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1 .O INTRODUCTION 

SECTION I 

GENERAL DESCRIPTION 

This manual provides operating and maintenance instructions for the 

AM-420 Winchester Disk Drive Controller circuit board manufactured by 

Alpha Microsystems Inc., 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 information necessary to utilize this circuit board to 

its full capability. 

1 .1 CIRCUIT BOARD DESCRIPTION 

The AM-420 Wincheter Disk Drive Controller circuit board provides 

data processing, control and interface capability between a standard 

S-100 Bus system and one to four PRIAM Winchester hard disk drives. A 

CPU microprocessor, a DMA address generator, a Random Access Memory 

(RAM) with associated control logic provide the sophisticated data 

processing necessary for control of up to four PRIAM Winchester disk 

drives. A 2K Read Only Memory (ROM) is contained on the board to 

provide a bootstrap load program and also to contain the microcode 
necessary for the CPU module operation. 

A simplified block diagram of the circuit board is shown in Figure 

1-1. For a complete detailed description of circuit board operation, 

see Section IV of this manual. For programming requirements, see 

Section III of this manual. 

1 .2 APPLICATION 

This circuit board provides the data processing and interface 

capability necessary for operation of up to four PRIAM Winchester hard 

disk drives. Data is transferred at an average rate of 8 MHz between 

the controller and drives. See Section II of this manual for wiring 

instructions and system interface information. For complete 

information on the disk drive, see the appropriate PRIAM Hardware 

Maintenance Manual. 
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2.0 INTRODUCTION 

SECTION II 

OPERATING DATA 

This section contains information on the use of the AM-420 Disk 

Controller circuit board. Capabilities, specifications, interface 

wiring, and user option descriptions are provided for the successful 

integration of the AM-420 into the user's system. 

2.1 CAPABILITIES AND SPECIFICATIONS 

This circuit board operates from the standard S-100 Bus structure to 

interface with the PRIAM Winchester hard disk drive. The board can 

interface with up to four disk drives. Detailed specifications are 

contained in Table 2-1 . 
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Table 2-1 . AM-420 Specifications 

PARAMETER SPECIFICATIONS 

CPU Interface Standard S-100 Bus 

Drives per Controller 1-4 

Printed Circuit Boards 1 

Data Transfer Modes Programmed Multi-Level 

Interrupts, Full Sector 
Block Transfers. 

Data Transfer - Controller Serial 

to Disk 

Data Transfer - Controller 8-bit bytes Parallel 

to Computer 

Data Transfer Format 512 bytes per sector, plus 

CRC and sentinel check bytes. 

On-Board Buff er 1024 bytes 

Error Checking CRC Error Code 

Input Power +8 volts DC @2.0 amps 

Interconnections One mounting slot of an S-100 

Bus chassis. One 50-pin cable 

to first drive (25 feet max-

imum cumulative length on four 

drives). 

Dimensions 9" x 1 0" 
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Table 2-1 (Con't). AM-420 Specifications 

PARAMETER SPECIFICATIONS 

Environment. (operating) 
Temperature 60° to 104° F ( 15° to 40°C) 
Humidity 10% to 80% (non-condensing) 
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2.2 INSTALLATION AND START-UP 
When the AM-420 circuit board is received, it is ready for use. No 
adjustment or calibration is required for operation. The hardware 
requirements for installation and use are described in this section 
and the software requirements are described in Section III. 

2.2.1 Installation 
First ensure that the proper power wiring is available and that the 
correct voltages are connected to the disk drive and to the various 
pins of the circuit board as shown in Table 2-2. Connect the cables 
to the disk drives as shown in Figure 2-1. 
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Table 2-2. Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

+7.5V + 7.5vdc Power 1 

+16V + 16vdc Power 2 

-VIS Vectored Interrupt 8 3 
VIO Vectored Interrupt 0 4 -VI1 Vectored Interrupt 1 5 -VI2 Vectored Interrupt 2 6 
VI3 Vectored Interrupt 3 7 -VI4 Vectored Interrupt 4 8 -VI5 Vectored Interrupt 5 9 -VI6 Vectored Interrupt 6 10 
VI7 Vectored Interrupt 7 1 1 

RTC Real Time Clock, 50Hz or 60Hz 12 

POWFAIL AC Power Failure Status 1 3 

-VI9 Vectored Interrupt 9 14 

A18 Address 18 1 5 
A16 Address 1 6 1 6 
A17 Address 17 17 

STATDSB Status Disable 18 

C/CDSB Command/Control Disable 1 9 

GND Ground 20 
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Table 2-2.(con't) Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

I ODIS I/O Disable 21 

ADDDSB Address Disable 22 

DOD SB Data Bus Disable 23 

ft2 Phase 2 Clock 24 

STVAL Status and Address Valid 25 

PHLDA DMA Request Acknowledge 26 

PWAIT Processor Wait 27 

N/U Not Used 28 

A5 Address 5 29 

A4 Address 4 30 

A3 Address 3 31 

A15 Address 1 5 32 

A12 Address 1 2 33 

A9 Address 9 34 

DOUT 1 /D1 Data Bus Bit 1 35 

DOUT O/DO Data Bus Bit 0 36 

A10 Address 10 37 
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Table 2-2.(con't) Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

DOUT 4/D4 Data Bus Bit 4 38 
DOUT 5/D5 Data Bus Bit 5 39 
DOUT 6/D6 Data Bus Bit 6 40 
DIN 2/D10 Data Bus Bit 10 41 
DIN 3/D11 Data Bus Bit 1 1 42 
DIN 7/D15 Data Bus Bit 1 5 43 

SMI Bus Master OP Code Fetch 44 

SOUT I/O Output Cycle 45 

SINP I/O Input Cycle 46 

SMEMR Memory Read Cycle 47 

SHLTA HLT Acknowledge 48 

-PERR Parity Error Pulse 49 

GND Ground 50 

+7. 5V +7.5vdc Power 51 

-16V -16vdc Power 52 

GND Ground 53 

SLAVECLR Reset Signal To All I/O Devices 54 
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Table 2-2.(con't) Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

--DMAO DMA Controller Arbitration 55 

--DMA1 Lines For Use With Standard 56 

-DMA2 S-100 Bus DMA System 57 

SXTRQ 16 Bit Cycle 58 

A19 Address 19 59 

N/U Not Used 60 

A20 Address 20 61 

A21 Address 21 62 

A22 Address 22 63 
A23 Address 23 64 

ADVAL Address Valid On Data Bus 65 

WRDIS Write Disable 66 

PHANTOM ROM Memory Enable 67 

N/U Not Used 68 

N/U Not Used 69 

Gnd Ground 70 

N/U Not Used 71 

PRDY Processor Ready 72 
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Table 2-2.(con't) Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

N/U Not Used 73 

PHOLD DMA Request 74 

PRESET Preset 75 

PSYNC Processor Sync, Start of Bus Cycle 76 

-PWR Write Strobe 77 

PDBIN Data Bus Input Command 78 

AO Address 0 79 
A1 Address 1 80 

A2 Address 2 81 
A6 Address 6 82 

A7 Address 7 83 
AS Address 8 84 

A13 Address 1 3 85 

A14 Address 14 86 

A 11 Address 1 1 87 

DOUT 2/D2 Data Bus Bit 2 88 

DOUT 3/D3 Data Bus Bit 3 89 

DOUT 7/D7 Data Bus Bit 7 90 
DIN 4/D12 Data Bus Bit 7 91 
DIN 5/D13 Data Bus Bit 1 3 92 
DIN 6/D14 Data Bus Bit 14 93 
DIN 1 /D9 Data Bus Bit 9 94 
DIN O/D8 Data Bus Bit 8 95 

DWM-00420-00 REV. AOO 2-10 



Table 2-2.(con't) Alpha Micro Bus Interface Signals List 

MNEMONIC NAME PIN NO. 

SINTA Interrupt Acknowledge 96 

-swo Bus Master Output 97 

ERROR Memory Error Interrupt 98 

--BERR Bus Error 99 

GND Ground 100 
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2.3 INTERFACE DESCRIPTION 
The AM-420 Disk Controller Circuit board provides interface capability 

between the standard S-100 Bus and the PRIAM Winchester disk drives. 

2.3.1 S-100 Bus Interface 

The AM-420 circuit board is fully S-100 Bus compatible. The board and 

its associated disk drives are addressed through the address lines and 

data is transferred through the standard data-in and data-out ports. 
The S-100 bus connections are made via the bottom edge connector and 

are listed in Table 2-2. For a complete description of these signals 
and their operation in the AM-420, see Section IV of this manual. 

2.3.2 Disk Drive Interface 
One AM-420 Circuit Board accommodates a maximum of four PRIAM disk 

drives. Interface connections are made through one cable connecting 

to all four drives in a daisy-chain (50 pin ribbon cable). Pin 1 on 
the daisy chain cable is identified by a stripe wire along one edge. 

Connect pin 1 of the cable to pin 1 of the connector on both the drive 

and the AM-420. Terminate only the last drive in sequence on the 

daisy-chain cable using the terminator card provided with the drive. 

Interface cabling is shown in Figure 2-1. For further information on 

operation of the AM-420 interface, see Section IV of this manual. 
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2.4 USER OPTIONS 

Some features of the AM-420 can be changed by selection of jumpers at 

the user's option. 

2-2. 

2.4.1 Address Code 

Location of the jumper pads is shown in Figure 

Circuit board addressing can be selected at the user's option for any 

address block (in increments of four) on the address lines AD2-AD7. 

The standard address (C4 Hex) is contained in etch when the circuit 

board is manufactured. To change the address, cut the desired etch 

and leave open for pull up, jumper or ground to generate the desired 

board address. 

2.4.2 Interrupt Lines 

Interrupt compatibility for any S-100 bus system is provided with 

jumpers to any of the vectored interrupt lines VIO-VI7. Attach the 

jumper wire from the pad located as shown in Figure 2-2 to the desired 

interrupt line. The standard interrupt line is VI5 which is contained 

in etch. Cut this jumper to change the interrupt. 

2.4.3 Boot Option 

The AM-420 contains a bootstrap loader program contained in an 

internal PROM that the user may utilize. If the user decides to boot 

from another source, the boot feature must be disabled with a jumper 

block as shown in Figure 2-2. When using the AM-420 with the AM-100/T 

CPU, always disable the boot feature. Various boot PROM's exist to 

allow booting from various backup devices. Consult the Alpha Micro 

International Support/Services Group for additional details. 

2.4.4 AM-100 Preparation 

If the Alpha Micro AM-100 CPU is used in the system, the interrupt 

jumper must be added on the CPU board at VI5 for compatibility with 

the AM-420. 
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3.0 INTRODUCTION 

SECTION III 

PROGRAMMING 

This section describes the programming requirements for the AM-420 

circuit board. Circuit board addressing, bootstrap loader, and AM-420 

internal programming are described for complete system compatibility. 

When the AM-420 circuit board is received, it is ready for use with 

the PRIAM disk drive as described in Section II of this manual. The 

bootstrap loader and the microcode contained in internal firmware is 

designed only for these disk drives. 

3.1 UNIQUE SOFTWARE CONSIDERATIONS 

One of the most important differences between the Winchester drives 

and lower capacity conventional drives is that the software must 

accept media flaws. The track and bit densities are so great with 

these high capacity memory disks that it is impossible to manufacture 

platters with no media flaws. Therefore, software consideration is 

made for these faulty blocks. 

The technique used to detect and flag these tracks writes to and reads 

from every track and flags any tracks that are faulty. To accommodate 

this technique, a new program called "CRT420" is included. New 

versions of old programs have also been included. 

3.2 ADDRESSING 

The AM-420 and associated disk drives are addressed through the S-100 

bus address lines. The circuit board address is jumper selectable by 

the jumpers connected to U27. Pull-ups to either +5V or ground 

jumpers select the board address on S-100 bus address lines AD2-AD7. 

Address C4 (Hex) is etched in the board to occupy I/O ports C4 and C5 

(Hex). 
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3.3 INITIALIZATION 
On initial power-up or reset, the AM-420 goes into a dormant state 
waiting for initialization. With the boot option enabled, the phantom 
signal is activated, disabling any phantom controlled memory. The 
S-100 bus is enabled to access the bootstrap loader contained in the 
AM-420 PROM. 

The 2K x 8 EPROM (U31) contains both the bootstrap routine and the 
controller microcode. The microcode resides in the first 1K bytes, 
and the bootstrap routine resides in the second 1K bytes of this PROM. 
The current bootstrap routine is written in AM-100 code. However, 
other user codes may be used. 

NOTE: If the user code contained in the AM-420 EPROM is 
changed from the current boot routine, the microcode in the 
first 1K of memory must be duplicated exactly. 

Initialization of the AM-420 is accomplished by writing a zero byte 

into the AM-420 command register during system initialization. The 
on-board CPU finishes initialization of the disk controller and 
releases the Phantom signal. 

3.4 COMMAND REGISTER 
The command register 
is accessed by writing 
are in multiples of 

receives AM-420 commands from the S-100 bus. It 
to the selected address. The base addresses 
four from the first address FFOO (Hex) to FFFC 

(Hex) in increments of four. A software handshake 
used for the command transfer (see paragraph 3.7). 
base address when it is shipped from the factory. 

sequence must be 
FFC4 (Hex) is the 

There are three basic types of commands used for operation of the 
AM-420 system; non-disk commands, disk commands and special commands. 
All three types are described in Figure 3-1. 
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NON-DISK COMMANDS: 

07 06 05 04 03 02 D1 DO 

IE CLR FN R/W 0 

L NON-DISK COMMAND 

......_ __ 0 =READ 1 =WRITE 

420 _,.CPU CPU -;.420 

--- 0 =TRANSFER 1 =EXECUTE 

01 =DATA BUFFER BUFFER WHERE DATA 
00 =RAM BASE } LOCATION IN OMA RAM 

"------< 10 =USER POINTER IS TO BE RETRIEVED 
, 11 =@USER POINTER OR STORED . 

........_ 1 =CLEAR INTERRUPT 

DISK COMMANDS: 

1 = ENABLE 
INTERRU 

0 = DISABLE 
INTER RU 

PT 

PT 

1 = SEEK 
TRACK 

l 
\ 

0 =NO OP 

I \ 1 =INTERRUPT ENABLE 

l 0 =INTERRUPT DISABLE 

D7 06 D5 D4 

IE - SEEK 

J 

SPECIAL COMMANDS: 

1. OF HEX 
2. 1F HEX 
3. 2F HEX 
4. 3F HEX 
5. 4F HEX 
6. 5F HEX 
7. 6F HEX 
8. 7F HEX 
9. SF HEX 

READ REVISION LEVEL 
RUN MEMORY TEST 
SEQUENCE UP DRIVE 
SEQUENCE DOWN DRIVE 
RESET DRIVE 
READ DRIVE ID 
READ SECTOR SIZE 
READ CURRENT CYLINDER 
READ DRIVE STATUS 

03 

R/W 

02 01 

F TRK 

DO 

1 

L DISK COMMAND 

000 = READ STATUS 
HECK c 

001 = 
-

RESTORE TO CYLINDER ZERO 
-----< 010- READ RECORD 

100 =WRITE RECORD 
101 = WRITE STATUS 

CHECK 

Figure 3-1. System Commands 
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3.5 STATUS REGISTER 
The status register is used to determine the current status of the 
AM-420 controller. It is accessed from the S-100 bus by reading from 
the user selected base address of the circuit board FFC4 (Hex). The 
format of the status register is described in Figure 3-2. 

3.6 INTERRUPT MODE 
The interrupt mode in the AM-420 can be selected by both disk and 
non-disk commands. If the interrupt mode is selected, the interrupt 
occurs at the completion of the current AM-420 command. The interrupt 
must be cleared by the user by setting bit 6=1 of any non-disk 
command. 

3.7 HANDSHAKE SEQUENCE 
A handshaking type interaction is required between the AM-420 circuit 
board and the CPU any time a command is sent to the AM-420. This 
handshaking is a software operation that uses bit 7 of the Status 
Register. Handshake operations proceed in the following sequence: 

1. A command is sent from the S-100 bus to the Command Register. 

2. The system software waits for bit 7 of the Status Register to 
become a 1 to guarantee that the AM-420 has received the 
command. 

3. The system software writes a zero into the Command Register 
to clear the previous command. 

4. The system software waits until bit 7 of the Status Register 
becomes a 0 indicating that the Command Register has been 
cleared and the command has been executed. 

This completes the handshake operation and the program continues. 
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STATUS REGISTER BITS (PORT) 

I :: I 06 I 05 I 04 I 03 I 02 I 01 I DO I 
1--- DISK ERROR CODES .,I 

02 (HEX) "' DRIVE SEQUENCING UP 
03 (HEX) SPECIAL COMMAND ERROR 

(UNKNOWN SPECIAL COMMAND RECEIVED) 
04 (HEX) = RAM SELF TEST ERROR 
05 (HEX) = DISK NOT READY 
OB (HEX) DISK WRITE PROTECTED 
OF (HEX) DISK FAULT (THE CODE FOR THE FAULT 

IS LOCATED IN THE DATA REGISTER 
(BASE ADDRESS +1 l. 

