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SECTION 1
GENERAL DESCRIPTION

1.0 INTRODUCTION.

This manual provides operating and maintenance instructions

for the AM-100 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-100 CPU circuit board set is a 16-bit microprocessor
board set that is compatible with the 5-100 Bus structure.

The AM-100 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-100 supports most of the standard S-100 Bus
peripherals including static memory, 1/0 facilities and video.

A simplified block diagram of the AM-100 CPU board set is
shown in Figure 1-1. For a complete detailed description
of CPU operation, see Sectlion 4 of this manual.



1.2 APPLICATION.

The AM-100 is a 16-bit CPU that is fully compatible with a
standard 8-bit $-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 $-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.

/
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2.0 INTRODUCTION.

SECTION 2

OPERATING DATA

This Section contains information on the use of the AM-100

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-100 are contained in Table 2-1.

Table 2-1.

AM-100 Specifications

PARAMETER

SPECIFICATION

Interface type

Standard S-100 Bus, 16-Bit words,
byte multiplexed for compatibility
to 8-bit peripherals and memories.

Instruction Set

Over 150 standard instructions coded
in unigue microcode executed on the
WD-16 CPU chip set.

Arithmetic

Operations

Hardware floating point arithmetic
to 11 significant digits.

CPU Architecture

Microprogrammed instruction set;
eight 16-bit general purpose regis-
ters; floating point hardware unit;
special high-speed byte multiplexing
logic.




Table 2-1 (Cont.). AM-100 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.)

Real Time Clock Standard Feature.

Circuilt Boards Two board set - standard 5' x 10"

with 100-pin connectors.

2.2 INTERFACE DESCRIPTION AND WIRING.

The AM-100 CPU interfaces with the standard S-100 Bus
structure. All data inputs, outputs, and control signals
are transferred through these lines. The S-100 bus con-
nections are made by the bottom edge connectors and are

listed in Table 2-2.

-



Table 2-2. AM-100 Interface Signals

SIGNAL NAME J1
PIN NO.

AQ Address 0 79
Al Address 1 80
A2 Address 2 81
A3 Address 3 31
Ad Address 4 30
A5 Address 5 29
Ab Address 6 82
A7 Address 7 83
A8 Address 8 84
A9 Address 9 34
Al0 Address 10 37
All Address 11 87
Al2 Address 12 33
Al3 Address 13 ‘ 85
Al4 Address 14 86
AlS ‘ Address 15 : 32
CLOC 2 MHz Clock _ 49
Dio Data Input Bus 95
DI1 Bits 0-7 94
D12 41
DI3 42
Di4 : 21
DIS 92
DI6 . ' 93
DI7 i 43



Table 2-2 (Cont.).

AM-1680 Interface Signals

SIGNAL NAME J1
PIN NO.

DMAGRO DMA Grant 63
DMAGR1 62
DMAGR?2 61
DMAGR?3 60
DMAGR4 59
DMAGRS 58
DMAGRS 57
DMAGR7 56
DMARCVD DMA Received 64
DOQ Data Qut Bus 36
D01 Bits 0-7 35
D02 ' 88
Do3 89
D04 38
D05 39
D06 40
DO7 S0
C/CDSB Not Used ' 18
ADDDSB E; 19
DODSB 22
MWRITE Memory Write 68
PDBIN Data Bus In 78
PHLDA P-Hold Acknowledge 26

2-4




Table 2-2 (Cont.). AM-100 Interface Signals

SIGNAL NAME J1
PIN NO,.
PHOLD DMA Reguest Line 74
PINTE CPU Intérrupt Enable 28
POC Power On Clear 99
PRESET Preset 75
PSYNC Processor Sync 76
PWAIT CPU Wait 27
PWR Write Strobe 77
SINP I/0 Input Cycle 46
SINTA .Interrupt Acknowledge 96
SMEMR Memory Read Cycle 47
SM1 Bus Master OP Code Fetch 44
SQUT 1/0 Output Cycle 45
SWo 97

Bus Master Output

%




Table 2-2 (Cont.).

AM-100 Interface Signals

SIGNAL NAME J1
PIN NO.
Vio Vectored Interrupt 0 4
VIi Vectored Interrupt 1 5
VI Vectored Interrupt 2 6
Vi3 Vectored Interrupt 3 7
Vid Vectored Interrupt 4 8
Vis Vectored Interrupt 5 9
Vié6 Vectored Interrupt 6 10
V17 Vectored Interrupt 7 11
STVAL Status and Address Valid 25
g2 Phase 2 Clock 24

2.3 USER OPTIONS.

Most of the optional capabilities of the AM-100 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.



CPU1l Header U3

1 16 1 16
2 18 2 15
3 14 3 14
s va Hiz s vs {72
6 11 6 1
7 10 7 10
8 9 8 9
AM-200 Floppy Disk AM-500 (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 Al4 and Al5 always high (1)}.

To select an address, pins 3, 4, 5, 6, 7 and 8 can be jumpered
to ground or left open to generate the desired code. An oren
(no jumper) selects a one for that address bit and 2 jumpar

to pin 14 selects a zero.

NOTE
Pins 9, 10, 11, 12, 13 and 14 on header
U3 must always be connected together.

'The pins on header that correspond to the various address bits

are as follows:

Address line Pin on U3
8 : 5
9 4
10 . 7
11 : 3
12 8
13 6

GND 14



2.4 INTERRUPT AND DMA OPTIONS.

The AM-100 provides seven levels of DMA or eight levels of
interrupt capability. The interrupt and DMA signal lines to
the S-100 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~100 board set plugs into two adjacent slots in a S=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-100 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=100 is

then ready for use. L



Make sure AC power is off and chassis is unplugged.

Locate the secondary transformer tap supplying the +8
volt rectifier. The accompanying schematic illustrates
this point for the TEI MCS-122 chassis.

Locate the E-Z hook cable supplied with the AM-100 CPU

board set.

Cut one end off the cable so that it is long enough to
teach from the top of the AM-100 CPU set to the transformer
tap connection located in Step 2. (Make sure that the
cable is long enough to be conveniently routed.)

Solder the cut end of the cable to the transformer tap

connection.

Before attaching the cable to the AM-100, 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 00 or 50 Hz.

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
PROGRAMMING

3.0 INTRODUCTION.

This section provides information for programming the AM-100
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-100 two board set, a
minimum of 32K bytes of memory on a $-100 Bus memory board,
a serial I/0 card such as the AM-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:

Floppy disk subsystem (AM-200/AM-210).
Ten megabyte hard disk (AM-500).
Large storage capacity hard disk (AM-400/AM-410).

oy N
P

Tape storage subsystem (AM-600).

To utilize other devices in the system, it 1s 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-300
or AM~400), The starting address for the bootstrap program
is jumper selectable on a platform header on CPU Board 1, U3.

The standard addresses used in Alpha Micro systems are listed
in Table 3-1 and boot addresses are listed in Table 3-2. The
standard DMA levels are listed in Table 3-4 and the standard
interrupt levels are lisf%d in Table 3-5. For further details
on interfacing Alpha Micro circuit boards, consult the

Technical manual for the individual board.



Table 3~1. Alpha Micro I/0 Addresses

Address (Hex) Interface
00 - OF Reéerved
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 PIb (parallel port, Data I/0 control, etc.)
84 - QF Unassigned
AQ - A7 AM~-600 Mag Tape I/F
A8 - AF Unassigned
B0 - BF AM-310 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




Table 3-1 (Cont.). Alpha Micro I/0 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 (2nd board)
FO - F7 AM-200 Floppy Controller or AM-210 Floppy
Controller '
F8 - FF AM-300 6 Port Serial I/0 Beoard
Table 3-2. Boot Addresses
Address (Hex) Boot Location
F400 AM-5300 Boot Address
AM-410 Boot Address
FCOO AM=-200 Boot Address
AM-210 Boot Address
AM-400 Boot address
Cooo ICOM Floppy Boot Address




TABLE 3-3. DMA Levels ("

Level Device
0
1
2
3
4
5 AM-600 Mag Tape Controller
6 AM~-200 Floppy Controller
7
Table 3-4, Ihterrupt Levels
Level Device
0
1 AM-310 4 Port Communications Board
2 AM-410 Disk Controller
3 AM-300 6 Port Serial I/0
4 AM-500 Disk Controller
5 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-100 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 opticnally displayed
on a central video display interfaced through a controller.

The I/0 structure is fully device independent and contained
within the monitor. To incorporate & new device 1into 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
1/0 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.



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:

File maintenance programs.

Dump programs.

Memory test programs,

Device test programs.

Line printer spooler system.

Dynamic system status monitor programs.

-1 1 &= W B
. . . - . « .

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:

Strings.
Multi-dimensioned arrays.
Disk I/0 file accessing.

fo g =
O

. A unique variable mapping system for file manipula-
tion in applications programs and for assembly
language subroutine processing.

Assembly language subroutines.
6. Terminal independent cursor control.

3-6



The AM-100 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
WDlé 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.
5. 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 system to run in a small amount of

memory.






SECTION 4
FUNCTIONAL THEORY OF OPERATION

4.0 INTRODUCTION,

This section describes in detail the functional theory of
operation of the AM-100 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-100 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-100 circuit cards function as a 16-bit CPU that plugs
in to an S$-100 Bus system. The data processing logic is
contained on a two-board set that is fuily integrated into

an S-100 Bus system.

4.,1.1 AM-100 TWQ-BOARD SET.

The AM-100 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 S5-100 Bus

system.

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

consists of five 40-pin MOS/LST 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 16-bit bus of the CPU to the 8-bit S-100 bus
plus the DMA and interrupt.logic.



The CPU chip set contains six 16-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-100 BUS OPERATION.

The $-100 Bus system is the single bus computer architecture
that supports the AM-100 CPU and its associated memory and
peripherals. The I/0 connectors are standard 100-pin type and
~‘each of the 100 lines are bussed together throughout the com-

puter chassis.

The S-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-100 status lines are listed in Table 4-2.
The utility lines are clocks, power, and initialization and
are listed in Table 4-3.



Table 4-1. S-100 Bus Command/Control Lines

SIGNAL NAME

PSYNC Processof,Sync

PDBIN Data Bus In

PWR Write Strobe

PHLDA P-Hold Acknowledge

PHOLD Processor Hold Request Line
Table 4~2., $-100 Bus Status Lines

SIGNAL NAME

SM1 Bus Master QP Code Fetch

SOUT I/0 Output Cycle

SINP I1/0 Input (Cycle

SMEMR Memory Read Cycle

SWO Bus Master QOutput

SINTA Interrupt Acknowledge
Table 4-3. S-100 Bus Utility Lines

SIGNAL NAME

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

@2 2 MHz Phase 2 Clock

CLOC Z MHz Clock

MWRITE Memory Write

PRESET Preset

PO Power-0On Clear




Read Timing. The timing of the signals involved with a READ
BYTE sequence on the S-100 bus is shown in Figure 4-1. When
an I/0 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 $-100 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 mas ter. 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 < 50ns later.
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For a complete description -of the $=-100 bus signals in the
AM=100 system, refer to Table 4-4. This table lists all
signals in alphébetical order with AM=100 pin numbers and
also the sheet number of the schematic where they interface
with the AM-100 CPU. A complete description of each signal
is also given. '
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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 16-bit
architecture with both word and byte operation. Since the
S-10Q 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. 16-bit data access port to memory and I/0.
c. Eight 16-bit registers. |
d. Four external interrupts.
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 16-bit
registers, the Arithmetic Logic Unit (ALU), microinstruction

bus lines, and some microinstruction decoding logic.
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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 (MIB00-MIB21). Each ROM location
contains a 16-bit microinstruction, two control bits, and four
auxiliary bits. The 16-bit microinstructions and the two control
bits form a high impedance tri-state bus. Bits MIB18-MIB21 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 1is 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-MIB10 serve a dual purpose., During the portion of
the cycle that addresses the microinstruction from the microm,
these bits contain the 11-bit address. During another part of
the cycle, they are used to transmit the microinstruction to
the other chips. Bits MIB11-MIB17 just transfer part of the
microinstruction. Therefore, during the address phase, MIBOO-
MIB10 address the microihstruction and during another phase
MIBOO-MIBR17 transfer the¢microinstruction.



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 chip.
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 ié placed on the bus and the

process repeats.

The function of the state codes and operation of the CPU with
its associated external logic is described in paragraph 4.2.

EaN
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4.2 CPU OPERATIONS.

The AM-100 CPU board set consists of the CPU chip set and
associated logic elements that provide data processing capa-
bility for the S-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 block 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-100 CPU.
The 1ist 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-100 Signals List

J2 ’SCHEM PAGE

BOARD
SIGNAL NAME NC. PIN NO.|OF SQURCE FUNCTION
BDALOO- Buffered Data and 1 - CPU1-8 Internal tri-state bus for Data and Address Lines.
BDAL15 Address Lines
BUSY Busy 1 14 CPU1-5 Asserted whem any of the seven vectored interrupts
2 CPUZ-5 (VID-VI6, PHOLD) are received. Indicates that a
DMA exchange is in process.
CLOC 2 MHz Clock Z - cpPu2-3 Output of 2 MHz clock.
DALOO- Data and Address Lines’| 1 - CPU1-4, Tri-state bus for Data and Address lLines.
DAL1S 6, 7
DBIN Data Bus In 2 - CPUZ-8 Read Enable equivalent to PDBIN on $-100 Bus.
BIN Enables CPU to read data from the Data In Bus.
DIN Data In 1 5 CPU1-5 Control signal from the processor to cause the
DN 2 CPU2-6 address unit to gate its read data on the data lines.
DOUT Data Qut A g CPUl-5 Control signal from the processor which is made high
cpuUz-3 at the same time that the write data is placed on
the DAL bus by the processor.
EARS External Address 1 29 CPUI~7 Output of the state code decoder that reads the
Register Select 2 cPuZ-4 starting address of the bootstrap PROM.




