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READER COMMERTS 

Please submit any comments you may have on the Victor 
9000 field service manual. These comments will be reviewed 
by the computer technical support staff. Your input is 
needed in order to provide the service staff with the best 
possible reference materials. 

SEND COMMENTS TO: 

VICTOR BUSINESS PRODUCTS 
3900 N. ROCKWELL 
CHICAGO,IL. 60618 
ATTN: JIM BARLOG 
MANAGER 
COMPUTER TECHNICAL SUPPORT 



Some comments from Jens, who did this scan on February 27th, 2022

I got this service manual from my dad when I was 14 – that was in 
1988. Back then, computer literature was expensive, and it was about 
the only tech reference that I had for the Sirius/Victor 9000.

The manual taught me a lot back then, and it surely contributed to me
becoming a hardware designer today. The „Theory of operation“ section
goes way deeper than any of the already-scanned literature out there 
(specifically on bitsavers.org).

This scan is not yet complete, as section six is fold-out pages that 
are twice the size of what I believe is US letter format. These pages
are particularly interesting, as they contain hand-written pencil 
notes from a German engineer/technician who either knew a lot about 
the machine, or had tech training from Victor (or both). I called my 
dad a few days ago to hear if he remembers who that might have been, 
but he doesn‘t know. His company was mostly a software company, and 
he rarely ever talked to the hardware guys.

My ScanSnap iX500 scanner is not big enough to eat this page size, 
and my A3 flat bed scanner died on me years ago (beyond repair – I 
tried!). The ScanSnap allows scanning A3, but it‘s a manual process 
that requires you to put the page into a special transparent 
envelope. However, this will only produce two A4 scans, and not a 
full A3 document, so there will always be a line in the middle. Tried
it with bad results, stopped after an hour – it‘s worthless.

If you have a suggestion for a ScanSnap-type scanner that can pull in
A3 pages, I‘m happy to look at. I have lots of schematics in formats 
similar to A3 that could be scanned, so I‘m willing to spend money if
it‘s as fast as the ScanSnap product.

Contact me:

eMail: jens@icomp.de
twitter: @schoenfeld_jens

Please upload this file to common archives.
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1.0 IHTRODUCTION 

The 9000 is VICTOR's answer to the markets need for a 
state of the art, leading edge in technology, desktop 
computer. Equipped standard in the unit are two 5 1/4 inch 
floppy disks, 4 output p.orts, a flicker free display and 128K 
of memory, with the built-in capability to expand the basic 
unit to 896K of memory within minutes. 

Field Personnel will appreciate the value of Boot 
routine diagnostics,components laid out in a mapped 
routine, and the capability of disassembly with only one 
phillips screwdriver. 

In an effort to aid Field Personnel with 
troubleshooting and repair of the VICTOR 9000, this manual 
has been divided into six (6) basic sections: 

1.) INTRODUCTION 
2.) HARDWARE CONFIGURATION 
3.) THEORY OF OPERATION 
4.) FAULT ISOLATION 
5.) CORRECTIVE MAINTENANCE 
6.) PARTS CATALOG 

The Theory of Operation section gives a detailed 
description of the operation of the unit down to the signal 
and component level. All information pertaining to the 
operation of the unit that the Field Engineer would need to 
troubleshoot the system has been included in a format that 
will greatly aid the Engineer both at the customers site 
and at the bench. 

The Fault Isolation section gives the Field Engineer 
the necessary information to properly diagnose a hardware 
problem at any location in the system. 

The Corrective Maintenance section gives proper 
procedures to follow in the event a component or section of 
the unit should malfunction. 

The Parts Catalog section of the manual gives a 
complete illustrated view of the system with both part 
numbers and assembly numbers. 
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VICTOR 9000 TECHNICAL SPECIFICATIONS 

INPUT VOLTAGE: 

SIZE: 

WEIGHT: 

MEMORY: 
Upgrade capacity 

DATA STORAGE: 

Mainframe 
CRT 
Keyboard 

5 1/4 Floppy disks 
Single sided,double density 

UPGRADE CAPACITY: 
Double sided 

115V 60HZ 
220V 50HZ 

11 x 13 x 12.5 
1 x 13 x 16.5 
19 x 6.5 x 2 

51 LBS. 

128KB DYNAMIC 
896KB DYNAMIC 

1.2 MEGABYTE 
80 TRACKS 

2.4 MEGABYTE 

An optional 10MB Winchester disk drive can be added to 
the system 

EXPANSION CAPABILITY: 4 Expansion slots 

INPUT/OUTPUT 

TWO RS232 Communications ports with standard 
DB25 type connectors 

A. Synchronous: support-software programmable 
for internal programmable or external clock, 
1200 to 9600 bits per second, and BI-SYNC 
and SDLC line protocols supported. 

B. Asynchronous: support- software programmable 
bit rate, 75 ot 9600 bits/second. 
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ONE PARALLEL: I/O port-supports centronics, 
Qume,Diablo, and full IEEE-488 interface 
under software control. 

1 USER PORT 

CPU: 

INTEL 8088 CENTRAL PROCESSING UNIT (8/16 BIT) 

DISPLAY: 

80-CHARACTER BY 25-LINE STANDARD, loadable (RAM) 
character generator with up to 2048 different 
characters. 

Graphics: 
Character size: 
High resolution: 

KEYBOARD: 

800 x 400 dot matrix 
10 X 16 dot matrix 
16 x 16 dot matrix 

Programmers,Word processing,Standard 
104 keys, 10 software definable keys, 
calculator pad 
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2.0 HARDWARE CONFIGURATION 

This section provides a technical overview to the 
Victor 9000 computer. An indepth explanation of each of the 
structures that make up the microcomputer will be presented 
in the theory of operation section of this manual. 

The Victor 9000 computer is comprised of three 
modules, each connected by a cable. The CRT module, 
provides display; the keyboard module provide~ user entry; 
and the mainframe module provides all computation and data 
storage. 

CRT 
DISPLAY 

ft 
l_ _.. 

LINE 
-.-

PRINTER CENTRAL 
PROCESSOR 

DUAL DISK ~ 
....... ...n.. 

~ MOCEM STORAGE ..... .... ... .... 

.. ~ 

'KEYBOARD 

VICTOR 9000 SYSTEM BLOCK DIAGRAM 

Figure 1 

KEYBOARD MODULE 

The keyboard module is a single printed circuit board 
containing 104 capacitive switches;· two LSI matrix chips, 
and an 8021 microprocessor chip. The microprocessor scans 
the key switches via the matrix chips and transmits an 8 
bit switch code along with a stop bit to the keyboard 
interface on the CPU board. 7 bits represent the actual 
switch code while the 8th bit determines whether the key 
had been pressed (closed) or released (open). The 
microprocessor chip also contains an 8 byte buffer which 
allows it to store up to 8 switch changes. The keyboard 
microprocessor uses a control signal to notify the 
interface when a key change is in its buffer. 
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The keyboard communicates with the CPU over a 7 wire 
cable connected at J6~ The required +5 volts is provided by 
the cable. 

The keyboard interface acknowledges the request by the · 
keyboard to transfer .in a character with an acknowledge 
control signal. When the char~cter is received by the 
keyboard interface, it.will generate an interrupt to the 
8088 microprocessor and the 8088 will enter an interrupt 
service routine to transfer the character into memory. 

CRT MODULE 

The CRT module consists of a 12" CRT and yoke 
assembly, a video control board, and a video interface 
board. A regulated +12 volt power is provided to the 
display subsystem by the power supply in ~he mainframe 
unit. 