40 (HEX) "' READ CRC ERROR 

DATA REGISTER BITS FOR DISK FAULTS ONLY (PORT+ 1) 

07 06 D5 D4 D3 D2 01 DO 

CRJ WPR FLT BSY UNK SKF UNK ADY 

CRJ - COMMAND REJECT - A COMMAND WAS SENT TO THE DRIVE WHILE 
IT WAS ALREADY PROCESSING ONE 

WPR WRITE PROTECT - DRIVE IS WRITE PROTECTED 

FLT DRIVE FAULT DRIVE FAULT 

BSY - DRIVE BUSY DRIVE IS BUSY PROCESSING COMMAND 

SKF SEEK FAULT A DRIVE SEEK COMMAND CAUSED AN ERROR 

ROY - 3-5 DRIVE READY DRIVE IS READY 

UNK UNKNOWN BITS MAY BE IN ANY STATE 

Figure 3-2. AM-420 Status Words 
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SET STACK INDEX 
NO. 3 FE•SP 

CLEAR 
CONTROL REG 

CLEAR 
DRIVE SELECT 

REG 

CALL RST 3 
(HANDSHAKE) 

CALL COMMAND SET 
STATUS REG 

NO 

Figure 3-3. DMA Buffer Operation 
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3.8 DMA BUFFER 
The DMA buffer is the 1K RAM in the AM-420. All data transfers to or 

from the disk must pass through this buffer and are handled by the DMA 
logic. 

The DMA buffer is accessed by addressing the AM-420 base address plus 
one and all data between the AM-420 and the S-100 bus must pass 
through this single port. No DMA type operations occur between the 
AM-420 and system memory because they are handled on a programmed 
basis only. The microcode initializes the buffer and sets the DMA 
channels for proper operation as shown in Figure 3-3. The Handshake 
sequence is shown in Figure 3-4, and the data transfer sequence is 

shown in Figure 3-5. 

The starting location within the buffer is determined by bits 4 and 5 
of non-disk commands. The RAM base address (D5=0, D4=0) points to the 
first location in the DMA buffer. The first eight locations of this 

buffer are used to store information regarding retry count, drive 

select, and cyclinder/sector/head select. 

The data buffer address (D5=0, D4=1) points 
bytes within the buffer and begins at 

pointer address (D5=1, D4=0) points to a 

to the start of 512 data 
the ninth byte. The user 

location within the DMA 

buff er which may be loaded by the user to point to other buff er memory 
locations for data transfer or the start of user defined microcode. 

The actual location is the last two bytes of the 1K RAM used for the 
DMA buffer. The user pointer (D5=1, D4=1) is used to make indirect 
data transfers or jumps to microcode using the user pointer. 

3.8.1 DMA Buffer Operation For Disk Write 

Transferring data to the DMA buffer and then performing disk write 

operations takes place as follows: 

1. Send DMA write command 06 (Hex) to the AM-420 command 
register and perform a handshake. 
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Figure 3-4. 

DWM-00420-00 REV. AOO 

RST3 

READ 
COMMAND 

REG 

SAVE 
COMMAND 

IN 'C' 

ACKNOWLEDGE 
COMMAND 
RECEIVED 

N0.80•STATUS 

READ 
COMMAND 

REG 

RETURN 

NO 

NO 

Handshake Sequence 
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COMMAND 

RESET DMA 
AND 

SET REG INDEX 

PRESET MODE 
BIT FOR WRITE 

SET DMA 
ADDRESS & 

COUNT 

0 

CLEAR 
INTERRUPT 

RETURN 

PRESET USER 
STORAGE 

(No. R.IX"M +3 FE• HL) 

GOTO USER 
PROGRAM 
(JMP@ HL) 

RESET MODE 
BITTO READ 

ENABLE DMA 
TRANSFER 
(D•DMA+A) 

CLEAR 
STATUS CODE 

NOO•A) 

Figure 3-5. DMA Transfer Sequence 
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2. Send retry count to AM-420 DMA buffer (normally 8). 

3. Send disk unit number (0-3) to DMA buffer (see note). 

4. Write physical address plus two bytes of zeros (6 bytes 

total), sector, head, cylinder (2 bytes). 

5. Send data (0-512 bytes) to DMA buffer. 

6. Send disk write command 19 (Hex), or 99 (Hex) for interrupt, 
to AM-420 command register and perform a handshake. 

7. Read AM-420 status register and check for zero condition 

indicating no error. 

8. Continue with next command if no errors are detected. 

NOTE: Disk unit number is sent as a radial select. 
i.e. Unit 0=0001 binary 

Unit 1=0010 binary 

Unit 2=0100 binary 

Unit 3=1000 binary 

3.8.2 DMA Buffer Operation For Disk Read 

Transferring data from the disk into the DMA buffer and then reading 
the DMA buffer is performed as follows: 

1. Send a DMA write command 06 (Hex) to the AM-420 command 

register and perform a handshake. 

2. Write retry count into the DMA buffer. 
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3. Write disk unit number (0-3) into the DMA buffer. 

4. Write physical address plus two bytes of zeros (six bytes 
total), sector, head, cylinder (2 bytes). 

5. Write disk read command 15 (Hex), or 95 (Hex) for interrupt, 
to the AM-420 command register and perform a handshake. 

6. Read AM-420 status register and check for zero condition 
indicating that no errors have occurred. 

7. Assuming that no errors occurred during the disk read, send 
the DMA read command 12 (Hex), or 92 (Hex) for interrupts to 
the AM-420 command register and perform the normal handshake. 

8. Read one byte of data from the DMA buffer and discard it (the 
first byte is always invalid data). 

9. Read the valid data (1 to 512 bytes) from the DMA buffer. 

3.s.3 Physical Address 
The term physical address refers to a four byte block pointing to the 
cylinder/sector/head within the drive. The user enters these four 
bytes in the following order: 

1. Sector (1 byte) 

2. Head (1 byte) 

3. Cylinder (2 bytes) 

A valid sector number is between zero and the maximum number of 
sectors around a disk track. A valid head number is between zero and 
the maximum number of heads in the drive. 
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A valid cylinder number is a two byte number between zero and the 
maximum number of cylinders within a drive. 

3.9 RESTORE COMMAND 
The restore command is used to reset the disk logic and force the disk 

head to return to track zero. The .user may force a restore command 
with a disk command 3 (Hex), or the microcode will exercise the 
restore command on its own following certain errors. 

If a disk fault occurs, the microcode attempts one restore and 
checks the fault status again. If the fault still exists, 
microcode aborts the command operation and reports an error to 
CPU. 

3.10 STATUS CHECK 

then 
the 
the 

The Read and Write Status check commands are used to access specific 
status information from the disk drive. 

The Write Status check command is used to determine if the currently 
addressed disk is writ~ protected. It does not attempt to actually 
write any data. If the addressed disk is write protected, error code 
~B (Hex) is placed in the status register. 

The Read Status check command (if SEEK bit 4 is on) seeks for the 
currently addressed track and then returns. Data is not read from the 
disk. If an error occurred, an error code is placed in the status 
register. 
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3.11 SPECIAL COMMANDS 

The third class of commands are special feature commands. There are 

two types of these commands which will be discussed in paragraphs 

3 . 1 1 • 1 and 3 • 1 1 . 2 . 

1 • Read Microcode Revision Level - This command will return the 

revision level of the microcode. This is a Type II Command. 

2. Execute Internal RAM Test - This command will execute an 

internal RAM Test. It takes about 5 seconds to run. This 

test is run at power up, but not at reset automatically. 

This is a Type II Command. 

3. Sequence Up Drive - Will sequence up the selected drive (Type 

I Command). 

4. Sequence Down Drive - Will sequence down the addressed drive 

(Type I Command). 

5. Reset Drive - Will reset fault on selected drive. 

6. Read Drive Type Command - Will return type of drive currently 

selected (Type II Command). 

7. Read Drive Sector Size - Will return number of bytes per 

sector on selected drive (Type II Command) 

8. Read Current Cylinder Will return position of head on 

selected drive (Type II Command). 

9. Read Drive Status - Returns drive status on selected drive 

(Type II). 
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3.11 .1 Type I Commands 
Type I commands return no information. 

3.11 .2 Type II Commands 
Type II commands return information through both the Status Register 
and the on-board RAM Buffer. 

A detailed listing of commands, their usage and how they return data 
is described in the following paragraphs. 

3.11.2.1 Read Revision Level (OF hex) 

1. Write a OF hex to command port. 

2. Perform handshake sequence. 

3. Write a 12 hex to command port. 

4. Perform handshake. 

5. Read one byte from the DMA buffer and discard (first byte is 
invalid data). 

6. Read three ASCII characters from the DMA buffer. These will 
be the revision level of the Prom. 

3.11 .2.2 RAM Test (1F hex) 

Write command 

approximately 5-6 
of the handshake. 

and perform handshake. 

seconds for the RAM test and 
If the test failed, a 4 

2. If test fails write 12 hex to command port. 
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3. Perform handshake. 

4. Read one byte from data port and discard. 

5. The next four bytes contain: 

a. Error address Lo. 

b. Error address Hi. 

c. Byte Written. 

d. Byte read. 

3.11 .2.3 Sequence Up Drive (2F hex) 

1. Write a 6 hex to command port. 

2. Perform handshake. 

3. Write a zero to data port. 

4. Write unit number to data port in a radial select fashion, 

i.e. Unit 0=01 

5. Write a 2F hex to command port. 

6. It is recommended that the drive status command be used to 

wait for the drive to become ready (see paragraph 3.1 .2.9). 
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3.11 .2.4 Sequence Down Drive (3F hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write a 3F hex to command port. 

3. Perform handshake. 

3.11 .2.5 Reset Drive (4F hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write a 4F hex to command port. 

3. Perform handshake. 

3.11 .2.6 Read Drive ID (5F hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write a 5F hex to command port. 

3. Perform handshake~ 

4. Write a 12 hex to command port. 

5. Perform handshake. 

6. Read one byte from data port and discard. 

7. Read byte from data port, this byte is the drive ID. Refer 
to the manual on the particular drive to determine the drive 
ID. 
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3.11 .2.7 Read Drive Sector Size (6F hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write a 6F hex to command port. 

3. Perform steps 3-6 of Read Drive ID. command. 

4. The next two bytes read from the data port are the number of 

bytes per sector stored at Low byte and High byte. 

3.11 .2.S Read Current Cylinder (7F hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write a 7F hex to command port. 

3. Perform steps 3-6 as in Read Drive ID. command. 

4. The next two bytes read from the data port are the current 

cylinder stored Low byte, High byte. 

3.11 .2.9 Read Drive Status (SF hex) 

1. Perform steps 1-4 as in Sequence Up Drive command. 

2. Write an SF hex to command port. 

3. Perform steps 3-6 as in Read Drive ID. command. 
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4. Read drive status byte. Bits are as follows: 

Bit 0 = Drive up to speed and ready 

Bit 1 = Seek completed 

Bit 2 = Seek fault 

Bit 3 = Head on cylinder zero 

Bit 4 = Drive processing command 

Bit 5 = Drive unsafe condition 

Bit 6 = Drive write protected 

Bit 7 = Command received while busy 
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4.0 INTRODUCTION 

SECTION IV 

FUNCTIONAL THEORY OF OPERATION 

The AM-420 Disk Controller circuit board contains integrated circuit 

elements for the data processing necessary for the performance of the 

functions described in Sections I,II and III of this manual. This 

section describes the functional theory of operation of the circuit 

board and also provides information for each of the integrated 

circuit elements. 

4.1 CIRCUIT BOARD OPERATION 

This circuit board provides control and interface capability between 

the S-100 bus and the PRIAM Winchester hard disk drive. The 

functional block diagrams of the circuit board are shown in Figures 

4-1 and 4-2. The circuit board schematics, parts lists, and component 

cross reference lists are contained in Section VI of this manual. 

Table 4-1 contains a list of the signals used in these circuit boards 

with descriptions of their functions. 
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S-100 BUS 
INTERF ACE 

PREsET -
- PHANTOM 

- AOO-AD16 

SMEMR 

PDBIN, PWR 

- SINP - SOUT 

- 000-007 

- 010·017 

--

AOO-AD11 

'\ 

ZWR 

l 
"AD12·AD15 

I\._ AD2, AD7 

ADO,AD1 

J )--

"""\\ 

INIT 

INIT 
FLIP·FLOP 

U14 

INIT 

t CMoWRT 

ABO·AB15 

ADDRESS 
BUFFER 

'WR 

-tr 
U28, U36 SA11 

LeooT 

ADDRESS 
COMPARATOR 

U27 

l CMciWR'f 

COMMAND STATiiii 
DECODER 5AiWAi' U26 

DATRD 

OUTPUT 
DATA OBO· 

REGISTER 087 
U37 

CLK OE 

RXI 

DATWRT 

WRITE 
COMMAND 
REGISTER 

U38 

CLK OE 

ADO 

CMOWRT 

INPUT 
DATA 

REGISTER 
U39 

CLK OE 

./-
~ 

- iNiT 
/ [ WX1 -

STATUS 
R£GISTER 

U40 

CLK OE 

STATiiii 

WRO 

BOOT 

~ NOBOOT 
WRci 
R'OO 

WR 

)BOOT~ A12·A15 

ZWFi 
~ 

iNiT 

GO 

--DENB 

DONE 

--
OMAX 

Kitt 

DATAWRT 

DATARi5 

DMAX 
X'FR 

s100J 
\. 
..r 1"1 

DATRo 
BOOT 

~ R 
R INTERRUPT 

R 

RD2. RD3 

-RD/WR WRJ 
DECODER 

U26 

IOSEL 

IAO,A1,A3 

ABO-AB15 ABO·AB3 

- RoATAsTii WR 

WRDATASTB 

DISK 
BYTENB DATA 

iiOciT AM-410·2 CONTROL 

J >- U18,U7 
OE 

ROM 4MHZ 

Rc5MsEL U31 osc 

MEMErii PROCESS IDSEL Cs SELECT RAM 
DECODER Csi5 MEMWR U41 

UJO ViE U42 

WRRil. DMAill 

l 
'--

DMAX 

iiAcK OMA DONE 
U10,U21, INITIATE -- i--AND BRED 

CPU ZWR 
U2, U6. 

TERMINATE UB, U16 -- U11 --LOGIC DMAX DENB 
U5, U17 

DMAX RD t-- r-! 
--
KILL 

J ~ 
BIDIRECTIONAL 
TRANSCEIVER 

0 ~ f [ DENB_/ ' 
iiVTENB 

I U43 

...I. 
1 DBO·DB7 

RX1 ~ 
I0-12, 12Hl, 12LO 

S-100 </>2ENB 
TRANSFER ... COMMAND DISK 

LOGIC REGIS" ER 
U14, U17, RDiWii U35 

U19 INTERRUPT 

WX1 S100 

J 
CLK CLR 

WR:iJ 

INJT 

[ DISK 

DMAX] 
\. GO OSK DISK 
J TRANSFER 

RDGT, CRCLR, CWEN LOGIC WRITE DATA 
U13, U23, 
U24, U32, 

BYTE NB, BYTCLK U33 RDGT, CRC 
SECEOU, X512 WRGT,OG LOGIC 

WROAT, SELOAT, U15 
SELCLK, ROiWR CRCERR 

Figure 4-1 . AM-420 
Functional Block Diagram 
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ABO ADO 

AB1 AD1 

WR 
BUFFER WR/ 
U58 Bl-DIR EC-

DB0-7 BUS0-7 
RD RD/ TIONAL 

DATA BUS 
PRESET RESET/ U64 

EN 

RDA TA DISK 
READ 

READ 

DATA 

SELCLK 
CONTROL 
U66, 78 

WRD 
ABO-AB3 CONTROL 

DECODER 
U71 

WRE 

WR, IOSEL DISK 
WRF 

WRITE DRIVE DRIVE SEL0-3 

WR DATA DATA 
DB0-7 SELECT 

CONTROL LATCH BUFFER 
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Figure 4-2. AM-420 Functional Block Diagram 
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Table 4-1 . AM-420 Signals List 

NAME 

Address Bus 

Bus Acknow-
1 edge 

Bootstrap 

Load 

Bus Request 

Byte Clock 

SCHEM PAGE 

OF SOURCE 

SH1 

SH1 

SH1 

SH3 

DESCRIPTION 

16 Bit Tri-state address bus. Provides 
addressing for memory, data exchanges 

and I/O device exchanges. 

CPU module output indicating that the 
CPU module address bus, data bus, and 

tri-state control bus signals have been 
set to their high impedance state. 

Generated when the bootstrap program has 
been selected. Enables the ROM, Address 
Buffer and Input Data Register. 

CPU module input requesting that the CPU 

module set its address bus, data bus, 
and tri-state control bus to the high 
impedance state. 

Generated by the Byte Clock Counter at 

the end of each byte of data written or 

read. Used to control the Shift/ Load 
of the write data shift register and 

disk transfer logic. 
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SIGNAL 

BYTENB 

CMDWRT 

CRCERR 

CRCLR 

Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 

NAME OF SOURCE DESCRIPTION 

Byte Enable SH3 Byte clock counter output at the same 

frequency as BYTCLK but twice the 

duration. Used by the disk transfer 

logic and disk data control logic. 

Command Write SH1 Output of the Command Decoder to clock 

command data into the Write Command 
Register and set up the initiate logic. 

CRC Error SH2 Output of the CRC checking module 

indicating an error in the data. 

CRC Clear SH2 Master reset input to the CRC checking 

module. 
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cso 

CWEN 

DATRD 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 

NAME OF SOURCE DESCRIPTION 

Chip Select 

Check Word 
Enable 

Data Read 

Data Write 

DMA Enable 

SH1 

SH2 

SH1 

SH1 

SH2 

Output of the process select decoder and 
is one of the signals that enables the 
RAM. 

Generates the enable signal to the CRC 

checker allowing the check word to be 

generated and written onto the disk. 

Command Decoder output to enable the 
Input Data Register and to generate 

S-100 transfer signals. 

Command Decoder output to enable the 

Output Data Register and to generate 

S-100 transfer signals. 

Provides clock input to the DMA Address 
Generator modules. DMA enable begins 
each cycle of the DMA. 



t::I 

~ 
I 
0 
0 
..p.. 
(\) 

0 
I 

0 
0 

> 
0 
0 

SIGNAL 

DMASEL 

DMAX -DMAX 

DISK 

DONE 

DO-D7 

Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
NAME OF SOURCE DESCRIPTION 

DMA Select 

DMA Access 

Grant 

Disk Command 

Process 
Command 

Data Bus 

Bits 0-7 

SH1 

SH2 

SH2 

SH2 

SH1 

Output of the process select decoder to 

enable the selected DMA address 

generator. Used to write data into or 

read data from the DMA address 
generator. 