Table 4-5 (Cont.). AM-100 Signals List

BOARD J2 SCHEM PAGE
SIGNAL NAME NO. PIN NO,|{OF SQURCE FUNCTION
ENDF 2 - CPUZ-5 Not used.
ENDR 2 - CPU2-5 Not used.
FIVE Sequencer Count Five 2 - CPUz-%5 Sequencer output for count five.
FOUR Segquencer Count Four 3 - Cpui-9 Sequencer output for commt four.
FOUR
HALT Halt 1 10 CPUL-5 Used for {PU interrupt I3.
2 CPU2-6
HALTA Halt-A 2 - Ccpyz-2 Output of real time clock header used to generate
HALT for CPU interrupt I3.
HIBYTE High Byte 2 3 CPUl-6 When asserted, switches the upper byte (bits 8-13%5)
HIBYTE CPUZ-8 to the output port from the WDi6. When it is low,
the lower byte (bits 0-7) is selected.
IACK Interrupt 2 7 CPU1-5 Control signal output from the CPU to indicate that
TACK Acknowledge CPUZ-7 the processer is responding to an interrupt.
T1A0 Initiate Address 1 26 CPU1-10 Sequencer output to generate LSB c¢f address byte
AD CPUZ-3 in either bit A0 or A8,
IDIN Interrapt Datz In 1 30 CPUl-6 Enabie signal to apply stored vectored interrupts
z CPUZ-6 VINTR1-VINTR3 to Data and Access Lines DALI-DAL3.
INTFF Vectored Interrupt 1 13 CPU1~5 CPU vectored interrupt I0. Asserted with any of the
Input 2 CPUZ-6 vectored interrupts. :
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Table 4-5 [Cont.). AM-i00

Signals List

BOARD Jz SCHEM PAGE

SIGNAL NAME NO. PIN NO.|0OF SOURCE FONCTTION

10SEL I/0 Selected 1,2 24 CPU1-3 Asserted for an I/0 data transfer. False for

cpuz-7 a memory transfer.

ISR Input Status Register 1 28 CPU1-7 Generated by State Code 6 (SC6) tc apply the status

2 CPUZ-4 data to the DAL bus bits DALO-DAL7.

12 Interrupt 2 2 - CPU2-6 Interrupt signal set by State Code 4 {3C4) and
cleared by State Code 5 (3C5). Serves as an Inter-
rupt enable for vectorsd interrupts.

I2FF CPU Interrupt 12 1 11 CPUL-7 CPU vectored interrupt I2 generated by any

2 CPUZ-5 vectored interrupt.

JFIVE Set Seguence 5 2 - €Pyz2-9 J input to sequencer flip-flop 5.

JFOUR Set Sequence 4 2z - CPU2-9 J input to sequencer flip-flop 4.

JFOUR

JREST Set Sequence Rest 2 - CPU2-8 J input to sequencer flip-flop zerc (REST).

JSEVEN Set Sequence 7 2z - CPU2-9 J input to sequencer flip-flop 7.

JTHREE Set Sequence 3 2 - CPU2-9 J input to sequencer flip-£flop 3.

MIBOO- Microinstruction 1 21, 22,|CPUL-2,3,4 5/ Data bus to transmit data between the five chips at

MIB21 Bus Bits 0-21 2 23, I5 | CPUZ-24 the CPU chip set.

MSYNC1 M Sync One 2 - CPUZ-8 State one aof the Seguencer.

MSYNCI

PHLDA P-Hold Acknowledge z - CPUZ-3 When asserted, indicates that present bus master is

Treleasing control of the bus in response to a DMA
request [PHOLD) (forced high and not used}.




Table 4-5 (Cont.).

AM-100 Signals List

—
BOARD| J2 SCHEM PAGE
SIGNAL NAME NO. PIN NO.|OF SOURCE FUNCTION
PHOLD DMA Request Line P - Cpuz-2 Used by DMA controllers to request bus mastership
(forced low and not used)}.
POC Power COn Clear 2 - CPUZ-3 Pulse signal asserted on initial power-up and by
PRESETE signal.
703 Power On Set 2z - CPU2-3 Inverse of Power On Clear.
PRESETB Preset 2 - CPI2-2 Buffered preset signal from $-100 Bus.
PSYNCI Processor SYnc 2 - CcPUZ-7 Indicates the start of 2 bus cycle, used to generate
Internal PSYNC on S-100 BUS.
RAD Stored Address Zero 1 27 CPULl-5 Address data bit zero stored from the DAL bus clocked
2 CPUZ2-3 into the register by SYNC.
RAQL- Stored Address 1 - CPU1-% Address Data stored from the DAL bus clocked into
RALS the register by SYNC.
RE Read Byte 2 - CPU2-4 State Code decoder signal for Read Byte operation.
RE
READWORD [ Read Word 2 - CPUZ-4 State code decoder signal fer Read Word operation.
READY Ready 1 4 CPU1-5 Sequencer output indicating that the CPU chip set is
READY 2 £puUz-8 ready to accept data.
REST Rest 2 - CPUZ-8 The state of the sequencer when no instruction oT bus
operations are taking place (state 0 of the sequence’).
RMI¥ Read-Modify-Write 2z - CPU2-4 State code decoder signal for Read-Modify-Write either

Wword or byte.




Table 4-5 (Comt.). AM-100

Signals List

BOARD J2 SCHEM PAGE
SIGNAL NAME NO. PIN NO.iOF SOURCE FUNCTION
RMWB Read-Modify- 2 - CPU2Z-4 Generated during an INPUT BYTE micro op code with RMW
RMWEB Write-Byte active to indicate a Read-Modify-Write byte sequence
{1010 Microcode).
RMWY Read-Modify- 2 - CPuz-4 Generated during an INPUT WORD micro op code with RMW
RMWW Write-Word active to indicate a Read-Modify-Write word segquence
(1001 Microcode).
RPLY Reply 1 16 CPU1-5 Control signal used by the addressed unit to respond
z CPUZ-6 to the processors data access signals.
R3T CPU Reset 1 15 Cpu1-5 Resets L£PU chip set on initial power-up.
2z CPuz-6
RTC Real Time Clock 2z - Cruz-2
RTCFE CPU Real Time Clock 1 12 CPUL-5 Real time cleock input to CPU.
2 CPUZ-6
5C1-SCF | State Codes 1-F (Hex) 2 - CPU2-4 Outputs of state code decoder.
SEVEN Sequencer Count Seven 2 - CPU2-9 Seguencer output for count seven.
SIX Sequencer Count Six 2 - CrU2-9 Sequencer cutput for count six.
SQUT 1/0 Qutput Cycle 2 - CPUL-7 When asserted indicates that the current bus cycle
SOUT is a bus master output t6 an I/0 address.
SYNC -Sync 1 6 CPUL-5 Output of the CPU chip set indicating the start of
SYNC Z CPU2-4 an I/0 operation.




Table 4-5 (Cont.).

AM-100 Signals List

BOARD J2 SCHEM PAGE
SIGNAL NAME NO, PIN NO.}OF SOURCE FUNCTION
THREE Sequencer Count Three z - CPUZ-9 Sequencer output for count three.
THREE
VINTR 1| Vectored Interrupt 1 1 31 CPU1-6 Vectored interrupt level one signal for the DAL bus.
2 CPU2-6
VINTR 2 Vectored Interrupt 2 1 32 CPUiI-6 Vectored interrupt level two signal for the DAL bus.
2 CPUZ-6
VINTR 3 | Vectored Interrupt 3 1 33 CPUL-6 Vectored interrupt level three signal for the DAL bus.
2 CPU2-6
W Write Operation 2 - CrPU2-7 Indicates that the current process 1s a write
wa cperation.
WAIT ‘Wait 1 - CPUL-4 Signal from CPY dataz 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 Write Byte 1 8 CPU1-5 Control signal from the processor which is high when
2 CPU2-3 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 Qutput 2 CPU2-3 Write Byte signal clocked by DOUT.
WBFF
XDMAG XDMA Grant - 2 CPU1-8 Controls the buffers that interface the CPU control
CPUZ-5 signals with the 5-100 bus to allow them to be removed

when another master is controlling the bus.




Table 4-5 (Cont.). AM-100 Signals List

BOARD| J2Z SCHEM PAGE
SIGNAL NAME NO. PIN NO.|[OF SOURCE FUNCTION
XDMAGRANT| XDMA Grant 1 1 CPUi-10 Same as XDMAG.
2 CPUZ-5
71 Phase 1 Clock 1 18 CrUi-2 Phase 1 of 2 MHz 4-phase clock see Figure 4-8.
2 CPuzZ-2
#IM Phase 1 Clock, 1 - CPUl-1 Phase 1 of 2 MHz 4-phase clock buffered for 10.5
MOS Levels volt operation of CPU chip set.
[ Phase 2 Cleck 1 17 CPU1-1 Phase 2 of 2 MHz 4-phase clock see Figure 4-8.
2 CPUZ-2
p2B Phase Z Clock 2 - CPU2-8 Phase 2 of 2 MHz 4-phase clock buffered for operatiecn
sequencer flip-flops.
peM Phase 2 Cleck, 1 - CPU1-1 Phase 2 of 2 MHz 4-phase clock buffered for 10.5 volt
MOS Levels operation of CPU chip set.
@3 Phase 3 Clock 1 20 . CPU1-1 Phase 3 of 2 MHz 4-phase clock see Figure 4-8.
2 cruz-2
#IM Phase 3 Cleck, 1 - CPUL-1 Phase 3 of ZIMHz 4-phase clock buffered for operation
MOS Levels ef CPU chip sat.
74 Phase 4 (Clock 1 13 CPUl-1 Phase 4 of 2 MHz 4-phase clock see Figure 4-8.
2 CPUZ-2
BaM Phase 4 Claock, 1 - CPyl-1 Phase 4 of 2 MHz 4-phase clock buffered for operation
MOS Levels of CPU chip set.




4,2,1 CLOCK GENERATOR.

The basic clock signals originate at the 4 MHz crystal
oscillator US. Its output is divided~bye-two by the J=k flip-
flop U23, gated and buffered to generate clock signals @1, @2
and CLOC. Clock @2 provides the $-100 Bus clock and CLOC
drives the four-phase clock generator Ul2. The four phase
clock generator provides the internai clock signals to drive
the CPU chip set and to synchronize its associated logic.
Operation of Ul2 is deécribed in paragraph 4.4.1., The timing
relationship of the S-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.

1
5-100 BUS
CLOCKS
$2 rﬁ
.
1
P2
4-PHASE
CLOCKSW
P23
P4
S
te—— BO0 s ——

Figure 4-8. AM=100 System Clocks



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%3 SEQUENCER OPERATION.

The sequencer on the AM=-100 CPU provides the timing and syn-
chronizing required to interface the 16 bit CPU chip set to

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

that provide the various operations required for CPU data pro-

cessing.
State Function
0 Rest
1 MSYNC1 ~ The sync signal for memory or 1/0.
2, 3 DBIN - Input functions. Once around for byte,
twice for word.
4 Read~Modify=Write chain.
5, 7 Output functions. Once around for byte, twice
for word.
HIBYTE LSB Address Control.
READY Replies to the CPU and latches the upper byte

of the DAL to the lower byte of the DAL during
READ WORD operations.

b,
. B



Takle 4-6.

Microm State Code Functions

CODE MNEMONIC HAME FUNCTION

0001 PMSK Priprity Mask OQut. The state code is generated on an OUTPUT WORD instruction when & new
mask is written into location 2B. It signals the I/0 devices that a
new interrupt mask is on the DAL. (Not used on AM-100.)

2410 RUN Macro Imstruction Fetch |Generated during macro instruction fetch from memory for a rum light.

0011 IORST 1/0 Reset Not Used.

D100 INTEN IZ Set Enables the interrupt enable line I2. Sets IZ fiip-flop.

0101 INTDS I2 Reset Disables the interrupt enable line I2, Resets I2 flip-fiop.

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.

1600 BYTE Read Byte Operation Generated during an INPUT BYTE micro op code to indicate a read byte
operation without & read/modify/write. (Not used cm AM-100.)

1601 RMWW Read/Mcdify/Write Word |Generated during an INPUT WORD micro op code with EMW aciive to
indicate a read/modify/write word sequence. (Not used on AM-100.)

1010 RMWEB Read/Modify/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-100.}




Taplie 4-6., Microm State Code Functio?s
CODE MNEMONIC NAME FUNCTION
1011 RLCI Reset Line €lock
Interrupt
1100 EARR External Address Controls where the CPU looks for the bootstrap PROM upon power up.
Register Request
1101 - Duplicate of BYTE Same as BYTE exXcept one bit soomer.
1110 - Buplicate of RMWW Same as RMWW except one bit scomer.
1111 - Duplicate of RMWB 7 ‘ 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 4-1Q.
Each block on the flow diagram represents a flip-flop (CPU2
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 #2 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$-100 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/0 operation, SYNC 1is
asserted to generate MSYNCl which is state one of the
sequencer. When the Interrupt Acknowledge {IACK) line 1is
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 Dbossible as shown on Figure 4-9.
The sequencer then proceeds through the required combinations

of states as shown on the flow diagram.