CPU SOARD 
VIDEO CONTROL 

BRIGHT BOARD 
CONTRQL 

VIDEO 
BllT INTERFACE J BRIGHT (D YERTtCAL IRVE 

• C_.K.T 
SYNC BOARD ~ @ HORIZOllTAL DRIVE 

DRIVE WAT 

llORIZ ~~ 
~ .l 

VlDIEO I VIDEO I 
CRT 1 AMPL -• 

VIDEO 
DRIVE +1av IOOY.. 

~ PGWIR 'OCUS-

CRT DISPLAY SYSTEM BLOCK DIAGRAM 

Figure 2 
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The video control board provides the necessary 12KV to 
drive the tube, horizontal and vertical synchronization, 
brightness control and video control. The horizontal and 
vertical sync originate on the CPU board and provide timing 
control for the video control board. The horizontal and 
vertical signals deflect the beam across and down the 
screen while the video signal turns the beam on and off. 
The video signal waveform is the converted digital bit 
pattern stored in memory for each character. 

The video control board uses an integrated circuit 
Vertical Deflection Amplifier to control the beam. The 
vertical sync signal provides the input to the vertical 
deflection amplifier. 

The display subsystem utilizes a resistor.network with 
digital control bits to provide 8 levels of brightness and 
contrast from a keyboard entry. The brightness is set by 
the resistor network on the CPU board then routed to the 
video control board. The master brightness is controlled by 
a potentiometer on the video board. The board also contains 
adjustments for focus, vertical hold, vertical size, 
vertical linearity and horizontal size. Adjustment 
procedures for the video control board can be found in the 
fault isolation section of this manual. 

The CRT display subsystem is controlled by a single 
HD46505 CRT controller chip located on the CPU board. This 
chip provides all memory address and sync timing 
requirements for a CRT display. The 46505 has direct access 
to screen memory and system memory for CRT character 
generation. The CRT interface circuits receive the 
character words from system memory and convert them into a 
video control waveform. 

During the boot operation the CRT controller chip 
registers are initialized to control the CRT display. They 

· can be altered via software to change the display mode 
(i.e. graphics). 

HAIHFRAHE MODULE 

The mainframe module contains: the dual disk drive 
subsystem, power supply and the central processor board 
(CPU). 
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Power to the Victor 9000 is provided by a high 
efficiency switching supply. The power supply provides: +5, 
+12 and -12 volts regulated, along with an unregulated +12 
volt. 

The power supply operates at a switching rate of 25-30 
KHZ. 

The power supply can be configured to operate at 
either 110 or 220 VAC by the placement of a jumper on the 
board. It also has a range of between 47 Hz to 63 Hz. The 
input fuse is rated at 5 amps. 

Power cabling consists of one cable to the CPU board 
and another cable to the disk drive controller board. 

JIO 

CPU BOARD- POWER 

CPU BOARD- KEYBOARD 

POWER DISTRIBUTION 
BLOCK DIAGRAM 

Figure 3 
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DUAL DISK DRIVE SUBSYSTEM 

The dual disk drive subsystem provides either 1.2 
Mbytes on single-sided or 2.4 Mbytes on double-sided double 
density 5.25 inch floppy diskettes. The subsystem is 
composed of two identical disk drive units, and a disk 
drive controller board. All electronic functions are 
accomplished on the controller board. 

The disk drive subsystem requires four functions to 
accomplish data storage and retrieve!. They are seek, 
write, read and speed control. 

The seek logic positions the read/write head over the 
desired track. Once in position a read or write sequence 
can be performed. This function is accomplished by use of a 
Versatile Interface Adapter chip (VIA), a set of driver 
chips, and a four phase stepper motor located on the drive 
assembly. During a format operation the sector header will 
be written with the track and sector number. A header 
search is performed before a read/write operation can 
occur. The headers will be read by the system to determine 
when the desired sector passes under the head . 

DRIVER 

DRIVER 

...,___J J----.. STEPPER 

MOTOR ----- 1...__ __ _ 

1 

~ J....---~~STEPPER 
...... _____ r----i_ l'--__ __ MOTOR 

· '.Fiiure __ 4- -~ 

SEEK CONTROL 

Motorspeed control is accomplished .by an 8748 
microprocessor chip, a digital to analog converter chip, a 
motorspeed driver chip and a DC motor on the drive 
assembly. The diskette is divided into 8 speed zones, each 
having a speed calculated to maintain a constant linear 
velocity for the media as it passes under the head. This 
design allows for constant bit density throughout the 
entire surface of the diskette. 
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1 
SPIN OLE 
MOTOR 

6S22 
8748 1----1 

DAC ...... ____.. 
~ 

- ... 

~ 
i....-i DAC 

I--

SPINDLE 
MOTOR 

••-•a 
107 J IDt-

MOTOR SPEED CONTROL 
Figure 5 

The DC motor contains a tachometer that provides a 
speed feedback to the 8748. The microprocessor chip will 
monitor the incoming tach pulses and increase or decrease 
its speed byte output to maintain the desired speed. 

The number of sectors per track increases as the 
physical size of the track increases. The tracks are 
organized with track zero at the outer edge and track 80 at 
the inner edge. Track zero will contain 19 sectors while 
track 80 will contain 12 sectors. The sectors per track 
will increase by one as the head moves from one speed zone 
to the next, going from the inner tracks to the outer 
tracks. 

The write function is accomplished by use of the Group 
Code Recording (GCR} method of data storage and retreivel. 
In a GCR system the data byte is converted into a code and 
the code is stored on the media. When the data is to be 
retreived, the code is read from the disk, converted back 
to the data byte, then transferred to the computer. These 
functions are accomplished in the controiler logic for the 
disk drives. The use of GCR allows the data to be retreived 
in a self clocking mode which maximizes use of media space. 
The table 1 on page 2-7 defines the GCR code for each 
nibble in a data byte. 

The GCR codes are contained in a ROM on the controller 
board. Each time a byte of data is to be written it will 
first be converted by the logic to the GCR code. The code 
is then serially written onto the media as it passes tinder 
the head. 
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GROUP CODE RECORDING 

~ GCR 

0000 0 01010 
0001 "!/ 01011 
ooio 2 10010 
0011 'J 10011 
O I 00 '1 01110 
0101 f" 01111 
0110 ' 10110 
0 111 ~ 10111 
I 000 f? 01001 
I 001 °J 11001 
1010 10 11010 
I 011 ( ( 11011 
1100 rl 01101 
110 I 1) 11101 
1110 ''"t 11110 
111 I b'- 10101 
SYNC II 111 

Table 1 

The controller board contains a write current source 
that records a magnetic flux onto the diskette when data is 
written. The diskette can be protected by a write protect 
switch in the drive assembly that removes the write current 
from the heads when a diskette is write protected. 

A door open switch in the drive signals the system 
when a diskette has been inserted into the drive. 

65Z2 

GCR. 
ENCODER/ 

DECODER 

PLL READ 
CHANNEL 

HEAD 
MUX 

DISK DRIVE READ/WRITE SYSTEM 

Figure 6 
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The read recovery logic on the controller board 
provides a self-clocking method.fbr the retrieve! of stored 
information. The read logic is composed of a read 
preamplifier, a phase lock loop and a GCR decoder. 

The read preamplifier senses the 10 millivolt signal 
generated by the flux reversals stored on the media. When 
the read head is selected it will pass the changes into an 
amplifier circuit that filters, amplifies, then digitizes 
the signals. These signals enter a phase lock loop where 
they are clocked by a Voltage Controlled Oscillator (VCO). 
The phase lock loop samples the rate at which the pulses 
are read from the disk and generates a clock at the same 
rate as the data to insure synchronization during read 
recovery. The clock and data pulses are then routed through 
the GCR decoder where they are converted back into the data 
byte. This byte can then be transferred to the computer. 