Indicates that the on-board CPU is off 
the busses and that control of those 

busses may now pass to the DMA logic. 

Output of the Command Register to set up 

a disk operation with DMA Access Grant 
signal. 

Output of the DMA Address Generator 

indicating completion of the current 

operation. 

Internal eight-bit tri-state data bus. 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 

NAME OF SOURCE DESCRIPTION 

Go SH2 Start command output from Command 

Register. Initiates the transfer of bus 
control from the on-board CPU to the DMA 
logic. 

Go Disk SH2 

Sector Reset SH3 

Disk Index SH3 

Initialize SH1 

I/O Select SH1 

Initiates disk operations under DMA 
logic control . 

Reset command to byte clock counter to 

reset count to beginning of each sector. 

Index pulse from disk drive. Occurs 

once per revolution of the disk to 

define the beginning of sector zero. 

Internal reset signal generated from 
S-100 bus PRESET signal. 

Generated from either Read or Write 

output from the CPU microprocessor when 

address lines A14 and A15 from the 

internal address bus are both one. 



t:1 

~ 
I 
0 
0 
-J:>. 
I\) 

0 
I 

0 
0 

> 
0 
0 

-J:>. 
I 

l..O 

SIGNAL 

IO, I1 

I2LO, 

I2HI 

JAM6 

KILL 

MEMEN 

MEMWR 

OG 

Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 

NAME OF SOURCE DESCRIPTION 

Instruction SH2 Instruction code inputs to the DMA 

Codes Address Generator from the Command 

Register. 

Instruction SH2 Instruction code to either the upper 
Codes eight bits or lower eight bits of the 

DMA Address generator from the command 

register. 

Preset Six SH3 Presets byte clock counter to a count of 

six to synchronize the read timing. 

Terminate SH2 Terminates the operation in process. 

Memory Enable SH2 Enables the RAM for read or write 

operations. 

Memory Write SH2 Controls read or write operations of the 

RAM. Low = write, High = read. 

Output Gate SH2 Allows transfer of data into or out of 

the disk drive. 
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RDATA 

RDDATA STB 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 

NAME OF SOURCE DESCRIPTION 

Read Data 

Read Data 

Strobe 

Read Transfer 

Gate 

Read Gate 

Read/Write 

Read 0 -

Read 3 

SH3 

SH2 

SH3 

SH2 

SH4 

SH1 

The data recovered from the disk in NRZ 

form. 

Generated by the Disk Data Control logic 

to transfer a byte of read data from the 

buffer register to the data bus DBO-DB7. 

Instructs the disk drive to gate the 

read data onto the interface. It occurs 

for any disk transfer cycle (read or 

write). 

Same as RDGATE but only during a read 
disk transfer (gated by RD/WR). 

Generated from bit 4 of command word to 

set either disk Read nr Write 

processing. 

Read select outputs from the Read/Write 

decoder to enable read operations. 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
NAME OF SOURCE DESCRIPTION 

ROM Select 

Output Data 

Transfer 

S-100 Address 
Bit 11 

S-100 Data 
Request 

Sector Equal 

SH1 

SH2 

SH1 

SH2 

SH3 

Generates the output enable of the ROM. 

Output from the S-100 bus Transfer logic 

to transfer data from the Output Data 
Register to the Internal data bus DBO­

DB7 (logical OR of RD1 and the read 
pulse from the DMA logic) . 

Buffered S-100 address bit 11. 

Generated from DATWRT or DATRD for S-100 

bus data transfers. 

Pulse output of the Sector Counter and 

Control logic when the sector counter is 
equal to the sector latch indicating 

that the requested sector is under the 
read/write head. 



1:::1 

~ 
I 
0 
0 
~ 
I\) 
0 
I 
0 
0 

> 
0 
0 

SIGNAL 

SECTOR 

SELCLK 

SELDAT 

STAT IN 

S100 

-WR 

WRDATA 

Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
NAME OF SOURCE DESCRIPTION 

Sector Pulse SH3 Sector pulse that occurs at the 

beginning of each disk sector except 

sector zero which is marked by the INDEX 

pulse. 

Selected SH3 Data Clock 
Clock 

Selected SH3 Either read data or write data depending 

on state of read/write command. 

Status In SH1 Output of the command decoder to enable 

the Status Register. 

S-100 Select SH2 Command Register output to enable an 

S-100 bus data transfer. 

Write SH1 Generated from on-board CPU Write (ZWR) 

signal. 

Write Data SH3 Serial write data from the shift 
register into the CRC generator. 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
NAME OF SOURCE DESCRIPTION 

Write Data 
Strobe 

Write Trans­

fer Gate 

Write Gate 

Disk Write 

Data 

Write-Read 

SH2 

SH2 

SH3 

SH3 

SH1 

Generated by the Disk Data Control logic 

to clock the write data from the data 

bus DBO-DB7 into the write buffer 

register. 

Instructs the drive to write data onto 

the selected surface. It occurs for 

both read and write disk transfer 

cycles. 

Same as WRGATE but only during a write 

disk transfer (gated by RD/WR). 

Disk write data from the CRC checker 

logic applied to the write data drivers. 

Read pulse or write pulse from the 

on-board CPU. 
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Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
NAME OF SOURCE DESCRIPTION 

Write0-Write3 
WriteD-WriteF 

Write 1 

Transfer 

Times 512 

CPU Write 

SH1 

SH2 

SH2 

SH1 

SH1 

Write select outputs from the Read/Write 
decoder that enable write operations to 
selected latches. 

The logical OR of WR1 and the write 
pulse from the DMA logic. 

Generated from DMAX and S-100 to strobe 
the s~100 Transfer Logic to transfer 
data from the Input and Output Data 
Registers to the internal data bus. 

Used by the DMA logic to indicate when 
all data has been written or read and 

that CRC data is next. 

Indicates that the CPU Module holds 
valid data to be stored in the addressed 
memory. 
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4 MHZ 4 MHz 

02ENB S-100 
fer 

Table 4-1 (Con't). AM-420 Signals List 

SCHEM PAGE 
OF SOURCE DESCRIPTION 

Clock SH1 4 MHz clock from oscillator u9. 

Trans- SH2 Clock signal for every cycle of the 

S-100 data transfer. 



The major processing components of this board are the CPU 

microprocessor (U11) and the DMA Address Generator (U10 and U21). The 

ROM (U31) contains the bootstrap load routine and also contains the 

microcode necessary for operation of the microprocessors. 

4.1 .1 Power-Up Reset 

On initial power-up, the circuit board is in a dormant state waiting 

for initialization. The PRESET signal from the S-100 bus sets the 

INIT flip-flop U14 to activate the PHANTOM signal to disable any main 

memory under phantom control and to enable the bootstrap gate. INIT 

generally resets logic on the circuit board to initial conditions. 

4.1 .2 Addressing 

Address data is received from the S-100 bus on address lines ADO-AD15. 

This address data is transferred to the internal address bus during 

boot loading for use by the controllers and memories within the 

circuit board and is also used for direct addressing of the circuit 

board. Buffers on U28 and U36 gate the addresses to the internal bus 

when enabled by bootstrap signal BOOT. 

Address lines AD2-AD7 are wired directly to comparator U27 for circuit 

board addressing. The other inputs come from circuit board etch or 

jumper wires to either +5V pull-ups or ground to produce the desired 

address. The output of the comparator U27 is asserted when the data 

from the address lines compare with the address of the AM-420. This 

generates read and write signals from decoder U26. The address in 

etch is C4 (Hex) and other addresses can be selected as described in 

Section II. 

4.1 .3 CPU Output 

CPU output data is transmitted to the AM-420 for circuit board control 

and data transfer by the S-100 bus data and control lines. Data is 

received by the AM-420, by the Output Data Register U37, and the Write 

Command Register U38. The Input to these data registers comes from 

the S-100 bus data lines DOO-D07 and the output, when enabled, goes to 

internal data bus DBO-DB7. 
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4.1 .3.1 Command Data 

Data from the S-100 bus data lines is clocked into the Write Command 
Register by Command Write signal CMDWRT from the Command Decoder U26. 

This takes place when address lines ADO and AD1 are zero and I/O 
output signal SOUT from the S-100 bus is asserted. Signal CMDWRT also 
resets the INIT flip-flop U14 and resets the initiate logic. 

When the CPU microprocessor issues a write command (ZWR) and address 

lines AB14 and AB15 from the internal address bus are both one, IOSEL 

is asserted to enable the Read/Write decoder U25. Signal ZWR is also 

applied to buffer U28 to generate WR which is an input to the 

Read/Write decoder. When address bits ABO and AB1 from the internal 

bus are zero, the RDO output from the Read/Write decoder transfers the 

contents of the write command register to the internal data bus. 

4.1 .3.2 Command Types 

The non-disk commands issued to the AM-420 are used for control and 

operation of the logic internal to the circuit board. The bit 

functions are listed in Table 4-2 and the commands are listed in Table 

4-3. Disk Commands are used to control the disk drive and access 
status information from the drive. Disk command bit functions are 

listed in Table 4-4, and disk command codes are listed in Table 4-5. 
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Table 4-2. Non-Disk Command Bits 

BIT NAME FUNCTION 

0 0 =0 Indicates non-disk command 
1 1 =1 Activity Bit. 

2 R/W Read/Write O=read (AM-420 to CPU), 

1 = write (CPU to AM-420). 

3 FN Command Function O=transf er 1=execute 

4 BUF Location in DMA buff er where data is to 

5 DMA be retrieved or stored.* 

6 CLR Clear current interrupt O=nop 1=clear 

7 IE Interrupt Enable O=disable 1=enable 

* Bit Location 

5 4 

0 0 RAM Base (Direct) 

0 1 Data Buffer 
1 0 User Pointer 
1 1 @ User Pointer (Indirect) 
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Table 4-3. Non-Disk Command Formats 

BITS 

7 6 5 4 3 2 1 0 FUNCTION 

0 0 0 0 0 0 0 0 Initialization/Boot Load 
x x 0 0 0 1 1 0 Write data to DMA buff er (RAM Base) 

x x 0 1 0 1 1 0 Write data to DMA buffer (Data Base) 

x x 0 0 0 0 1 0 Read data from DMA buff er (RAM Base) 

x x 0 1 0 0 1 0 Read data from DMA buff er (Data Base) 

0 1 0 0 0 0 0 0 Clear Interrupt (Clear Only) 

x 1 XXXX1 0 Clear Interrupt (plus some other non-

disk command) 

x x 1 0 0 1 1 0 Write user microcode pointer 

x x 1 1 0 1 1 0 Indirect load via user pointer 

x x 1 1 1 0 1 0 Execute from users microcode pointer 

x x 1 1 0 0 1 0 Indirect read via user pointer 

x x 1 0 0 0 1 0 Read user microcode pointer 
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Table 4-4. Disk Command Bits 

BIT NAME FUNCTION 

0 DSK Always 1 for disk type commands. 

1 Command function comprised of bits 1 ' 
2 2, and 3 taken as a whole. * 

3 R/W* O=read 1=write 

4 SK Seek 

5 - Not used 

6 - Not used 

7 IE Interrupt enable O=disable 1 =enable 

* See Table 4-5 
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Table 4-5. Disk Command Codes 

BITS 

3 2 1 FUNCTION 

R/W 

0 0 0 Read Status Check 

0 0 1 Restore to Cylinder Zero 

0 1 0 Read Record 

0 1 1 Read Record 

1 0 0 Write Record 

1 0 1 Write Status Check 
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4.1.3.3 Output Data 
The output data from the CPU to the AM-420 transfers from the S-100 
bus data lines to the internal data bus through the Output Data 
Register U37. The input to the Output Data Register comes from the 
S-100 bus data lines DOO-D07; and the output, when enabled, goes to 
the internal AM-420 data bus DBO-DB7. 

Da.ta from the S-100 bus data lines is clocked into the Output Data 
Register by data write signal DATWRT. This is generated by the 
Command Decoder when the board is addressed and address lines AD0=1 
and AD1=0 and I/O output signals SOUT and PWR' from the S-100 bus are 
asserted. Signal DATWRT also sets flip-flops in the S-100 transfer -logic to generate RX1 to transfer the data from the Output Data 
Register to the internal bus during internal S-100 type DMA cycles. 

4.1 .4 CPU Input 

CPU input data is transmitted from the AM-420 by the S-100 bus data 
and control lines. It is transmitted from the AM-420 by the Status 
Register (U40) and the Input Data Register (U39). 

4.1 .4.1 Status Register 
The Status Register is used to determine the current status of AM-420 
board operations and to indicate disk drive faults. The input to the 
Status Register comes from the internal data bus DBO-DB7; and the 
output, when enabled, goes to the S-100 bus data lines DIO-DI7. 

Data from the internal data bus is clocked into the Status Register by 
signal WHO from the Read/Write Decoder (U25). This occurs when the -lines ADO, AD1, and WR 
Register are transferred to 
signal from the Command 
AB1=0, PDBIN is true (high) 
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are all low. The contents of the Status 
the S-100 bus data lines by the STATIN 
Decoder. This signal is issued when ABO=O 
and PWR is false (high). 
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4.1 .4.2 Status Word Formats 

Status words contain information regarding the operation of the AM-420 

board and associated disk drives. Status word information and formats 

are contained in Figure 4-3. Bit 7 is the Command Received (CR) bit 

(1=Received, O=Cleared). 

When the status word is received by the CPU, the data is checked for 

any of the four codes shown at the top of Figure 4-3. If the disk 

error code is found, the disk error status is accessed from the data 

register. Bit definitions for disk faults are shown in Figure 4-3. 

4.1.4.3 Input Data Register 

The Input Data Register (U39) controls the transfer of data from the 

internal data bus to the S-100 bus data lines. The inputs to this 

register come from internal data bus DBO-DB7 and the output, when 

enabled, goes to the S-100 bus data lines DIO-DI7. 

Data from the internal bus is clocked into the register when either -INIT or WX1 are True. Signal INIT controls the register during a boot 

data transfer and Write Transfer 1 (WX1) signal comes from the S-100 -bus transfer logic. Signal WX1 is generated in the same way as RX1 

described in paragraph 4.1 .3.3 except RD/WR input to the S-100 bus 

transfer is in the Write state. Data is placed on the S-100 bus data 

lines when in the bootstrap mode by BOOT or by the DATRD output of the 

Command decoder. Signal DATRD is issued when the board is addressed 

and AD0=1, ADt=O, Read Enable PDBIN is true (high) and Write Strobe 

PWR is false (high). 

4.1 .5 Boot Load Procedure 

The AM-420 contains a bootstrap load routine stored in the ROM on U31 . 

The microcode for internal AM-420 microprocessor operation is also 

contained in the first 1K of ROM memory. The bootstrap program is 

contained in the second 1K of ROM memory. 

NOTE: If the user code is changed from the current boot 

routine, the microcode in the first 1K of memory must be 

duplicated exactly. 
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BIT FUNCTION 

7* 6 5 4 3 2 1 0 

CR 0 0 0 0 0 0 0 Status OK - Function Complete 

CR 0 0 0 0 0 1 0 Drive Sequencing Up - Power Up Only 

CR 0 0 0 0 0 1 1 Special Command Error - Illegal Spec Command 

CR 0 0 0 0 1 0 0 RAM Test Error 

CR 0 0 0 0 1 0 1 Disk Not Ready 

CR 0 0 0 1 0 1 1 Write Protected 

CR 0 0 0 1 1 1 1 Disk Error - See Below 

CR 1 0 0 0 0 0 0 CRC Error 

* CR = Command Received, 0 = Cleared, 1 = Received 

DATA REGISTER BITS FOR DISK FAULTS 

D7 D6 D5 D4 03 D2 D1 DO 

CRJ WPR FLT BSY UNK SKF UNK ROY 

CRJ - COMMAND REJECT - A COMMAND WAS SENT TO THE DR IVE WHILE 
ITWAS ALREADY PROCESSING ONE 

WPR - WRITE PROTECT - DRIVE IS WRITE PROTECTED 

FLT - DRIVE FAULT - DRIVE FAULT 

BSY - DRIVE BUSY - DRIVE IS BUSY PROCESSING COMMAND 

SKF - SEEK FAULT - A DRIVE SEEK COMMAND CAUSED AN ERROR 

ROY - J..5 DRIVE READY - DRIVE IS READY 

UNK - UNKNOWN - BITS MAY BE IN ANY STATE 

Figure 4-3. Status Word Formats 
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The CPU reads the bootstrap load program by addressing the AM-420 

board and reading from F400 (Hex) up. This address, combined with 

SMEMR from the S-100 bus and a high INIT signal which takes place on 

initial start-up, generates the BOOT signal. If the optional jumper 

is in the NO BOOT position, one input to the BOOT AND gate is 

connected to ground, disabling the bootstrap feature. 

The BOOT signal enables the ROM (U31), the Address Buffer (U28 and 

U36), and the Input Data Register (U39). The INIT signal enables the 

clock input to the Input Data Register and since it is a transparent 

latch type register, the bootstrap program transfers from the ROM to 

the system. 

4.1 .6 Interrupts 

The interrupt mode can be selected for AM-420 board operation when the 

software program sets bit 7 in either disk or non-disk commands. When 

the interrupt mode is selected, the interrupt occurs at the completion 

of the current AM-420 command. This is taken from the internal data 

bus by the command register (U35) and connected to the S-100 bus 

vectored interrupt lines. Any one of the seven interrupt lines 
(VIO-VI7) may be selected by a jumper as shown in Section II. 

The interrupt mode may be cleared by the software program so that the 

interrupts do not occur. The program clears the interrupt mode by 

setting bit 6 in any non-disk command to a one (see Table 4-2). 