.
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8. RMW WORD -11/O) 0-1-5-8-78-80 DiN+4 ABOVE

*STROBED AT ¢1 TRAILING EDGE AND GATED WITH SYNC. REPLY LOGIC
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Figure 4-9. Sequencer Flow Diagram
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REST
JREST = DBIN - SYNC . DIN + 8 - SYNC
KREST = JMSYNC,

MSYNCy
JMSYNC{ = REST - SYNC - TACK
KMSYNCy = JDBIN + J5

DBIN
DBIN = 3MSYNCq - DIN - (IOSEL [RMWE + HMWW])
KDBIN = JREST + 43 + J4

J4 = DBIN - DIN . (RMWB - READY + RHWW - READY - HIBYTE)
K4 =4 - pOUT

J6 = MSYNC/ - DOUT + K4 +7
K& = J6

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

J6 =5.READY
K& =JREST + J7

J7=86-WBFF.HIBYTE
K?7=7

ADDRESS LSB LOGIC
Ag = Ag) - (READWORD +Wg - DOUT) + HIBYTE - (READWORD + Wg - DOUT)

HIBYTE BUS SIGNALS
JHIBYTE - 43 +47 PSYNC = MSYNCy +4 +7 +3
KHIBYTE = J4 PWR =5
DIR. RESET = REST PDBIN = DBIN

SMEMR = [OWEL - 5W,

READY SINP = {OSEL - SW,,
JREADY = PRDY - XRDY - {DBIN + 5) SOUT = {OSEL - SW,,
KREADY =PSYNC +6 MWRITE = PWR - 50UT

DIR RESET = REST

Figure 4-10. Sequencer Logic Equations
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Figure 4=-11. CPU Read Byte Timing
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READY WORD (MEMORY}

PDBIN MAY BE STRETCHED BY CONTROLLING PRDY, PRDY IS
EXAMINED AT ¢ (WD) LEADING EDGE TIME DURING PDBIN,

Figure 4-12. : CPU Read Word Timing
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CAUSED BY MICROCDDE.

[2\ PWR MAY BE STRETCHED BY CONTROLLING PRDY. PRDY IS EXAMINED
AT ¢1 (WD) LEADING EDGE TIME DURING PWR,

Figure 4-13. ‘CPU Write Byte Timing
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Figure 4=-14., CPU Write Word Timing

44

N
1



——‘ |-— 500 NS 'rvr" . | (
G P

e 1 AL
<100 Ns—-l ht—— _.{ fe— <100 NS

PDBIN : m
DATA READ/DUT | XY X

2600 N§ ————an] fa— -—‘! 100 NS
——{ >100 NS

=200 NS

E

PWR

STATUS & ADDR | READ 1 WRITE

$2 WD) || || ” M T _T1 |'| ML _J1 ” || [ ||
SYNC {92} | !
DIN (¢2) ]
DDUT (1) | ]
READY {1} r_—_l__r__'\
RPLY ($2) L I 1

READ-WRITE-MODIFY-WRITE BYTE

[\ PSYNC MAY BE STRETCHED DNE OR MORE CYCLES DUE TD DOUT DELAY
CAUSED 8Y MICROCODE.

PDBIN AND PWR MAY BE STRETCHED BY CONTRDLLING PRDY, PRDY 1S
EXAMINED AT 91 (WD) LEADING EDGE TIME DURING PDBIN DR PWR,

A

W

Figure 4-15, CPU R“ead-Modify-Write Byte Timing
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READY (1) [T | i I I
RPLY ($2) [ ] ]

READ-MODIFY-WRITE WORD

/\ PSYNC MAY BE STRETCHED ONE OR MORE CYCLES DUE TO DOUT DELAY
CAUSED BY MICROCODE.
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Figure 4-16. CPU Read-Modify=-Write Word Timing
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4.2.4 INITIALIZATION AND STATUS.

Initialization of the AM=100 occurs when the board set receives
its initial power. Initial reset 1s accomplished by
Power-On-Clear signal POC which goes low on initial power-up

or for the PRESET signal that actuates the POC one-shot U22.
Signal POC provides an output to the $-100 Bus and also clears
register Ul0 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

0| Power-Up | 00 Used for AM=-100

1] Option Jumpers

2] Halt Option Not Used

3] 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%tus Wired to ground




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 C000 to
determine the bootstrap starting address.

Note

See Séction 2 of this manual for header U3
wiring for the various peripherals used with
the AM-100.

The initialization process for the AM-100 must proceed‘thr0ugh
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
TARS 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 S5-100 bus system to

the 16-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.

.
1
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MICROINSTRUCTION ADDRESS

RESET
READ
EXTERNAL
STATUS
YES
BIT 7
HARD WIRED
TO GND NO
YES
BITS
HARD WIRED
TG GND NO
YES BITS
=1
BIT 5
HARD WIRED
TO GND NO
QUTPUT

Figure 4-17.

SYSTEM RESET

STALL
300 CYCLES

CHECK
BITS 0,1

READ EXTERNAL
ADDRESS RGSTR

DETERMINE
BOOTSTRAP
BASE ADDRESS

0001

0002

0039

0041

0071

0076

o081

0085

0189

AM-100 Power Up Sequence
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4.2.5.1 ADDRESSING QOPERATIONS.

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, Ul4 and U25 to store the address data. Bits
Al-A7 are applied directly to the $-100 bus through buffers,
but the other bits require additional processing.

There are two basic bus operations where addressing is con-
cerned: memory and I/0. If we are performing memory read
or write, then the lower byte contains A0~A7 and the upper
byte contains A8-Al15. When I/0 operations are taking place,
the CPU sends out Hex address FFXX. This generates signal
IOSEL from the gate on U1l5 to distinguish between I/0 and
memory operations. Signal IOSEL switches the Data Select
MUX to place A0-A7 on both the upper and lower bytes of the

address bus.

Address line AOQ is generated by the sequencer logic on CPUZ

to provide for byte/word data operations. With word operations,
two sequential addresses are fetched so A0 is sequenced first
with 0, then with 1. With byte operations, address line A0

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 U17 and U18. This selects
the appropriate byte for $-100 bus transfer to the selected
memory or 1/0 controller. Signal HIBYTE selects either the
upper byte or lower byte for transfer to the output bus of
the §-100 Bus. :



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
DAL8=DAL15. If a write word operation is taking place, a
two-stage operation transmits the lower byte first to the
eight $-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-~DAL15, This input data is then
stored in the Low Byte Input Storage register on U9 and U1g.
For the read byte sequence, the 5-100 bus signals request
that the addressed memory or I/0 port place its data on S5~100
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 1is 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-DAL15, 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 DALS8-
DAL15. The Low Byte Input Storage register 1s not clocked
this time so it still contains the low byte and the high
byte is on DAL8-DAL15. The operation is terminated and the
CPU chip set reads a 16-bit word from DALO~-DAL15.

4.2.6 DMA AND INTERRUPT OPERATIONS.

The AM~100 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.

-9
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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 CPU1.

Table 4-8. CPU Chip Set Interrupts

INTERRUPT PIN | SIGNAL FUNCTION
10 ) 6 INTFF Vectored interrupt
Il 5 RTCFF Non~vectored interrupt = real

time clock.

12 4 I2FF Enable for I0 and 11, con-~
trolled by user state codes.

I3 3 HALT Halt switch (not used).

Interrupt I0 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

INTEF provides the IO 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 U10. Interrupt Il is the non-vectored
interrupt and the real time clock signal RTCFF supplies this
input. Interrupt I2 is an enable for 10 and Il and is supplied
by the user state codes. This is generated by flip-flop UlS8

on CPUZ that is preset by SC# and cleared by SC5. Interrupt

13 is a halt switch input that is not implemented on the AM=-100.

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 $-100 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.



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 CPU2Z
connect it to any of the eight pads VI0«VI7. This produces two
outputs at the decoder: VINTR1-VINTR3 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 I0. At the same time, VINTRI-
VINTR3 are sent to CPUL to the interrupt storage register Ul
where they are clocked in by IACK. When Data In (DIN) 1is
received from the CPU, IDIN is asserted which applies VINTRI-
VINTR3 to the data bus DAL1-DAL3. The CPU then reads the
interrupts from the bus.

4.2.6.3 DMA OPERATIONS.
The AM=100 provides seven levels of DMA capability. Levels
VI0-VI6 are jumper selectable and level 7 is wired directly

to PHOLD.

The other DMA inputs are jumper $Selectable and provide corres-
ponding DMAGRANT (DMAGRO-DMAGR6) outputs to the §-100 Bus.

A DMAG output (DMARCVD) is generated ome 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 Micreinstruction
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 1/0.
The list below describes the pertinent aspects of the set:

- §-bit Internal Organization

- 16-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 thé 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 (CP1621B) contains the program translation
array, portions of the control circuitry to control operation

of the processor set, the microinstruction counter and the 1/0

control systemn.

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.

pdrts serve to:

- (ienerate the clocks
-~ Latch and gate input signals
- Latch and gate output signals

1T
n -
o1 020304 |7 N
Tt el
o lajoj| =
s12 x 22 | 2 |R[2|I2
ROM
CHIP
CP16318
cs
—_—
aiafesea o1 8203 04
COMPUTE (TT1,
CONTROL pata |P4L00
1?2 17T CHIP CHIF ‘
l1 L ] i it
|w CP16218 CP16118
(3T
™ WAILT

Figure 4-18. MCP1600 Microprocessor Block Diagram
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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 4-8. Data Chip (CP1611B) Pin Assignments

PIN ' PIN PIN PIN

NO. | SIGNAL NO. | SIGNAL NO. | SIGNAL NO. | SIGNAL
1] 83 11 | DAL@S 21| @2 31 | MIBJ7
2] VBB 12 | DALY 22 | WAIT 32 { MIB@6
3 | DAL@@ 13 | DAL1d 23| MIBIS 33| MIBAS
4 | DALP1 14 | DAL11 24 | MIB14 34 | MIBp4
5| DAL@2 15 | DAL12 25| MIBI3 35 | MIB#3
6 | DAL@3 16 | DAL13 26 | MIB12 36 | MIBf2
7 | DAL@4 17 | DAL14 27| MIBRI1 37 | MIB@1
8 | DAL@S 18 | DAL1S 28| MIB1g 38 | MIB@Y
9 | DALgSG 19 | vss 29| MIBgS 39 | VDD
10 | DALP7 20 | g4 30 | MIBFS 40| g1

£
I
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Table 4-10.

Contrel Chip (CP1621B) Pin Assignments

PIN PIN PIN PIN
NO. | SIGNAL NO. | SIGNAL NO. | SIGNAL NO. | SIGNAL
1|43 11 { MIB16 21 | P2 31 | MIBJ7
2 | VBB 12 | REPLY 22 | vee 32 | MIBF6
3713 13 ] WAIT 23 | MIBIS 33| MIBAS
4112 14 | DOUT 24 | MIB1 34 | MIB
5111 15| WB 25 | MIB13 35! MIB#3
6| I 16 | TACK 26 | MIB12 36 | MIBfZ
7 | MIBI7 17 | SYNC 27 | MIBITI 37 | MIBPT
8 | BUSY 18] DIN 28 | MIB1¢ 38 | MIB##
9 | COMPUTE 19| vss 29 | MIBP9 39 | VDD
10 | RESET 20 g4 30 | MIBgS 40J g1
Table 4-11. Microm Chip (CP1631B) Pin Assignments
PIN PIN PIN PIN
NO. | SIGNAL NO. | sIGNAL NO. | SIGNAL NO. | SIGNAL
1] 93 11 | MIB16 21 | g2 31 | MIB@6
2 | VBB 12 | MIB17 22 | VCC 32 | MIBES
3| NC 13 | MIB18 23 | CHIP
SELECT 33 | MIBpg4
4 | NC 14 | MIBIO 24 | NC 34 | MIBE3
5| NC 15 | MIB2§ 25 | NC 35 | MIB#2
6 | NC 16 | MIB21 26 { MIB11 36 | NC
7 { MIB15 17 | NC 27 | MIB1§ 37 | MIBF1
8 | MIB14 18 | NC 28 | MIBg@9 38 | MIBPER
9 | MIB13 19 | VSS 29 | MIBFS 39 | VDD
10 | MIB1Z 20 | P4 30 | MIB@7 40 | 81




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 CP1611B Data Chip.

2. Next Instruction Address Ceneration. This is gener-
- ally handled on the CP1621B Control Chip.

3. Microinstruction Storage. These are contained on

one or more CP1631B 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:
Contrel 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:

- pl Instruction Access
p2 Data Access '

03 Execution

- p4 Data Update

e
1
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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 ALU.

prene

G Register. The G register 1s a pointer register'on the Data o
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'8'
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'1'

Assume G = b, a =1, b = D
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'5'
The other operand (B Port) will be from G'6'



REGISTER FILE ADDRESSING MODES

Bortom
R2Z
R3
R4
RS
RE 2 .2 8
ar
a7 {b 2 8
B8
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A8
BL/CL a ‘.‘om [ ? a ¢ F
AD/GO anet ot n;
RE/GE G 87 b CF
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GB
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G9 )
G8
6L a ?m 1 ?
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Top Gf

FA{OH Fﬂtoﬂ

Figure 4-19. 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 cycie 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 Byfe or Word operation

is a one; cleared otherwise (except for SRW and SRWC).
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C4:

C8:

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.

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 1n the range

of R@-~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, borrow and shifted off bits

as follows:

Add and Increment: Set if there is a carry from
the most significant bit of the
Byte or Word result; cleared

otherwise.
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V Flag:

Subtract and
Decrement: Set 1f there is a borrow
(complement of carry) from the
most significant bit of the
Byte or Word result; cleared

otherwise,

Shift: Set if the bit shifted off in a
left or right shift is a one;
cleared otherwise.

The C Flag is not affected for operations (other
than those listed above) even if the other flags

“are updated.

Set i1f 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
(Vv=C7 & (C8).

The format of the ALU status and flag register word 1is shown

below:




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 @1 unless the

currently executing microinstruction is of the 2 cycle variety.

In this case, the register is not clocked on the second occurrence
of #1.

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 RES - (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 MIBI16
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 - MIB21 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.



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 P2. The decoding takes place on $3. On g4 the selected
microinstruction is internally accessed and the MIB is pre-
charged. The accessed microinstruction is placed on MIB15-
MIB$ for transfer to the Data Chip and Control Chip during #1.

