLE signal on MIB16 from the

Control Chip. It sends data on MIBOO-MIB17 to the Control

Chip and the Data Chip. MIBOO-MIB15 are presented to both the

Control Chip and the Data Chip. These 16 bits comprise micro

instruction data for the Data Chip and the Control Chip to

interpret. MIB16 is properly part of the microinstruction and

controls whether or not the Return Register will be loaded

with the incremented contents of the Location Counter. MIB17,

also properly part of the microinstruction, controls whether

or not the matrix represented by Arrays 1 and 2 will force a

4-116



user specified State' code that will cause the "READ NEXT INSTRUC

TIONS" translation to be performed. The interface of the micro

instruction ROM to the microinstruction bus is illustrated in

Figure 4-45.
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4.3.6

Figure 4-45.

DATA ACCESS.

Microinstruction Bus Timing CP1631B

Communications between the MCP1600 system and attached peri

pheral devices or memory is conducted via a path called the

Data Access Bus. The Data Access Bus consists of 16 data lines

(DALOO-DAL15), 7 control lines and 4 interrupt lines. The

operation of these elements is controlled by the Input/Output

class of instructions.

The Data Access provides a single 16 bit bidirectional path

to and from the processor for transfer of data and addresses.
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A number of different types of bus arrangements are possible

with the data access, such as:

-Common data and address

-Separate data and address

-Separate input and output busses

The Data Access Bus provides for 16 bit address and either 8

or 16 bit data (addresses are conventionally deemed to be byte

addresses) and provide a maximum addressing capability of 6Sk

bytes.

In accessing data, no distinction is made between memory and

peripheral units or between instructions, data, control, or

status. Each byte or word of information, regardless of

function, is assigned an address and is referenced by means

of this address.

In essence, then the Data Access Bus can be conceived to consist

of the following elements:

-Data Lines (DALOO-DALlS)

-Control Lines (SYNC, REPLY, DATA-OUT or DOUT, DATA-IN

or DIN, WRITE/BYTE, lACK, BUSY)

-Processor Control Lines (10, 11, 12, 13, COMPUTE, RESET)

The remainder of this section describes each of these elements

of the data bus and their interactions and timings.

4.3.6.1 INPUT/OUTPUT INSTRUCTIONS.

This section breaks the I/O Instruction class into 5 classes.

These classes are:

-Control Instruction consisting of the READ and WRITE

INSTRUCTIONS that serve mainly to operate the Control

Lines on the Data Access and to provide addresses.
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-Data Transfer Instruction, consisting of the INPUT and

OUTPUT instructions which serve to pass data along the

Data Access lines.

-ACKNOWLEDGE instructions which serve to respond to

interrupts.

Figure 4-46 illustrates the condition testing performed prior

to executing the Input/Output instructions. The execute

function is described in the following sections.

READ Instructions. The READ instructions take a 16 bit address

from a designated register pair and transfer it to the M regis

ter. When the address becomes valid on the bus, (during the

following 01) the SYNC line is made high. The variations

on the READ instruction are primarily for address manipulation

and easing the coding of I/O routines. They cause the address

source registers to be modified in some fashion. As far as

the system designer is concerned, the pertinent operation of

this instruction class is that it causes the selected address

to be placed on the Data Access lines (DALOO-DAL1S) and the

SYNC line to be raised. The addressed device asserts the REPLY

Line when ready for the data transfer. A flow diagram of the

READ instruction operation is shown in Figure 4-47.

R b, • READ

,.
FI

8

b

4

•
o

The l6-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA READ operation is initiated. Registers Rb

and Ra are not changed.

Timing: 1 cycle
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EXECUTE

o

T

F

Figure 4-46. I/O Instruction Condition Testing
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ADDRESS'" DALOO-15

ASSERT SYNC

I
I

EXIT

F
EXIT

Figure 4-47. Execution of Read Instruction
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!

RIBl b. • READ AND INCREMENT BYTE BY 1

15

FO

8

b

4

•
o

The 16-bit address in Registers Rb:Ra

Register and a DATA READ operation is

of Register Ra are incremented by 1.

Timing: 1 cycle

RIB2 b. a READ AND INCREMENT BYTE BY 2

is transferred to the M

initiated. The contents

Register Rb is not changed.

15

F4

8

b

4

a

o

The 16-bit address in Register Rb:Ra is transferred to the M

Register and a DATA READ operation is initiated. The contents

of Register Ra are incremented by 2. Register Rb is not changed.

Timing: 1 cycle

RIWl b. • READ AND INCREMENT WORD BY 1

15

F2

8

b

4

•
o

The 16-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA READ operation is initiated. The word in.

Ra+1:Ra is incremented by 1.

Timing: 2 cycles
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RIW2 b. a READ AND INCREMENT WORD BY 2

15

F6

8

b

4

a

o

The 16-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA READ operation is initiated. The word in

Ra+1:Ra is incremented by 2.

Timing: 2 cycles

Write Instructions. This class of instructions causes an address

in a designated register pair to be placed on the Data Access

lines DALOO-DAL15. The SYNC line is raised as the address

becomes valid at the next occurrence of 01. Also the WRITE-BYTE

line is raised during the next occurrence of 01. When the

addressed device is ready to transfer data, it asserts the

REPLY line.

The comments about address source register manipulation pertain

to this class of instructions as they do to the READ class of

instructions described above.

A DATA WRITE operation is distinguished from a DATA READ opera

tion by the assertion of WRITE/BYTE at the same time the address

becomes valid on the bus. Note carefully that this signal

later is used to describe data length when the data becomes

valid on the bus.

A flow diagram of the WRITE instruction operation is shown in

Figure 4-48.
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F

>------_ EXIT

Figure 4-48.

ADDRESS ..... DALOO·15

ASSERT WRITE/BYTE

ASSERT SYNC

EXIT

Execution Write Instruction
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W b. • WRITE

F9 b •
(

15 8 4 o

The 16-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA WRITE operation is initiated. Registers

Rb and Ra are not changed.

Timing: 1 cycle

WIB1 b. • WRITE AND INCREMENT BYTE BY 1

15

F1

8

b

4

•
o

The 16-bit address in Registers Rb:Ra is transferred

M Register and a DATA WRITE operation is initiated.

tents of Register Ra are incremented by 1. Register

not changed.

Timing: 1 cycle

WIB2 b. • . WRITE AND INCREMENT BYTE BY 2

to the

The con

Rb is

15

F5

8

b

4

•
o

The 16-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA WRITE operation is initiated. The contents

of Register Ra are incremented by 2. Register Rb is not changed.