4.1 .7 Byte Clock Counter 

The byte clock counter controls the shift registers for 

serial-to-parallel and parallel-to-serial conversion of read and write 

operations respectively. It consists of a counter on U74 with 

associated select and gating logic. 

Signal RD/WR selects the necessary clocks and data for either read or 

write disk operations. During read operations, flip-flops on U62 

detect the first bit (sentinel) and presets the byte counter (U74) to 

a count of 6 (JAM6). This counter then counts the selected clock 

pulses until a full byte is loaded into shift register U66. 
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The counter output is gated (count 7) to generate the clock to load 

the shift register data into buffer register U?S for transfer through 

the internal data bus to the RAM. Write operations are similar except 

the counter output BYTCLK controls the shift/load control to write 

shift register U67. 

4.1 .S Disk Transfer Logic 

The disk transfer logic consists of 

the ROM (U23 and U24), an input MUX 

to buffer the ROM output (U32). 

a ROM (U33), a 

(U13) and a D 

This logic is 

read and disk write, DMA transfer operations. 

counter to sequence 

flip-flop register 

common to both disk 

Signal BYTENB, that occurs once for each byte of data transferred, 

provides the clock input to the ROM sequence counter. Sequencing the 

ROM through its program controls the transfer of data from the disk to 

RAM and RAM to disk. 

4.1 .9 Sector Counter 

The sector counter logic enables the controller to read or write data 

in a specific sector on the selected disk. Signal WRE clocks the data 
from the data bus DBO-DB7 into register USO. At the disk index, 

signal INDEX resets counter U56,U57 to FF and it then counts disk 

sector pulses (SECTOR) and provides its counter output to comparator 

U6S. The other input to the comparator is the selected sector number 

stored in register USO. When the sector count equals the selected 

count, the compare output of the comparator generates sector equal 

signal (SECEQU) to the disk transfer logic. 

4.1 .10 Data Write Logic 

The data write logic provides the clock and data outputs necessary for 

the disk drive write circuitry. Serial write data (WRDAT), from the 

write shift register U67 is sent to the CRC logic (U15) for error 

checking. For a description of the operation of the CRC module, see 

paragraph 4.2.3. 
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The selected clock and selected data (SELCLK) and SELDAT) provide the 
data and clock inputs to the CRC module. The output of the CRC logic 

is WRITE DATA that is applied to driver U49 to operate the selected 

write head. The SELCLK is applied to a delay to compensate for the 

propagation delays inherent in the write data path. The clock is then 

applied to driver U49 in the same manner as the write data for 

operation of the selected disk drive. 

4.1 .10.1 Disk Drive Controls 

The CONTROL/STATUS informations are bidirectional through the data bus 
DBO-DB7 via U64. The direction of the data flow is controlled by the 

control decoder from address bits ABO-AB3 and IOSEL. The unit and head 
select data are also taken from the data bus and stored in the buffer 

U76 and U77. 

4.1 .11 Input From Disk Drive 
Read data and clocks are received from the selected drive through line 
receiver U50. Serial READ DATA and READ CLK are applied to shift 

register for serial-to-parallel conversion. The data is then clocked 

into the register (U78) at the end of each 8-bit byte by BYTCLK. The 
read data strobe RDATASTB transfers that byte of data to the data bus 

DBO-DB7 and into the RAM (U41 and U42). 

4.1 .12 AM-420 Board Operations and Timing 
The following paragraphs describe the timing and sequence of 

operations of the AM-420 board. The numbers in parentheses refer to 

the numbers on the associated timing diagram. 

4.1 .12.1 Data Transfer Operations 
The system CPU issues a command to the AM-420 to perform a data 

transfer type of operation (data to or from the disk, or data to or 

from the S-100 bus). The on-board CPU sets up the board for the kind 
of transfer requested (disk or S-100), sets the direction of transfer 

(read data into the board or write data out from the board) via the 

RD/WR bit, and sets up the DMA chips with their required address and 
word counts. The CPU then issues a GO command as shown in Figure 4-4. 
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Figure 4-4. Data Transfer Timing 

When the GO line goes high, it sets flip-flop U5, which causes BREQ to 

be asserted (1). When BREQ (Bus Request) is asserted, the on-board 

CPU will, at its earliest convenience, take itself off the data and 

address busses and issue a BACK (Bus Acknowledge) signal (2). Since 

BACK indicates that the on-board CPU is tri-stated, the DMA circuitry 

can now use the data and address busses. The DMA circuit then does 

its job of transferring the data. When the last byte of data is 

transferred, a DONE signal is issued by the DMA logic. The issuance 

of DONE causes BREQ to drop (3), thereby allowing the on-board CPU to 

reactivate itself (4), which then shuts off the GO signal (5). 

4.1 .12.2 Disk Transfer Operations 

When the AM-420 has been issued a disk transfer command (read or write 

a sector), the on-board CPU checks the disk drive for error conditions 

and, if possible, corrects the condition. If no error exists, or it 

is corrected, the on-board CPU issues a GODSK command, as shown in 

Figure 4-5. (GODSK is the logical AND of signals GO, DISK and the CPU 

being tri-state, DMAX). GODSK causes the micro-engine (U13, U23, U24, 

U32, U33) to start up. The micro-engine then waits for the SECEQU 

(Sector Equals Requested Count) pulse. At this point, the 

micro-engine begins its sector format function, which causes the 

timing signals RDGATE, WRGATE, OG, CRCLR, CWEN (Read Gate, Write Gate, 

Output Gate, CRC Clear, Check Word Enable) to be issued at the 

appropriate time. The micro-engine is sequenced by the BYTCLK/BYTENB 

(Byte Clock, Byte Enable) signals, which are derived from the drive 

clock. 
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Figure 4-5. Disk Transfer Timing 

4.1 .12.3 Disk Read Clocks 

The BYTCLK, BYTENB timing, as shown in Figure 4-6, is based on the 

signal READ CLOCK, which is received from the drive. Both BYTCLK and 

BYTENB are derived from a counter u74. The counter counts at the 
rising edge of SELCLK. When this count equals 7, BYTCLK is issued; 

When equal to 2 and 3, BYTEN is issued. When the count equals 0 (the 

next state) BYTCLK is dropped; when equal to 4, BYTEN is dropped. 
BYTENB is twice as long as BYTCLK. BYTCLK indicates when the last bit 

of a byte has been read or written. 

SERVO/READ 
CLOCK 

aYTCLK 

BYTENI 

0 3 4 

Figure 4-6. BYTCLK-BYTENB Timing 
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4.1 .12.4 Disk Write Clocks. 

The SERVO CLOCK from the drive is delayed and then transmitted as the 
WRITE CLOCK to the drive. The delay is set to equal the propagation 

delay of the CRC circuit. The WRITE CLOCK signal and the WRITE DATA 
signal must have the relationship shown in Figure 4-7. The trailing 

edge of WRITE CLOCK must occur in the middle of the data cell of both 

the WRDATA and the CRC check word. 

WRITE 
CLOCK 

WRDATA ----- l l_-=----­
~. r-~ 

Figure 4-7. Disk Write Timing 

4.1 .12.5 Sector Beginning Format Operations 

This timing shows in greater detail (see Figure 4-8) the relationship 
between the various sector format signals, as created by the 

micro-engine, at the beginning of the sector. Note that the 
micro-engine has no idea of the direction of transfer, and therefore 

issues timing signals for both the read and write transfers. When 
the sector counter equals the requested sector number, a SECEQU 
(Sector Equal) pulse is issued. At the next byte, the WRGATE (Write 

Gate) signal goes high and the CRCLR (CRC Clear) signal is dropped. 

One byte later the RDGATE (Read Gate) signal goes high. Twelve bytes 

after read gate, OG (Output Gate) is raised. This signal enables the 

transfer of data to/from the RAM. After OG is asserted, if it is a 
write operation, a "sentinel" bit is written; if it is a read, 
the BYTCLK is disabled until the sentinel bit is detected. The 
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Figure 4-8. Sector Beginning Timing 

sentinel bit is the indicator of the physical beginning of the sector. 

It is written out on the twelfth byte so that during a read, when the 

absolute timing from the sector pulse to the first bit of data is not 

known, the data bit cells can be synchronized. This means that the 
sentinel bit is written so that during a read the byte is synchronized 

such that bit 0 is interpreted as bit 0 and not as any other bit. 

4.1 .12.6 Sector End Format Operations 

This timing shows (see Figure 4-9) in greater detail the relationship 

between the sector format signals at the end of a sector. After 512 

bytes of data have been transferred into RAM (one per BYTCLK/BYTENB) 

the CWEN (Check Word Enable) signal goes high causing the CRC 

generator to output the current check word if a write is occurring. 

During a read, the CWEN signal is ignored and the check word is 

entered into the serial data stream to be checked by the CRC chip. At 

the end of this time the CRC generator will issue a CRCERR (CRC Error) 

signal if an error in receiving occurred. A tranmsit CRC error is 

impossible. OG (Output Gate) drops at the end of the CRC field, 

shutting off further data transfers to RAM. RDGATE (Read Gate) is 

dropped after OG to insure that no glitches enter into the serial data 

stream, and WRGATE (Write Gate) drops several bytes later to insure 
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Figure 4-9. Sector End Format Timing 

to insure that the data stream after the CRC check word is zero. 

A short while later, the next sector pulse, defining the next sector 

occurs and SECEQU also drops. The DONE signal will have occurred 

coincident with the falling edge of OG causing the DMA cycle to end 

and return bus control back to the on-board CPU. 

4.1 .12.7 DMA Transfer Operations 

The whole process of transferring data to or from the RAM, to or from 

the board, is done as a DMA cycle. The CPU sets up the board for the 

transfer, sets the DMA address and word counts, sets the read/write 

bit for transfer into or out of the AM-420, and then sets the GO bit 

and either the DISK bit or the S-100 bit. These three bits, (DIS, 

S-100 and RD/WR) cause the DMA cycle to follow the correct path. The 

IC's U18 and U19 steer the DMA logic to provide the requested 

transfer. U18 is used for a disk type transfer, while U19 is used 

for the S-100 type transfer. For any of the four types of transfers, 

RAM to S-100, S-100 to RAM, RAM to disk, or disk to RAM, the process 

is to set the three bits in the registers (RD/WR, DISK, or S-100) and 

issue a GO command. The DMA hardware takes care of the rest of the 

process. Each byte is transferred into or out of RAM via one of two 

signals: BYTENB or 02ENB (phase 2 Enable). BYTENB is used for a 
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disk type transfer, and 02ENB is used for the S-100 type transfers. 

Each signal was designed to be no less than 200ns, or the access time 

of the RAMs. To this end the signal 02ENB is one whole cycle of the 

4MHz master clock. When the system CPU reads from or writes to the 

AM-420 data ports, a DATRD (Data Read) or DATWRT (Data Write) pulse 

occurs. These signals are OR'ed to cause a SDREQ (S-100 DMA Request) 

which forces JK flip-flop U17 to toggle, creating 02ENB. 

DATRDIDA1-T 

tilZENB 

Figure 4-10. DMA Transfer Timing 

4.2 CIRCUIT MODULE DESCRIPTION 

This section describes the operation of the individual circuit 

packages (DIPS) contained on the AM-420 circuit board. Most of the 

processing is handled by the CPU and DMA address generator modules, 

so these are described in detail. The control logic and interface 

modules are also described with logic and connection diagrams for 

each one. 

4. 2 .1 CPU Microprocessor (U11). 

The CPU microprocessor is a single DIP module that handles the data 

processing of the AM-420 circuit board. 

Figure 4-11 is a block diagram of the CPU, and Figure 4-12 details 

the internal register configuration which contains 208 bits of 

Read/Write memory that are accessible to the programmer. The 

registers include two sets of six general purpose registers that may 

be used individually as 8-bit registers or as 16-bit register pairs. 
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Figure 4-12. CPU Registers 

Figure 4-13 shows the CPU pin in figuration and Table 4-6 
contains a list of the CPU signals. 
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Figure 4-13. CPU Pin Configuration 
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Table 4-6. CPU Signal List 

SIGNAL 

A0-15 

ADDRESS BUS 

DO-D7 

DATA BUS 

MACHINE CYCLE ONE 

MREQ 

MEMORY REQUEST 

IORQ 

INPUT/OUTPUT REQUEST 

DWM-00420-00 REV. AOO 

PIN 

27 

19 

20 

4-35 

FUNCTION 

Tri-state output, active high. 

AO-A15 constitute a 16-bit address 
bus. The address bus provides the 

address for memory (up to 64K 
bytes) data exchanges and for I/O 
device data exchanges. 

Tri-state input/output, active 

high. DO-D7 constitute an 8-bit 
bidirectional data bus. The data 

bus is used for data exchanges 
with memory and I/O devices. 

Output, active low. M1 indicates 

that the current machine cycle is 

the OP code fetch cycle of an 
instruction execution. 

Tri-state output, active low. The 

memory request signal indicates 

that the address bus holds a valid 

address for a memory read or 

memory write operation. 

Tri-state output, active low. The 

IORQ signal indicates that the 

lower half of the address bus holds 

a valid I/O address for an I/O read 

or write operation. An IORQ signal 
is also generated when an interrupt 
is being acknowledged to indicate 

that an interrupt response vector 
can be placed on the data bus. 



Table 4-6 (Con't). CPU Signal List 

SIGNAL 

MEMORY READ 

-WR 
MEMORY WRITE 

RFSH 
REFRESH 

HAIT 
HALT STATE 
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PIN 

21 

22 

28 

18 
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FUNCTION 

Tri~state output, active low. RD 
indicates that the CPU wants to 
read data from memory or an I/O 

device. The addressed I/O device 
or memory should use this signal 

to gate data onto the CPU data 

bus. 

-Tri-state output, active low. WR 

indicates that the CPU data bus 

holds valid data to be stored in 

the addressed memory or I/O 

device. 

Output, active low. RFSH 
indicates that the lower 7 bits of 
the address bus contain a refresh 
address for dynamic memories and 

the current MREQ signal should be 

used to do a refresh read to all 

dynamic memories. 

Output, active low. 'iiA'LT' indi­

cates that the CPU has executed a 
HALT software instruction and is 

awaiting either a nonmaskable or 

a maskable interrupt (with the 

mask enabled) before operation can 

resume. While halted, the CPU· 
executes NOP's to maintain memory 

refresh activity. 



Table 4-6 (Con't). CPU Signal List 

SIGNAL 

WAIT 

WAIT 

ffi 
INTERRUPT REQUEST 

NMI 
NON MASKABLE 
INTERRUPT 

RESET 
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PIN 

24 

1 6 

17 

26 

4-37 

FUNCTION 

Input, active low. WAIT indicates 

to the CPU that the addressed me­
mory or I/O devices are not ready 

for a data transfer. The CPU con­
tinues to enter wait states for 
as long as this signal is active. 

Input, active low. The Interrupt 

Request signal is generated by I/O 

devices. A request will be 
honored at the end of the current 
instruction if the internal soft­

ware controlled interrupt enable 

flip-flop (IFF) is enabled. 

Input, active low. The non-mask­
able interrupt request line has a -higher priority than INT and is 

always recognized at the end of 

the status of the interrupt enable 

flip-flop. NMI automatically 

forces the CPU to restart to loca­

tion 0066H. 

Input, active low. RESET initial­

izes the CPU as follows: reset 

interrupt enable flip-flop, clear 

PC and registers I and R and set 

interrupt to 8080A mode. During 

reset time, the address and data 
bus go to a high impedance state 
and all control output signals go 
to the inactive state. 



Table 4-6 (Con't). CPU Signal List 

SIGNAL PIN 

BUSRQ 25 
BUS REQUEST 

BUS AK 23 
BUS ACKNOWLEDGE 
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FUNCTION 

Input, active low. The bus re­
quest signal has a higher priority 
~ 

than NMI and is always recognized 
at the end of the current machine 

cycle and is used to request the 

CPU address bus, data bus and tri­

state output control signals to 
go to a high impedance state so 
that other devices can control 

these busses. 

Output, active low. Bus acknow­

ledge is used to indicate to the 

requesting device that the CPU 

address bus, data bus and tri­

state control bus signals have 
been set to their high impedance 
state and the external device 

can now control these signals. 
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There are also two sets of accumulator and flag registers. The 

programmer has access to either set of main or alternate registers 

through a group of exchange instructions. This alternate set allows 

foreground/background mode of operation or may be reserved for very 

fast interrupt response. Each CPU also contains a 16-bit stack 

pointer which permits simple implementation of multiple level 

interrupts, unlimited subroutine nesting and simplification of many 

types of data handling. 

The two 16-bit index registers allow tabular data manipulation and 

easy implementation of relocatable code. The Refresh register 

provides for automatic, totally transparent refresh of external 

dynamic memories. The I register is used in a powerful interrupt 

response mode to form the upper 8 bits of a pointer to an interrupt 

service address table, while the interrupting device supplies the 

lower 8 bits of the pointer. An indirect call is then made to this 

service address. 

4.2.1 .1 Instruction Op-Code Fetch 

The program counter content (PC) is placed on the address bus 
immediately at the start of the cycle. One half clock time later 

MREQ goes active. The falling edge of MREQ can be used directly as a 

chip enable to dynamic memories. RD when active indicates that the 

memory data should be enabled onto the CPU data bus. The CPU samples 

data with the rising edge of the clock state T3. Clock states T3 and 

T4 of a fetch cycle are used to refresh dynamic memories while the 

CPU is internally decoding and executing the instruction. The 

refresh control signal RFSH indicates that a refresh read of all 

dynamic memories should be accomplished. 
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WAIT = ===== :J\: .::.::::::::: ====-=- ==--=--=----: 

4.2.1 .2 Memory Read Or Write Cycles 

Illustrated here is the timing of memory read or write cycles other 

than an OP code fetch (M1 cycle). The MREQ and RD signals are used 

exactly as in the fetch cycle. In the case of a memory write cycle, -the MREQ also becomes active when the address bus is stable so that 

it can be used directly as a chip enable for dynamic memories. The -WR line is active when data on the data bus is stable so that it can 

be used directly as an R/W pulse to virtually any type of 

semiconductor memory. 