4,%.2 CPU OPERATIONS.
This section describes the internal workings of the Data Chlp,

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:

oA register file

eAn arithmetic logic unit (ALU)

oA Microinstruction register

eA register file address decoder

eA control signal generation function
eCondition flags

eJump decoding

eInput/Output gating

The data chip is responsible for data manipulation as a result

of instruction eXxecution,

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 trans formation upon the presently
executing macroinstruction to determine the address from which

ta 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 the Control Chip. It 1is
important to note that the two chips are not synchronized
except by a common clock, and the fact that the contents of
the MI 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 SEQUENCING.
First assume that the machine has been properly Treset and has
just entered 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 @1, 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 @1 (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 g1 {four

phase times).

At the beginning of P2, 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 #2 and g3, 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 $2, 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 @2, 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 @4, Figure 4-21

illustrates @2 data paths.

Phase 3 is the register access phase. During #3, data is
presented to the ALU by the A and the B output poerts of the
register file. Data may alsc 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 decodlng logic and the register file.
Also during $3, 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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-DAL15. During thié 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 @3 data paths.

During #4, the output of the ALU becomes valid. Input to the
ALU may occur from the data bus in 4. That is, data presented
on lines DALOO-DALI5> may be presented to the gating structure
which controls the output of the ALU. Finally, during @4,

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 @4 data paths. Note that, during
g4 the jump control takes place. If the jump decoder indicates
that all the proper jump conditions are met and if JXX is
asserted, then MIB15 will cause the Control Chip to effect

a jump on the next clock cycle.

As the next #1 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 §1 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 'to 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 @2 and @3, 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 i§ controlled primarily by the Input

class of instructions.



LITERAL DATA ?
LOAD LIT

B PORT QUTPUT J—

-~

MODIFY LO
A PORT QUTPUT

- Miad 37
s
_ KTBgE

—
-

=

LY

2 ++

1?——'|—

J

DALM@7
LQAD TR
OALQR .15
MOOIFY HI
b
X
B PORT QUTPUT

> ALU

LOAD TR LOAD LIT
REGISTER LOQAD
LOAD FLAGS FLAGS QUTPUT »——q
LOAD HIBYTE

LOAD LOBYTE

DOUBLE/SINGLE

CONTROL LINES
—
conthor le ]
WAIT | conTROL
92, 83
3
¥

Figure 4-25. Major Controil Lines

-76

ALY QUTPUT

ALU QUTPUT

DALDS 15
o
0ALER-37 D—J
F3-1
A PORT INPLIT
1
f DAL®8.15
MU [ > ———
DALBG-@7
mup—{ > -



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 the B 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 instructior. 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




whether or not a new instruction is gated into the MIR

register at the next occurrence of #1.

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 theiMCP16QO Micro~

processor set's most unique feature, the Programmable Trans-

‘
lation Array. The Programmable Translation%array serves to
generate new microinstruction fetch addressés as a function of
several parameters. These parameters are tﬁose which are
normally considered during the decoding of é 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. TFor 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

eArray 1

eArray 2

eArray 3

e Translation Register

e Array 4 ;
eTranslation State Refister

®sReturn Register



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.%,1 PROGRAMMABLE TRANSLATION ARRAY COMPONENTS.
This Section describes the components of the Programmable

Translation Array and their functions.

Location Counter. 1t 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 MIB00-MIB10 and to
Array No. 1. It has inputs from the Master Control function,
Array No. 4 and the Return Register. There is also an input

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. Z. ' “

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



~d

~ [1-] E
fa {‘? g
) 3 a
1217 9
ot 3
81
_—
Lo N :EZ:}_NHHmsla o
RN
- Oy I i1
1 -0l a2
02 e N
x
RA - ARRAY J ARRAAY
L %2
1 TRANSLATION CODE
LAR
<o
<é§

1 LAA
| —
11 PTAD 10 -l o1
1 LTa b jo— ; 97
( TR
“rae m - b_- . \ ’ ﬁ
LTSA T o
81 py B .
2 ! &1
1 2 3 *
7
2y | ! ; 2 o TRI —a
+ ARRAY - ARRAY ] 8z}
#4 2
L L] #a e
—q 11 TsR
04—-.-] 12 r
=i 13
14 ’
01
®! i is
16 i@ 15)
MIP 19 -
SET/RESET 14.6 01
LDING - A 15 M
LDJA, LDJB M {18)
- JUMP J/;:}__ |
RESET 2
COMPUTE MASTER CONTROL o3
62 ang 03
aeLy & 3
BUSY -
SYNC ‘
DIN pa WAIT
DouT 57 .
wg '
TACK

Figure 4-26.. PTA Component Interconnections



Wond 1
Weued 1
Wrird 7
Wi 7
Wirreel 4

Wenset H2
et B
Wourl 84
el 5
Wi 86
Waorrl &7

PUTEIT A LN T ON Y AN

A O AT e e - - t-
Ak 1 AT R £
L A . . SR t
Ath T Ak e+
Atk 4 Ml e c e e =]

Ade 82 [y (RS [
Akt 93 A AT _—————— 3
Aun B4 Lz -
™ LT S SO &
A WG M {meaa=m=- &
ane 07 AT |eeeme =

Figure 4-27.

L

Array No.

1 Organization

1or88

fhalit 0
Outpant |V
Quipws 7
Mk 1

Thysgair 4

Gurput 82
Outpwn 83
Outpus B4
Cuopant 98
Ouiput 8
Ourpat W7



as § 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.

] LC ADDRESS ) I.C ADDRESS
21327 121110 4]
Example:

Address = X’ 58’
Array #1 Data Word = X’ 5FBAD7’

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«30 illustrates the organization of Array No. 2.

Figure 4-31 illustrates in some detail, the conceptual structure
of the gate and interconnecf 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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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 Qutputs--4 of 7 State Code Qutputs--5 of 7
oF 20 3C 66 69
1F 3D 58 68 ™
17 2E 47 58 6A
2F 3E . 85D 6D 76
1B 33 4B BA 6C ]
37 aF BE 6E 79
1D 35 1D 8C ral .
3B 57 67 13 7A
1E 36 AE 83 72
1c
27 39 63 65 74
2B 3A 65 66 718

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 No. 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 4-35. 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 true and complemented bits to zero.
Below is a data Specific;tion for the programming of Array

No. 3.
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#-15: ONE.
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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 1 bits in the data specification. More

than one active AND gate in Array 3 causes the outputs to OR.
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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 other is to provide a four state
feedback as an input of Array No. 3. The loading of the Trans-
lation State Register is controclled 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 (MIB0OO -
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 any one time. The

s
1
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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 within one machine cycle and the main
compenents are: -

The Location Counter

Arrays No. 1 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 macroroutine to interpret the macroinstruction presently
accessed.

The operation of the Programmable Translation Array is a
function of phase time clocks and begins at g1. During f1,

the location counter is loaded with its new vatue. The new

value can come from any one of four sources as follows:



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 ihstruction, that the
Location Counter is loaded from the incrementer. Concurrently,
with the loading of the Location Counter at @1, 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 (MIB00-10) and
to Array No. 1. Both the true and complemented forms of the
Location Counter are input to Array No. 1. Also input 1is 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 #2. 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 @3, 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 $#3

an output 1is generated.

This output is fed into Array No. 4 at the beginning of #4.
(See Figure 4-40.) During $4, Array No. 4 determines whether
there is an active input to it. If there is an active input,



the contents of the word associated with the input are sent out
at the end of @4. The Array No. 4 word may or wmay not cause

the Translation State Register to be loaded, and may or may not
cause the Location Counter to be loaded at the next occurrence

of f#1.
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4.3.4 MICROINSIRUCTIONS.

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 operafion 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:

ebits 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.

ebits 18 through 21 have nothing to do with control of the
MCP1600 system. They are available for the user to program
as TTL levels. 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:

=
3

g6



JUMP FORMAT

oP R Address

15 121110 0

This format provides an 1l1-bit Control ROM address. It causes
an unconditional jump to any lecation 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 ADDRESS
15 121 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 MIB15 (JXX on the Data
Chip). During the second cycle the jump 1is affected.

LITERAL FORMAT

oP Literal »
15 1211 43 (3}
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This format provides 8-bit literal 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 b ) a
15 87 43 0

This format is by far the predominant one. 1In it, "b'" and "a"
are register file designators. Generally, depending upon the

operation, there can be two meanings to the register designators:

"b" (operation) g

as, for instance, in a shift or move instruction

Hb” (Operation) nan tTall

as, for instance, in an arithmetic instruction.

"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.



Table 4-14, Microinstruction Set

Symbois Meaning
- is transferred to
() contents of location or register
A Logic Product {AND)
v Inclusive “or’’
g E xclusive "'or’”’
Rx:Ry Forms extended register Ry = L.SB, Ax = MSB
Ra The register specified by the micro-instruction *‘a” field
Ab Designates no catagory
Flag Setting The register specified by the micro-instruction *b" field
X Don't care condition
1] Flag cleared (set to 0)

1

Flag set
Flag not affected
Set according to function




Table 4-15.

Microinstructions

Instruction OP Code | Mnemonic | Microcycles Description of Operation
Jump B(3) IMP 2 (MIR11.08)+{LC) Jump unconditionally
_ . to microm location specified by MIR11-@¢
Return from Subroutine 81} RFS 2 {RR}+{LC) Restore return address
from subroutines
Jump if 2B False 19 JZBF 2 If ZB=0, (MIR @700)+(LC7-0)jump
conditionally within microm page
Jump if 2B True 1 JEZBT 2 If 28=1, {MIRA7-QQ)-{LCT-B
Jump if CB False 12 JC8F 2 I1f C8=0, IMIRQ7-00)-(LC7-B)
Jump if CB True 13 JCBT 2 It C8=1, IMIRQ7-00}-(LCT7-&)
Jump if ICS False 14 JIF 2 1 1CS=0, IMIBET-BD-ILCT -0}
Jump if I1CS True 16 JT 2 1 1C5=1, IMIRQ7-0@)+(LCT7-@)
Jump if NB False 16 JNBF 2 If NB=0, {(MIRQ7-B0)-(LC7-B)
Jump if NB True 17 JNBT 2 1 NB-1, (MIRB7-B8)-(LCT7-B)
Jump if 2 Faise 18 J2F 2 If 2=0, (MIR@7-03)-(LC7-0)
Jump if 2 True 12 J2T 2 1f Z2=1, (MIRQ7-QB-(LCT-Q)
Jump if C False 1A JCF 2 If C=0, (MIRD7-0@)-{LC7-0)
Jump if C True 1B JCT 2 if C=1, (MIRQ7-08).(LC7-})
Jump if V False 1C JVF 2 it V=0, IMIRQ7-28).1LCT-B
Jump if V True 1D JVT 2 1 V=1, (MIRG7-09.{LC7-0}
Jump if N Faise 13 INF 2 If N=0, (MIRO7-0-(LCT7-@)
Jump if N True 1F JNT 2 1FN=1, IMIRG7-00)-[LCT7-0)
Add Literal 2 AL 1 {Ra)+l.iteral-Ra the 8 bit constant
is added to Ra
Compare Literal 3 CL 1 {Ra)-Literal. The 8 bit result of the
literal is compared against Ra and
the approprate flags set,
And Literal 4 NL 1 {RaJA Literals{Ra) The 8 bit result
of a logical product of Ra and the
literai are coded into Ra. )
Test Literat 5 TL 1 {Ra) A Literal The B bit result of the
i iogical product of Ra and the literal
set condition Flags. The contents of
Ra are unafifected.
Load Literal 6 LL 1 Literal+{Ra). 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 instructiorn
b field.
Set interrupts 71 st i The three software interrupts 14, 16, and
are set as indicated in the instructions
b field
Copy Condition Fiags 72 CCF 1 Flags-({Ra) The four condition flags are
four AL status flags are loaded in Ra
Load Condition Flags 73 LCF 1 {Ral-Flags. The contents of Ra are
transferred to the AL U status flags
unconditionally and to the condition flags
under contral of the b field.
Reset TSR 74 RTSR 1 0-(TSR}. The threc TSR bits in the
controf chip are reset.
Load G Low 75 LGL 1R {Ra} 2-0 «(G). The three least significant
3 bits of Ra are loaded into the G register,
gonditionally Increment 76 ('f‘iB 1 If C8 is set, {Ra)=! -« (Ra)
yie
Conditionally Decrement 77 cDB ! 1§ C8 is set, (Ra).l = (Ra}
Byte
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Table 4-15 {(Cont.). Microinstructions

tnstruction OP Code| Mnemonic | Microcycles Description of Operation
Move Byte 80/81 ‘MB 1 {Rb)«{Ra). The 8 hit contents of Rb
are transferred to Ra. Rb is unaffected.

[ Move Word 82/83 | MW 2 {Rb)-[Ra). The 16 bit contents ofAbt) Rb
are transferred to Ra+1:Ra. Rb+! and Rb
are_unaffected

Conditionally Move Byte 84/85 CMB 1 {Rb)«{Ra), if C=I. The 8 bit contents of

Rb are transferred to Ra if the carry flags
is set from a previous operation.

Conditionally Move Word | 86/87 CMW P {Rb)+{Ra), it C=I. The 16 bit contents of
. : Rb=i:Rb are transferfred into Ra+i: Ra if
the carry flag is set from a previous Operation.

Shift Left Byte with Carry| B88/89 SLBC 1 ‘ {Rbm)+{Ram+1}, {carry} +{Rad). The 8
bit contents of Rb are shifted left ane bit
and loaded into Ra. The contents of the
carry flag is inserted into the vacated low
position of Ra,

Shift Left Word with Carry] BA/S8B SLWC 2 {Romi«{Ram+i}, {carry)+{Rad} The 16
bit contents of Rb+|:Rb are shiited left

one bit and loaded into Ra+! Ra. The
contents of the carry flag is inserted into
the vacated low posilion of Ra.