Timing: 1 cycle

WIW1 b. • WRITE AND INCREMENT WORD BY 1

15

F3

8

b

4

•
o
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The 16-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA WRITE operation is initiated. The word in

Ra+l:Ra is incremented by a.

Timing: 2 cycles

WIW2 b. • WRITE AND INCREMENTWDRD BY 2

15

F7

8

b

4

•
o

The 16-bit address in Registers Rb:Ra is transferred to the M
Register and a DATA WRITE operation is initiated. The word in

Ra+l:Ra is incremented by 2.

Timing: 2 cycles

INPUT Instructions. The INPUT Instructions control transfer

of data from external devices on the Data Access to the pro

cessor. The data present on the data access is input by the

instruction to the specified register or register pair. The

INPUT class of instructions will not execute until a REPLY

signal has been received from the device addressed by the

previous READ instructions. Refer to a description of the

REPLY signal below for the timing required. When this instruc

tion is executed,it sets DATA-IN high to inform the addressed

device that it should place its data on the bus. This instruc

tion terminates by making SYNC and DATA-IN Low on the 02
after completion.

Note that the instructions INPUT STATUS BYTE and INPUT STATUS
WORD execute regardless of the state of the REPLY signal. Other
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than this exception, these two instructions are identical to the

rest of the INPUT class instructions.

Note also that there are no timing restrictions after the

selection of a device. As long as the operations are executed

in the proper sequence, no timeouts or arbitrary disciplines

bother the system designer.

The flow diagram in Figure 4-49 illustrates the operation of

the INPUT instruction.

IB b. • INPUT BYTE

(

115

EO/E1

8

b

4

•
o

The 8-byte from the Data Lines, as specified by b, is placed in

Register Ra. Code El causes the condition flags, except C, to

be updated. The Read Data Access operation is terminated unless

Bit 6 is a one which allows a Read-Modify Write (RMW) requiring

termination by an output instruction. The instruction will not

execute until after a Reply signal has been received from the

addressed unit. The optional inputs are listed below:

b = 0 Upper Byte (Bi ts 15- 8)

b = 1 Lower Byte (Bits 7-0)

b = 2 Upper Byte if M(O) = 1 . Lower Byte if M(O) = 0,
b = 3 Lower Byte if M(O) = 1 ; Upper Byte if M(O) = 0

b = 4 Upper Byte (Bits 15-8) ; RMW

b = 5 Lower Byte (Bi ts 7 - 0) ; RMW

b = 6 Upper Byte if M(O) = 1 ; Lower Byte if M(O) = o; RMW

b = 7 Lower Byte if M(O) = 1 ; Upper Byte if M(O) = O· RMW,
Timing: 1 cycle (minimum)
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F

T

INPUT LOW BYTE

T

INPUT HIGH BYTE

I
I

IXIT

F>--....;.--_ EXIT

F

Figure 4-49. Execution of Input Instruction
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IW b. • INPUT WORD

15

E2/E3

8

b

4

•
o

I

The 16-bit word from the Data Lines is placed in Registers Ra+l:

Ra. Code E3 causes the condition flags, except C, to be updated.

The Read Data Access operation is terminated unless Bit 6 is

a one, which allows a Read-Modify-Write (RMW) operation requiring

termination by an Output instruction. rf Bit 4 or S is a one, the

word on the Data Lines is loaded in the Translation Register;

and at the same time, either Bits 6-4 or Bits 8-6 of the DAL are

loaded into the G Register. The instruction will not execute

until after a Reply signal has been received from the addressed

unit. The Lower Byte is loaded before the Upper Byte. The

b options are listed below:

b = 0

b = 1 Load TR; DAL 6-4 to GR; Sets rcs

b = 2 Load TR; DAL 8-6 to GR; Sets rcs

b = 3 Load TR; Sets rcs

b = 4 RMW

b = S Load TR; DAL 6-4 to GR; RMW; Sets rcs

b = 6 Load TR; DAL 8-6 to GR; RMW: Sets rcs

b = 7 Load TR; RMW; Sets rcs

Timing: 2 cycles (Minimum)

ISEl b. • INPUT STATUS BYTE

E4/15 b •
15 8 4 0

The 8-bit byte from the Data Lines, as specified by b, is

placed in Register Ra. Code ES causes the condition flags,

except C, to be updated. The instruction will input regard

less of the state of the Reply signal. These optional inputs

are listed below:
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b = 0 Upper Byte (Bi ts 15 - 8)

b = 1 Lower Byte (Bi ts 7- 0)

b = 2 Upper Byte if M(O) = 1 ; Lower Byte if M(O) = 0

b = 3 Lower Byte if M(O) = l' Upper Byte if M(O) = 0,
Timing: 1 cycle

ISW b. a INPUT STATUS WORD

E8/E7 b •
15 8 4 0

The l6-bit word from the Data Lines is placed in Registers Ra+l:

Ra. Code E7 causes the condition flags, except C, to be updated.

This instruction inputs regardless of the state of the Reply

signal. The Lower Byte is loaded before the Upper Byte.

Timing: 2 cycles

OUTPUT Instructions. OUTPUT Instructions cause data to be

transferred from the processor to the addressed peripheral

devices. The OUTPUT instructions need the REPLY signal to

be asserted before execution will proceed. DATA-OUT is set

Hi by the processor during the first phase of the instruction

to inform the peripheral device that data is presently available

on the Data Access. Also during this time, the WRITE/BYTE

signal may be set to indicate the length of data on the bus.

The OUTPUT STATUS command operates as the OUTPUT instructions

except that it does not pay attention to the state of the REPLY

line.

After the execution of the OUTPUT instruction, data becomes

valid on the bus. Also, at this time, WRITE/BYTE is asserted

if the data size is one byte. If the data size is a word,

WRITE/BYTE becomes passive:

Refer to Figure 4-50 for the flow diagram of the OUTPUT

instruction operation.
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F
>--~~-__ EXIT

ASSERT WRITE·BYTE

PLACE DATA ON DALDO·IS

ASSERTDOUT

I
I
~

IXIT

WORD
RESET WRITE·BYTE

Figure 4-50. Execution of Output Instruction

4-131



OB b. • OUTPUT BYTE

15

Fe

8

b

4

•
o

The l6-bit contents of Registers Rb:Ra are transferred to

the M Register and the Data Lines. The Data Out signal is

activated. Registers Rb and Ra are not changed. To provide

proper operation with a l6-bit Data Path, b must equal a so

that the same byte is placed in both byte positions of the

M Register. Output does not take place until Reply has been

received from the addressed unit.