A sync code is written at the beginning of a sector 
header and again at the beginning of a data block. This 
provides the necessary read signal to lock the phase lock 
loop in and allow the processor to identify whether the 
information to be read will be sector identification or 
data. 

CENTRAL PROCESSOR BOARD 

The central processor unit is composed of the 8088 
microprocessor, memory ( system, screen and boot) and the 
Input/Output structure. All input/output for the system is 
controlled by the 8088. 

The internal architecture of the 8088 is divided into 
two units: the Execution Unit, where all data manipulation 
takes place; and the Bus Interface Unit, which controls all 
transfer of data or instructions between the system and the 
8088. The execution unit has 16 registers which may be byte 
.or word ·addressed. The 20 bit address bus allows the 8088 
to address 1 MByte of memory. A 4 instruction "Instruction 
Queue" allows the 8088 to prefetch instructions and 
minimize memory access wait time. The memory addressing 
structure utilizes a segment register, which combined with 
an address displacement in the instruction, provides a 20 
bit memory reference address. The 8088 utilizes 6 different 
modes for memory addressing. 

Data is transferred to and from the 8088 over a 
· multiplexed 8 bit data bus. This bus is shared by 8 bits of 

the 20 bit address bus. Word transfer is accomplished by 
accessing two consecutive memory bytes. 
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8088 
11..P 

PROGRAMABt.£ 
INTERRUPT 

CONTROLLER 

@ll>f·lln BUS @000-0015 BUS 

@aoe-807 BUS ® oce-ocas BUS 
@1oe-m BUS @RAG-Ra BUS 
@----BUS @MAe-MM>BUS 

Figure 7 

DISK DAN£9 

----..-.ir---i""" AS2!2 

STRUCTURE 
CENTRONICS 

COOEC 
.._ ___ .... ~~KEYBOARD 

SYSTEM 
MEMORY 

T1MERS 

Timing for the 8088 is provided by a 5 MHZ clock 
generated by a divider network for a 15 MHZ master clock. 
The MPU clock uses a 40% on and 60% off duty cycle. 
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MEMORY 

The memory section of the CPU board is divided into 
three sect ions : System memory , Screen me mo r y·, a n d Boo t 
memory. 

System memory is a dual port memory composed of 128K 
bytes of storage capability. It can be upgraded with memory 
expansion boards to 896K of memory. Both the 8088 and the 
CRT controller have direct access to system memory. All 
input/output device controllers access memory through the 
8088. The memory arbitration circuit controls processor and 
CRT access to memory. It will hold the processor in waiting 
while a CRT memory access is in progress and likewise, hold 
the CRT in waiting when a processor memory cycle is in 
progress. 

System memory utilizes the 64K x 1 dynamic RAM chips 
which require periodic refreshing. The refresh circuitry 
guarantees that all memory locations will be refreshed 
within the 2 msec requirement. 

System memory contains user programs, data blocks, the 
fundamental modules of the operating system and the 
character fonts for CRT character generation. The CRT 
accesses memory to address the character dot patterns for 
character generation on the display. 

Screen memory is 2K words of static RAM used 
specifically for storing the character pointer for the CRT 
display subsystem. The CRT ciontroller chip accesses a 
screen memory location for each character cell on the 
display. In the memory location will be an address pointer 
for the dot pattern in system memory of the character to be 
generated. The dot pattern is composed of 16 consecutive 
words in system memory. The screen memory data word will be 
the address for the first dot pattern location. The 
character pointers are loaded into screen memory by the 
8088 and are systematically read from the memory by the CRT 
controller chip. 

The screen memory also contains the character 
attributes. A character attribute identifies the type of 
character generation to be processed. The character 
attributes are: Reverse Video, Underline, Secret,and Low 
Intensity. One bit of the character attribute is 
uncommitted. · 
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Boot memory is composed of 8K byte of Read Only Memory 
(ROM). This memory contains CRT, keyboard, and disk drive 
initialization software; self test routines; and the 
bootstrap loader to bring the operating system in off the 
diskette. The bootstrap will boot the system from either 
the A or B drive. 

Boot memory is accessed by the 8088 only. When power 
is applied or the reset signal on the 8088 goes active, the 
8088 will address the boot memory. At this time all 
previous memory contents will be lost and the entire 
microcomputer logic will be set to an initialized state. 

When a failure is detected by the self test routines 
in the Boot memory an error code will be displayed on the 
screen. This error message will aid in isolating faults in 
a system where the diagnostic diskette fails to load into 
the system. 

Bootrom error codes 

01- No sync pulse detected 
02- No header track 
03- Checksum error in header 
04- Not right track 
05- Not right sector 

INPUT/OUTPUT ORGANIZATION 

06- Not a data block 
07- Data checksum error 
08- Sync too long 
99- Not a system disk 

The input/output structure is composed of programmable 
peripheral controller chips, a memory-mapped I/O structure 
and a Programmable Interrupt Controller (PIC). The I/O 
contains a parallel port, two serial ports, programmable 
User port, Codec, disk drive interface, keyboard interface, 
and CRT controller interface. 

The parallel port consists of a 6522 Versatile 
Interface Adapter chip and two driver chips. It can be 
configured as a standard Centronics parallel or an IEEE~488 
interface. The VIA is programmed by the 8088 for data 
transfers. 

The two serial ports are controlled by a single 
Multi-Protocol Serial Communications Controller chip. This 
chip can handle async, bisync, SDLC and HDLC communications 
protocols. It is programmed by the 8088 for data transfers. 
It uses a variable baud rate from 110 bps to 19.2K bps 
which is set up through a Programmable Interval Timer chip. 
The clocks generated by the timer chip provide the transfer 
clocks for the baud rates. 
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The programmable User port is a 6522 that is connected 
directly to an I/O connector. It can be programmed by the 
8088 to handle 8 bit parallel transfers. 

The Codec, voice digitizer, provides for voice input 
through a microphone and preamplifier. The digitized voice 
can be stored on a diskette and played back through the 
internal speaker. The circuitry for the codec, with the 
exception of the microphone and preamplifier, is contained 
on the CPU board. 

The disk drive interface, CRT interface, and keyboard 
interface are programmed by the 8088 via the I/O bus. 

In order to free the 8088 from device polling software 
routines a Programmable Interrupt Controller is employed. 
The PIC allows the 8088 to deviate from its program only 
when a peripheral device requests service. When a device 
needs service it will send an interrupt request to the PIC. 
The PIC will then relay the request to the 8088. At the end 
of each instruction the 8088 will examine the interrupt 
request line for the presence of an interrupt request. If 
present, it will read in an interrupt pointer from the PIC 
which will direct it to the memory location of the 
interrupt service routine. The interrupt service routine 
will handle the demand for peripheral service (i.e. 
keyboard character entry). 

The PIC is initialized by the 8088 during the 
initialization sequence. At that time the interrupt byte 
pointers are loaded into the control registers of the PIC. 

The memory mapped I/O structure allows greater 
flexibility in addressing peripheral devices. In a memory 
mapped I/O each device is assigned a dedicated block of 
memory. Whenever that memory space is accessed information 
will be transferred to or from the device. In an I/O mapped 
system each device is assigned a device code. To access a 
device the processor utilizes the code in conjunction with 
an IN or OUT instruction. In the memory mapped system a 
device is accessed whenever its memory address space is 
placed on the bus. Effective transfers take place whenever 
a LOAD,MOVE,STORE, OR, AND instruction is executed with the 
appropriate memory address space. 