WR 

DO C7 

WAIT - :::_-::-_- TL-_- :::::: ::::::_-_ -rt_-_ ==--=- -:.: 
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4.2.1 .3 Input Or Output Cycles 

Illustrated here is the timing for an I/O read or I/O write 

operation. Notice that during I/O operations a single wait state is 

automatically inserted (Tw*). The reason for this is that during I/O 

operations this extra state allows sufficient time for an I/O port to 

decode its address and activate the WAIT line if a wait is required. 

AO A7 

IOAQ 

RO 

00 01 

::.re: 
WR 

DO 07 

4.2.1 .4 Interrupt Request/Acknowledge Cycle 

The interrupt signal is sampled by the CPU with the rising edge of 

the last clock at the end of any instruction. When an interrupt is 

accepted, a special M1 cycle is generated. During this M1 cycle, the 

IORQ signal becomes active (instead of MREQ) to indicate that the 

interrupting device can place an 8-bit vector on the data bus. Two 

wait states (Tw*) are automatically added to this cycle so that a 

ripple priority interrupt scheme, such as the one used in the 

peripheral controller, can be easily implemented. 
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4.2.1 .5 CPU Instruction Set 
The following is a summary of the CPU instruction set showing the 
assembly language mnemonic and the symbolic operation performed by 
the instruction. The instructions are divided into the following 
categories: 

8-bit loads 
16-bit loads 
Exchanges 
Memory Block Moves 
Memory Block Searche 
8-bit arithmetic andic 
16-bit arithmetic 
General Purpose Accumulator 

& Flag Operations 

Miscellaneous Group 
Rotates and Shifts 
Bit Set, Reset and Test 
Input and Output 
Jumps 
Calls 
Restarts 
Returns 

In Table 4-7, the following terminology is used: 

b - a bit number in any 8-bit register or memory 
location 

cc - flag condition code 
NZ - non zero 
Z - zero 
NC - non carry 
C - carry 
PO - Parity odd or no over flow 
PE - Parity even or over flow 
P - Positive 
M - Negative (minus) 

DWM-00420-00 REV. AOO 

d - any 8-bit destination register or memory location 
dd - any 16-bit destination register or rnemorv location 
e - 8-bit signed 2's complement displaceme;t used in 

relative jumps and indexed addressing 
L - 8 special call locations in page zero. In decimal 

notation these are 0, 8, 16, 24, 32. 40, 48 and 56 
n - any 8-bit binary number 
nn - any 16-bit binary number 

- any 8-bit general purpose register (A, B. C. D, E. 
H, or L) 

s - any 8-bit source register or memory location 
Sb - a bit in a specific 8-bit register or memory location 

ss - any 16-bit source register or memory location 
subscript "L" = the low order 8 bits of a 16-bit register 

subscript "H'' = the high order 8 bits of a 16-bit register 

( ) = the contents within the ( ) are to be used as a 
pointer to a memory location or 1/0 port number 

8-bit registers are A, B, C, D, E, H, L, I and R 
16-bit register pairs are AF, BC, DE and HL 

16-bit registers are SP, PC, IX and IY 

Addressing Modes implemented include combinations of 
the following: Immediate Indexed 

Immediate extended Register 
Modified Page Zero Implied 
Relative Register Indirect 
Extended Bit 
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Table 4-7. CPU Instruction Set 

Mnemonic Symbolic Operation Comments 

LO r. s r +- s s = r. 11. (Hll. 
(IX+el.(IY+el 

LD d. r d +- r d=(HU.r 

8-BIT LOADS 
( L\+el. ( IY+e) 

LO d. 11 d +- 11 d =(HU. 
(IX+e). (IY+e) 

LD A. s A+- s s =(BC). (DEi. 
(nnl.I.R 

LDd. A d ...- A d =(BC). (DE). 
(nn). I. R 

LO dd. nn dd <--- nn dd :=BC. DE. 
HL. SP. IX. IY 

LO dd. (n11) dd <-(1111) dd =BC. DE. 
HL. SP. IX. IY 

16-BIT LOADS 
LD (nn), ss (nn) ..- ss SS= BC. DE. 

HL. SP.iX. IY 
LD SP. SS SP<--- SS ss = HL. IX,. IY 
PUSH ss (SP- I)..- SSH; (SP-2) ..- SSL SS= BC. DE. 

HL. AF. IX. IY 
POP dd ddL +-(SP);ddH+-(SP+l) dd =BC. DE. 

HL. AF. IX, IY 

EX DE. HL DE -HL 

EX AF. AF' AF H AF' 
EXCHANGES EXX (BC) (BC) DE .-. DE' 

HL HL' 

EX (SP). SS (SP)-~ SSL· (SP+l) - SSH SS= HL. IX. IY 

LDI (DE)..- (HU. DE ...- DE+ I 
HL <--- HL+l. BC..- BC-I 

LDIR (DE)<--- (HL). DE <---DE+ I 

MEMORY BLOCK MOVES 
HL <--- HL+I. BC<--- BC-! 
Repeat until BC = 0 

LDD (DE) +-(HL). DE..- DE-I 
HL ...- HL-1. BC..- BC-I 

LDDR (DE) +-(HL). DE<--- DE-I 
HL ..- HL-1. BC..- BC-I 
Repeat until BC= 0 
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Table 4-7. (Cont.). CPU Instruction Set 

\tnemonic Symbolic Operation Comments 

CPI A-(HL). HL +- HL+l 
BC +- BC- I 

CPIR A-(HL). HL +- HL+l A-(HL) sets 

MEMORY BLOCK SEARCHES 
BC +-BC- I. Repeat the flags only. 
until BC= 0 or A= (HL) A is not affected 

CPD A-(HL). HL +- HL-1 
BC+- BC-I 

CPDR A-(HL). HL +- HL-1 
BC +-BC-I. Repeat 
until BC= 0 or A= (HL) 

ADDs A+-A+s 

AOC s A+- A+ s +CY CY is the 

SUB s A+-A-s carry flag 

SBC s A+- A - s - CY s=r.n.(HL) 
ANDs A+-A/\s (IX +e ). ( IY+e) 

8-BIT ALU OR s A+-AVs 

XORs A+-Aes 

CPs A - s s=r.n(HL) 

INC d d+-d+l 
(IX+e).(IY+e) 

d = r. (HL) 

DEC d d+-d-1 
(IX+e). (IY+e) 

ADD HL, ss HL +- HL +SS 

ADC HL, SS HL +- HL +SS+ CY }"~BC, Dr 
HL. SP 

SBC HL. SS HL +- HL - SS - CY 

ADD IX. ss IX+- IX+ SS SS= BC. DE. 

16-BIT ARITHMETIC IX.SP 

ADD IY. SS IY +- fY +SS SS== BC. DE. 
IY,SP 

INC dd dd +- dd + I dd =BC. DE. 
HL, SP, IX. IY 

DEC dd dd +- dd - I dd =BC. DE. 
HL, SP, IX, IY 

DAA Converts A contents into Operands must 
packed BCD following add be in packed 
or subtract. BCD format 

GP ACC. AND FLAG -CPL A+-A 

NEG A+-00-A 

CCF CY +-CY 

SCF CY+- I 
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Tab le 4-7. (Cont.). CPU Instruction Set 

Mnemonic Symbolic Operation Comments 

~OP No operation 

HALT Halt CPU 

MISCELLANEOUS 
DI Disable Interrupts 

El Enable In terrui:its 

IM 0 Set interrupt mode 0 8080A mode 
IM I Set interrupt mode I Call to 0038H 

IM~ Set interrupt mode ~ Indirect Call 

RLC s ~ 
s . 

RL s ~74-11~ 
s 

RRC s ~ 
s 

RR s ~7-ll~ 
s 

ROTATES AND SHIFTS SLA s ~ti s=r.(HL) 
s (IX+e). (IY+e) 

SRA s ~ 
SRLs {t~ 

s 

RLD 11A•l•2'.j t: 1i1•H1 

RRD 11 A•li ~ ~ ~ oj.Hu 

BITS S, R, AND T 
BIT b. s z --s; Z is zero flag 

SET b, s Sb +-- I s=r.(HL) 

RES b. s Sb +-- 0 (IX +e ), (IY +e) 

IN A, (n) A+--(n) 

INr,(C) r+--(C) Set flags 

!NI (HL) +--(C),HL +-- HL +I 
B+--B-1 

INIR (HL) +--(C), HL +- HL + I 
INPUT AND OUTPUT B+-B-1 

Repeat until B = 0 

IND (HL) +--(C), HL +-- HL - I 
B+--B-1 

!NOR (HL) +--((). HL +-- HL - I 
B+--B-1 
Repeat until B = 0 
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Table 4-7. (Cont.). CPU Instruction Set 

!\tnemonic Symbolic Operation Comments 

OUT(n). A (n) ..__A 

OUT(C). r (C)+-r 

OUTI (C)+- (HL). HL +- HL + I 
B+--B-1 

INPUT AND OUTPUT OTrR IC)+- (HL). HL +-- HL + I 
B+--B-1 
Repeat untilB = 0 

OUTD (C)+-- (HL). HL +-- HL - I 
B+--B-1 

OTDR (Cl+-- (HL). HL +-- HL - I 
B+--B-1 
Repeat until B = 0 

JUMPS 

JP nn PC+- nn rz PO 
JP cc. nn If condition cc is true 

cc ~c 
PE 

PC +-- nn. else continue p 

JR e PC+-PC+e M 

JR kk. e If condition kk is true kk{~z NC 
PC+- PC+ e. else continue c 

JP(ss) PC+- SS ss = HL. IX. IY 

DJNZ e B +- B - I . if B = 0 
continue, else PC +--PC + e 

CALLS 

CALL nn (SP-I)+-- PCH 

rz PO 
(SP-2) +--PC L. PC +-- nn 

cc ~c PE 
CALL cc. nn If condition cc is false p 

continue. else same as c M 
CALL nn 

RESTARTS 
RST L (SP-I) +-PCH 

(SP-2) +- PCL, PCH +- 0 
PCL +- L 

RET PCL +--(SP), 
PCH +-(SP+ I) 

RETURNS 

RETcc If condition cc is false rz PO 
continue, else same as RET z PL:: 

RETI Return from interrupt, 
cc ~(' p 

same as RET r M 

RETN Return from non-
maskable interrupt 
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4.2.2 DMA Address Generator (U10, U21). 

This device is a high-speed, 8-bit wide direct memory access address 

generator slice that can be cascaded to form larger addresses. 

Device connections are shown in Figure 4-14. 

The primary function of the device is to generate sequential memory 

addresses for use in the sequential transfer of data to or from a 
memory. It also maintains a data word count and generates a DONE 

signal when a programmable terminal count has been reached. The 

device is designed for use in peripheral controllers with DMA 

capability or in any other system which transfers data to or from 
sequential locations of a memory. 

The device can be programmed to increment or decrement the memory 

address in any of four control modes and executes eight different 

instructions. The initial address and word count are saved 

internally so that they can be restored later in order to repeat the 

data transfer operation. 

Logic Symbol 

10 

ACD WCD 
"7 
o, 

28 "s 
27 D4 

DATA 
11 "3 
17 D2 

ADDRESS ,. D1 

13 Do 

25 '2 

} INSTRUCTION 24 ,, 
23 'o 

21 CLOCK 
CP ACI WCI 

,, 

DONE 

A1 

... ... 
A4 26 

A3 19 

Az 18 

A1 15 

Ao 12 

DEA 20 

Connection Diagram 

Top View 

... "s 

... o, 

o, A4 

D7 '2 

A7 
,, 

~ 'o 

DONE GND 

Vee CP 

WCI 6fA 

l'iCl5 A3 

ACT D3 

Ao D2 

Do A2 

D1 A1 

Figure 4-14. DMA Address Generator Connections 
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4.2.2.1 Architecture 
As shown in Figure 4-15, the device consists of the following: 

A three-bit Control Register. 
An eight-bit Address Counter with input 
multiplexer. 
An eight-bit Address Register. 
An eight-bit Word Counter with input 
multiplexer. 
An eight-bit Word Count Register. 
Transfer complete circuitry. 
An eight-bit wide data multiplexer with 

three-state output buffers. 
Three-state address output buffers with 

external output enable control. 
An instruction decoder. 

MULTIPLEXER 

ADDRESS COUNTER 

0 

ADDRESS REGISTER 

TRANSFER COMPLETE 
CIRCUITRY 

DON£ 

MULTIPLEXER 

WORD COUNTER 

WORD COUNT 
REGISTER 

OATA MUL TIPLEXEl=I 

DATA 
IDg _7l it:&-_._--<l----__;7£--------------------' 

INSTRUCTION e>--r--t 
110 -1 21 

INSTRUCTION 
DECODER 

Figure 4-15. DMA Address Generator Block Diagram 
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Control Register. Under instruction control, the Control Register 

can be loaded or read from the bidirectional DATA lines DO-D?. 

Control Register bits 0 and determine the Control Mode, and bit 2 

determines whether the Address Counter increments or decrements. 

Figure 4-16 defines the Control Register format. 

CR1 CRo 

L L 

L H 

H L 

H H 

H =HIGH 
L =LOW 

Control Mode 
Number 

0 

1 

2 

3 

Control 
Mode Type 

Word Count Equals One 

Word Count Compare 

Address Compare 

Word Counter Carry out 

CR2 

L 

H 

Control Register 

Word Done 
Counter Output Signal 

Decrement HIGH when Word Counter = 1 

Increment HIGH when Word Counter • 1 equals Word Count Register 

Hold HIGH when Word Counter " Address Counter 

Increment Always LOW. 

Address Counter 

Increment 

Decrement 

Figure 4-16. Control Register Format Definition 

Address Counter. The Address Counter, which provides the current 

memory address, is an eight-bit, binary, up/down counter with full 

look-ahead carry generation. The Address Carry Input (ACI) and 

Address Carry Output (ACO) allow cascading to accommodate larger 

addresses. Under instruction control, the Address Counter can be 

enabled, disabled, and loaded from the DATA inputs, DO-D7, or the 

Address Register. When enabled and the ACI input is LOW, the Address 

Counter increments/decrements on the LOW to HIGH transition of the 

CLOCK input, CP. The Address Counter output can be enabled onto the 

three-state ADDRESS outputs AO-A7 under control of the Output Enable 

input, OEA. 

Address Register. The eight-bit Address Register saves the initial 

address so that it can be restored later in order to repeat a 

transfer operation. When the LOAD ADDRESS instruction is executed, 

the Address Register and Address Counter are simultaneously loaded 

from the DATA inputs, DO-D7. 
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Word Counter and Word Count Register. The Word Counter and Word 
Count Register, which maintain and save a word count, are similar in 
structure and operation to the Address Counter and Address Register, 
with the exception that the Word Counter increments in Control Modes 
1 and 3, decrements in Control Mode O, and is disabled in Control 
Mode 2. The LOAD WORD COUNT instruction simultaneous1y loads the 
Word Counter and Word Count Register. 

Transfer Complete Circuitry. The Transfer Complete Circuitry is a 
combinational logic network which detects the completion of the data 
transfer operation in three control Modes and generates the DONE 
output signal. The DONE signal is an open-collector output, which 
can be dot-anded between chips. 

Data Multiplexer. The Data Multiplexer is an eight-bit wide, 3-input 
multiplexer which allows the Address Counter, Word Counter, and 

Control Register to be read at the DATA lines, DO-D7. The Data 

Multiplexer and three-state Data output buffers are instruction 
controlled. 

Address Output Buffers. The three-state Address Output Buffers allow 
the Address Counter output to be enabled onto the ADDRESS lines, 
AO-A7, under external control. When the Output Enable input, OEA, is 
LOW, the Address output buffers are enabled; when OEA is HIGH, the 
ADDRESS lines are in the high-impedance state. The address and Data 
Output Buffers can sink 24mA output current over the commercial 
operating range. 

Instruction Decoder. The Instruction 
internal control signals as a function of 
IO-I2 and Control Register bits 0 and 1. 
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Clock. The CLOCK input, CP is used to clock the Address Register, 

Address Counter, Word Count Register, Word Counter, and Control 

Register, all on the LOW to HIGH transition of the CP signal. 

4.2.2.2 Control Modes 

Control Mode 0 Word Count Equals One Mode. In this mode, the 

number of data words to be transferred is initially loaded into the 

Word Counter and Word Count Register. When the Word Counter is 

enabled and the Word Counter Carry-In, WCI, is LOW, the Word Counter 

decrements on the LOW to HIGH transition of the CLOCK input, CP. The 

DONE signal is generated during the last word transfer, i.e., when 

the Word Counter equals one. 

Control Mode 1 - Word Count Compare Mode. Initially, the number of 

data words to be transferred is loaded into the Word Count Register 

and the Word Counter is cleared. When the Word Counter is enabled 

and the WCI input is LOW, the Word Counter increments on the LOW to 

HIGH transition of the CLOCK input, CP. In this mode, the Word 

Counter always indicates the number of data words that have been 

transferred. The Transfer Complete Circuitry compares the Word 

Counter with the Word Count Register and generates the DONE signal 

during the last word transfer; i.e., when the Word Counter plus one 

equals the Word Count Register. 