Shift Left Byte 8C/8D SLB 1 {Rbm)+(Ram+|) The 8 bit contents of
Rb are shifted left one bit and loaded
: into Ra.
Increment Byte by ! 99/91 ICBI 1 {Rb}+i+{Ra}. The 8 hit contents of Rb are

incremented by one and the result is
transferred to Ra.

Increment Word by 1 -92/93 ICWI ] {Rb)+I+{Ra). The 16 hit contents aof Rb+!:Rb
are incremented by one and the result

transferred lo Rat{-Ra,

Increment Byte hy 2 94/95 ICB2 1 {Rb)+2+(Ra}. The 8 bit contents of Rb are
incremented by two and the result

transietred to Ra.

Increment Word by 2 96/97 iCW2 2 {Rbh)+2-(Ra)}. The 16 bit cantents of
Rb+l: Rb are incremented by two  wd the

result transferred to Ra+i:Ra.

Twos Complement Byte 98/099 TCB 1 (Rbl+1.Ra. The 8 bit contents of Rb are
1 two’s catnplemented and transierred 10 Ra.
Twos Complement Word | 9A/98 TCW 2 (Rb)+{-Ra. The 16 bit contents of Rb+l
Rb are two's complemented and transferred
_ 10 Ratt Ra, .
Ones Complement Byte 9Cc /a0 OCB 1 (AB)-Ra. The 8 bit contents of Rb are one’s
complemented and trarsferred to Ra.
One's Complement Word | 9E/QF ocw 2 {Ab)-Ra. The 16 bit contents of Rb+i. Rb
are one’s complemented and transferred to
Ra+i:Ra.
Add Byte AB/AL AB 1 (Rb)+{Ra)+{Ra). The 8 bit contents of Rb
are added to Ra and loaded into Ra.
Add Word A2/A3 AW 2 {Rbl+{Ral+{Ral. The 16 hit cantents of

Rb+):Rb are added to Ra+l:Ra and loaded
into Ra+! Ra.

Conditionally Ada Byie AAIAS CAR 4 (ReV+{Ral{RaY, it C=L. The 8 hit contents
: of Rb are added to Ra and the result is

transferred to Ra if the carry flag is set
from a previous operation.

Conditionafly Add Word AB/AT CAW 2 {RbI+{Ral+(Ral, it C=i. The 18 bilt contents
N of Rb+1:Rb are added to Ra+i Ra and

' the resiit is transferred to Ra+l.Ra if

the carry flag is set from a previous
operation.

Add Byle with Caerry AB/AQ ABC 1 {Rb)+{Ral+C<(Ra}. The 8 bit sum of the
contents of R pius the carry flag are added

to Ra and the result is transferred to Ra.
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Table 4-15 (Cont.). Microinstructions

{nstruction

OP Code

Mnemonic

Microcycles

Descriptien of Qperation

Add Word with Carry

AA/AB

AWC

2

{(RbH{(Ral+C+{Ra}, The 18 bit sum of the
contents of Rb+1.Rb plus the carry flag are -
added 10 Ra+1 Ra and the result is transferre
to Ra+1:Ra.

Conditionalty Add Digits

AC

CAD

{Rbl3.p*(Ral3o-(Ral3 o it C4=0

{Rb)7 4a+{Ra)7.0+lRa}7.4, if CB=0

The 4 ieast significant and/or 4 most signific.
bits of Rb are added 1o their corresponding
bits in Ra if C4 or C8 and reset respectively
from a previous operation. This aHows
decimal arithmetic corrections.

Conditionally Add Word
on Indirect Condition
Status

AE/AF

CAW!

(Rb)+{Rals{Ra}, it ICS={ The 16 hit
contents of Rb+] Rb are added 10 Ra+l;

Ra and the results transferred to Ra+i:Ra

if the |CS code is set from a prior operation.
This instruction affows address displacement
addition on Branch conditions,

Subtract Byte

BO/B!

sB

{(Ra}-{Rb}«(Ra}. The 8 bit contents of Rb
are subtracted from Ra and the result
loaded into Ra.

Subtract Word

B2/83

sw

{Ral-{Rb}+(Ra). The 16 hit contents of
fb+i.Rb are subtracted from Ra+l:Ra and
the resuits loaded into Ra+i:Ra,

Compare Byte

B4/85

CB

{Ra)-{Rb}. The 8 bit difference between
the contents of Ra and Rb is used to set
the status fiags at ali times and the
condition flags if OP code B5 is sefected
Registers Ra and Rb are not changed.

Compare Word

B6/87

Cw

{Ra}-(Rb). The 16 bit difference between
the contents of Ra+i: Ra and Rb+!:Rb are
used 1o set the s1atus fiags ar all times
and the conditicn flags 1f OP Code B7 is
selected. Registers Ra+t Ra and Rb+i Rb
are not changed.

Subtract Byte with Carry

B&/B9

SBC

[Ral-{RD)-C«tRa). The difference of the
8 bit contents of Rh subtracted from Ra
minus the contents of C flag is loaded
intc Ra,

Subtract Ward with Carry,

BA/BB

SwC

{Ra)-Rb)-C+(Ra). The ditference of the 16
bit contents of Rpo+) Rl subtracied

from Ra+!.Ra minus the contents of

the C flag is loaded into Ra+! Ra.

Decrement Byte by |

BC/BD

DBt

{Rb}-1+Ra. The 8 bit contents of Rb
minus one are loaded into Ra,

Decrement Word by |

BE/BF

bwi

|Rb)-1-Ra. The 16 bit contents of Rb+l:
Rb minus one are loaded into Ra+!: Ra.

And Byte

cérKc)

NB

{R&A{Ra)«{Ra). The 8 bi! logical product
of Rb and Ra is loaded into Ra.

And Waord

C2/C3

Nw

(Rb)A [Ral-{Ra). The 16 bit logicatl
product of Rb+!:Rb and Ra+| Ra is loaded
into Rati: Ra.

Test Byte

C4/C5

T8

{RbIA(Ra). The 8 bit logical product of

Rb and Ra sets the status flags at all
times and the condition flags if OP code
C5 is sefected. Ra and Rb are unchanged.

Test Word

ce/c?

{RLYA{Ra). The 16 bit logical product of
Rb+!:'Rb and Ra+! Ra sets the status
flags at alt times and the condition Hags
if OP code C7 is selected. Ra and Rb

are unchanged.

Or Byte

CcB/Ca

cB
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Tabie 4-15 (Cont.). Microinstructions

Instruction OP Code Mnemonie | Microcycles Description of Operation

Or Word CA/CB ow 2 {Rb)V (Ral+(Ral. The 16 bit logical
OR operation is performed between
the contents of Ra+l:Ra and Rb+!:Rb
and the results are transferred to
Rat+|:Ra.

E xclusive-Or Byte Ccc/cD XB. 1 {Rb}¥(Ral+Ra. The B bit togical exclu-

: sive OR operation is performed between
the contents of Rb and Ra and the result
is transferred to Ra.

E xctusive-Or Ward CE/CF Xw 2 (Rb)V(Ra}eRa. The 16 bit logical exclu-
sive OR operation is performed bhetween
the contents of Rb+l:Rb and Ra+l Ra

and the result is transferred to Rat) Aa.

And Complement Byte | D@/DI NCB 1 ' {Rb) A{Ra)«(Ral. The B bit logica! pro-
: duct of the inverse of Rb and the con-
tents of Ra is lcaded into Ra.

And Complement Word| D2/D3 NCW 2 {Rb) A{Ra)=[Ra). The 16 bit logical pro-
duct of the inverse of Rb+!|:Rb and the

contents of Ra+1:Ra is loaded into Ra+!i:Ra,

Shift Right Byte with D8/Dba SRBC 1 {Rbm+1} .{Ram), {carry}={Ra7), The 8 bit
Carry contents of Rb are shified right one bit

' and loaded into Ra. The carry flag is
inserted inta the high order position of

Ra.
Shift Right word DA/DB SRWC 2 [Rbm+)-{Ram), {carry]+(Ra15), The 16
with Carry bit contents of Rb+!l:Rb are shifted right
one bit and loaded into Ra+i:Ra. The carry
flag is inserted into the high order position
of Ra+l.
Shift Right Byte DC/OD SRB 1 tRbm+t)-{Ram). The 8 bit contents of Rb
: are shifted right ane bit and loaded into Ra.
Shift Right Word DE/DF SRW 2 {(Rbm+!]l-{Ram], The 18 bit contents of
Rb+!:Rb are shifted right ane bit and loaded
inio Ra+{:Ra.
Input Byte EAES 1B 1 {min) {DAL)-{Ra). An B bit byte on the DAL is

loaded into the specified Ra. The b field
in this instruction selects read or tead -
modify - Write operation and selects upper
{Bit 158} or lower {Bits 7.0} as the byte
1o be input from the Dal lines,

{nput Ward E2/E3 W 2 {min) {DAL)=(Ra). The 16 bit word contained
on the DAL is loaded into Ratl'Ra, The
b field in this instruction selects read or
read-modify-write operation, selectively
updates the G register, and selectively sets
the ICS bit.

Input Status Byte E4/ES 1B 1 {DAL}-{Ra). The B bit byte from the DAL
line, as specitied by the b told is input to
register Ra. regardless of the state of reply
or busy signal.

Input Status Word EB/E7 ISW 2 (DAL)+(Ra}. The 16 bit word from the
DAL line is lpaded into Ra+1: Ra regardless
af the state of the Reply or Busy signal.

Meodify Instruction EC/ED MI 1 (MIB)V{Rb:Ra}. The 16 bit contents of
registers Rb ARa are ORed with the contents

ot next microm micro-instruction on the
MIB lines to modify any or all of the riext
micra-instruction. This instruction can be
used to make on-line changes to micro-
program flow. '
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Table 4-15 (Cont.}.

Microinstructions

Instruction

OP Code

Mnemonic

Microcycles

Description of Operation

lLoad Transiation
Register

EE/EF

LTR

2

{Rb. Ral«{TRI. The 16 bit contents of
registers Rb:Ra are transferred to the
Translation Register on the chip. This
allows a transiation of resultant data
into a micro-instruction.

Read and Increment
Byte by ¢

Fa

RIB!

{Rb:Ral-DAL (Ra}+!+{Ra}. The 16 bit
address located in Rb:Ra is transferred
to the DAL lines and a DATA READ
operation is initiated. The contents df
Ra are incremented by one. Rb is
unchanged.

Write and Increment
Byte by !

Fi

WIBI

{RL:Ral-DAL, {Rbi+i-(Ra). The 186 bit
address jocated in Rb;Ra is transferred
to the DAL lines and a DATA WRITE
operation is initiated. The contents gf Ra
are incremented by one. Rb is unchanged.

Read and Increment
Word by |

F2

RIWI

(Rb:Ral-DAL, {Ra+!:Ra)+i+{Ra+!: Ra}.
The 16 bit address located in Rb;Ra is
transferred to the DAL linas and a DATA
READ operation is initiated, The contents
of Rat+1:Ra are incremented by one.

Write and Increment
Word by |

F3

wiwt

{Rb:Ral+DAL, (Ra+l:Ral+l+(Ra+!.Ra).
The 16 bit address located in Rb:Ra is
transferred to the DAL lines and a DATA
WRITE operation is initiated. The con-
tents of Ra+(:Ra are incremented by one.

Read and Increment
Byte by 2

F4

RIB2

{Rb:Ra}-DAL, {Ra)+2+(Ra). The 16 bit
address focated in Rb:Ra is transferred to
the DAL lines and a DATA READ operation
is initiated. The contents of Ra are incre-
mented by 2. Rb remains unchanged.

Write and Increment
Byte by 2

F&

wiB2

{Rb.Rak-DAL, {Ral+2+{Ra). The 16 bit
address located in Rb:Ra is transferred

to the DAL line and a DATA WRITE
cperation is initiated. The contents of

Ra are incremented by 2. Rb is not changed.

Read and Increment
Word by 2

F&

Riw2

(Rb.Ra)+DAL, (Ra+i:Ral+2+({Ra+|: Ra}.
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+}l:Ra are incremented by 2. -

Write and Increment
Word by 2

F7

wiw2

{Rb:Ra)+DAL, (Ra+l:RaH2+{Ra+i:Ra). The
16 bit address located in Rb:Ra is transferred
to the DAL lines and a DATA WRITE
operation is initiated. The contents of
Ra+|:Ra are incremented by 2,

Read

F3

_{Rb:Ra)-DAL. The 16 bit address located

in Rb:Ra is transferred to the DAL line
and a DATA READ operation is initiated.

Write

F9

(Rb:Ral-DAL. The 16 bit address focated
in Rb:Ra is transferred 1o the DAL lines
and a DATA WRITE operation is initiated.

Read Acknowledge

FA

RA

[Rb:Ral+{DAL, l«tACK. The 16 bit address
located in Rb:Ra is transferred to the
DAL lines and a DATA READ operaticn
is initiated. The interrupt acknowtedge

tine is set high.

Write Acknowledge

FB

WA
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{RbL. Ral-DAL, I-JACK. The 16 bhit address
located in Rb:Ra is transferred to the DA
lines and a DATA WRITE operation is
initiated, The Interrupt Acknowledge

line is set high.




Table 4-15 (Cont.). Microinstructions

instruction OP Code | Mnemonic § Microcycles Description of Operation

QOutput Byte FC oB 1 {min.) ] (Ab RalDAL, 1-DOUT. The 16 tnt
data contents of Rb Ra are transferred
to the DAL lines. Registers Ra and Rb
are unchanged. The DATA OUT signal
is activated. This instruction is completed
when the REPLY signal is received
from the addressed unit. For byte
operations Rb must equal Ra so that the
sarmne byte is placed in both 8 bit positions
on the DAL,

QOutput Word FD ow 1 {min.) | (Rb:Ra)-DAL, t-DOUT. The 18 bit data
contents of Rb:Ra are transferred to the
DAL lines. The DATA OUT signal is
activated. Registers Ra and Rb are
unchanged. This instruction is complete
when the REPLY signal is received from
the addressed wnit.