Timing: 1 cycle (minimum)

OW b. • OUTPUT WORD

15

FD

8

b

4

•
o

The l6-bit contents of Registers Rb:Ra are transferred to the

M Register and the Data Lines. The Data Out signal is acti

vated. Registers Rb and Ra are not changed. Output does not

take place until Reply has been received from the addressed unit.

Timing: 1 cycle (minimum)

OS b. • OUTPUT STATUS

15

FE

8

b

4

•
o

The l6-bit contents of Registers Rb:Ra are transferred to the

M Register and the Data Lines. Registers Rb and Ra are not

changed. Output takes place regardless of the state of the,
Reply signal. This instruction is normally used without a

Write instruction and cannot turn off Sync.

Timing: 1 cycle
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Interrupt Acknowledge Instructions. These instructions perform

in identical fashion to the READ/WRITE instructions. Additionally,

they raise the Interrupt Acknowledge (lACK) line. The Interrupt

Acknowledge signal and a predetermined address placed on the

Data Access bus by this instruction can be used as a signal

to the I/O devices to inform the I/O set that the device requesting

service should place its device number on the bus for transmission

to the processor. Depending upon whether or not a READ acknowledge

or a WRITE acknowledge was executed, the succeeding instruction

may be an INPUT or OUTPUT Instruction respectively.

RA b. • READ ACKNOWLEDGE

15

FA

8

b

4

•
o

The l6-bit address in Registers Rb:Ra is transferred to the M

Register and a DATA READ operation is initiated with the

Interrupt Acknowledge line high. Registers Rb and Ra are not

changed. The Interrupt Acknowledge signal along with one or

more address bits is used to form a signal which polls I 'J

units for the one interrupting the processor on the Interrupt

line corresponding to the address. The processor inputs a

byte or word containing the identification of the interrupting

uni t.

Timing: I cycle

WA b. • WRITE ACKNOWLEDGE

15

FB

8

b

4

•
o

The l6-bit address in Registers Rb:Ra is transferred to the

M Register and a DATA WRITE operation is initiated with the

Interrupt Acknowledge line high. Registers Rb and Ra are not
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changed. The Interrupt Acknowledge

more address bits is used to form a

units for the one interrupting the

line corresponding to the address.

next data output.

Timing: 1 cycle

signal along with one or

signal which polls I/O

processor on the Interrupt

This unit receives the

4.3.6.2 DATA/ADDRESS LINES.

Sixteen Data/Address Lines, denoted DALOO-DAL1S, are used to

transfer addresses and data from th~ processor and to receive

data into the processor. This bus is TTL compatible and

signals on it are logical true data.

An address is output by the Data Chip as a result of executing

a READ or a WRITE instruction. It appears on the bus at 01

following the execution of the instruction. The address is

valid on the bus during phases 2, 3 and 4.

Data is output by the processor as a result of executing an

OUTPUT instruction. It appears on the bus at the first 01

after the microinstruction is executed and remains on the

bus for a minimum of one cycle. Data is received from the

Data Access into the processor by the INPUT instruction. It

is clocked in at 04 of the instruction cycle.

4.3.6.3 CONTROL LINES.

This section describes the Control lines generated by the

CP1621 Control Chip as a result of I/O instruction execution.

It provides a functional description of the control lines.

Their timing and interactions with the Data Access lines are

further defined in Section 4.3.6.5.

Sync (TTL). The SYNC is i Control signal used to initiate and

signify the length of a Data Access operation. SYNC is made

high as soon as an address becomes valid. This occurs at 02
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following a READ or WRITE. It remains high until the termina

tion of the operation.

Reply (TTL). The REPLY is a Control signal used by the addressed

unit to respond to the Processor's Data Access signals.

The REPLY signal must be high during 03 of the INPUT or OUTPUT

microinstruction execution cycle in order to complete this opera-·

tion. The REPLY signal is also interrogated by READ and WRITE

microinstructions, and it must be low during g3·for these operations

to take place.

Data-In (TTL). The DATAIN (DIN) is a Control signal from the

Processor that causes the address unit to gate its Read data on

the Data lines. It is made high at the time the address is

removed from the lines, or one cycle after the SYNC is made

high (the second 02 of the INPUT) and is a function of the

READ instruction. The DATA-IN is made low at the end of the

Input Byte or Input Word instruction or when SYNC is made low.

This signal can be used to control the enabling of external

TTL Tri-State Bus Driver/Receivers.

Data-Out (TTL). The DATA-OUT (DOUT) is a Control signal from

the Processor which is made high at the same time as the Write

data (01 following the OUTPUT) is placed on the DAL bus by the

Processor. It remains high for the duration of the OUTPUT

instruction, dropping one phase before the data is taken off

the DAL bus.

Write/Byte (TTL). The WRITE-BYTE (WB) is a Control signal from

the Processor which is high during the time the address is on

the bus to signify a WRITE rather than a READ operation; and is

high during Data-Out to s~gnify a Byte output rather than a

Word output. To indicate an Output, it comes up at 01 following

a WRITE.
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Interrupt Acknowledge (TTL). The lACK is a Control signal

from the Processor which signifies that the Processor is

responding to an Interrupt. This signal is made high at the

same time the SYNC is made high as a result of either 'RA'

or 'WA' instructions, and stays high as long as SYNC is high.

Busy (TTL). The BUSY is a Control signal from an external unit

to the Processor requesting access to the bus. The signal can

be used, for example, by a DMA unit to access the memory. The

BUSY signal is interrogated at ~3 by the Processor every time

READ or WRITE instructions are taking place. Whenever the

BUSY signal is found to be one, the Processor enters a WAIT

state inhibiting any access operation from taking place. The

Processor will resume normal operation as soon as BUSY is

turned off.

4.3.6.4 INTERRUPT, RESET, AND COMPUTE.

This section describes signals which would, in the normal

scheme of things, be defined as processor control signals.

Reset. RESET is a TTL level line that may be controlled by an

external device. Activation of the RESET line causes the

Microprocessor to force 001 into the Location Counter. A NOP

is also forced into the MIR and the MI registers. SYNC and

DATA-IN are both reset. The RESET line can be wired to a

POWER ON reset, or it may be used by the program for its own

purposes.

Note that the activation of RESET is a hard action in that

everything stops and the above mentioned conditions are forced.

Compute. COMPUTE is also a TTL level signal and it controls,
the processor's execution 9f microinstructions. The processor

examines COMPUTE during every ~1 to determine whether or not

it should execute the present microinstruction. In the case
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of a two cycle instruction, COMPUTE need be high only during 01

of the first cycle. Among other things, COMPUTE may be used

to control single stepping of microinstructions. This line

should not be confused with the WAIT signal on the MIB bus.