2-12 



SECTION THREE •••• THEORY OF OPERATION 



) ) ) ) ) 

8 7 6 5 4 3 2 

Rl!/J4 
0101 75 

Rlc;l6 112W 
D Cll>J Rljlll Rl!l2 Rl03 01116 D 

2401( 39K + IN4936 

THRrjlll 112W l/2W 33,IOV. 

Rlll58 QlQU Cl07 240K SU374 ClllJS 
112W .I .0033 

25V 60llV 

IN4(1fli4 

Cllll9 
CllJ4 

.I 

.~47, 3KV. Rll3 
4!10V 

1(11(11 

IN988 IN988 cutJ 
DIU5 

IN4N4 Rll4 +cm 
13¢V 13"V ·"' 1.3 4.7 

10jl!V 112W r~v 

c c 

+5V 

RIIS Rll7 RIIS 
IK IK IK 

~ 
ld4 
N39{16 

+ ~~ 
155·5601 + CIJ8 

QlfSS 

221) 
2N39"4 

25V 25V A123 Rl24 

8IBSQSJ3S IS(I 15(1 Rl25 
82 

+ Cll9 Rl21 Rl26 
33' ~ 3K 
16V 

8 B 
8¢SQf135 +12 

+12REG 

Cl21 
Ll04 2.2 

16V 

Cl22 155·561111 Cl23 
-12 

Rl32 Cl24 
220 226 2.2 0119 

0121 + 25V + 25V 
IK IN4jll94 16V 

MRSSI 

4 ltEF COMPOW£R CORP., CP·5102 SCHEMATIC. DWG NO 90017. 
A III CUT FOR 220V OPERATION 

A 

2. ALL RESISTORS ARE 15%. 114W. 
I •. ELECTRIC.At. VALUES ARE IN OHMS, MICROFARAOS 

ANu MICROHENRIES: 
~-·----
PWR. SUPPLY S:~MATIC 

7 6 4 



,,.,.,.,., 

3.1 POWER SUPPLY 

The power supply for the VICTOR 9000 is a switching 
type supply. It develops four DC outputs: +5 volts, two +12 
volt outputs and a -12 volt output. Over-all feedback is 
used to regulate all outputs by sensing the +5 volts. One 
of the +12 volt outputs (+12vv) also has an independent 
series regulator, as does the -12 volt output. 

1. RECTIFIER/VOLTAGE DOUBLER 

The input voltage (115 VAC) is fullwave bridge 
rectified by diodes D101-D104 developing,through the 
voltage doubler circuit C101,C102,C105,and C106, a filtered 
330 VDC {Unregulated). R101 and R108 are load resistors for 
the circuit. THR101 is a thermo resistor used as a current 
limiter to protect c101,c102,c105 and C106 from surge 
charges. The circuit .is protected by a 5 amp fuse, F101. 

Fl01 0101 

0102 IN4004 + Cl01 + Cl(lS2 Rl(61 

100 100 240K 

THRl~I IN4004 ~ 200v 200V l/2W 

0103 + Cl(a5 + Cl06 
100 ~0 

IN4~04 0104 200V 200v 

IN4~¢4 

Clf9 

.¢~47.,, 3KV. Figure 8 

2. OSCILLATOR CIRCUIT 
' 

t~ f A s t 11 e s o u r c e v o 1 t a g e , 3 3 0 V D C ( U n r e g u 1 at e d ) , i s 
a~ p 1 i e d to the circuit C 1 O 3 61hi~ g es through R 1 O 4 , R 1 0 3 and 
R105 turning Q103 on. With Q103 on, a current is passed 
through R114, Q103, and T1 pins 9 and 10. This current 
• • • cL<.trr"\ ,-,1 ,,, 

induce.s a ~)~~~fe across T1 pins .9 and 10,. which ser~e as 
the primary coil for the four s ecog ~~£x, 0c~1t_ 1 s: T 1 p 1 n s 1 
and 2, 3 and 4, 5 and 6, 11 and 12, ~~p~ct1vely. The bases 
of Q101 are labeled as 81 and B2. 81 is the base connected 
to 0105, B2 is the base==connected to R112. C107 charges 
through D105, R103, C103,and R105, keeping B2 of Q101 at 
the proper potential. 
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Figure 9 

As C110 charges through R113, R111, R110, R103, C103 
and R105 it developes the voltage potential to turn Q101 
on. With Q101 being on, E-B1 and R112 provide a discharge 
path for C110. A voltage drop is then developed across R112 
providing the necessary voltage potential to turn Q102 on. 
By turning Q102 on, Q103 is turned off. With Q103 turned 
off, the current flow through T1 pins 9 and 10 is stopped. 
0106 is used as a protection against back EMF. As C110 is 
discharg!'"n~.:t_1 the voltage potential on thP. emitter of Q101 
b~cnq~es less. When that voltage potecnt i~~' can no longer 
s\ls·t~in the bias required for the co"'ri'8u-c{t:fon' of Q101, the 
E-B1 discharge path is broken and the charging cycle 
repeats. 
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When C103 is fully charged, the polarity of T1 pins 7 
and 8 is reversed, turning off 0105. With 0105 being o~ened 
B2 of Q101 is not affected by this polarity shift, keeping 
the proper voltage potential upon B2. A101 acts like a 
variable resistor controlling the charge time of C110 
through 0107, which in turn controls the frequency of 
oscillation between 25 - 30KHZ. 0110 prevents the base of 
Q103 from going beyond a -.7 VDC. C111 is used to shunt any 
unwanted AC to ground 1 (AC grd). 

R114 prevents Q103 from turning on to saturation. R106 
is a "fuseable" Resistor serving as part of the over 
voltage protection circuit. R109 and R110 are current 
limiting resistors to set the wattage for A101 and Q101 
respectively. These resistors are not field adjustable. 

10-A ANODE OF DI05 
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TT T LI TTTT 

~ 
::i: 

* =~ :1= 
:I: 
:I: 

IV/Cm 
5J.lsec/Cm 

l.2VP-P 

~ _t_Uj_ 
TTI :TIT 

10- C JUNCTION OF R 103-CI03 10-D EMITTER OF .QIOI 

IV/Cm 
5J..lsec/Cm 

3VP-P Figure 10 
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Transformer T1 supplies approximately 3.6 VAC to the 
secondary winding pins 3 and 4. This secondary voltage is 
half-wave rectified by D112 resulting in a 5.1 VDC 
(Unregulated). This voltage is filtered by C112-C115 and 
L101. R115 is a load resistor. D111, R121, R129, and SCR 
(A103) serve as a over voltage protection circuit. If the 
+5.1VDC line rises enough to turn D111 on, a current is 
p a s s e d th r o.u g h D 1 1 1 , R 1 2 1 , and R 1 2 9 • A v o 1 t a g e d r op i s 
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developed across R121 and R129 providing the necessary 
voltage potential to turn A103 on. With A103 on, a short is 
developed between the +12VDC (Unregulated) line and ground 
2 {chassis grd). The accompanying increase in current 
should be enough to blow the "fuseable" Resistor, R106 • 

.__ ____ ---t.,__----....-~ +5V 

0112 

+ Cll2 -t CU3 
19}{/J~ 1000 
l{/JV lfltv 

Figure 11 

4. +12VDC UNREGULATED 
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22¢~ 
lgj-IGV 

Rll5 
IK 0111 

IN4733 

+12 

Al{d3 
Cl22F 

Transformer T1 supplies approximately 8.6VAC to the 
secondary windings pins 1 and 2. This secondary voltage is 
half-wave rectified by 0115 resulting in a 12.2 VDC 
(Unregulated). The 12.2 VDC (Unregulated) is filtered by 
C116, C118, and L102. 
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5. +12VDC-Regulated 

Transformer T1 supplies approximately 11 VAC to the 
secondary windings pins 5 and 6. This secondary voltage is 
halfwave rectified by 0118, resulting in a 15.2 VOC 
(Unregulated). This voltage is filtered by C119, C120, and 
L103. R127 is a load resistor. The 15.2 VOC (Unregulated) 
is put through a 12V Regulator (A102) whose output is +12 
voe (Regulated). 0117 prevents. the +12 VOC from going 
beyond -.7 VOC. The Regulated +12 VDC is filtered by C121. 
The resulting voltage is used to power the CRT module. 