Control Mode 2 - Address Compare Mode. In this mode, only an initial 

and final memory address need be specified. The initial Memory 

Address is loaded into the Address Register and Address Counter and 

the final memory address is loaded into the Word Count Register and 

Word Counter. The Word Counter is always disabled in this mode and 

serves as a holding register for the final memory address. When the 

Address Counter is enabled and the ACI input is LOW, the Address 

Counter increments or decrements (depending on Control Register bit 

2) on the LOW to HIGH transition of the CLOCK input, CP. The 

Transfer Complete Circuitry compares the Address Counter with the 

Word Counter and generates the DONE signal during the last word 

transfer; i.e., when the Address Counter equals the Word Counter. 
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Control Mode 3 Word Counter Carry Out Mode. For this mode of 

operation, the user can load the Word Count Register and Word Counter 

with the two's complement of the number of data words to be 

transferred. When the Word Counter is enabled and the WCI input is 

LOW, the Word Counter increments on the LOW to HIGH transition of the 

CLOCK input, CP. A Word Counter Carry Out signal, WCO, indicates the 

last data word is being transferred. The DONE signal is not required 

in this mode and, therefore, is always LOW. 

Instructions 

The instruction set consists of eight instructions. Six instructions 

load and read the Address Counter, Word Counter and Control Register; 

one instruction enables the Address and Word counters, and one 

instruction reinitializes the Address and Word counters. The 

function of the REINITIALIZE COUNTERS, LOAD WORD COUNT, and ENABLE 

COUNTERS instructions varies with the Control Mode being utilized. 

Table 4-8 defines the instructions as a function of instruction 

inputs IO-I2 and the four Control Modes. 

Table 4-8. DMA Register Instructions 

Octal 

'2 11 'o Code Function 

WRITE 
L L L 0 CONTROL 

REGISTER 

READ 
L L H 1 CONTROL 

REGISTER 

READ 
L H L 2 WORD 

COUNTER 

READ 
L H H 3 ADDRESS 

COUNTER 

H L L 4 I REINITIALIZE 
COUNTERS 

H L H 5 
LOAD 

ADDRESS 

LOAD 
H H L 6 WORD 

COUNT 

H H H 7 ENABLE 
COUNTERS 

CR= Control Reg. 
AR = Address Reg. 
AC = Address Counter 

Note 1: 

Control Word Word 
Mnemonic - Reg. Counter 

WRCR 0, 1, 2, 3 HOLD HOLD 

RDCR 0, 1, 2, 3 HOLD HOLD 

RDWC 0, 1, 2, 3 HOLD HOLD 

RDAC 0, 1, 2, 3 HOLD HOLD 

REIN 
0, 2, 3 HOLD WCR-+WC 

1 HOLD ZERO->WC 

LOAD 0, 1, 2, 3 HOLD HOLD 

0, 2, 3 o~wR D->WC 
LDWC 

1 D->WR ZERO-.WC 

ENABLE 
o. 1, 3 HOLD COUNT 

ENCT 
2 HOLD HOLD 

WCR = Word Count Reg. 
WC = Word Counter 
D =Data 

Data Bits D3-D7 are high during this instruction. 
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Address Address 
Reg. Counter 

HOLD HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD HOLD 

HOLD AR->AC 

HOLD AR->AC 

D-+AR D->AC 

HOLD HOLD 

HOLD HOLD 

ENABLE 
HOLD COUNT 

HOLD ENABLE 
COUNT 

L =LOW 
H =HIGH 

Control 
Register 

Do·D2->CR 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

Z = High Impedance 

Data 
Do·D7 

INPUT 

fN~;:~rD2 
I 

WC->D 

AC->D 

z 
z 
INPUT 

INPUT 
----, 

INPUT 

z 
z 



The WRITE CONTROL REGISTER instruction writes DATA input DO-D2 into 
the Control Register; DATA inputs D3-D7 are "don't care" inputs for 

this instruction. The READ CONTROL REGISTER instruction gates the 
Control Register outputs to DATA lines, DO-D2. DATA lines D3-D7 are 

in the HIGH state during this instruction. 

The Word Counter can be read using the READ WORD COUNTER instruction, 
which gates the Word Counter outputs to DATA lines DO-D7. The LOAD 

WORD COUNT instruction is Control Mode dependent. In Control Modes 

O, 2, and 3, DATA inputs DO-D7 are written into both the Word Count 

Register and Word Counter. In Control Mode 1, DATA inputs DO-D7 are 

written into the Word Count Register and the Word Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Address Counter 

outputs to DATA lines DO-D7, and the LOAD ADDRESS instruction writes 
DATA inputs DO-D7 into both the Address Register and Address Counter. 

In Control Modes O, 1, and 3, the ENABLE COUNTERS instruction enables 

both the Address and Word Counters; in Control Mode 2, the Address 
Counter is enabled and the Word Counter holds its contents. When 

enabled and the carry input is active, the counter increment on the 

LOW to HIGH transition of the CLOCK input, CP. Thus, with this 

instruction applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control Mode dependent. 

In Control Modes 0, 1, and 3, the contents of the Address Register 

and Word Count Register are transferred to the respective Address 

Counter and Word Counter; in Control Mode 1, the content of the 

Address Register is transferred to the Address Counter and the Word 
Counter is cleared. The REINITIALIZE COUNTERS instruction allows a 

data transfer operation to be repeated without reloading the address 

and word count from the DATA lines. 

4.2.3 Cyclic Redundancy Check (CRC) Generator/Checker (U15). 

Cyclic Redundancy Check (CRC) Generator/Checker is a 16-bit 
programmable device which operates on serial data streams and 
provides a means of detecting transmission errors. Cyclic encoding 
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and decoding schemes for error detection are based on polynomial 

manipulation in modulo arithmetic. For encoding, the data stream 

(message polynomial) is divided by a selected polynomial. This 

division results in a remainder which is appended to the message as 

check bits. For error checking, the bit stream containing both data 

and check bits is divided by the same selected polynomial. If there 

are no detectable errors, this division results in a zero remainder. 

Although it is possible to choose many generating polynomials of a 

given degree, standards exist that specify a small number of useful 

polynomials. This device implements the polynomials listed in Table 

4-10 by applying the appropriate logic levels to the select pin SO, 

S1 and S2. The CRC connections are shown in Figure 4-17. 

The device consists of a 16-bit register, a Read Only Memory (ROM) 

and associated control circuitry as shown in the Block Diagram. The 

polynomial control mode presented at inputs SO, S1 and S2 is decoded 

by the ROM, selecting the desired polynomial by establishing shift 

mode operation on the register with Exclusive OR gates at appropriate 

inputs. To generate the check bits, the data stream is entered via 
the Data Inputs (D), using the HIGH to LOW transition of the Clock 

Input (CP). This data is gated with the most significant Output (Q) 

of the register, and controls the Exclusive OR gates (Figure 4-18). 

The Check Word Enable (CWE) must be held HIGH while the data is being 

entered. After the last bit is entered, the CWE is brought LOW and 

the check bits are shifted out of the register and appended to the 

data bits using external gating (Figure 4-19). 

To check an incoming message for errors, both the data and check bits 

are entered through the D Input with the CWE Input held high. The 

device is not in the data path, but only monitors the message. The 

Error Output becomes valid after the last check bit has been entered 

into the device by a HIGH to LOW transition of CP. If no detectable 

errors have occurred during the data transmission, the resultant 

internal register bi ts are all. LOW and the Error Output (ER) is LOW. 

If a detectable error has occurred, ER is HIGH; ER remains valid 

until the next HIGH to LOW transition of CP or until the device has 

been preset or reset. 

DWM-00420-00 REV. AOO 4-54 



A HIGH on the Master Reset Input (MR) asynchronously clears the 

register. A LOW on the Preset Input (P) asynchronously sets the 

entire register if the control code inputs specify a 16-bit 

polynomial; in the case of 12 or 8-bit check polynomials, only the 

most significant 12 or 8 register bits are set, and the remaining 

bits are cleared. 

11 

LOGIC SYMBOL 

3 • 8 10 

CWE 0 
0 

CP 9401 

MR 
ER 

Vee= Pin 14 
GND= Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

Pins 6 and 9 not connected. 

NOTE: 

12 

13 

The flatpak version has the same 
pinouts (Connection Diagraml as the 
Dual In-line Packege. 

Figure 4-17. 
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CWE 
p 
MR 
a 
ER 

Polynomial Selec1 Inputs 

Data Input 
Clock !Operates on HIGH·tO­

LOW Trans1t1onl Input 

Check Word Enable Input 
Pro:set IAct1ve LOWI Input 
M.dter Reset IActivl! HIGHI Input 
Data Output (Note bl 
Error Output !Note bl 

BLOCK DIAGRAM 

POLYNt)MIAL J 
SELECT S 

• 
CU(CK 
WOAD 

ENABLE 10 

PRESft ? 

DATA 11 

tLOCK 1 

MASUR 
ltfSET 4 

'o 
S1 AOM 

s, 

Vee 2 Pin 14 
GND •Pin 7 

12 DA1A 
OUTPUT 

13 ERROR 

CRC Checker Connections 
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Table 4-9. CRC Polynomial Select Codes 

SELECT CODE 
POLYNOMIAL REMARKS l S2 s, So 

--·--· 

L I L L x16+x15+x2+1 CRC-16 

L L H x16+x14+x+1 CRC-16 flEVERSE 

L H L x16+x15+x 13+x7+x4+x2+x 1+1 

L H H x 12+x 11 +x3+x2+x+1 • CRC-12 

H L L xB+x7+x5+x4+x+1 

H L H xB+1 LRC8 

H H L x16+x121x5+1 CflCCCITT 

H H H x16,x11,x411 CflC-CCITT REVE<l$F 

MR--t><>-<>--<~~----~_,_~~o--~-+~~~-+-~~--~~~--<f--~~~~-+-~~~t-~~ 
CP-~-~~--4_.~~~~~4-~~~~-+~~~4-~~~~~~--4~~~~~-+-~~--' 

CWE~~~-+-~~~~~~~~~~--+--~ 

I 
I 

Figure 4-18. CRC Equivalent Circuit For x16 +x15 +x2+1 

DWM-00420-00 

DATA PLUS 

N0iE 2 

CRC 
GtNE FIA TOR 

CW£ 
Q 

-··- ·r=r>--CH£ CK~S-

Lt;.:oJ 
CLOCK --·- -·----0 CP CHECKER 

MR 

NOH.:: 

NOTES 
1 Chf'rk \ ... ;n1d En<1hlt 1 1s HIGH whdP. rt;:1t.:1 1<; hr1nn clnch~·d. LO\'V during t1.11··;p1r<;<;iot1·01 check: bits. 

2. 9401 rnust be rrsrt 01 pl(~sct before each r:omput11t1011 

3. CHC i;heck bits arP ri<·nr.1ntPd and uppcnckrJ to datil hits. 

Figure 4-19. CRC Check Word Generation 
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4.2.4 Positive-Edge-Triggered Flip-Flops with Preset and Clear (U5, 

U14, U53, U55, U62). 

For logic and connections, see Figure 4-20. 

Connection Diagram 
Voe CU2 11 CUI PWJ II BJ Truth Table 

INPUTS OUTPUTS 

PR CLR CLK D a a 
l H x x H l 

H l x x L H 

L L x x H" H" 

H H ! H H L 

H H ! L l H 

H H l x ao Oo 

No,... .J"L - higll·lovel pul•; dllto onputs ohould bo held conltont while dock i1 high; dllto i1 tronlfo"od to output on the felling edge of the 
pullO. 
00. the level of a before th• mdtcated input conditions w.re ••t.tllilhed. 
TOGGLE E.ch output changel to the complement of iu prevK>u1 le•I on MCh .ct1w transition (pul•) of th• clock. 

•This configur•tion 11 nonsteb6e, thet: 11, 1t will not per111t when pr .. 1 •nd c&Mr inputs return to their inective (high) le'ltel. 

Figure 4-20. Dual D Flip-Flop Connections 

4.2.5 Dual J-K Negative-Edge-Triggered Flip-Flops 
Clear (U17). 

For device logic and connections, see Figure 4-21. 

Connection Diagram 

with Preset 

Yee CUI CUii Clll ll JZ NJ CU Truth Table 
INPUTS OUTPUTS 

PR CLR CLK J K a Q 

L H x x x H l 

H L x x x l H 

l l x x x H" H" 

H H j L L 00 00 
H H I H L H l 

H H I L H l H 

H H I H H TOGGLE 

H H H x x 00 00 
CU: 1 l1 .n .. 1 GI ii iJ HD 

Not... 00 • the le .. I of 0 before the indicated input conditoona -• eatllblilhecl. 
TOGGLE: Each output ch.,on to the comp6ement of its previous level on tech .ct1ve transition of the clock. 
•Th11 confttur1tion 11 nonstmble; that 11. it will not pertilt when pre•t M'Ci deer 1nput1 return to their' trwctive lhteh~ Wtfel. 

Figure 4-21. J-K Flip-Flop Connections 
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4.2.6 Decoder (U25, U26, U71). 

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. For 

logic and connections, see Figure 4-22. 

Connection and Logic Diagram 

l .. " " 

,......, 

' 1 ) 

St:LHT 

'""' \ lfltflUTS 

"' 

"' 
Ill 

DAT A OUTPUTS 

" " " 

ti_ 

• • I 

GIA GH S1 

HAIU 

" ' 

ti_ 

P-

, 
I' 

Y7 HO 
OUTPUT 

QUA 
OUTPUTS 

Truth Tab le 

INPUTS 
OUTPUTS 

ENABLE SELECT 

GI GI" c B A YO YI Y2 Y3 Y4 

x H x x x H H H H H 

L x x x x H H H H H 

H L L L L L H H H H 

H L L L H H L H H H 

H L L H L H H L H H 

H L L H H H H H L H 

H L H L L H H H H L 

H L H L H H H H H H 

H L H H L H H ·H H H 

H L H H H H H H H H 

"G2 • G2A + G2B 
It• Hi9'1....,., L __ ....,., X •don'tC11rt 

Figure 4-22. Decoder Connections 

DWM-00420-00 REV. AOO 4-58 

vs Y6 Y7 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

L H H 

H L H 

H H L 



4.2.7 Decoder/Demultiplexer (U30). 

These Schottky-clamped circuits are designed to be used in high 

performance memory decoding or data routing applications requiring 

very short propagation delay times. This device contains two 

separate two-line to four-line decoders in one package. The 

active-low enable input can be used as a data line in demultiplexing 

applications. The device features fully buffered inputs, presenting 

only one normalized load to its driving circuit. All inputs are 

clamped with high performance Schottky diodes to suppress 

line-ringing. For logic and connections, see Figure 4-23. 

Connection Diagram 
SIUCT DHA OUTPUT1 

HAILE .-----
Vee ;i AZ 12 ?YI n1 1vz ro 

M 1:1 U W 

t11Alll Al -It ,, -­
SIUC1 

1YI 1'1 1Y3 UD 

Truth Table 
INPUTS 

OUTPUTS 
ENABLE SELECT 

G B A YO Yl Y2 

H x x H H H 

L L L L H H 

L L H H L H 

L H L H H L 

L H H H H H 

Y3 

H 

H 

H 

H 

L 

H • high level, L • low 1-1. X • don't care 

Logic Diagram 

Figure 4-23. Decoder/Demultiplexer Connections 
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4.2.8 Data Selector/Multiplexer (U13). 
This data selector/multiplexer contains full on-chip decoding to 
select one of eight data sources. A strobe input must be at a low 
logic level to enable the device. A high level at the strobe forces 
the W output high and the Y output 
and connections. 

Connection Diagram 

DATA lll'UTS IATARLICT 

v DI DI D7 A 

J. Ii " II II II " I 

,..... I-

~ 

I z l • I I 1 l' 
DI DZ DI DI W nllOll IH 

DATA llPUTS DU11UTS 

Truth Table 

INPUTS OUTPUTS 

SELECT STROIE 
y w 

C. B A s -x x X' H L H 
L l l l DO 00 
L l H l 01 Di 
l H l L 02 if2 
l H H l D3 ii3 
H l l L 04 04 
H l H L Dl5 65 
H H L L 06 09 
H H H l 07 07 

H • High i.-1, L • Low i....1, X • Don't C.e 
Eo, Ei ... m • the c-..i-t of the ..... of the 
-Uft~i .... t 
DO. 01 .. , 07 • the 19"1 of the -tiw 0 input 

low. See Figure 4-24 

Logic Diagram 

l A l•I C 
SH AURED Hf FE• MLDW 

Figure 4-24. Data Selector/Multiplexer Logic 

and Connections 
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4.2.9 Quad Two-Line to One-Line Data Selector/Multiplexer (U61). 

This data selector/multiplexer contains drivers to supply full 

on-chip data selection to the four output gates. A separate strobe 

input is provided. A four-bit word is selected from one of two 

sources and is routed to the four inputs. 

see Figure 4-25. 

Connection Diagram 

lmPVl1 lllPllTI 
n11C1H oumrr OUTPUT 

Yee C U M Y4 Al 13 Yl 

l~. II 14 ll IZ 11 II I 

l"""'1 ~ 

I I l 4 I I J I' 

For logic and connections 

Logic Diagram 

Al IZI 

..... 

.. "' 
AJ 110 

..... 
S Al II VI AZ 12 VI GU 

SUECT OUTPUT ' OUTPUT 
IMP11TS lllPm 

ITIIOIU.:::n•::,._---<r--.. 
•urrs .... 111....---r-q,_J 

l• ..... ltS ...... Ai .... 
.......... s .... li•• 

Truth Table 

INt'U1S OUTPUTY 

STROllE IELECT A I 

H x x x L 

L L L x L 

L L H x H 

L H x L L 

L H x H H 

H • High Level, L • Low Level, X • Don't C.. 

Figure 4-25. Quad 2-Line to 1-line 

Data Selector/Multiplexer Connections 
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4.2.10 Quad Inverting Two-Line to One-Line Data Selector/Multiplexer 
(U18, U1 9). 