Interrupts. The external INTERRUPT lines of the MCP1600 system

are 10-13. These are microprogrammable. These lines provide

inputs to Array 3 of the Programmable Translation Array and thus

may be checked at certain user defined addresses in the Micro

program. As the examination of these lines is controlled by the

contents of the Location Counter and the Macroinstruction being

translated, it is easy for the microprogram to examine them for

instance, before the FETCH cycle of every macroinstruction.

There is no discipline associated with the use of these inter

rupt lines. Their state may be changed at any time. The system

designer may implement his own interrupt control scheme by use

of these lines and the ACKNOWLEDGE instructions.

4.3.6.5 INPUT/OUTPUT OPERATIONS.

The Data Access of the MCP1600, bec.use of its flexibility,

can be used to configure a variety of I/O schemes. SeveraJ of

the schemes that can be implemented were mentioned in the intro

duction. This section will describe the interactions of the

elements that comprise the Data Access and then define some

canned operations that have been found useful. The combination

of these canned operations and a discipline that structures

interrupts and device addresses can result in a fast and powerful

I/O structure.

Standard I/O Sequences. There are five standard I/O sequences

that have been developed for the MCP1600 Processor System.

These sequences provide for the orderly transfer of data to

and from the processor. Two sequences provide for normal READs

and WRITEs. One sequence ,provides a READ/MODIFY/WRITE capa

bility which is useful for controlling random access memory

devices. The last two sequences are READ/WRITE INTERRUPT

ACKNOWLEDGE sequences.
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Note that in the timing diagrams, the first clock
cycle (01, --- 04) is devoted to instruction interpretation.

Bus operations do not begin to occur until the second clock cycle.

Write/Output Sequence. This sequence consists of two instructions:

WRITE Device Number

OUTPUT Data Source

The write operation transfers data from the processor to the

addressed unit. The Write is initiated by a Write instruction

which transfers a l6-bit address to the Data Access port. The

address is present on the lines for one cycle. Data is trans

ferred from the processor registers to the Data Access port by

an Output Byte or Output Word instruction. The operation is

terminated after the data has been on the lines for a minimum

of one cycle. When outputting a byte with a l6-bit data path,

the same byte must be placed in both the upper and the lower

bytes of the port and the addressed unit takes care of storing

the byte in the proper half of the word as selected by the

low-order address bit.

The time period between selection of the device by the WRITE

instruction and the transfer of the data is not critical if the

device controller latches the selection. The sequence is

p,raphically shown in Figure 4-51.

Read/Input Sequence. This sequence consists of two instructions

which select the device, then transfer data.

READ Device Number

INPUT Data Destination

The Read operation transf~rs data from the addressed unit to

the processor. The Read is initiated by a Read instruction

which transfers a l6-bit address to the Data Access port. The

address is present on the lines for one cycle and then the
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processor signals the addressed unit to put its data on the

lines. Data is input to the processor registers by an Input

Byte or Input Word instruction. The Read operation is termi

nated by either Input or Output instructions. An Input Byte

instruction allows for selection of the Upper Byte, Lower Byte

or the Byte selected by the lower-order bit of the address.

The time period between execution of the READ and INPUT INSTRUC

TIONS is not critical if selection latching is used in the

device controller.

Figure 4-52 illustrates the READ/INPUT sequence.
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Figure 4-51. Write/Output Sequence
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AL D A ATAIN
NC I A'DIN ~ 0

~
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PLY CD ""-....- CD

"
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D
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1 'SYNC' IS MADE HIGH AS SOON AS A VALuD ADDRESS IS ON THE BUS (02)
2 'REPLY' BEING LOW ON 03 CAUSES THE~'OIJTPUT' INSTRUCTION TO BE EXECUTED REPEATEDLY
3 'DIN' IS MADE HIGH AS SOON AS THE ADDRESS IS TAKEN OFF THE BUS /02) AS FUNCTION OF READ

MICROINSTRUCTION
4 'REPLY' AND 'DIN' MUST BE HIGH ON 03 IN ORDER FOR 'INPUT' INSTRUCTION TO TAKE PLACE
5 UPON TERMINATION OF 'INPUT' INSTRUCTION, 'SYNC' AND 'DIN' ARE MADE LOW ON 02

Figure 4-52. Read/Input Sequence
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Read/Modify/Write Sequence

this sequence is variable.

required:

(See Figure 4-53). The length of

At least three instructions are

READ

INPUT

OUTPUT

Device Number

Destination Register

Microprogram can modify data

Source Register

A Read/Modify/Write operation is both a Read and Write in a

single Data Access operation. This provides for inputting

data from an addressed unit, modifying it, and outputting the

changed data to the same addressed unit. The Read/Modify/Write

is initiated by a Read instruction which transfers a l6-bit

address to the Data Access port. The address is present on the

lines for one cycle and then data is placed on the lines by the

addressed unit. Data is input to the processor registers by an

Input Byte or Input Word instruction. The Data Access operation

is not terminated as in the case of a normal Read, but continues

for a subsequent output as specified by the Input instruction.

This suspended period can be used to modify the data, if desired.

An example might be an Increment Memory instruction. After

modification, data is transferred from the processor registers

to the Data Access port by an output byte or Output Word instruc

tion. The operation is terminated after the data has been on

the line for a minimum of one cycle.

DATA OUT ~

\

DATA INADDRESS

NEXT INSTRUCTION

o~,wo~ 101 102103' 041 O,I~2&tO~~0410'102°'"03' 04 T0'102103 10410,
WAIT

DAL

SYNC

DIN

DQUT

W"

REPLY

1 'INPUT & MOD' WILL TURN 'DIN' OFF aUT WILL KEEP 'SYNC' ON
2 'REPLY' CAN BE MADE LOW AS SOON AS 'SYNC' AND 'DIN' ARE OFF

Figure 4-53. Read/Modify/Write Sequence
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Interrupt Acknowledge Sequences. These two sequences provide

the system designer with the ability to structure his own

interrupt system. In addition to the normal READ or WRITE

sequences, the processor will raise lACK at the specified time.

The combination of lACK and a special reserved device number on

DALOO-15 could, for example, order the device controller

requesting attention to return its device number on the subse

quent INPUT instruction.

Figure 4-54 illustrates the operation of both the READ and WRITE

Interrupt Acknowledge.