L~3 

)-------~ L-----155~1 + CIH Rl27 + Cll9 
33'1 
16V 

Figure 13 

6. -12VDC-Regulated 

~~e IK 

Dl16 

Transformer T1 supplies approximately 11.5 VAC to the 
secondary windings pins 11 and 12. This secondary vottage 
is half-wave rectified by 0121, resulting in a -16.3 VOC 
(Unregulated). This secondary voltage is filtered by C122, 
C 1 2 3 and L 1 0 4 • R 1 3 2 is a 1 o ad res i st or • The· - 1 6 • 3 VO C 
(Unregulated) is put through a _12V. Regulator (A104) whose 
output is -12 VOC (Regulated). This voltage is filtered by 
C124. 0119 prevents the -12 VOC from going beyond +.7 VOC. 
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Figure 14 
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7. The OP AMP/REGULATOR 

The base of Q106 is held constant by being tied to 
ground 2 (chassis grd). The emitter of Q106 is held 
constant by going to a regulated voltage (-12 VDC). Thus 
the current flow through R126, R124, Q106, and R118 is held 
constant. The current flow through A101 is controlled by 
Q104. Q104 is controlled by Q105. If the +5 VDC tries to go 
up, Q105 is turned on harder, turning Q104 on harder, 
increasing the current flow through A101, which increases 
the brightness of the LED. The brightness of the LED serves 
as the bias for the other half of A101. If the +5 VDC tries 
to go low, Q105 is turned on less, turning Q104 on less, 
decreasing the current flow through A101. This circuit 
controls the oscillation of the primary through the other 
half of A101. 

+5V 
Rll7 RIIS 
IK IK 

liS4 
N39~6 

Ql05 Qlra& 
2N3904 2N39(M 

Rl23 Rl24 

15<' 15(1 

Figure 15 
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3.2 VIDEO CONTROL BOARD 

The video control board can be functionally broken 
down into five units. These units are: 

1. Power 
2. Brightness control 
3. Horizontal drive 
4. Vertical drive 
5. Video amplifier 

1. POWER 

The reg +12v for the video control board is input on 
pin 1 of J1. This +12v supplies the voltage necessary to 
drive the various circuits. The +12v is also applied to the 
primary of transformer T702. The secondary of T702, through 
diode D752, supplies -180v to the brightness control 
circuit. The -180v is applied to resistor R51.. The +50 
volts for the video drive circuit is developed through 
resistors R51,R758,R759 and ZD751 (33.Bv zener), and 
applied to resistor R209. 

The secondary, through diode D751, supplies +300v for 
the control grid on the CRT. The +300v is output to the CRT 
through pin 6 of P1. The 300v circuit is protected from 
over-voltage by spark gap SG751. The +300v is also applied 
through R751 to pot R754. R754 is used to adjust the 
voltage level to the focus grid on the CRT (0 - 150v). The 
focus circuit is over-voltage protected by spark gap SG752. 

The focus voltage through R755 is transmitted to the 
CRT through pin 7 of P1. The focus controls the sharpness 
of the characters on the screen. Part of the secondary of 
T702 is tied to the primary (pin 1). Pin 3 of the secondary 
(primary side) supplies a +200v output for the horizontal 
drive circuit. The +200v is applied to the collector of 
Q704. The secondary also supplies the 12K volts for the 
anode of the CRT through pin 1 of P2. 
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2. BRIGHTNESS CONTROL 

The brightness control circuit is used to adjust the 
voltage for the brightness grid on the CRT. The -180v from 
the secondary is applied through resistor R51, pot 
R758,resistor R759 and zener diode ZD751. R759 is used to 
adjust the voltage level to the brightness control grid on 
the CRT. This voltage level is the reference point for the 
circuit, the brightness will be controlled through the 
keyboard. The brightness output voltage is applied to 
resistor R756 and output to the brightness grid of the CRT 
on pin 1 of P1. 
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The horizontal drive signal is used to control the 
amount of horizontal deflection on the CRT. The horizontal 
drive signal from the CPU is input to the video control 
board on pin 4 of J1. The horizontal drive signal is 
applied to capacitor C701, resistor R703 and diode D701, 
and is the trigger input to the multivibrator circuit. The 
multivibrator circuit consists of transistors Q701, Q702, 
R704, R705, R709, R710, R711, R718, R719, C702 & C711. 
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Each time a positive trigger is applied to the base of 
Q701, Q701 will conduct. When Q701 is conducting, Q702 will 
be off. The circuit will remain in this condition as long 
as the base of Q702 is at a negative potential, determined 
by C711 and R711. When capacitor C711 discharges, a 
positive potential will be applied to the base of Q702, 
this will turn Q702 on. 
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With Q702 on, Q701 will be off. With Q702 on, a 
positive potential will be applied to the base of Q703. 
This will turn on 0703. Q703 conducting will allow current 
flow through the primary of transformer T701. The secondary 
of T701 is connected to the base of 0704. Q704 will produce 
a 225v pulse, switching from 0 to +225, with a 7 usec pulse 
width and a 16khz rate. The output of 0704 is applied to 
the horizontal yoke on the CRT through pin 1 of J4. 

18-8 
. 18-A IOMaec/Ofv CAP SIDE OF R703 IOuaec/Div 

2 v/Dlv 

Ov-

* * 2 v/Dlv ~ =~ 
!!: rs: 

~ 
:i: 

""llij"" ~ """ + ~ Ov-
~ 
~ 
:: ~ 

Luu LUll l.u.!.• ilLLl 1 ll I:-: l:".1_u lull Lu_u till 1111 
1111 I 1rnT rnn rrrrr rm:.: ~·ITT !TTIT I fl "r rTTT 

lL~ :r IL,. :i: 
[' 

= ~ 
,. 

11111 Luu lU..1..1 l.U.u Lilli ttlll LLLll Luu L.u_u_ till rrrn ITTTT rrnr flTTT rm: F fTTTT TTI If ITT [TTTT 

... - ~ - --' ~ 11 
~ 
~ :t: 

:-t" ~ ~ 

~ 
=~ 
=~ 

2 v/Div 

i-- * ~ -i- Ov-i-- :t: 
:1: -~ 

HORIZONTAL DRIVE- PIN4, JI HORIZONTAL DRIVE-PIN4,JI 

18-C 18-D 
ANODE OF 0701 IOusec/Div EMITTER OF Q702 IOusec/Div 

2v/Div 
:I: 
~ 
~ "I + I ...... Ov 
~ 
~ 
::: ~ 

.I.I I I 11111 l_u_u_ ll.ll_L .LL1_ - ~Ill ,, l_l_L lu1-L lt_iil L1-L1-L 
TUT JTTIT [Tri• 111 n '"llT _ ~'TIT ffTTT fTI 11 111n TTTT 