This data selector/multiplexer contains inverters and drivers to 
supply full on-chip data selection to the four output gates. A 

separate strobe input is provided. A four-bit word is selected from 
one of two sources and is routed to the four inputs. For logic and 

connections see Figure 4-26. 

Connection Diagram 

lllPVTS INPUTS 
STROH IUTPVT DlmVT 

Vee G .U 14 YC Al 13 Y3 

J~. 11 " 13 12 11 11 I 

I'"""" I> 

I \ 

I z l • 5 I ' ]• 
$ Al 11 YI .U IZ Y1 GllD 

SELECT OlmVT OUTPUT 

L•llMl .. S.._.A_tl ,..._ .. s_,_ 
Truth Table 

INPUTS OUTPUTY 

STROii IE LE CT A B 

H. x x x H. 

L L L x H 

L l H x L 

L H x l H 

L H x H. l 

Logic Diagram 

IZI 

ITROll 5,.:;,llW:__ __ o<f""" ..... 

a LECT s-""'"---t---Q....-' 

H • H19h ....... L • Low Lewi, X • Don't,C.. 

Figure 4-26. Quad Inverting 2-Line to 1-Line Data 

Selector/Multiplexer Connections 
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4.2.11 Four-Bit Binary Counter With Asynchronous Clear (U75). 

This device is a synchronous, presettable, 4-bit binary counter 

featuring an internal carry look-ahead for applications in high-speed 

counting designs. Synchronous operation is provided by having all 

flip-flops clocked simultaneously so that the outputs change 

coincident with each other when so instructed by the count-enable 

inputs and internal gating. This mode of operation eliminates the 

output counting spikes which are normally associated with 

asynchronous (ripple clock) counters. A buffered clock input 

triggers the four flip-flops on the positive-going edge of the clock. 

The counter is fully programmable; that is, the outputs may be preset 

to either level. Presetting is synchronous with the clock, and takes 

place regardless of the levels of the count enable inputs. A LOW 

level on the Parallel Enable (PE) input disables the counter and 

causes the data at the D inputs to be loaded into the counter on 

the next LOW-to-HIGH transition of the clock. The reset (clear) 

function is asynchronous. A LOW level on the Master Reset (MR) input 

sets all four of the flip-flop outputs LOW, regardless of the levels 
of the CP, PE, CET, and CEP inputs. 

The carry look-ahead circuitry provides for cascading counters for 

n-bit synchronous applications without additional gating. 

Instrumental in accomplishing this function are two Count Enable 

inputs (CET * CEP) and a Terminal Count (TC) output. Both count 

enable inputs must be HIGH to count. The CET input is fed forward to 

enable the TC output. The TC output thus enabled, will produce a 

HIGH level portion of the Q output. This HIGH level TC pulse is 

used to enable successive cascading stages. For logic, connections, 

and timing, see Figure 4-27. 
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Pin Configuration 

Logic Diagram 

Vee= Pin 16 
GNC = P•n 8 

( ) = Pin numbers 

TC 

03 ,., o, 
IS1 

Figure 4-27 (SHl of 2). 

Logic Symbol 

o, 
141 

Pf 

Cf P 

10 Cfl 

CP 

MA 

Vee= Pin 18 
GND =Pin 8 

Do 

Oo 

" 

Do 

"' 

Binary Counter 

o, 

a, 

1J 

with Asynchronous Clear Logic and Connections 
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MODE SELECT - FUNCTION TABLE 

OPERATING INPUTS OUTPUTS 
MODE MR 

Reset (Clear) L 
Parallel Load H 

H 
Count H 
Hold (do nothing) H 

H 

H = HGH voltage le..,el steady state 

L = LOW voltage level steady state 

CP 

x 
t 
t 
t 
x 
x 

CEP CET PE 

x x x 
x x I 

x x I 

h h h(d) 
l(c) x h(d) 

x l(c) h(d) 

h = HIGH voltage level one setup time prior to the LOW·to-HIGH clock trans1t1on. 

I = LOW voltage level one setup time prior to the LOW-to-HIGH clock trans111on 

X ., Don't care 

Dn 

x 
I 
h 
x 
x 
x 

q • Lower case letters indicate the state of the referenced output prior to the LOW·to 

HtGH clock transition 

f • LOW·to·HIGH clock transition 

NOTES 

(b) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (...,....H 
!or" 161"} 

(c) The HIGH to·LOW trana1t1on ol CEP or GET on the 54174161 should only occur while 
CP is HIGH for conventional operation 

(d) The LOW-to-HIGH trenait1on of PE on the 54 74161 should only occur while CP ts HIGH 

tor conventional operation 

On 

L 
L 
H 

count 

qn 
qn 

TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 

Clf.\R -,_i IASYllCHAOllOUSt 

LO.\D 

r--------------

,,~~i:( :_J--___.:=-==========-= L--------------
S--: 
( 11 Cl- outputs to nro 
(21 p,...t to bin11ry iwel .. 

TC 

L 
L 

(b) 

(b) 
(b) 

L 

(Hill' ----+-...... 
(31 Count to thirteen, four-n, flftMn, -o. one, 1nd two 

141 Inhibit 

_,lE1~·.:;----+-+,,-.+----',, 
---co"T---

CUAfl l'Mlfl 

-lflWtllT----

Figure 4-27 (SHZ of 2). Binary Counter 

with Asynchronous Clear Logic and Connections 
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4.2.12 Four-Bit Binary Counter With Synchronous Clear (U23, U24, 

U74). 

This device is a synchronous presettable 4-bit binary counter 

featuring an internal carry look-ahead for applications in high-speed 

counting designs. Synchronous operation is provided by having all 

flip-flops clocked simultaneously so that the outputs change 

coincident with each other when so instructed by the count-enable 

inputs and internal gating. This mode of operation eliminates the 

output counting spikes which are normally associated with 

asynchronous (ripple clock) counters. A buffered clock input 

triggers the four flip-flops on the positive-going edge of the clock. 

The counter is fully programmable; that is, the outputs may be preset 

to either level. Presetting is synchronous with the clock, and takes 

place regardless of the levels of the count enable inputs. A LOW 

level on the Parallel Enable (PE) input disables the counter and 

causes the data at the D inputs to be loaded into the counter on the 

next LOW-to-HIGH transition of the clock. The reset (clear) function 

is synchronous with the clock. 

one setup time before the 

The Synchronous Reset (SR), when LOW 

LOW-to-HIGH transition of the clock, 

overrides the CEP, CET, and PE inputs, and causes the outputs to go 

LOW coincident with the positive clock transition. 

The carry look-ahead circuitry provides for cascading counters for 

n-bit synchronous applications without additional gating. 

Instrumental in accomplishing this function are two Count Enable 

inputs 

enable 

enable 

(CET -

inputs 

the TC 

CEP) and a Terminal Count (TC) output. Both count 

must be HIGH to count. The CET input is fed forward to 

output. The TC output thus enabled will produce a HIGH 

with a duration approximately equal to the HIGH level 

Q output. This HIGH level TC pulse is used to enable 

successive cascaded stages. For logic, connections and timing, see 

Figure 4-28. 

output pulse 

portion of the 
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Logic Symbol 

PE Do o, o, D3 

CEP 

TC 
10 CET 

CP 

SR 
Oo a, a, a, 

14 13 12 11 

Vee= Pin 16 
GND =Pin B 

Logic Diagram 

Vee= Pin 16 
GNO =Pin 8 
{ ) = Pin numbers 

TC 

03 
(6) 

15 

02 
(5) 

Figure 4-28 (SHl of 2). 

Pin Configuration 

D1 

(4) 

Do 
(3) 

Binary Counter 
with Synchronous Clear Logic and Connections 
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MODE SELECT - FUNCTION TABLE 

OPERATING INPUTS. OUTPUTS 
MODE SR 

Reset (Clear) I 
Parallel Load h(d) 

h(d) 
Count h(d) 
Hold (do nothing) h(d) 

h(d) 

H = HIGH voltage level steady state 

L = LOW vol\age level steady state. 

CP CEP 

t x 

l x 
x 

I h 
x l(c) 
x x 

CET PE Dn 

x x x 
x I I 
x I h 
h h(d) x 
x h(d) x 

l(c) h(d) x 

h '"' HIGH voltage level one setup time prior to the LOW·to-HIGH clock trans1t1on 

I • LOW voltage level one setup time prior to the LOW-to-HIGH clock transition 

X • Don't care 
q • Lower ca1e letters indicate the state of the referenced output prior to the LOW-to· 

HIGH clock tran1it1on 
f • LOW-to-HIGH clock trana1t1on 

~TES 

(b) The TC output 1a HIGH when GET•• HIGH and the counter is at Terminal Count (HHHH 
for "163") 

(c) The HIGH·to-LOW trana1t1on of CEP or CET on the 54' 7o4163 should only occur while 

CP 1a HIGH for conventional operation 

(d) Th~ LOW to HIGH trans1flon of PE or SA on the 54 74163 sh0utd 0nly 0<:cur while <:P 
•S HIGH for convPnltonal operation 

On 
l 
l 
H 

count 

qn 
qn 

TYPICAL CLEAR. PRESET, COUNT AND INHIBIT SEQUENCES 

CUAA ~ ($YNCHRONOUSI 

lOAO .--------------------

A r--------------

DAU[ ·_____.:-- - ===---=-=-= 1•UTS c..J L--------------
D_(r--+---,.t-============= 

ClOCI. 

Sequ-: 
(1) c1- outputs to zero 
(21 PreMt to binary twelw 

TC 

l 
l 

(b) 

ill 
(b) 

l 

UAltf' 
_____ ,.. (31 Count to thirtMn, fourteen, fifteen, zero, ona, and twO 

(41 Inhibit 

llAlllT 
_____ ,.. 

---COUflll---- -~-- ltttt!llT-·------

CUH l'MSfT 

Figure 4-28 (SH2 of 

with Synchronous Clear 
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4.2.13 Eight-Bit Serial In/Parallel Out Shift Register (U66). 

This 8-bit shift register features gated serial inputs and an 

asynchronous clear. A low logic level at either input inhibits entry 

of the new data, and resets the first flip-flop to the low level at 

the next clock pulse, thus providing complete control over incoming 

data. A high logic level on either input enables the other input, 

which then determines the state of the first flip-flop. Data at the 

serial inputs may be changed while the clock is high or low, but only 

information meeting the setup requirements will be entered. Clocking 

occurs on the low-to-high level transition of the clock input. All 

inputs are diode-clamped to minimize transmission-line effects. For 

logic and connections see Figure 4-29. 

Connection Dia.gram Timing Diagram 

ClUJl'L.J' 

OUTPUTS 

Yee Q., 0c O, 0. CU:AJI CLOCI 

Ju " " " " I I 

,......., .......... 

' 2 l • • I 
,, 

,t, I 11.. 0. ~ llo HD 
~ 

UJllAl 1W\JTS OUT?UTS 

I 
CLEAR 

Logic Diagram 

Cl(Afl~1~---<f:)c>-----------+---.....---....---..----, 
cuu.:.::.'~--1"»-+--__.---+---+----+--t---+----+---+---. 

OUTHTI 

Figure 4-29. Eight-Bit Shift Register Logic and Connections 
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4.2.14 Eight Bit Parallel In/Serial Out Shift Register (U67). 

This parallel-in or serial-in, serial-out shift register features 

gated clock inputs and an overriding clear input. The load mode is 

established by the shift/load input. When high, this input enables 

the serial data input and couples the eight flip-flops for serial 

shifting with each clock pulse. When low, the parallel (broadside) 

data inputs are enabled and synchronous loading occurs on the next 

clock pulse. During parallel loading, serial data flow is inhibited. 

Clocking is accomplished on the low-to-high level edge of the clock 

pulse through a two-input NOR gate, permitting one input to be used 

as a clock-enable or clock-inhibit function. Holding either of the 

clock inputs high inhibits clocking; holding either low enables the 

other clock input. This allows the system clock to be free-running, 

and the register can be stopped on command with the other clock 

input. The clock-inhibit input should be changed to the high level 

only while the clock input is high. A buffered, direct clear input 

overrides all other inputs, including the clock, and sets all 

flip-flops to zero. For logic and connections see Figure 4-30. 

Connection Diagram 

'ARAllEl rAAAllEl l•UTI 
SHlrT 11111rur ourrur 

Va LOAD H OH E CLUR 

111 " .. tJ 12 II ,, • 

.-- lo' 

I 1 ] • • • ' T· 
SERIAL A 
1_,UT ~-~--

CLOCk CLOCK GJIO 
INHlllT 

l'AAAUH lllll'UTS 

Truth Table 

INPUTS INTERNAL 
OUTPUT 

SHIFT/ CLOCK PARALLEL 
CLEAR CLOCK SERIAL 

LOAD INHIBIT A. .H 

L x x x x x 
H x L L x x 
H L L • x • .. h 

H H L : H x 
H H L . L x 
H x H x x 

H =Hilt> Lewi !steady state). l =low level (stNdy state) 

X = Don't Care (any input. including transitions) 

t = Transition from low to high level 

OUTPUTS 

QA °" L L 

QAO Oao 

• b 

H a." 
L a." 

OAO Oeo 

a ... h = The level of steedv-state input at .. inputs A through H. respectivety. 

OAO· Osa. OHO= The level of QA, Oe or 0H.r•spectively, before the indicated 

steady-state input conditions vvere established. 

OH 

L 

OHO 

h 

OGe 

OG" 

OHO 

OAn· °<Jn= The leve' of QA 04" O(;. respectiwly, before the most recent t transition 

of the clock 

Figure 4-30. Eight-Bit Parallel In/Serial Out Shift Register 

Logic and Connections (Sheet 1 of 2) 
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Logic Diagram 

tll UI II 
CUAllt UlllAl IMlfll 

tWUT lDAD '" I 

Timing Diagram 

"' c 
, .. 
• 11• 

' 
P'HALUl INPUTS 

no 

' 

TYPICAL CLEAR, SHIFT. LOAD, INHIBIT, AND IHIFT Sl!OUENCEI 

CLOCK 

CLOCK INHIBIT 

ClfAR 

SERl.ll tNrur 

SHIFT/LOAD 

rAAALl(L 
tNrurs 

·--· 
OUTPUl QH ... ':.......-'---------------' 

I 
CLEAR 

11 Ill 
M ClOCl ClDCl 

....... 1 

Figure 4-30. Eight-Bit Parallel In/Serial Out Shift Register 

Logic and Connections (Sheet 2 of 2) 
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4.2.15 Quad D Flip-Flops With Clear (U63) 

These positive-edge-triggered flip-flops utilize TTL circuitry to 
implement D-type flip-flop logic. They feature a direct clear input 
and complementary outputs from each flip-flop. Information at the D 

inputs meeting the setup time requirements is transferred to the Q 
outputs on the positive-going edge of the clock pulse. Clock 

triggering occurs at a particular voltage level and is not directly 
related to the transition time of the positive-going pulse. When the 

clock input is at either the high or low level, the D input signal 
has no effect at the output. For logic and connections see Figure 

4-31. 

Connection Diagram Logic Diagram 

.. ~·"-----t 
Vee CM 6• IM OJ GJ ., Illa 

" ... 

Ill 15) 

ClDH 

CUAR QI 111 DI 01 OJ llJ HO 

ClOClll 

ClOCJ. 

Cl11C11"" .. --t>e>---

Truth Table 

IM'UTI 

CLEAR CLOCK D 

L x x 
H t H 

H t L 

H L x 

OUTPUTS 

Q ii' 
L H 

H L 

L H 

Oo ~ 

H • High Level (1t•dv state! 
L • Low Lewi (11Mdy otatel 
X • Don't Care 
t • Trenoitlon from low to high lewl 
Clo • The level of Q before the indlcal9d 1u.dy1tate 1,...1 

conditions -• ntlbliohed. 
t • 176, LS 176, and SH6 only 

Figure 4-31. Quad D Flip-Flops With Clear, Logic and Connections 

DWM-00420-00 REV. AOO 4-72 



4.2.16 Inverting Tri-State Buffer (U34, U65, U72). 
For logic and connections see Figure 4-32. 

Connection Diagram 

ITOPVIEW) 

EQUIVALENT OF 
EACH INPUT Vcc:Jl---

'"'"' t1t 

TYPICAL OF ALL 
OUTPUTS 

'LS240, 'LS241. 'LS244. 
A' 50 n NOM 

'5240, '$241 
R - 25 !l NOM 

Figure 4-32. Inverting Tri-State Buffer 

Logic and Connections 
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4.2.17 Octal D-Type Flip-Flop With Clear (U35, U79). 

These monolithic, positive-edge-triggered flip-flops utilize TTL 

circuitry to implement D-type flip-flop logic with a direct clear 
input. 

Information at the D inputs meeting the setup time requirements is 

transferred to the Q outputs on the positive-going edge of the clock 

pulse. Clock triggering occurs at a particular voltage level and is 

not directly related to the transition time of the positive-going 

pulse. When the clock input is at either the high or low level, the 

D input signal has no effect at the output. For logic and 

connections see Figure 4-33. 

Connection Diagram 

70 IQ 10 'fl() !iO CLOCK 

positivt lofic: see function table 

Logic Diagram 

'" •a "' 10 
161 ' 19l 

JO •o 

Truth Table 

IEACH FLIP-FLOP) 

INPUTS OUTPUT 

CLEAR CLOCK D 0 

L x x L 

H l H H 

H l L L 

H L x Clo 

!12f 11!.l 1111 I nt1 

'° eo "' IQ 

Figure 4-33. Octal D-Type Flip-Flop 

With Clear, Logic And Connections 
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4.2.18 Octal D-Type Transparent Latch (U39). 

This 8-bit register is a transparent D-type latch with three-state 

outputs. While the enable (G) is high, the Q outputs follow the data 

(D) inputs. When the enable is low, the output will be latched at 

the level of the data that was set up. For logic and connections see 

Figure 4-34. 