W. I n, I I
, I .. I .. I .. I '0 I .. I,.III I 01 OJ" 0.1 I ~ 01 I 0] -j'" 0) I lit ,. 07 I

.-'11 r-...,
"" - --<.. ' n /I(lUIII ~~ .x ~1"'1U""11I --~"'''f .....,
nou' - - -~- ---I V \ -..,

WI"'l lII'fll .
I"';oc - --'\
\1\\1'1 ...,

- ..J

Il" I I\",,~ ...q, \ 'II'W,",," 'I 11\ 'I
(It I (\1 -I 1\:1 I \j.\ 1\\ I 117 , n1 I 1I~ /" I 11 -1- 1t.1 I 1M 111 117 'j' "' I 1I4 .' 07

1'111" 1\ C'::;.
OM ~ --'" IIlHlIII ',..,

~ -- - ",''''''''''' -..~ ...
'-

n,,,.
'-

"" .. -'-"-
AlPI ,- '- •

,.0(1( '~!tm"'IH""lnATlII1""U\llJlfoItll ~"~-II"''''''''''HO IIA ,."...'"\/1:'''....

Figure 4-54. Interrupt Acknowledge Sequence
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4.4 CIRCUIT MODULE DESCRIPTION.

This Section describes the operation of the individual circuit

packages (DIPS) contained on the AM-lOO two-board set. The

CPU processing is handled by the set of five DIPS as described

in paragraph 4.3. The control and interface modules are also

described in the following paragraphs with logic and connection

diagrams for each one.
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4.4.1 FOUR-PHASE CLOCK GENERATOR (Board 2.U12).

This device is a 4-phase clock generator using an external

oscillator to initiate the phase-l clock. By floating pins 9

and 15, the chip also operates in a free-running mode where the

phase-l clock starts due to internal oscillation. Each of the

other three clock phases follow in sequence provided the

chip does not see another positive going edge from the oscilla

tor. Once phase-4 has returned to ~ volts, all four clock

phases remain idle until the next positive going oscillator

transition. If this transition occurs during one of the clock

phases, the chip immediately tries to generate another phase-I.

For stable operation, phase-4 should not overlap phase-I.

Each clock phase width is independently controlled by an

externally applied capacitor to ground. A 10 to 20 pf capacitor

provides for an output clock phase width of 100 ns. Logic and

timing are shown in Figure 4-55.

Pin Description

Pin No. Symbol Function

1 VBB - 5 volts

2 NC No connection

3 04 Out Phase-4 Output

4 03 Out Phase-3 Output

5 02 Out Phase-2 Output

6 01 Out Phase-l Output

7 VSS Ground

8 VCC +5 to +15 volts

9 Osc Input Oscillator Input

10 VDD +12 volts

11 01 Cap Phase-l Capaci tor

12 02 Cap Phase-2 Capacitor

13 03 Cap Phase-3 Capacitor

14 04 Cap Phase-4 Capacitor

15 Gnd Ground

16 NC No Connection
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91

I-- ~ -
r--4 ri Ii r-i

cc

~ ..... ,..." .......... ..... .....

I:rM or r,r

SC
put I I I I I _ 1 , f 1

I O'LAY I , DELAY I -, DELAY r -, DELAY I -, DELAY r

v

o
In

01
Delay

1f2
Delay

93
Delay

¢4
Delay

¢4-¢1
.space or
Gnd

VCH

I \ I \CUiC
VCL OSC

VOH nnVOL PHASE-1

VOH n nVOL PHASE-2

VOH n I PHASE-3VOL

VOH nVOL PHASE-4

Figure 4-55. Four-phase Clock Logic and Timing
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4.4.2 TRI-STATE 4-BIT D TYPE REGISTER (Board 1 UI, U9, UID).

These four-bit registers contain D-type flip~flops with

totem-pole TRI-STATE outputs, capable of driving highly

capacitive or low-impedance loads.

Gated enable inputs are provided for controlling the entry of

data into the flip-flops. When both data-enable inputs are

low, data at the D inputs are loaded into their respective

flip-flops on the next positive transition of the buffered clock

input. Gate output control inputs are also provided. When

both are low, the normal logic states of the four outputs are

available for driving the loads or bus lines. The outputs are

disabled independently from the level of the clock by a high

logic level at either output-control input. The outputs then

present a high impedance and neither load nor drive the bus

line. Detailed operation and logic is shown in Figure 4-56.

".

""

" ..

I~n... '::"'-'-1>-+---+

U::J!'''~'--1::==:[5

U~J!I"!.-.-1:=::i3D

k.U'::":'"-I>o---------I_....J

Logic Oi.gram

1111"111 I"]"!::;'L)-----;~:;======::;l'h"/I( 1~1II I.

•.uA ••• ,n....." ..
"u .,""

Conl18etion Diagram

"", ell" .t ., III

Truth Table

I.

.... In

INlI'UTI

D.f41....U our""DATA
Cl.l..." el.OCk Qa, ., D

" x X x X L
L L X X X 00
L I H X X 00
L I X H X 00
L , L L L L
L , L L H H

~.. ••tt\ot< .. 01 III 100 lIolM II (••, tI.... N 0I.IUIUt"
~ loltwh....·,~Il.I.:~,~tI"
...,.ion 01 ftw ftlO·t~ 11"01 "-Kltd,

I.
H .. -ifh ....., 'n-.dV .utll "t

L .. Io¥w ...... l.t~ '''tel
f .. Iow-to~ift'l .... trensnlon
JC .. ,,-', e.elM¥' Nlputll'dudl,.. tr~I"1

00" IN.....,"01 0 blIfor. rhe IndIeMed ...... 'UU '''''
c.ondltioftt ............,

Figure 4-56. Tri-State 4-Bit D Type Register Connections



4.4.3 HIGH SPEED HEX INVERTER (Board 1, U7).

This device provides high speed low current interface logic.

Logical inversion is provided with active pu11ups. See

Figure 4-57 for logic and connections.

aND

'II I, .J ....

~ AII,,_II01_
t, ....~_ ..~ oiI

,.. '-"' ..

r----------,
lM.... , I 'If I

I I
I I
I I
I .. ~ '~Oll I
I I

I
I
I
I
Ir Cl01

¥ I
I or -r :

L!~l~~O ..1

Figure 4-57. High Speed Hex Inverter Connections
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4.4.4 TRI-STATE BUFFERS (Board 1, US, U8, U22, U24, U26;

Board 2, U45, U46, U48).

These devices provide six, two-input buffers in each package.

One of the two inputs to each buffer is used as a control

line to gate the output onto the high-impedance state, while

the other input passes the data through the buffers. The

outputs are placed in the tri-state condition by applying a

high logic level to the control pins. See Figure 4-S8 for

logic diagram and truth table.

Logic and Connection Diagram Truth Table

1& 15 ... U II "

INl'U1I OOT?UT

Ii • V

H X Hj·l

L H H

L L L

•
11 " VI AJ VI Al '1'1 '110

Figure 4-58. Tri-State Buffer Connections
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4.4.5 HEX TRI-STATE BUFFERS (Board 2, Ull, U47).