Output Status FE 0s ] {Rb:RalsDAL. The 18 bit cantents of
registers Rb:Ra is transterred to the DAL
lines and takes place regardless of the
state of the Reply or Busy signal. DOUT
is not activated and Sync is not terminated.
Registers Rb and Ra are unchanged.

Na Operation FF NOP 1 This instruction causes no operation.

Table 4-16. Summary of Microinstruction and Status Flags
ALU Status Flags Condition Fiags

Mnemonic OP Code Microcycles NB ZB C4 CB N 2V
A. Jump Format Bit 15-12 11 109

JMP @ @& ADDR 2 - - - ~ - - -

RFS [ I B 2 - - - — - - -
B. Conditional Jump

Format
Bit 18-12 18 7-0

JZBF ! 0 AODR 2 - - - - - - -
JZBT 1 1 ADDR 2 — - - - - - -
JC8F 1 2 ADDR 2 - - - - - - -~
JesT 1 3 ADDOR 2 - - - - - - -~
JIF 1 4 ADDR 2 - - - - —~ - -
T 1 5 ADDR 2 - - - -1 - - -
INBF 1 6 ADDR 2 — - - - - - -
JNBT 1 7 ADDR 2 e - = =
JZF 1 8 ADDR 2 - - - - - - -
JE2T 1 9 ADDR 2 - - - - - - -
JCF 1 A ADDR 2 - S — - - - -

JCT 1 £ ADODR Vi - - - - - — -

JVF 1 C ADDR 2 - - = - - - -

VT 1 O ADDR 2 - - = - - - -

JNF 1 E ADDR 2 - - = - = - -
INT 1 F ADDR 2 - - - - - - -
C. Literal Format ‘

Bit 156-12 114 3.0

AL 2 Lit a 1 . 3 . . — — _

cL 3 Lit a ! . . - - - - =

NL 4 Lit a 1 . - - - - -

TL 5 Lit a 1 * - = - - -

LL 6 Lit a 1 ¢ - - - - =
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Table 4-16. (Cont.). Summary of Microinstruction and Status Flags

ALU Status Flags

Conditon Flags
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Mnemonic OP Code * Microcycles NB ZB C4 C8 N 2Z Vv ¢
D. Register Format Bit 15-8 74 30

RI 70 b x 1
S) 71 b x i
CCF 72 % a 1
LCF 73 b a 1
RTSR 74 X ¥ 1
LGL 75 X a 1 -
CIB 76 x a 1 : . * *
cos 77 % a 1 . . . . . ; ;
MB 8W/81 b a 1 * * * 0
MW 82/83 b a 2 ' v - * 0 -
cMB B4/85 b a ! {* ' ' * 0 1C
CAMW 86/87 b & 2 {* . ot 0 e
SLBC 88/89 b a 1 A ' ot
SLWC 8A/8B b & 2 . ' ' * * ' * '
SLB 8C/BD b a 1 R ot B
SLW 8E/8BF b a 2 ' * ' * ' ' ' '
ICB ol b a 1 ' * v * * * *
ICWI 92/93 b a 2 y o or ot
ICB2Z 94/95 b a 1 * ' ' * ' ' ' '
ICWZ 06/97 b a 2 oo e
TCR 98/99 b a i oy : oot
TCW 9A/9B b a 2 * * ' * ' - ' '
OCB 9C/oD b a 1 * 0o 0 o0
OCwW 9E/9F b a 2 ' * 0 0 * 0 t
AB AB/AT b a 1 ' v * ' * * '
AW A2/A3 b a 2 ¢ s e
CAB A4/AB b a 1 =+ = R e
CAW AB/AT b a 2 {* . . . ' ' ' f1.C
ABC AB/AQ b a 1 ' ' ot o !
AWC AA/AB b a -2 oot oot
CAD AC b a 1 . * * ' * ' * '
CAWI AE/AF b a 2 {+ * . * ' ' * A
SB B/B1 b a 1 ' * . ' ' ' ' '
SW B2/83 b a 2 . ot ot ' i
CB B4/BS b a ! ooy oot
SW B6/B7 b a 2 : . o ' ' ' '
SBC B8/B9 b a 1 L oyt
SWC BA/BB b a 2 s o '
DB BC/BD b a 1 L R ot
oW1 BE/BF b a 2 A oot
NB CHCI b a 1 . . * ' 0
NW €2/C3 b a . 2 : y ' 0
T8 Ca/Ch b a 5 1 + e o0
™ ce/C7 b a ) L "0
ORB CRICO b a 1 - o9
ORW CA/CB b a 2 > 10
XB cc/cp b a 1 o o0
XW CE/CF b a 2 . oo




Table 4"‘16- (Conto) .

Summary of Microinstruction and Status Flags

.
H\

ALU Status Flags Condition Flags
Mremonic OP Code Microcycles NS ZB C4 C8 N 2 V C
D. Register Format Bit 15-8 7-4 30 .
NCB D&D1 b a 1 * Ty - - * " o -
NCW D2/D3 b a 2 * e - ' 0 -
SRBC D8/D9 b a 1 » o+ 0 ¢ * A
SRWC DA/DB b a 2 . * 0 e 0 v
SRB DC/DD b a 1 . 0 * ' ' o
SRW DE/DF b a 2 * 0 A ¢
8 EQE! b a 1 . v - - * R ¢ B
W E2/E3 b a 2 ' - - ' 0 -
IS8 E4/ES b a 1 * L - = ' a0 -
1SW EB/E7 x a 2 L - - B
M! EC/ED b a 1 - - - - - - - -
LTR EE/EF b a 2 - - - - - - - =
RIBI “FQ b a 1 ' s " ' - - - -
WIBI Fi b a 1 . .o . - - = -
RIW! F2 b a 2 . . . - - - -
WIWI Fa b a 2 v e » - - - -
RIRZ Fa b a 1 ’ » ' - - - -
WIBZ F5 b a 1 * A : - - - -
RIWZ F6 b a 2 . v ' - - - -
wWIwz F7 b aa 2 . vt ' - - - -
R F8 b a i - - - = - - - =
W F9 b a 1 - - - - - - -
RA FA b a 1 - e - - - - - -
WA FB b ‘a 1 - - - . - - —_ _
OB FC b a 1 - - - - - - — -
ow FD b a 1 - - = - - - - -
0s FE b a 1 - - - - -
NOP FF x x 1 - - - - ~ -~ - -

PRt
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4.3.5 MICROINSTRUCTION BUS QPERATION.

The Microinstruction Bus interconnects the three different
circuits that make up a MCP1600 Microprocessor system. (on=-
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.

-
U
[[1]
3
512 X 22
ROM
CHIP
ceiadip
P - S|
" o2 KM 8t T o‘a 0\4
COMPUTE ITTLL,,
PESEYLITL)
CONTRGL OATA
g 7T P P [ DALs s (rTL)
gty ol criezm cristte
20T -
walt

| APLY (TTL)
BUSY (TTLL
e BYNC (TTL)
L e DIN (TTL}
&= DOUT (TTL)
—ge WB (TTL)

1aCk {TTL}

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 precharged by each of the microinstruction ROMs attached
to the bus. Most generally, the lines are precharged high
during #4 but MIB15 is precharged high during #3 and MIB16

is charged high during both @2 and @#4. The microinstruction
bus conveys its information by conditional discharge at the
appropriate phase times. The microinstruction bus is a MOS
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.

MIB00~MIB10. These lines serve to carry data bidirectionally
between microinstruction ROMs and the Data and Control Chips.

They are unconditionally precharged Hi at f#4 by the MICROMS
attached to the bus. At the following @1, 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 f1
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 f#1 may result in
data being transferred from the Data Chip to the Control Chip.
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Table 4-17. Microbus Timing
e1 ez @3 P94
MIBOO-MIBI10 Micromstruction from ROM — Address Data — Address must Precharge
10 Data Chip and Control to MICROM remain valid by MICROM
Second Cycle of 2-Cycle
Instruction: Data from
Data Chip to Control Chip
MIB11-MIB14 Microinstruction from RGM Precharge
to Data Chip and Controt by MICROM
Chip
Second Cycle of 2-Cycle
Instruction: Data from
Data Chip to Control Chip.
MiB16 Microinstruction from ROM —~ Pracharge Conditional
to Data Chip and Control by MICROM - Jump Results
Chip.
Second Cycle of 2-Cycle
Instruction: Data from
Data Chip to Control Chip,
MIB16 Load Return Register — Precharge — Disable Precharge
by MICROM. MICROM by MICROM
outputs at
next @1
MIB17 BN1 Precharge
by MICROM
MIB18-MIB21 TTL Outputs Valid Precharge
' by MICROM

At P2, address data is transferred from the Location Counter

in the Control Chip to the MICROM.
remains valid on the bus.

At §3, the address data
The processor cycle is completed

by an unconditional precharge of these lines by the MICROM

at p4.

MIB11-MIB14., These lines serve to convey Microinstruction data

from the MicroinstructiongROM to the Data and Control Chips
These lines

At 91

in much the same fashion ds the preceeding lines do.
are unconditionally precharged Hi by the MICROM at @4.
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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 @1 on these lines can carry data from
the Data Chip to the Control Chip. These lines have no other

significance during #2 and @3.

MIB15. 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 1ine is precharged Hi unconditionally by the Microinstruc-
tion ROM at @3. At @4, it can be conditionally discharged

by the results of a conditional jump test.

At #1 this 1line conveys the microinstruction data from the

RCM to the Data and Cdntrol Chip. In the case of a micro-
instruction whose execution takes two cycles, the second
occurrence of #1 may serve to convey data from the Data Chip

to the Control Chip. The contents of MIB15 are not significant
at #2. The cycle is completed by an unconditional precharge

of MIB15 at 3. "

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

@2 and @#4. At P1 following @4, 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 g2,
the lines are unconditiohally precharged Hi. At @3, 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 gl. 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 f§1.
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,
fl. The lines are unconditionally precharged Hi by the MICROM
at f#4 and conditionally discharged Low according to the contents
of the word at 1. The user may set these outputs in any
fashion he chooses. They remain valid in the inclusive interval
1 to 3. TFigure 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 g4 to cause the
Data Chip to enter the WAIT state. It always returns to Low
when the beginning edge of the @1 clock appears.
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Figure 4-42. TTL Output Timing CP1631B
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4,.3.5.3 DATA CHIP.

The CP1611B Data Chip interacts with a subset of the Micro-
instruction Bus. Lines MIB0O0O-MIB15 are present at the Data

Chip. They convey Microinstructions from the Microinstructioﬁ
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 f1 of a two cycle instruction, data 1s trans-
ferred from the microinstruction ROM into the MIR register of
the Data Chip. The microinstruction bus is not sampled during
#2 and #3. At ffi4, the Data Chip may conditionally discharge
MIB15 to indicate the results of a conditional jump test. At
the second occurrence of 1 of a two cycle instruction, the

Data Chip may or 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 1s
only transferred from the microinstruction ROM to the Data
Chip. This transfer occurs at @#1. 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 MIB0O0-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 Mf 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. MIB1l7 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 MIBQO-MIBIS
as a result of an LTR instruction or an IW instruction. MIBI15
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 Data Chip operations to be suspended,
pending the completion of:an I/0 operation. The Control Chip
also generates a signal placed on MIB16 which enables or disables
the outputs of selected microinstruction ROM. This 1is 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.

Migia
fLRA)

NOTES 1 BUS PRECHARGING IS PERFORMED BY THE CP1631B
2. ADDRESS OUTPUT SWITCHING TIME {Tpgqn AND Tiyo ) APPLIES TO MTBES MTBTI ONLY.
3. JUMP RESPONSE FROM DATA CHIP CP16118.
4 SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED LEVELS.

Figure 4-44, Control Chip Microinstruction Bus Timing

4,3.5.5 MICROINSTRUCTION ROM.

The Microinstruction ROM interfaces with all 22 1lines of the
Microinstruction bus. It receives Microinstruction addresses
on MIBOO-MIB10 from the Location Counter in the Control Chip.
It also receives an ENABLE/DISABLE signal on MIB16 from the
Contrel Chip. It sends data on MIB00O-MIB17 to the Control
Chip and the Data Chip. MIB0O0-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
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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,

| — Teve e

MIB1S 11 o acharpedt o2 43
TRRAE dowlies

NOTES: MIn %mss EXCEPT MIBTE ARE PRECHARGED HIGH AT PHASE 4
MIBId IS ALSO PRECHARGED HIGH AT PHASE 2
MiB1E IS DISCHARGED TO DISABLE THE MIBEG MTBTS AnD RITB{E MIE21 DUTPUTS

AT §1 FROM DISCHANGING LOW.
ADORESS INPUT TRANSISTIONS OCCUR ONLY OM M1B38 MiIBid LINES AND CHIP SELECT.
SWITCHING TIMES ARE MEASURED AT 10% ANO 90% OF SPECIFIED LEVELS

L .2

Figure 4-45, Microinstruction Bus Timing CP1631B

4.3.6 DATA ACCESS.

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-DALIS), 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:

eCommon data and address
eSeparate 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 65k
bytes.

In accessing data, no distinction is made between memory and
peripheral units or between instructions, data, control, OT
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:

eData Lines (DALO0-DAL1S)
eControl Lines (SYNC, REPLY, DATA-QOUT or DOUT, DATA~IN
or DIN, WRITE/BYTE, IACK, BUSY)
eProcessor 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/0 Instruction class into 5 classes.
These classes are:

eControl 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 1s 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 #1) the SYNC line is made high. The variations

on the READ instruction are primarily for address manipulation
and easing the coding of I/0 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 (DAL0CG-DAL15) and the
SYNC 1line 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, a READ

F8 . b a

L 8 4 o0

The 16-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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Figure 4-46. I/0 Instruction Condition Testing
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Figure 4-47., Execution of Read Instruction
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RIB1 b. a READANDINCREMENT BYTEBY 1

FO b a

15 S - 4 0

The 16-bit address in Registers Rb:Ra is transferred to the M
Register and a DATA READ operation is initiated. The contents
of Register Ra are incremented by 1. Register Rb is not changed.