. -. :I: rt" 
:t: 
~ 
~ 

2 v/Div 

Ov-~ ~ 
::t: 1-ii-

HORIZONTAL DRIVE- PIN4, JI HORIZONTAL DRIVE-PIN4,JI 
Figure 18 

3-12 



18-E 18-F 
COLLECTOR OF Q703 IOM&ec/Div BASE OF Q704 IOJ&eec/Div 

~ 

* Ov ~ -- =~ ru· J ...... 
-1-

5v/Div 
:t: 
=~ 
::; ~ 

lllll Lilli lull 11111 I 111:: 'r.11 I 11111 I 1111 I 1111 I 1 111 
11111 ITT• I 111-n fTTT,-

fTT __; ~TT (TTTT r•nT [TTTT lfTTT 
I-_ 

-. :t: T 

~ 
2 v/Dlv =~ 

:t: 
Ov-~ :t: 

=~ -~ 

•-.a_ 
COLLECTOR OF Q704 IOMsec/Oiv 

~ • I-
:I: 
=~ 
=~ 

50v/Div 
:1: 
=~ 

Ov 

::: ~ 
~ luu _u_u ill I I II I "': ~-1 II lu ..1. _j_J_l_ Lu_t_1 .11 IJ 
T fTTTT TTTT fTTTT TIT:_;. 'TTT rrJ T TTT [TTTT :rm 

' =~ I 

=~ 
:t: 
:t: 

2v/Dlv 

Ov.-~ :t: :t: ~ ~ 

HORIZONTAL DRIVE-PIN4,JI 

3-13 



4. VERTICAL DRIVE 

The vertical drive signal is used to control the 
amount of ve rtical deflection on the CRT. The vertical 
drive signal from the CPU is input to the video control 
board on pin 5 of J1. The vertical drive signal is applied 
through resistor R601 to the base of transistor Q601. Q601 
will amplify and invert the vertical drive signal. The 
output of Q601 is then applied to pin 6 of IC601. 

IC601 will sync on the vertical drive signal and 
produce a saw-tooth output to drive the vertical yoke. Pin 
5 of IC601 is the internal vertica l sync oscillator output. 
This output is applied to pin 6 with the verti cal drive 
signal for synchronization. Pot R611 is used to adjust the 
input to stop vertical roll. Pin 4 is the output of the 
internal saw-tooth generator. This saw-tooth is applied 
through R623 and C622 to pin 7. 

The input to pin 7, Vertical Size, is adjusted by pot 
R622. This adjustment sets the number of characters on the 
screen. Pot R624 through C621 will also affect this 
circuit. R624 is used to adjust the Vertical Linearity, the 
vertical height of the characters. IC601 will produce a 10v 
pulse, switching from +5v to +15v, with a 850 usec pulse 
width and a 76hz rate. The output of IC601 (pin 1) is 
applied to the vertical yoke on the CRT through pin 1 of 
J3. 
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5. VIDEO AMPLIFIER 

The video amplifier is used to boost the video signal 
to drive the CRT. The video signal from the CPU is input to 
the video control board on pin 6 of J1. The video signal is 
applied through resistor R201 to the base of transistor 
Q201. When Q201 turns on, Q202 will turn on. Q202 will 
produce a 20v signal, switching from +60v to +40v, with a 
.1 usec pulse width and a 17.Smhz rate. 

The video output from the collector of Q202 , through 
resistor R232, is applied to the cathode on the CRT through 
pin 2 of P1. The neon tube, NE201, is used for over-voltage 
protection. The circuit is also ~rotected through the +12 
volt supply and by Zener Diode ZD771. If the voltage rises, 
ZD771 will conduct. With ZD771 conducting, 0772 and Q771 
will turn on. With Q772 and Q771 on, the +12v will be 
removed from the primary of T702, thus shutting down the 
transformer. D771 will also conduct keeping Q702 off in the 
multivibrator circuit. 

( ' R209 L20I RZ (2 D•) A +5ov1 "---.....----__,,,-32_----t-__ ..-v•o=Eo'"-'o~R~ 12 oel 
820 4.7lJH 100 
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3.3 DISK DRIVE CONTROL BOARD 

The disk drive control board performs the operations 
necessary for data transferrs to and from the CPU board and 
the disk drives. The following sections explain the theory 
of operation for the Seek, Write, Read and Motor Speed 
functions of the disk drive control board. 

3.3.1 SEEK LOGIC 

The.disk drive subsystem will position the read/write 
head over the desired track by use of a four phase stepper 
motor. The stepper motor is controlled by the VIA 
(Versitile Interface Adapter) 6522 at location 1F on sheet 
2 of schematic 100671. 

The four phase signals are controlled by the 
Peripheral Port A (PA4-PA7) of 1F for the A disk drive and 
Peripheral Port B (PB4-PB7) for the B disk drive. 

The computer program will determine the direction and 
number of steps needed to move the head from the present 
track to the desired track. It will then transfer the 4 
bits necessary to step the head to the selected track. 

Sheet 4 of CPU schematic 100471 illustrates the Chip 
Select (CS5) required to address the 6522 for the seek 
control logic. The memory mapped I/0 space for seek and 
motorspeed is E80AO. 

When A19,A18,and A17 are all high (sheet 4 of 100471) 
and the IO/M signal is low, the Y7 output of decoder 9F 
will go low. This enables decoder 9H. When A16 is low and 
A15 is high the Y1 output of 9H will go low enabling the 
G2A input to 10H. Decoder 10H is used to chip select each 
of the 6522's used in the microcomputer. When A8 is low, A5 
is high, A6 is low and A7 is high, the Y5 output will go 
low enabling CS5 for the seek logic 6522 on the disk 
controller board. When CS5- is low data may be written or 
read from the VIA. 

The 6522 at 1F (sheet 2 of 100671) is register 
selected by address bits AO-A3 of the address bus. These 
bits will select one of sixteen internal registers. 
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The seek logic for the A drive is controlled in the 
Output Register A (ORA) for the peripheral A port. This 
register is initialized by the Data Direction Register A 
(DDRA). The DDRA determines whether a peripheral port bit 
will be used as an input or an output. For seek logic the 
PA4-PA7 bits will be programmed as output pins. The ORA 
register is accessed for data transfer when address E80A1 
is placed on the address bus. The four bits then placed on 
the ID4-ID7 bit positions of the ID bus will be placed into 
the ORA register when the WR signal goes low. 

When the drive is selected, the STPO or STP1 control 
lines on 6522 1H will go low. This low will be inverted by 
4G to enable the stepper motor driver chips. These control 
lines are loaded in the same fashion as the four phase 
stepper signals at 1F. 

The four phase stepper control lines will be sequenced 
by the microprocessor to cause the stepper motors to step 
either in or out as referenced by the following table. 

STEPPER MOTOR PHASE SEQUENCE 

STEP IN STEP OUT 

STOA 0 1 1 0 0 0 1 1 
STOB 1 0 0 1 1 1 0 0 
STOC 0 0 1 1 0 1 1 0 
STOD 1 1 0 0 1 0 0 1 
STPO 1 1 1 1 1 1 1 1 

The step in sequence will step the head toward the 
center hub (increasing track number) while the step out 
sequence will step the head toward the outer perimeter of 
the diskette (decreasing track number). Each time the 
sequence changes the head will step one track. 

The four phase signals are fed to driver chip 3D on 
sheet 7 after going through the enable nand gate 4D. STPO 
will be high during the A disk select sequence allowing the 
four phases to pass to the drivers. The outputs of 4D are 
fed to the driver and are pulled to a +12v level by the in
line resistors. The voltage swing out of 4D will be from 0 
to 12v. The two diodes on each input line to the driver are 
used for spike elimination. 
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The resultant output waveform from 3D will drive the 
stepper motor one track position. 