These devices provide six, two-input buffers in each package.

One of the two inputs to each buffer is used as a control line

to gate the output onto the high-impedance state, while the

other input passes the data through the buffer. The outputs

are placed in the tri-state condition by applying a high logic

level to the control pins. See Figure 4-59 for logic diagram

and truth table.

Logic and Connection Diagram

1I"",12,.,nAliYli,U'I'_

11 11 14 11 U 11 II

I' Al '1'1 A2 n .1 '1'2 ...0

Truth Table

INfltJTS OUTPUT
jj • y

H X Hi·Z

L H L

L L H

Figure 4-59. Hex Tri-State Buffer Connections
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4.4.6 EIGHT~LINE TO THREE-LINE ENCODER (Board 2, U29, USO)

This device encodes eight data lines to three line (4-2-1)

binary (octal). Cascading circuitry (enable input E1 and

output EO) are provided to allow octal expansion without the

need for external circuitry. Data inputs and outputs are

active at the low logic level. See Figure 4-60 for logic diagram

and truth table.

(

nOp VIew)

AO

•

• nOlo

1 I'"

• ,a.

· '

.. ,'"

fUNCTION tABLE
INPUTS OUTil'UTS

" • , , , • • • , .. .. AO G. .0
H • • • • • • • • H H H H H, H H H .. .. H H H .. H .. H ,
, • • • • • • • , , , , , H, • • , , , • , H , , H , H, , • • • • , H H , H , , H, • • • • , H H H , H .. , H, • • , , .. H H H H , , , H, • • , H H H H H H , .. , H, , , .. H H H H H H H , , H, , H .. H H H H H H H H , H

Figure 4-60. Eight-Line to Three-Line Encoder Connections
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4.4.7 DATA SELECTOR/MULTIPLEXER (Board 1. V16, V17. U18, UZl).

These Schottky clamped devices select a four~bit word from one

of the two sources and route it to the four outputs as true

data (no inversion). See Figure 4-61 for logic diagram and

connections.

"""T~ O<Jl'''' ,..,,,,, 011'.... '
"cc "Mull~ or ~ I~

If ,~ " ,g

.
•"ICt~ ,. ~ I. c"D

'''."IS o.A>l'"l ,,".ul$ """... \

POSJflve L.OGIC:
LOw tOQ'c ,."..1 ."l S II'I<;U A inCluU.
High logic I....,., S "'eeu e ;n""II.

Figure 4-61. Data Selector/Multiplexer Connections
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4.4.8 NAND TTL-TO-MOS DRIVER (Board 1, U2, U3).

This device is a monolithic, integrated. dual TTL-TO-MOS driver

and interface circuit. It accepts standard TTL and DTL input

signals and provides high-current and high voltage output levels

suitable for driving MOS circuits. Specifically it can be used

to drive address, control, and timing inputs for several types

of MOS RAMS. See Figure 4-62 for logic and connections.

DUAL1N·LINE PACKAGIE
lTO'VIEWI

Veel ,'" 2Y vee:

schematic (each driver)

1-..4------1-~- .......--,.,

Figure 4-62. NAND TTL-TO-MOS Driver Connections
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4.4.9 D POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND
CLEAR (Board 2, U6, UIS, U19, U23, U31, U32, U34, U36).
See Figure 4-63 for logic diagram and truth table.

TRUTH TABl.E

INPUTS OUTPUTS

PO C,R CLK D D ii, H X X H ,
H L X X , H, , x x W H"

H H , H H L

H H f L , H

H H , X DO 00

Figure 4-63. D Flip-Flop Connections
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4.4.10 DUAL J-K NEGATIVE-EDGE TRIGGERED FLIP-FLOPS WITH PRESET
(Board 2, U20, U28, U40, USO, US1). See Figure 4-69 for logic
diagram and truth table.

Connection Diagram

t l;\U .. t i~ i. •
" " "

~ rJ

r 1, • ,r J: Jr
l • J:t~~ t .. ,

Truth Table

TRUTH T.at..E

,"PUTS' OUTPUTS

PR eLK J K Q a
L x X X H ,
H I L • no 00
H I H L H ,
H • H L H

H , H H TOGGLE:

H H X X 00 00

Figure 4-64. J-K Flip-Flop Connections
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4.4.11 DUAL RETRIGGERABLE ONE-SHOTS WITH CLEAR (Board 2, U22).
See Figure 4~65 for logic diagram and truth table.

"

"
"

.. TRUTH TA.LI

INPUn OUTPUTS

• • CL" a 0-
H X H L H

X L H L H

L f H J"L cr
I H H_ .n- cr
x X L L H

.. " CUI dJ C,.,J RI'" 110

~'"

MOI.I: ....rL '" one tli!lh'le'\I~\ put". \...J. ol\6lo.... ·lllV.1 pulse..
To U&II the lOla,nal timing resiuor of 54121/74121, connllCt AINT 10 Vee·

An 'Kurnalliming capacitor may b. connected between CeXT .nd F'teXr/CeXT (politivel.
Fo. accurate repeatable puIs. widlhJ. connect an lIJOlternal "Ii.,ot b.lw.tn ReXr/CeXT 't'ld Vee with RINT open-eircuitlld.

To ohillin variahle pulse wlnlh" COnnect 8llternal variablll ,..islal1u btlween R\I'-lr or REXr/CEXT Bf'd Vee·

Figure 4-65. One Shot Connections
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4.4.12 DUAL VOLTAGE CONTROLLED OSCILLATORS (Board 2, US),

This device features two fully independent voltage-controlled

oscillators (VCO's) in a single monolithic chip. The output

frequency of each is established by a single external component,

either a capacitor or a crystal, in combination with two voltage

sensitive inputs, one for frequency range and one for frequency

control. An enable input is provided that can be used to start

or stop the output pulses when it is low or high, respectively.

The internal oscillator runs continuously, even while the output

is disabled. A pulse synchronizer ensures that the first output

pUlse is neither clipped nor extended. Duty cycle of the output

pulses is fixed a~ approximately 50 percent. See Figure 4~66

for logic diagram and connections.

The highly stable oscillator can be set to operate at any frequency

between 0.12 Hz and 50 MHz typically. The output frequency can

be approximated as follows:

f =o

500
Cext

where: Fo = output frequency in MHz

Cext = external capacitance in pF

Co '''' " I" I" " " I,
L.j I

I
y

...
I

- I..........., , I I' I'
, , I'

Cl ~l

Y,c 0"cc RIlNGf 1 C, .. 1 t •• ,l ("UU OUTPUT GND

nUOUIJllt:'t cn.UIOl

_.It ""' I .....>"" ..I ...... '"'"'".""..m~"'..l .. " ...