Timing: 1 cycle

RIB2 b, a READ AND INCREMENT BYTEBY 2

F4 b a

15 8 4 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

RIW1 b. a READ AND INCREMENT WORD BY 1

F2 b a

15 8 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+l:Ra is incremented by:l.

Timing: 2 cycles
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RIW2 b, a READAND{NCREMENT WORD BY 2

Fé& b a

15 8 4 0

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 1s 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 @#1. Also the WRITE-BYTE
line is raised during the next occurrence of f#1. When the
addressed device is ready to transfer data, it asserts the

REPLY 1line.

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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ASSERT WRITE/BYTE

ASSERT SYNC

EXIT

Figure 4-48. Execution Write Instruction
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W b, a WRITE

F9 b a

15 8 4 0

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, a WRITE ANDINCREMENT BYTE BY 1

F1 b a

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. The con-
tents of Register Ra are incremented by 1. Register Rb is
not changed.

Timing: 1 cycle

WIB2 b, a WRITE AND INCREMENT BYTE BY 2

FS b a

15 8 4 0

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, a WRITE AND INCREMENT WORD BY 1

F3 b a

15 8 4 0o
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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+1:Ra is incremented by a.

Timing: 2 cycles

WIW2 b, a WRITE AND INCREMENT WDRD BY 2

F? b a

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. The word in
Ra+1: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 #2

after completion.

Note that the instructions INPUT STATUS BYTE and INPUT STATUS
WORD execute regardless of the state of the REPLY signal. Other

4-126



than this exceptibn, 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.

1B b, a INPUTBYTE

EO/E1 b a

15 8 4 0

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 (Bits 15-8)

b =1 Lower Byte (Bits 7-0)

b = 2  Upper Byte if M(0) = 1; Lower Byte if M(0) = 0

b =3 Lower Byte if M(0) = 1; Upper Byte if M(0) = 0

b =4 Upper Byte (Bits 15-8); RMW

b =5 Lower Byte (Bits 7-0); RMW

b =6 Upper Byte if M(0) = 1; Lower Byte if M(0) = 0; RMW

b =7 Lower Byte if M(0) = 1; Upper Byte if M(0) = 0; RMW
Timing: 1 cycle (minimum)



M{R F

= EXIT
INPUT?

REPLY
AND DIN
ASSERTED?

" INPUT LOWBYTE

WORD
OPERATION

T

INPUT HIGH BYTE

T

Figure 4-49, Execution of Input Instruction
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IW b, a INPUTWORD

E2/E3 b a

15 8 4 0

The 16-bit word from the Data Lines is placed in Regisgers Ra+1:
Ra. Code E3 causes the condition flags, except C, to be updated.
The Read Data Access operation is terminated unless Bit 6 is

a2 one, which allows a Read-Modify-Write (RMW) operation requiring
termination by an Output instruction. If Bit 4 or § 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 =20
b =1 Load TR; DAL 6-4 to GR; Sets ICS
b = 2 Load TR; DAL 8-6 to GR; Sets ICS
b =13 Load TR; Sets ICS
b = 4 RMW
b =58 Load TR; DAL 6-4 to GR; RMW; Sets ICS
b = 6 Load TR; DAL 8-6 to GR; RMW: Sets ICS
b = 7 Load TR; RMW; Sets ICS
Timing: 2 cycles (Minimum)

ISB b, a INPUTSTATUSBYTE

EA/ES b a

15 8 4 0

The 8-bit byte from the Data Lines, as specified by b, is
placed in Register Ra. Code E5 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 (Bits 15-8)

b =1 Lower Byte (Bits 7-0)

b = 2 Upper Byte if M(0) = 1; Lower Byte if M(0) = 0

b =3 Lower Byte if M(0) = 1; Upper Byte if M(0) = 0
Timing: 1 cycle

ISW b, a INPUTSTATUS WORD

EG/E7 b ]

15 8 4 )

The 16-bit word from the Data Lines is placed in Registers Ra+1:
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 OQUTPUT 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 1t does not pay attention to the state of the REPLY

line.

After the execution of the OUTPUT instruction, data becomes
valid on the bus. Alsd, at this time, WRITE/BYTE is asserted
if the data size is one byte. If the data size is a word,
WRITE/BYTE becomes passivef

Refer to Figure 4-50 for the flow diagram of the OUTPUT

instruction operation.
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ASSERT WRITE-BYTE

PLACE DATA DN DALDO-15

ASSERT DOUT

BYTE

WORD
OR WORD
BYTE
CUTPUT

- EXIT

RESET WRITE-BYTE

Figure 4-50.

Execution of Qutput Instruction
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OB bh. a OUTPUTBYTE

FC b ]

15 8 4 o

" The 16-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 16~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, a OUTPUT WORD

FO b ]

15 8 4 a

The 16-bit contents of Registers Rb:Ra are transferred to the
M Register and the Data Lines. The Data Qut signal 1is 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)

0OS b, a OUTPUTSTATUS

FE b a

15 8 4 0

The 16-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 instruétion 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 (IACK) 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/0 devices to inform the I/0 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, a READACKNOWLEDGE

FA [ a

15 8 4 0

The 16-bit address in Registers Rb:Ra 1is 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 U
units for the one interrupting the processor on the Interrupt
line corresponding to the address. The processor 1lnputs a
byte or word containing the identification of the interrupting

unit.

Timing: 1 cycle

WA b, a WRITE ACKNOWLEDGE

FB h a

18 8 4 0
The 16-bit address in Registers Rb:Ra 1is 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 signal along with one or
more address bits is used to form a signal which polls I/0
units for the one interrupting the processor on the Interrupt
line corresponding to the address. This unit receives the

next data output.
Timing: 1 cycle

4.3.6.2 DATA/ADDRESS LINES.

Sixteen Data/Address Lines, denoted DAL00-DAL15, are used to
transfer addresses and data from the 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 #1
following the execution of the instruction. The address 1is
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 #1
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 #4 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 a 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 @2
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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 #3 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 #3.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 2 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 (#1 following the OUTPUT) is placed on the DAL bus by the
Processor. It remains high for the duration of the QUTPUT
instruction, dropping one phase before the data is taken off
the DAL bus. '

Write/Bvte (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 signify a Byte output rather than a

Word output. To indicate an Qutput, it comes up at @1 following
a WRITE.
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Interrupt Acknowledge (TTL). The IACK 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 oberation 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'bf 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 g1
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 I0-1I3. 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, because of its flexibility,

can be used to configure a variety of I/0 schemes. Several 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/0 structure.

Standard I/0 Sequences. There are five standard I/0 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 fof 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 (#1, --- @4) 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
QUTPUT 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 16-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 1is
terminated after the data has been on the lines for a minimum
of one cycle. When outputting a byte with a 16-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 1s

graphically 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 transfers data from the addressed unit to
the processor. The Read is initiated by a Read instruction
which transfers a 16-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-ordér bit of the address.

The time period between execution of the READ and INPUT INSTRUC-
TIONS 1s not critical if selection latching is used in the

device controller.

Figure 4-52 illustrates the READ/INPUT sequence.

WRITE OTAUT Al hy Duist WNEXT NG THUN | KN
o Los bov oo Low Lnr{or Qoe [ a7 Loz Lo b Lar Loy | oov |w

s //\
ALHIRL S5 b )N BATA DI Qb

-~ — s —— - —— m—— ———y
At LI T ST e .
LR
i @ N
. v
KNG IS AL L AL SO AS A wALID AIMMWRESS SR I THE B TR
MEPLY REANG I DM O ALSES ThE (RTEPUD INATHER T OV BL ERRLUII L REPT AT Y

DOwlT FS MADE HMGH (WO A% DATAONT ISP ACTION (He s

DUTPUL INSTROCTION 1S (f RMMNATED BY RAISHEG REPEY RED e B

WAL S MADE LOMEOM O DOUT IS MADE LOW DN B4 AR AL 1S TRLSTATID MM
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Figure 4-51. Write/Output Sequence

HEA INPUT VALID JINPUT LOW BYTE]INPUT HIGHBYTE
01| 02| 03] 04 m[oz[ns[n 01|02 03] 04 042|0314 0102
WAILT -~
DAL DDR DATA IN ‘&
SYNC
PG //Qt
REPLY @ "/ AN

SYNC IS MADE HIGH AS SOON AS A VALUD ADDRESS 15 ON THE BUS {02)

"REPLY' BEING LOW ON 03 CAUSES THEOUTPUT' INSTRUCTION TO BE EXECUTED REPEATEDLY
'DIN' IS MADE HIGH AS SOON AS THE ADDRESS IS TAKEN OFF THE BUS {02) AS FUNCTION OF READ
MICROINSTRUCTION

'REPLY - AND 'DIN' MUST BE HIGH ON 03 IN ORDER FOR "INPUT’ INSTRUCTION TO TAKE PLACE
UPON TERMINATION OF INPUT' INSTRUCTION, 'SYNC’ AND 'DIN’ ARE MADE LOW ON 02

Uh LM

Figure 4-52., Read/Input Sequence
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Read/Modify/Write Sequence (See Figure 4~53). The length of
this sequence is variable. At least three instructions are

required:
READ Device Number
INPUT Destination Register
Microprogram can medify data
OUTPUT 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 16-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.

NEXT INSTRUCTION

RIW1 18 & MOD o8 I
01fo4|01]o02[03}04 [ 0t]02)03j04 | 01| 02]03}04 | 01]02]03) 04]01
WAIT .
CAL L < sboRESS > < DATA TN > < DATAGUT >
SYNgC T
DIN —K_ (
pouT E'/;/
WBa :
AEPLY (D
— '\—~—_—-—

1 AINPUT & MOD WILL TURN 'DIN' OFFBUT WILL KEEP 'SYNC' ON
2 ‘REPLY" CAN BE MADE LOW AS SCON AS 'SYNC” AND "DIN" ARE DFF

Figure 4-53. Read/Modify/Write Sequence

4-140



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 IACK at the specified time.

The combination of IACK and a special reserved device number on
DAL0OO-15 could, for example, order the device controller
requesting attention to return its device number on the subse-

quent INPUT instruction.

Figure 4-54 i1llustrates the bperation of both the READ and WRITE
Interrupt Acknowledge.
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Figure 4-54. Interrupt Acknowledge Sequence
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4.4 CTIRCUIT MODULE DESCRIPTION.

This Section describes the operation of the individual circuit
packages (DIPS) contained on the AM-100 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-1 clock. By floating pins 9
and 15, the chip also operates in a free-running mode where the
phase-1 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 goling oscillator
transition. If this transition occurs during one of the clock
phases, the chip immediately tries to generate another phase-1l.
For stable operation, phase-4 should not overlap phase-1.

Each clock phase width is independently controlled by an
externally applied capaciter to ground. A 1f to 28 pf capacitor
provides for an output clock phase width of 1@ 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 #4 Out Phase-4 Output

4 @3 Out Phase-3 Output

) 32 Qut Phase-2 Output

6 g1 Out Phase-1 Output

7 VSS Ground

8 VCC +5 to +15 volts

Q Osc Input ' Oscillator Input
10 VDD +12 volts
11 @1 Cap Phase-1 Capacitor
12 g2 Cap _ Phase-2 Capacitor
13 @3 Cap ; Phase-3 Capacitor
14 @4 Cap Phase-4 Capacitor
15 Gnd Ground
16 NC No Connection
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4,4,2 TRI-STATE 4-BIT D TYPE REGISTER (Board 1 Ul, U9, Ulo).
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.
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Figure 4-56. Tri-State 4-Bit D Type Register Connections
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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 pullups. See
Figure 4-57 for logic and connections.
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Figure 4-57. High Speed Hex Inverter Connections
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4.4.4 TRI-STATE BUFFERS (Board 1, U5, 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 4-58 for
logic diagram and truth table.

lL.ogic and Connection Diagram Truth Table

Ve 82 Ad vy A% vy A4 ¥4 | 1s SUTPUT
12 1 I" ll

1'5 15

Hi-Z

rrxlen
rxox|»

=l

P F T

&t Al bl A2 ¥ Al At anb

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 Truth Table

v {2 A ¥ A A
T y g ' Iy INPUTS oUTPUT

Hi-2

o xla
Y x|»
Ir

Figure 4-59. Hex Tri-State Buffer Connections
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4.4.6 EIGHT~LINE TO THREE-LINE ENCODER (Board 2, U29, U30)._
This device encodes eight data lines to three line (4-2-1)

binary (octal). <Cascading circuitry (enable input E1 and

output EO0) 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.

Y0P VIEW)
DUTPUTS INPUTS auTRUT
vee "E0 G& 3 2 T8 Ad -
.

1% 3 ] .

15 nygnye
:E;EHPPJ I

16

PRl o a8
i

4 AQ —L
7 HI
7 El 2 1

TI T 111 =
AIRAIL §[]? n

4

§

T, k2 A1, GND

L]
\y—
WNPUTS OUTPUTS

Positive logic: e function table ot AQD_T—D,——L

FUNCYION TABLE
INFUTS QUTPUTS »
L]

.