Connection Diagram Logic Diagram 

ITOPVIEWI 

lflMU 
IOl'OJOIOID G OUTPUT (1) 

CONTROL 

10 
(3) 

20 
(4) 

17) 
JD 

logic: see function table 

18) 
40 

(13) 
50 

so 

(14) 
60 

ea 
(17) 

70 

7Q 

Truth Table 
OUTPUT ENABLE 

D OUTPUT 
BO 

(18) 

CONTROL G 

L H H H 

L H L L 

L L x Go 
H x x z 

Figure 4-34. Transparent Latch Logic and Connections 

DWM-00420-00 REV. AOO 4-75 



4.2.19 Tri-State D Flip-Flops (U37, U38, U40, U76, U77, U80). 

These 3-bit registers contain D-type flip-flops with totem-pole 

tri-state outputs capable of driving highly capacitive or low 

impedance loads. When the output control is taken to a high logic 

level, the outputs go into the high impedance state. When a low 

logic level is applied to the output control, data at the D inputs 

are loaded into their respective flip-flops on the next 

positive-going transition of the clock. For logic and connections 

see Figure 4-35. 

Connection Diagram Logic Diagram 

OUTPUT 11) 

(TOPVIEWI CONTROL 

10 
(3) 

20 
14) 

(7) 
30 

OUTY\IT 10 tD 20 Kl JO 

""""'" 

(8) 
40 logic: see function t1bl1 

(13) 
50 

(14) 
60 Truth Table 

(17) 
70 OUTPUT 

OUTPUT J CLOCK D 
CONTROL 

L t H H l 
L t L 

~ J L L x 
H x x 

80 (18) 

CLOCK 

Figure 4-35. Tri-State D Flip-Flop Connections 
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4.2.20 1024 X 4-Bit Static Random Access Memory (U41, U42). 
This device is a 4096-bit static Random Access Memory organized as 

1024 words by 4 bits and requires no clocks or refreshing to operate. 
The data is read out nondestructively and has the same polarity as 
the input data. Common input/output pins are provided and a separate 

chip select (CS) lead allows easy selection of an individual package. 
For logic and connections, see Figure 4-36. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

~Vrx ... ... 
_i?.LG,.D ... A, A, 110, 

MEMORY ARRAY 

"• ROW 
94ROWS ... 

SELECT 
9400LUMNS .. , ... ... llD, 

... Ila, 
.. . 

.. , ... ... 110, 

... .., 
l/04 ... 1/0 • 

GNO ... 
WE cs 

PIN NAMES 

~-~ ADDRESS INPUTS ~POWER 1+5Vl Q • PIN NUMeEAS 

~ WRITE ENABLE GNDGROUND 

B CHIP SELECT 

110, -110. DATA INPUT/OUTPUT 

Figure 4-36. RAM Connections 

WAVEFORMS 
READ CYCLE@ WRITE CYCLE 

••c iwc ··-- ADDRESS 

ADDRESS 

@ 
a 

NOTES: ~"' !E~:z±~t±*'--------t--------~ 
@ WE is high for a R91d Cycle. 

© If the CS low transi.tion occurs simultaneously with the WE low --------------<!====l~~~~ 
transition, the output buffers remain in a high impedance state. D1t11 

@~must be high during all address transitions. 
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4.2.21 Bus Comparator (U27, U68). 

This device compares two binary words of two to six bits 

and indicates matching (bit-for-bit) of the two words. 

one word are TTL inputs, whereas inputs of the second word 

in length 

Inputs for 

are high 

impedance receivers driven by a terminated data bus. The output has 

a latch that is strobe controlled. The transfer of information to 

the output occurs when the STROBE input goes from a logical 1 to a 

logical 0 state. Inputs may be changed while the STROBE is at the 

logical level, without affecting the state of the output. For 

logic and connections, see Figure 4-37. 

Logic Diagram 

Tl~ 
11~ 

"~·· 1111 .. 
"~ 
-~ 
n~ 

·~ 
........ _ 

... -

Connection Diagram 

II Tl 15 M T4 OUTPUT 

I • 
II 15 •• 13 1Z 11 II • 

r- t-' 

I z J • • ' 1 ,. 
11 T1 U Tl IJ Tl fTl1Jlf UD 

(IUS IMPUn ITTL l.,UTJ 

Truth Table 

OUTPUT 
CONDITION STROBE 

DM71/8131 OM71/8136 

T = B. T 7" B H 0,. ... , . ON-\ 

T=B l l H 

T*B l H L 

•Latched in previous state 

Figure 4-37. Bus Comparator Connections 
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4.2.22 Tri-State Octal Buffers (U36). 

This device provides eight, two-input buffers and employs Schottky 

TTL technology. One of the two inputs to each buffer is used as a 
control line to gate the output into the high impedance state, while 

the other input passes the data through the buffer with no inversion. 

Four buffers are enabled from one common line and the other four are 

enabled from another common line. The outputs are placed in the 

tri-state condition by applying a high logic level to the enable 

pins. For logic and connections, see Figure 4-38. 

Logic and Connections Truth Table 

INPUTS OUTPUT 

G A y 

H x z 
L H H 

L L L 

111 A1 1'1 AZ Y2 Al Yl A• U GND 

Figure 4-38. Tri-State Octal Buffer Logic and Connections 

DWM-00420-00 REV. AOO 4-79 



4.2.23 Bidirectional Transceiver (U43, U64). 

This device is a Schottky device that provides bidirectional drive 

for bus oriented microprocessor systems. Transmit/Receive inputs 
determine the direction o~ logic signals through the device. The 

Chip Disable input disables both A and B ports by placing them in a 

tri-state condition. For logic and connections, see Figure 4-39. 

Connection and Logic Diagram 

AO 

A PORT 

BO 

B PORl 

TRANSMIT/RECEIVE 
IT/RI 

CHIPOISAlll ~+,.;=;.__ _____ _, 
ICDI 

Logic Table 
Inputs 

Chip Disable Transmit/R.c•ive 

0 0 

0 I 

1 x 

Top View 

AO 

Al 

Al 

Al 

A4 
A PORT 

AS 

A6 

Al 

CHIP DISABLE 

GNO 10 

Resulting Conditions 

A Pon BPon 

OUT 1N 

IN OUT 

TRI-STATE TRI-STATE 

X " O-On 't Care 

Figure 4-39. Bidirectional Transceiver 
Logic and Connections 
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5.0 INTRODUCTION 

SECTION V 
MAINTENANCE AND TROUBLESHOOTING 

The AM-420 circuit board performs to full capacity with a minimum of 

maintenance. This section describes maintenance and troubleshooting 
procedures and procedures for handling warranty returns. 

5.1 CIRCUIT BOARD CHECKOUT/TROUBLESHOOTING PROCEDURES 

The AM-420 circuit board was fully tested before it left Alpha 

Microsystems and will operate satisfactorily in the system if the 
hardware and software requirements of Sections Two and Three of this 

manual are met. Should a problem arise, use the following procedures 

to identify and locate the fault. 

1. Check the circuit boards for proper seating in the slot. 

2. Check the hash totals on the latest operating system. 

3. Check all power connections for correct voltages. 

4. Check jumper options to ensure correctness of application. 

These include boot jumper and interrupt jumper on AM-100/T, 

or AM-100. 

5. Verify that the fault is in the AM-420 and not either in the 

system or in the peripherals. This can best be accomplished 

with substitution of a known good circuit board. 

6. Check the error LED's on the AM-420. They are read with the 

right most being the LSB. 

The errors are as follows: 

a. Read data error 
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b. Memory test error 

c. Read CRC error 

d. Drive not ready error 

e. Drive Fault error 

f. Restore error 

g. Seeks error 

7. Perform the diagnostic tests. 

5.2 WARRANTY PROCEDURES 

This circuit board is covered by warranty issued by Alpha 

Microsystems, Irvine, California. Complete details of the warranty 

are included with the circuit board. Should a problem arise with 
this circuit board, call your dealer or the Alpha Micro International 

Support/Services Group for information. 
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SECTION VI 
SCHEMATIC AND PARTS LIST 

Table 6-1 . AM-420 Component Cross-Reference List 

REF MFG PAR. REF MFG PAR 
DESIG TYPE NO. NO. DESIG TYPE NO. NO. 

U1 74LS04 - U24 74LS163 4.2.12 
U2 74LS02 - U25 74LS138 4.2.6 
U3 74SOO - U26 74LS138 4.2.6 
U4 74LS08 - U27 8131 4.2.21 
U5 74LS74 4.2.4 U28 74LS367 4.2.18 
U6 74LS08 - U29 74LS30 -
U7 7 4LS11 - U30 74L8139 4.2.7 
U8 74L800 - U31 DWB-00422-00 -
U9 4MHz Osc. - U32 748374 4.2.20 
U10 2940 4.2.2 U33 DWB-00423-00 -
U11 Z80 4. 2 .1 U34 7418240 4.2.16 
U12 741808 - U35 7418273 4.2.17 
U13 7418151 4.2.8 U36 81LS97 4.2.22 

U14 741874 4.2.4 U37 7418374 4.2.19 

U15 9401 4.2.3 U38 74L8374 4.2.19 
U16 741832 - U39 74LS373 4.2.18 

U17 7418112 4.2.5 U40 74L8374 4.2.19 
U18 74L8158 4.2.10 U41 2114 4.2.20 
U19 74L8158 4.2.10 U42 2114 4.2.20 
U20 74L808 - U43 8304 4.2.23 
U21 2940 4.2.2 U44 7805 -
U22 75452 - U45 7805 -
U23 74L8163 4.2.12 U46 7805 -
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Table 6-1 (Con't). AM-420 Component Cross-Reference List 

REF MFG PAR. REF MFG PAR 
DE8IG. TYPE NO. NO. DE8IG TYPE NO. NO. 

U47 7805 - U72 7418240 4.2.16 
U49 75113 - U73 741810 4.2.14 
U50 75115 - U74 7418163 4.2.12 
U51 741808 - U75 7418161 4.2.11 
U52 741800 - U76 7418374 4.2.19 
U53 741874 4.2.4 U77 7418374 4.2.19 
U55 741874 4.2.4 U78 748374 4.2.13 
U56 7418193 - U79 7418273 4.2.17 
U57 7418193 - U80 74LS374 4.2.19 
U58 7418244 - U81 7418244 4.2.11 

U59 741832 
U60 741814 
U61 741157 4.2.9 
U62 741874 4.2.4 
U63 7418175 4.2.15 
U64 8304 4.2.23 
U65 74LS240 4.2.16 
U66 7418164 4.2.13 
U67 74166 4.2.14 
U68 8131 4.2.21 
U71 7418138 4.2.6 
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FBILL I DWB-00420-00 

F:EV.B01 

P?~F~T NUMBEF~ 

1 Di·~F····OO-'t20·--00 

'.~~ CN1·~··-00006··-00 

5 CN~:;-·-00020····00 
6 C~-l~'..~····OOO;.~i~- .. ,)0 
7 CNS····0002B····OO 
B Ct··l~)--~()()040·· .. 00 
9 t~ P r\J ···· r1 f > 4 '.~? ~·{ ..... () 1 

10 CPF'···OOl~56--01 

11 DI0-00001-00 

:L 3 D~~ B --00 lf 2 3 ... O 0 
l 4 HDM···OOOG3··-oi? 
1~:.i HDM··-00003··-11 

j .. , 
. . l 

HDM ··00007···00 
HDN··· 10000 .. ··06 

19 ICt-07400-01 
20 ICl-07400-02 
21 IC:l.-07402-01 

'',"! i::: 
• .. }•.,.' 

:r. c :t --0 7 .l~ 0 4 ... 0 :t 
It:: 1. .... 0~7 --:+0~3 .. ··() :I. 
I C 1 ··- 0 7 4 0 B ··· 0 2 
ICl··-07lfJO--Ol 
IC:!.··-07·~:1.:i. .. ··O:l. 
JC:t.··-07tt14· .. ·01 
I C :I. •• 0 7 lf ::5 O ··· 0 :!. 
IC :I. ·-07432···0 :!. 
IC:l. .. ·07•~74··0:l. 
IC:!. ···OB 1:~1 .. ·00 
IC :t. ··-OB :l 9"?··-01 
I c :l.--OB30tf ""oo 
IC:l.-·7lfl :t2··0:t 
IC:l.····74:1.3B····O:I. 
IC 1 ··- 7'~13 '? ··-01 
IC1···74:1.~51··-0:L 

DESCF: I PT I ON 

P.C.B. DETAIL DWG, AM-420 
CONN HECE::F'Tl~Cl...E SHDFTING 2CONT BL.K 
HEADER 50 PIN W/O EJC RT ANGLE 
HEADER STRIP LINE PLUG 
SOCKET 20 PIN DIP 
SOCKET 24 PIN DIP 
SOCKET 28 PIN DIP 
SOCKET 40 PIN DIP 
Cl~Pf.\C I TOR 
C f~P r'.:iC IT OF;: 
L.ED 

• .-+7 UF 
:!. ~5 UF 20=.J 

(.:1SSY PF:OM ROMA20 
BUS BAR PC MOUNT 9 POSITION 
BUS BAR PC MOUNT :1.1 POSITION 

Mt:.. LE 

HEAT SINK .750Wl .375HT 
NUT HEX 6-32 KEP INT/EXT 

I '?~50LG 

SCREW1PHMS,SS1PH RECESS16-32 X 3/8 
IC QUAD 2 INPUT NAND GATE 
IC QUAD 2 INPUT NAND GATE 
IC QUAD 2 INPUT NOR GATE 
IC HEX I N1,)ERTER 
IC QUAD 2 INPUT AND GATE 
IC QUAD 2 INPUT AND GATE 
IC TRIPLE 3 INPUT NAND GATE 
IC TRIPLE 3 INPUT AND GATE 
IC HEX INVERTER W/HYSTERESIS 
IC 8 INPUT NAND GATE 
IC QUAD 2 INPUT OR GATE 
IC DUAL D FLIPFLOP 
IC COMPARATOR 6 BIT 
IC BUFFER DCT(.:1L. 
IC TRANSCEIVER OCTAL 
IC DUAL J-K NEGATIVE FLIPFLOP 
IC DECODER 3 TO 8 LINE 
IC DECODER 2 TO 4 LINE DUAL 
IC 8 INPUT MULTIPLEXER 
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BILL I DWB-00420-00 DE·::;cf!If'TJ:ClN B" WINCHEf.JTEF~ CONTRDL.LEP BM 

.~,() 

6 :l 
I ... ) 

I.:>.~. 

63 
64 

6B 
69 
70 
7:1. 

PART NUMBEf( 

I C:I. .. -74 :I. !57····02 
IC 1 -- 7 41. ~.:i B--01. 
I C:I. ····7 4161 ··-0 :!. 
IC l -- '7 41 63··-01. 
I Cl ·-741.64··-01. 
ICl--74166··-00 
ICl--741.93··-01. 
ICt--74240···01. 
:f. C :!. ···· 7 4 2 It It ... 0 1. 
I C :!. ··- 7 •'.i 2 ? 3 -- 0 1 
IC 1--71+367··-00 
IC~ l ···· 7 4 :5 ·7 :s .... 0 l 
IC:!.··-7437•+····01 
IC :t-·· 7 4:57 '+··-02 
ICI··-?~51.:1.!5··-00 
I[; I .... 7~5-'t:52··~()0 
ICL····0/'!305··-00 
I CM-· 021:!.4·-·04 
ICS··-00003····00 
IC~)-· OOOB0--00 
ICS··-02940···00 
I Cf.l--09·401-··00 
R!32·-00:I. 02····00 
1:~~) ~.~ .... 0 () :j :':) l ·· .. () 0 
f~~=) 2 .... 00471. ·-00 
F~~:;N--000013 .. ·00 
ICJ····7~il l.3·-00 
IC:l--741n5··-0l 
Rf.>2--0022 :I. ··-00 
Dv~L. ···· O O .<+ 2 0--0 0 
CBW--000;?.6 .. ··20 
HDM--00012··-00 
DWf:)··-30000··-04 
L.Bl...--00() :l. B···· 1. 'I 

DE~;CF<IPTION 

IC QUAD 2 TO 1 DATA SELECTOR 
IC QUAD 2 TO 1 DATA SELECTOR 
IC SYNCHRONOUS 4 BIT COUNTER 
IC SYNCHRONOUS COUNTER 
IC 8 BIT SER IN PAR OUT SR 
IC 8 BIT PAR IN SER OUT SR 
IC COUNTER 4 BIT BINARY 
IC OCTAL BUS DRIVER INVERTING 
IC OCTAL BUS DRIVER NONINVERT 
IC OCTAL D REGISTER W/RESET 
IC HEX BUFFE!:~ 

IC OCTAL D FLIPFLOP 
IC OCTAL D FLIPFLOP 
IC OCTAL D FLIPFLOP 
DUAL DIFFERENTIAL RECEIVER 
IC DUAL NAND POWER DRIVER 
IC REGULATOR + 5V 
RAM :l.K X 4 BIT STATIC 
IC OSCILLATOR 4MHZ 
IC MICROPROCESSOR Z-80 
IC DMA ADDRESS GENERATOR 
IC GENERt-1TOR CRC 
RESISTOR 1 K l/4W 5% CAR 
RESISTOR 330 OHM 1/4W 5% CAR 
RESISTOR 470 OHM 1/4W 5% CAR 
RES PACK 8 PIN SIP 1 K 
DUAL DIFFERENTIAL DRIVER 
IC QUAD D FLIPFLOP 
RESISTOR 220 OHM 1/4W 5% CAR 
* * * * RECORD NOT FOUND * * * * 
WIRE 26AWG BUS 
THEHMf":1! ... GHEf~fJE 
SPEC REGULATOR MTG ASSY 
LABEL PCB SERIAL I.D. AM 420 
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