,.. ...1..' ...

Figure 4-66. Dual Voltage Controlled Oscillator Connections
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4.3.13 DECODER (Board 2, U7, UB, U42).

These are Schottky-clamped circuits designed for memory-decoding

or data-routing applications requiring very short propagation

delay times. This DIP decodes one of eight lines, based on the

conditions at the three binary select inputs and the three

enable inputs. See Figure 4-67 for logic diagram and truth

table.

Connection and Logic Diagram Truth Table

INPUTS
. OUTPUTS

ENAILE SELlct

Gl .... C • A VO VI V2 V3 V' V, V, .7

X H X 1< x H H H H H H H H

L X X X X H H H H H H H H

H L L L L L H H H H H H H

H , L L H H L H H H H H H

H .. L H , H H L H H H H H

H L L H H H H H L H H H H

H L H L , H H H H L H H H

H L H L H H H H H H L H H

H L H H L H H H H H H L H

H L H H H H H H H H H H L

., VI vj '\ Yf

. . ,
-~

SUH'

I" " " " " " "
,

,... P-

,
J' , , • ,

/',
-G2", G2A + G2B
H '" High lel/e1, L" low level, X '" dorl't carll

rfff~'" "
"" ..

ti=l===fj=;:t:r> 1111 ..

IIUt'
'WI/II

'"
",

Figure 4-67. Decoder Connections
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4.4.14 D FLIP-FLOPS WITH CLEAR (Board 1, U13, U14, U25;
Board 2, UlO).
These positive-edge-triggered flip-flops utilize TTL circuitry
to implement D-type flip-flop logic. Information at the D
inputs meeting the setup time requirements is transferred to
the Q-outputs on the positive-going edge of the clock pulse.

Clock triggering occurs at a particular voltage level and is
not directly related to the transition time of the positive
going pulse. When the clock input is at either the high or
low level, the D input signal has no effect at the output.

See Figure 4-68 for logic diagram and truth table.

Logic Diagram Connection Diagram

.."""-----t

.."'''---+H

..:>"---+H

.. -"",-'---1+;

ClhA

CIOCO

11 IJI I

If"" (I' IJt til QS ~ Ql UDC'

I' 1\ 11 II 11 n "

Truth Table

I.""" OUTPUTS

el.iA" CLOCK 0 0 0'
l X X l H

H I H H l

H I l l H

H l X a. a.

H • High Lewlllt-'\' ..awl
L • Low Lew! l.tlMldV .tatl'
K· Don', c..
t • Trln,Won 'rom low 10 hi... Iw-I
00 ... TN ~ (Jt 0 De'GnI In. Indlc.'ed '~1te_ I."

condition. WIre etUbll.nlld.
t .. 175, lS176, and 5176 only

Figure 4-68. D Flip-Flop Connections
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44.15 TRI·STATE OCTAL BUFFERS (Board I, U6, Ull, U19, U27).
This device provides six, two-input buffers in each package.
One of the two inputs is used as a control line to gate the
output into a high impedance state, while the other passes
the data through the buffer. The outputs are placed in the
tri-state condition by applying a high logic level to the
control pins. See Figure 4~69 for logic diagram and truth·

table.

Logic Diagram Truth Table

\.tiIJ\.lU aU"!,"t)'(

• • •
"

, z, " ", , ,

Figure 4-69. Tri-State Octal Buffer Connections

4-158



(



SECTION 5

MAINTENANCE AND TROUBLESHOOTING

5.0 INTRODUCTION.

The AM-IOO circuit board performs to full capability with a

minimum of maintenance. This Section describes maintenance

procedures and procedures for handling warranty returns.

5.1 CIRCUIT BOARD CHECKOUT.

The AM-IOO circuit board was fully tested before it left Alpha

Microsystems and will operate satisfactorily in your system

if the hardware and software requirements of Sections Two and

Three of this manual are met. Should a problem arise after

the circuit card has been in operation, perform the following

preliminary checks to identify and locate the fault.

1. Check all cabling for proper seating of connectors.

2. Check the circuit board for proper seating in the

slot.

3. Check all power connections for correct voltages.

4. Check all jumper options to ensure correctness for

your application.

5. Verify that the fault is in the AM-IOO and not

either in the system or in the peripherals. This

can best be accomplished with substitution of a

known good circuit board if available.
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5.2 WARRANTY PROCEDURES.
This circuit board is covered by warranty issued by Alpha

Microsystems, Irvine, California. Complete details of the

warranty are included with the circuit board. Should a

problem arise with this circuit board, call your dealer or

the Alpha Micro International Support Services Administrator

for information.
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SECTION 6
SCHEMATIC AND PARTS LIST
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PAR~ JI U27

DID 95 1. 8 ;lLS97 ORLOB (SH 4,Bl
lACK (5 51 8 R20

PART OF J2 DIN (SH 5) +5V lJ27
~ '.n

READY 4 ~ or 1 94 G 7 DAL.OS (SH 4 8)
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~1~12 ~ ~
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BDAL12 [SH 81 9 04 Q4 DAL04 (SH 4,7,81 DI3 42 21 '3 DALl1 (SH 4 8)
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141l;,~ CLRH N 3
01 011"-

VINTR3 33 13 02 Q2t---
VINTR2 32 I? 03 Ul Q3!"5'---_-'
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B097
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BDALOS (SH 9)
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PUl2
SYNC (SH 5)~~
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D1 Q1
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SEqUENCER

PRESETS ISH 2)

028 (SH 8)- fi-,. PR
)

READWORD (SH 4~ -% U39

Ii J Q~THREE (SH 7,8l I
elK

oarN ffiH Bl !tU26 6 tar-:::: 12 12 K liB THREE (SH B)
READY tSH Bl 5 L. "74lS04 ~I 74LS20 74LS113

JTHREE (SH 8)
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DIN (SH 6)-!.E..., ~JFOUR (SH B)
74LS02:

~
1.1 PR 9

FIVE rSH 7,m13 J Q
10 elK

OOUI (SH 3) .~ 11 U16 8 12 K li!l.
~ MSYNCI ISH B'

10 U21 B

~S!O I usa
74LSOO 74m-iS

JFIVE r$H 8)
JSEVEN (SH 8)

74LSOO ~
3 JREST rSH Sl 2 PRlI U49 3 3 J Q~ I
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5 elK
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-
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--ll PR •
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J Q