El |0 1 2 3 4 5 & 7 | A2 AY AD|GS EO
H X X X n X X M X H H H H H |
18 H H H H H H H M ] H H H L
Y N n X n n x x L L L L L H P - -
T % % A % LY LY L H L - w L el
L N N x X n L H H L H L L H
L x n X X L H H H L H H L H " - ~ ) |
L N N x L H H H H H L L L H
L X x 1 H H L H H H i H L H
L % L H M o H W H H M H L|L H
L L H H H H [,] H H H H H [N H
Figure 4-60. Eight-Line to Three-Line Encoder Connections
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4.4.7 DATA SELECTOR/MULTIPLEXER (Board 1, Ul6, Ul7, Ul18, U21},.
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. '

[LLITREY HAULS
oumu uun-u'
VGE ,ruume /""‘T.n It

R EIRENREIJEI LIt RON|

SELECT (A kL) Iy EL) ¥  GMND

pnrs ueiRal TR T otk

POSITIVE LQGIC!
Laow tagic laval &05 1alects A inputs.
High logic savel ar S seiscts B inputs.

——
1
15 v
1w O ’_*
(L]
12 oL —
n
>
ot -
un
¥ 0— —
[
1] w
» 0 —
- ottt —
[IT -
(JE0
“ cvh {
SELicT o—Do—A
sthost o___—*‘“” >

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 1is 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,

DUAL IN-LINE PACKAGE
(TOP VIEW}

Vegr 1Y 2¥ Vger

positive logic: ¥ = AE

veoy veor

T

OLUTPUT
v

schematic (each driver)

TOOTHER
ORIVER Y a4

S E

T o

3
F §

P |

10 LTHEN
OAivERS

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, U18, U19, U23, U31l, U32, U34, U36).
See Figure 4-63 for logic diagram and truth table,

TRAUTH TABLE
INPUTS QUTPUTS
PR CLE CLX G a @
L H X xl w v
H t X x| L H
L L X x| H* W
H H t Wi W oL
H H t Ll L w

H H L x| oo Go - F ;

Bt a (-t 8] A n \l e

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, uU20, U28, U40, U550, U51)., See Figure 4-69 for logic
diagram and truth table.

Connection Diagram Truth Table
der o1 $ a3 2 L ¥ as £
_Iu 13 " ln _Li I- 0 TRUTH TARBLE
M INEUTS QUTPLTS
#R LK 4 K a a
| L X x x H L
H ! L L Qo 00
H ! HooL HooL
b H : [ L H
H 1 H H | TOoGGLE
r H LR oo &o
1 t 1 L] 5 [} ?
TR

ELK T L1} o mi

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.

Rapr?
v[ [ L ] o ez [t} At TRUTH TARBLE
L] b ] “l Ill 1 ‘" ill INPUTE auTrUTE
A 8_cA| o &
H x H L H
X L H L H
L t H S ur
I H He | - T
X X L L H

rrLrrnn L

Caxr

Mot _Tl. = one high-tevel pulse, T10 = ane law-lavat puelse.
To use the Internal timing resistor of 54121/74121, connect AN T to VeC.
An axrernal fiming capacitor may ba connected betwesn Cgx T and RExT/CEXT ipositivel).
For accurate repeatable puise widths, connect Bn exteTnal Tesisios Detwaen [EXT/ICEXT 3d Ve with RyNT open-tirtuited,
To obstain variable pulse widths, connect external variabla resistance between RyyT or RpxT/CEX T and Ve,

Figure 4-65. One Shot Connections
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4.4.12 DUAL VOLTAGE CONTROLLED OSCILLATORS (Board 2, U5).

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
contral. 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 at approximately 50 percent. See Figure 4-66

for logic diagram and connhections.

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:

500
£, 7 Cext
where: F_ = output frequency in MHz
cext = external capacitance in pF

%] ¥?

Voo (OVec WANGEZ £yxrl Tyyr? ENRBLE BUTAUT  GND
1w 18 I n 1 1 ] [}
-
h o
[ o ]
1 ? 1 [ § ' ? 1
H t O WANGEY Cexrt Tewsl & Y1 (JGND
et EMAILE BUTPUT

FREQUENTY CORTROL
Mare Waie the viabit mget 1y Hw the ddthur oL enibied. Whis The veahia \wpui 1 high.
1he putpat 2 bugh

Figure 4-66. Dual Voltage Controlled Oscillator Connections
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4,3,13 DECODER (Board 2, U7, U8, 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

Oars gutruts

- "r ¥1 d 5 i+

1 i 1 1 O + i L}

. ! F ] G24 |21 (1) i (114

SECELT tasLE

’—@ﬂu
—] e
—1 n
0] 1
(3]
— e
| i
(am o |
HeuTS
- d
(1] ] 1 ik i
L LLTE]
durepss
o "
— e
L] il J‘D_ —1 M Ll
wirc m — LI
weurs | Y bc'
— n ¥y
3
PL »..(D——.A

4

Figure 4-67.-;Decod¢r
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Tryuth Table

INPUTS ]
ENABLE | SELECT OUTPUTS
Gl G |C B A|YC Yl Y2 Y3 Ya ¥Y5 Y8 Y7
X H|X ® X|H M H H H H H H
L x{x x X{H H N H H H H H
W LJL L L|L H H W H H H H
H tflL L H[HM L W H H H H H
MW L L H L|H B L H H OH H OH
W v |L W H|H H H L H W H H
W oL iH L L{H H H H L H H H
W L{#H L w|lH H v v H L H H
H LJH H L]|H H H H H H L H
H L H H H|lH W H B H H H L

*G2=G2A + G228
H = High lgvel, L = low iaval

Connections

. X =don't carn




4.4.14 D FLIP~-FLOPS WITH CLEAR (Board 1, U13, Ul4, UZ5; (T
Board 2, U10). o
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 pafticular 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 Diagranm
. Wer ak [ 1 3 s o ol claee
” i3 N n '_I,I_].q| i 1% 1 1 7 1 _I[" I'
r——c) tLoen
. ELEAR [ r:tTJ
' —T 1 3
ud o Py L x{ [ ch [
1> cock ’
1 1 1 i (] ] 7 [}
fhen CLEAR .3 1] [} [+ [ a3 anp
n 8 ] L
L—'—q;> £LOCK
nEsR Truth Table
o 0 a [] mﬁﬂl
INPUTS OUTPUTS
H—'ﬂ>='°“‘ CLEAR CLOck D | a @
ran L X x|tv w
? H t H H L
1 H ' L] L M
P o 305 H L X |0 O
»-»—ch TLecK
agan
H = High Level {stesdy state}
1 L = Low Level (stesdy rats}
" s, ¥ = Don't Core
" o 1 = Transition from fow to high level
rJ_q>~.mu Qo » The lavsl of O before the indicsted 1tsedy-tate input
Lot D o condiiony were sstsblished.
CLEAR t =176, L3¥76, and 3176 only
I
muL(Dc»—J—j

Figure 4-68. D Flip-Flop Connections
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44,15 TRI-STATE OCTAL BUFFERS (Board 1, U6, ULll, U19, U27).
This device providez 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

contrpl pins. See Figure 4-68 for logic diagram and truth.

table,

Truth Table

Logic Biagram

wWiPLTE ¢ AuTeLT
5 & ¥

* P4
" S
L ’

oz

B F) !x [ 3 Is 1 ) ] T
L4 Iy ¥1 Az 17 as b} L WD

Figure 4-69., Tri-State Octal Buffer Connections
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SECTION 5
MAINTENANCE AND TROUBLESHOOTING

5.0 INTRODUCTION., . :
The AM-100 circuit board performs to full capability with a
minimum of maintenance. This Section describes maintenance

procedures and procedures for handling warrant& returns.

5.1 CIRCUIT BOARD CHECKOQUT.
The AM-100 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-100 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.



5.2 WARRANTY PROCEDURES.
This circuit board is covered by warranty issued by Alpha
Complete details of the

Microsystems, Irvine, California.
Should a

warranty are included with the circuit board.
‘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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@JILL ¥ DWB-00101-00

RETAIL PRICE § 0.00

REV.B04 WHSLE PRICE $§ 0.00
04/10/79 NET PRICE 3 0.00
DESCRIPTION CPU #1 AM-100
PART NUMBER DESCRIPTION QTY
1. DWF-00101-00 PCB CPU #1 AM-100 1
2. CNF-00001-00 CONN FLAT CABLE 40 PIN 1
3. CNS-00040-00 SOCKET 40 PIN DIP 5
4. CNS-00020-00 SOCKET 20 PIN DIP 4
5. CNS-00016-00 SOCKET 16 PIN DIP 17
6. CNS-00014-00 SOCKET 14 PIN DIP 2
7. CNS-00008-00 SOCKET 8 PIN DIP 2
8. HDM-00000-00 HEATSINK 1.000WI .500HT .710LG 3
9. ICL-07805-00 IC REGULATOR +5V ' 2
10. ICL-07812-00 IC REGULATOR +12V -1
11. CPP-00156-01 CAPICITOR 15 UF 20V 7
12. CPN-00103-01 CAPACITOR .01 UF 20
13. CPN-00330-01 CAPACITOR 33 PF 11
14. CPN-00470-01 CAPACITOR 47 PF 7
15. RS2-00270-00 RESISTOR 27 OHM 1/4W 5% CAR 3
"6, R82-00150-00 RESISTOR 15 OHM 1/4%W 5% CAR 1
17. RS2-00222-00 RESISTOR 2.2K 1/4W 5% CAR 2
18. RS2-00102-00 RESISTOR 1 K 1/4W 5% CAR 2
19. RSz 00472-00 RESISTOR 4.7K 1/4W 5% CAR 12
20. DIO- 3231-00 DICDE ZENER 5V 1
21. IC1-(8551~00 IC QUAD D FLIPFLOP 3
22. ICI-75361-00 IC TTL/HOS LEVEL CONVERTER 2
23. IC1-74367-00 IC HEX BUFFER 6
24, IC1-08197-01 IC BUFFER OCTAL 4
25. IC1-08T93-00 IC HEX INVERTER 1
26. IC1-74174-01 IC HEX D FLIPFLOP 3
27. IC1l-07430-01 IC 8 INPUT NAND GATE 1
28. IC1-74157-00 IC QUAD 2 TO 1 DATA SELECTOR 4
29. ICS-01611-03 IC DATA CHIP WD1600 1
30. ICS-01661-03 IC CONTROL CHIP WD1600 1
31. CNH-00016-00 HEADER IC 16 PIN 1
32. RSN-00001-00 RESISTOR PACK SIP 4.7K 1
33, ICS-01631-27 IC MICROM #1 WD1600 1
34. IC5-01631-29 IC MICROM #2 WD1l600 1
35. ICS-01631-30 IC MICROM #3 WD1600 1
36. HDS-00632-01 SCREW 6-32 X .250 3
37. HDN-00632-01 NUT HEX 6~32 STL SM PATTERN g

38.

HDW-00632-01

WASHER LOCK 6-32 :




BILL # DWB-00102-00 RETAIL PRICE § 0.00 x
REV.BO5 WHSLE PRICE $ 0.00 i?mﬁ(
04/10/79 NET PRICE $ 0.00
DESCRIPTION CPU #2 AM-100
PART NUMBER DESCRIPTION QTY
1. DWF-00102-00 PCB CPU #2 AM-100 1
2. CNF-00001-00 CONN FLAT CABLE 40 PIN 1
3. CNS-00016-00 SOCKET 16 PIN DIP 15
4. CNS-00014-00 SOCKET 14 PIN DIP 34
5. HDM-00000-00 HEATSINK 1.000WI .500 HT .710LG 2
6. ICL-07805~00 IC REGULATOR +5V 2
7. CRY-00001-00 CRYSTAL 4 MHZ 1
8. DWB-00103-03 HEADER OPTION AM-100 1
9. CPP-00156-01 CAPACITOR 15 UF 20V 4
10. CPN-00103-01 CAPACITOR .01 UF 18
11. CPN-00100-01 CAPACITOR 10 PF 4
12. CPN-00474-01 CAPACITOR .47 UF 1
13. CPN-00680-01 CAPACITOR 68 PF 1
14. CPN-00151-01 CAPACITOR 150 PF 1
15. R52-00473-00 RESISTOR 47 K 1/4W 5% CAR 1
16. R52-00562-00 RESISTOR 5.6 K 1/4W 5% CAR 1
17. RSN-00001-00 RESISTOR PACK SiP 4.7K 2
18. 'RS2-00151-00 RESISTOR 150 OHM 1/4W 5% CAR 2
19. RS2-00102-00 RESISTOR 1 K 1/4W 5% CAR 1
20. R52-00472-00 RESISTOR . 4.7 K 1/4W 5% CAR 12
21. IC1-07408-01 IC QUAD 2 INPUT AND GATE 2
22. IC1-07400-01 IC QUAD 2 INPUT NAND GATE ‘
23. IC1-74124-01 IC DUAL OSCILLATOCR 1
24. IC1-07474-02 IC DUAL D FLIPFLOP 1
25. IC1-74138-02 IC DECODER 3 TO 8 LINE 1
26. IC1-07404-01 IC HEX INVERTER 5 .
27. IC1-74174-01 IC HEX D FLIPFLOP 1
28. IC1-74368-00 IC HEX INVERTING BUFFER 2
29. ICS-01921-00 IC GENERATOR 4 PHASE CLOCK 1
30. IC1-07410-01 IC TRIPLE 3 INPUT NAND GATE 4
31. IC1-74113-01 IC DUAL J-K FLIPFLOP 5
32. IC1-26123-00 IC DUAL ONE SHOT 1
33. IC1-07402-01 IC QUAD 2 INPUT NOR GATE 2
34. IC1-07420-01 IC DUAL 4 INPUT NAND GATE 1
35. IC1-74148-00 IC ENCODER PRIQRITY 2
36. IC1-74367-00 IC HEX BUFFER 3
37. HDS-00632-01 SCREW 6-32 X .250 2
38. HDN-00632-01 NUT HEX 6-32 STL SM PATTERN 2
39. HDW-00632-01 WASHER LOCK 6-32 2
40. IC1-07474-01 IC DUAL D FLIPFLOP 7
IC1-74138-01 1

41 .

IC DECODER 3 TO 8 LINE