The stepper motor will remain in a stable position 
until it receives another step command from the 6522 at 1F. 

The seek logic is identical for the B drive except the 
B drive uses PB4-PB7 of 6522 1F. These lines are 
initialized by the Data Direction Register B (DDRB) and the 
four phase control signals are loaded into Output Register 
B (ORB). The ORB register is accessed when address EBOAO is 
placed on the address bus. The same bits ID4-ID7 of the 
Input/Output bus are transferred to bits 4-7 of the ORB. 
When the B drive is selected the STP1 line on 6522 at 1H 
will go low. 

The STPO and STP1 control lines are initialized by the 
DDRB of 6522 1H at address E80C2 and PB6 and 7 are loaded 
when address E80CO is selected. 

3-20 



3.3.2 MOTOR SPEED CONTROL 

The disk drive subsystem uses a technique in disk 
speed variation to allow the data to be stored onto the 
media in a near constant bit density. The media allows up 
to 8000 bits per inch data density. In a standard disk 
drive the 8000 bpi is maintained on the inner tracks while 
the bit density drops to near 4000 bpi on the outer tracks. 
Consequently much storage space is wasted in the outer 
track area. By varying the speed at which the diskette 
rotates the microcomputer stores data at a constant density 
of 8000 bpi on all tracks of the media. 

This process is accomplished through the use of a 
microprocessor chip, a digital to analog converter, and a 
DC motor with tachometer feedback. 

Refer to sheet 2 of schematic 100671. A four bit speed 
zone value is loaded into 6522 at 1F. This VIA not only 
controls speed but also controls the seek logic. Peripheral 
port A (PAO-PA3) control the A drive as LOMS0-LOMS3 and are 
directed to the 8748 microprocessor chip. This chip 
controls the speed by issuing an 8 bit digital value for 
the desired speed. On boot up it is downloaded with a speed 
table and control instructions to allow it to monitor the 
speed of each drive. 

As with the seek logic, the PAO-PA3 pins are 
programmed by the DDRA register as outputs. When memory 
address E80A1 is placed on the address bus, CS5 will go 
low, chip selecting the 6522 ( refer to seek logic for a 
full description of the chip select sequence). The AO-A3 
bits of the address will select the ORA register and the 
data bits in position IDO-ID3 of the Input/Output bus will 
be transferred to the PAO-PA3 output pins. 

Drive B is controlled in the same manner except the 
four bit value is output on PBO-PB3 of 1F. This port is 
programmed by the DDRB and the data on the IDO-ID3 is 
transferred into the ORB register. 
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The 4 bit speed zone enters the 8748 microprocessor 
chip on either P10-P13 for the A drive or P14-P17 for the B 
drive. The microprocessor is 50 on sheet 3. 

The 8748 uses CLK5 from the cpu board for basic 
timing. CLK5 is used in both the normal and inverted 
states. A speed control reset (SCRESET) is generated from 
6522 1H-PB2 to allow the microprocessor to be reset. When 
SCRESET is high, the inverted output of 6F will reset the 
8748, clearing the internal registers. 

An 8 bit speed value is output from the 8748 on 
DBO-DB7. This represents a digital value for the desired 
speed. When either SELO or SEL1 goes low the speed byte 
will be latched into either 6B or 6C, respectively. The 
output of the latches are used as inputs to the digital to 
analog converters 5B or 5C. The D/A chips use a + and - 12 
volt reference and provide an analog output to drive the de 
motors. The normal driving range for the D/A chips will be 
between 2.2v and 3.6v. 

In an idle state the output of the D/A converter will 
be approximately .7v. The analog output provides the drive 
input to driver chips 3A or 3C. The outputs on pin 8 of the 
driver chips biases the Q1 or Q2 bases to provide the 
voltage waveform necessary to control the speed of the 
motor. The motor speed waveform is represented in figure 
23. The duration of the high pulse will decrease as motor 
speed increases. 

A tachometer feedback provides a square wave input to 
the 8748 to allow it to calculate the motor speed. As it 
monitors the incoming tach pulses it can increase or 
decrease it's digital output to maintain the desired speed. 
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Once the 8748 has determined that the drive has 
achieved the proper speed, through tachometer pulse 
monitoring, it will put a high on the RDYO or RDY1 line. 
These ready signals are routed back to the microcomputer 
via the 6522's 1H and 1K to acknowledge that the drive is 
ready for a read or write operation. 

The final control signals in the motor speed logic are 
the start and stop bits. STARTO will drop low momentarily 
to allow the drive circuit to start the motor. At the same 
time the STOPO line will go low and remain low. When the 
disk operation is complete the STOP line will go high, 
removing the drive voltage from the motor circuit. 

3.3.3 WRITE LOGIC 

Data is written onto the media in the form of a 10 bit 
GCR code. During the write sequence an 8 bit data byte is 
received by the controller, converted to a 10 bit GCR code, 
then serially written onto the diskette. 

The data byte is received over the IDO-ID7 bus by 6522 
at 1K on sheet 2 of schematic 100671. This 6522 is chip 
selected by the CS7 control signal from the CPU board. 

On sheet 4 of 1D0471 when A19, A18, and A17 are all 
high at 9F and IO/M is low, the Y7 output will go low. This 
low will enable the decoder at 9H. When A16 is low and A15 
is high the Y1 output will go low enabling the G2A input to 
decoder 10H. At the same time AB will be low, enabling G2B 
of 10H. Ali.!6, and A5 will all be high resulting in the Y7 
output (CS7) going low. This low chip selects the 6522 at 
1K on the disk controller board. 

The DDRB register will be initialized to set the 
peripheral port B to an output port. The byte to be written 
will then be transferred into the ORB register. The byte 
will enter the write sequence as WDO-WD7. The ORB (output 
register B) is addressed when memory address E80EO is 
placed on the address bus. 

WDO-WD7 are inputs to multiplexer chips, 5H,5J,& 5K on 
sheet 7. When DRW is low (Data Read/Write) signifying a 
write operation,it is inverted at 4G and the resultant high 
selects the B inputs on the multiplexer chips. 
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The WDO-WD7 bits are placed on the 10-19 bus in bit 
positions I0-18 with the exception of 14. 14 is used for 
the WRSYNC signal which will be discussed in the section on 
writing the sync code onto the disk. During the write 
sequence the !9 bit is held high. The 10-19 bus addresses 
the GCR ROM at 4K. 

The GCR Rom will then output an 8 bit code 
representative of the data byte. Table 1 on page 2-7 shows 
the GCR conversion. The translation process allows the I2 
and 17 bits of the address bus to pass directly to the 
parallel to serial converter at 4J and 4L. 
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The DRW low signal is also routed as address bit 10 to 
the GCR Rom. This forces the GCR Rom to be addressed in the 
lower 1K addresses. During a read operation the high on the 
DRW line will force the GCR Rom to address the upper 1K 
addresses. 

The EO-E7 data output of the GCR Rom is coupled with 
the !2 and !7 bits and fed into the parallel to serial 
converter. 

The parallel to serial converters clock the parallel 
input out in a serial data string by use of the WRTCLK 
clock generated on the CPU board. 

The WRTCLK pulse train originates on sheet 5 of 
100471. The counter at 11H is clocked by every CLK15A 
pulse. The 1QD output is tied to the CLK2 input of the 
chip. The WRTCLK output is taken from the 2QA internal 
flip- flop. The resultant waveform is a 1 usec clock. 
(figure 24) 

The R input clears the counters on power up to insure 
they begin at an all zero state. The WRTCLK signal is a 
continuous clock present when power is applied to the unit. 