U3' elK
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(E,1ILL # DWB-OOIOI-OO
/

_<EV. B04

04/10/79

RETAIL PRICE $

WHSLE PRICE $

NET PRICE $

0.00

0.00

0.00

DESCRIPTION CPU #1 AM-IOO

PART NUMBER DESCRIPTION QTY

1
1
5
4

17
2
2
3
2

-1
7

20
11

7
3
1
2
2

12
1
3
2
6
4
1
3
1
4
1
1
1
1
1
1
1
3
3
3

CAR
CAR
CAR
CAR
CAR

1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5%
1/4W 5%

PCB CPU #1 AM-IOO
CONN FLAT CABLE 40 PIN
SOCKET 40 PIN DIP
SOCKET 20 PIN DIP
SOCKET 16 PIN DIP
SOCKET 14 PIN DIP
SOCKET 8 PIN DIP
HEATS INK 1.000WI .500HT .710LG
IC REGULATOR +5V
IC REGULATOR +12V
CAPICITOR 15 UF 20V
CAPACITOR .01 UF
CAPACITOR 33 PF
CAPACITOR 47 PF
RESISTOR 27 OHM
RESISTOR 15 OHM
RESISTOR 2.2K
RESISTOR 1 K
RESISTOR 4.7K
DIODE ZENER 5V
IC QUAD D FLIPFLOP
IC TTL/HOS LEVEL CONVERTER
IC HEX BUFFER
IC BUFFER OCTAL
IC HEX INVERTER
IC HEX D FLIPFLOP
IC 8 INPUT NAND GATE
IC QUAD 2 TO 1 DATA SELECTOR
IC DATA CHIP WD1600
IC CONTROL CHIP WD1600
HEADER IC 16 PIN
RESISTOR PACK SIP 4.7K
IC MICROM #1 WD1600
IC MICROM #2 WD1600
IC MICROM #3 WD1600
SCREW 6-32 X .250
NUT HEX 6-32 STL SM PATTERN
WASHER LOCK 6-32

DWF-OOIOI-OO
CNF-OOOOI-OO
CNS-00040-00
CNS-00020-00
CNS-00016-00
CNS-00014-00
CNS-00008-00
HDM-OOOOO-OO
ICL-07805-00
ICL-07812-00
CPP-00156-01
CPN-00103-01
CPN-00330-01
CPN-00470-01
RS2-00270-00
Rs2-00150-00
RS2-00222-00
RS2-00102-00
RS~ 00472-00
DIO ")231-00
ICI-L8551-00
ICI-75361-00
IC1-74367-00
IC1-08197-01
IC1-08T93-00
Ic1-74174-01
IC1-07430-01
ICl-74157-00
ICS-01611-03
ICS-01661-03
CNH-00016-00
RSN-00001-00
ICS-01631-27
ICS-01631-29
ICS-01631-30
HDS-00632-01
HDN-00632-01
HDW-00632-01

1
2.
3.
4.
5 •
6.
7.
8.
9.

10.
ll.
12.
13 .
14 •
15.
'.6.
17 •
18.
19.
20.
21
22.
23.
24.
25.
26.
27.
28.
29.
30.
3l.
32.
33.
34.
35.
36.
37.
38.



BILL # DWB-00I02-00

REV.B05

04/10/79

DESCRIPTION CPU #2

PART NUMBER

AM-IOO

DESCRIPTION

RETAIL PRICE $ 0.00

$
"',\WHSLE PRICE 0.00 '(~'~

NET PRICE $ 0.00

QTY

1. DWF-00l02-00
2. CNF-OOOOl-OO
3. CNS-00016-00
4. CNS-00014-00
5. HDM-OOOOO-OO
6. ICL-07805-00
7. CRY-OOOOl-OO
8. DWB-00I03-03
9. CPP-00156-0l

10. CPN-00I03-01
11. CPN-OOIOO-Ol
12. CPN-00474-01
13. CPN-00680-01
14. CPN-00151-01
15. RS2-00473-00
16. RS2-00562-00
17. RSN-OOOOI-OO
18. RS2-00151-00
19. RS2-00l02-00
20. RS2-00472-00
21. ICI-07408-0l
22. ICI-07400-01
23. ICl-74124-01
24. ICl-07474-02
25. ICl-74138-02
26. ICI-07404-01
27. ICl-74174-0l
28. ICl-74368-00
29. ICS-0192l-00
30. ICl-074l0-01
31. ICl-74ll3-01
32. ICl-26123-00
33. ICI-07402-01
34. ICI-07420-01
35. ICl-74148-00
36. ICl-74367-00
37. HDS-00632-01
38. HDN-00632-01
39. HDW-00632-01
40. ICI-07474-01
~l. ICl-74138-01

PCB CPU #2 AM-lOO 1
CONN FLAT CABLE 40 PIN 1
SOCKET 16 PIN DIP 15
SOCKET 14 PIN DIP 34
HEATS INK 1.000WI .500 HT .710LG 2
IC REGULATOR +5V 2
CRYSTAL 4 MHZ 1
HEADER OPTION AM-IOO 1
CAPACITOR 15 UF 20V 4
CAPACITOR .01 UF 18
CAPACITOR 10 PF 4
CAPACITOR .47 UF 1
CAPACITOR 68 PF 1
CAPACITOR 150 PF 1
RESISTOR 47 K 1/4W 5% CAR 1
RESISTOR 5.6 K 1/4W 5% CAR 1
RESISTOR PACK SIP 4.7K 2
RESISTOR 150 OHM 1/4W 5% CAR 2
RESISTOR 1 K 1/4W 5% CAR 1
RESISTOR 4.7 K 1/4W 5% CAR 12
IC QUAD 2 INPUT AND GATE 2
IC QUAD 2 INPUT NAND GATE
IC DUAL OSCILLATOR 1
IC DUAL D FLIPFLOP 1
IC DECODER 3 TO 8 LINE 1
IC HEX INVERTER 5
IC HEX D FLIPFLOP 1
IC HEX INVERTING BUFFER 2
IC GENERATOR 4 PHASE CLOCK 1
IC TRIPLE 3 INPUT NAND GATE 4
IC DUAL J -K FLIPFLOP 5
IC DUAL ONE SHOT 1
IC QUAD 2 INPUT NOR GATE 2
IC DUAL 4 INPUT NAND GATE 1
IC ENCODER PRIORITY 2
IC HEX BUFFER 3
SCREW 6-32 X .250 2
NUT HEX 6-32 STL SM PATTERN 2
WASHER LOCK 6-32 2
IC DUAL D FLIPFLOP 7
IC DECODE,R 3 TO 8 LINE 1