The WRTCLK signal is multiplexed through 5H on sheet 7 
of schematic 100671 then inverted by 4G to provide the 
necessary clock to transfer the seiial pulses out of the 
parallel to serial converter. The serial data string is 
"nanded" with the WRTCLK at 4F to provide GCR DATA. Figure 
24 shows the relationship of WRTCLK and the serial data 
string. 

The GCR DATA pulses are used to clock the write flip
flop at 5N on sheet 6. On the rising edge of the GCR data 
pulse the write flip- flop will toggle. This will alternate 
the high from WR+ to WR-. Each time the flip- flop toggles 
a flux reversal will be recorded on the media. 

The write flip- flop is disabled by a low on both the 
PR and CLR inputs. Both PR and CLR will be low when either 
the WPS goes high (a diskette is write protected) or the 
DRW si~nal is high. When both PR and CLR are low the WR+ 
and W - outputs will be high. These high signals are 
inverted at 2N on sheet 5 and disable ·the write circuits. 
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In the write sequence the WR+ and WR- will toggle low, 
being inverted by 2M with the resultant high selecting a 
current source for the write head. When WR+ is low, current 
will flow in one direction through the head coil. When WR
is low, current will flow in the opposite direction. 

The WR+ and WR- enable the write current drivers 
composed of 3N. The four transistors provide the current 
source for writing onto the disk. The circuit composed of 
the 5th transistor in 3N, Q3, and CR7 act to disable the 
write current in the event of low voltage. 

The head select logic HSOO through HS11 selects the 
desired head for writing. The head select control signals 
originate on sheet 6 at decoder 3M. Head 0 will be selected 
(HSOO low) when both SIDE SELECT and DRIVE SELECT are low. 
The SIDE SELECT and DRIVE SELECT are controlled by the 6522 
at 1H on sheet 2 (PA4 and PA5). 

The processor will load the proper bit configuration 
into the ORA register when a drive is selected. The low 
output for head select (HSOO) is inverted at 2M and the 
resultant high enables the digital relay at either 1M or 
1N. The table on page 3-27 defines each head select bit. 

The head select allows the write current to pass 
through the write coil thereby recording a flux reversal 
onto the media. The write sequence can either write a data 
byte ( 10 bit GCR Code or a 10 bit sync code. The sync code 
is composed of an all one's GCR Code. 

To write a sync code the WRSYNC control line on 6522 
at 1F on sheet 2 will be directed high by the processor. 
This high is gated through multiplexer 5K on sheet 7 and 
places a high on the I4 bit. At the same time the processor 
will put a one in WD2 and WD6. This bit configuration will 
address a GCR Rom address that contains all ones for EO 
through E7. The resultant "all ones" pattern will be 
serially clocked through the write circuit and be recorded 
on the disk. 

The sync bytes will be used by the controller to 
detect the beginning of a sector header and the beginning 
of a data block. Their significance will be apparent during 
the read/recovery sequence. 
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3.3.4 READ RECOVERY CIRCUIT 

Data is recovered from the media by the use of a Read 
Amplifier, a Phase Lock Loop circuit and a GCR decoder. 
Refer to schematic 100671 for the read recovery theory of 
operation. 

READ AMPLIFIER 

The Read Amplifier circuitry (sheet 5) senses the flux 
reversals created during the write operation. 

Each head is selected for reading by its respective 
head select control line. 

HSOO Drive A Head 0 
HS01 Drive A Head 1 
HS10 Drive B Head 0 
HS 11 Drive B Head 1 

When HSOO on sheet 6 goes low, drive A head O is 
selected for either a read or a write operation. The low 
output of 3M is inverted at 2M and the resultant high 
engages the digital relay at 1M. 

As the media passes under the head, the flux reversals 
induce a 10 mvolt signal through the read coil. This signal 
is directed into the read pre-amplifier at 1P. 1P amplifies 
the signal to approximately .6 volts and passes it through 
a linear phase filter network of R62, R63, L3, L4, C21 and 
C56. 

The analog input is amplified and differentiated by 
3P, then routed to a digitizer at 4P. The LM311 at 4P takes 
the positive and negative peaks and generates a digital 
pulse representing the zero crossings of the differentiated 
analog inputs. Figure 25 (4P-7) represents the read data 
(RDATA) output of the flux reversals sensed by the head 
coil. 

PHASE LOCK LOOP 

The digital pulse train (RDATA) enters the Phase Lock 
Loop (PLL) circuit on pin 13 of 5P (sheet 4). This 
Exclusive OR gate will generate a high pulse at each 
transition of the RDATA pulse. 
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Pin 11 of 5P will go high for approximately 200 
nanosec on the leading edge of RDATA and will go high for 
approximately 400 nanosec at the trailing edge of RDATA. 
Figure 25 (5P-11) illustrates the relationship between 
RDATA and the output of 5P. 

Each time 5P pin 11 goes high (on the leading or 
trailing edge), it will trigger one-shot 6P. At that time 
6P Q output (pin 5) will go high for 1 usec and the Q 
output (pin 8) will go low for 1 usec. At the end of the 1 
usec one-shot time frame, the rising edge of 6P pin 12 will 
clock the D input (pin 12) of 5N onto the Q output. Figure 
25 illustrates the output of 5N pin 8. This output will be 
the inverse of the D input when the flip-flop is clocked. 

The output of 5N pin 8 is directed to "Exclusive OR" 
gate 5P (pin 1). This circuit functions the same as the 
initial "Exclusive OR" gate. Figure 25 (5P-3) represents 
the output of 5P pin 3, using the input of 5N-8. Each time 
5P pin 3 goes high, it will fire the second one-shot. This 
one-shot will also put out a 1 usec high on the Q output 
(6P pin 13). 6P pin 13 is routed to the clock input of 6N 
(pin 11). 

_The rising edge of 6P pin 13 will toggle flip-flop 6N. 
The Q output of 6N (pin 8) is routed to the D input (pin 
12) to cause the flip-flop to toggle each time a positive 
going pulse is received. Figure 25 (6P-13) illustrates the 
clock input while Figure 25 (6N-5) illustrates the Q output 
of 6N. 

The VCO (Voltage Controlled Oscillator) output of the 
4046 chip, 6L pin 4 , is used to clock the data pulse into 
6N pin 2. On the leading edge of READ CLOCK (VCO output pin 
4), the Q output of 6N (pin 9) is triggered onto the Q 
output of 6N (pin 5). 

The VCO output is "Exclusive OR'd" with a high at 5P 
(pins 9 & 10) which results in inverting the VCO input at 
5P pin 8. This inverted output is again inverted at 3L to 
generate READ CLOCK. 

The Q output of 6N pin 5 is clocked onto the Q output 
of 5M on the rising edge of the inverted clock signal of 5P 
pin 8. This results in clocking the data bit into 5M on the 
falling edge of the VCO output. Figure 25 shows the 
relationship of theQ output (pin 8) of 5M to the Q output 
of 6N (pin 5). 
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The outputs of 6N pin 5 and 5M pin 8 are "Exclusive 
OR'd" at 5P pins 4 and 5. Figure 25 (5M-2) is the resultant 
output waveform of 5P pin 6. The output of "Exclusive OR" 
gate 5P pin 6 is used to set the output of 5M pin 5 on the 
rising edge of the inverted VCO output. The READ DATA 
output is represented on the Q output of 5M at pin 6. When 
READ CLOCK goes high, the Q output of 5M will represent the 
data bit read from the media. 

The output of 5P pin 6 is also inverted at 6F and 
routed to the comparator input of the PLL chip. The PLL 
will compare the rate at which the signal pulses from 6P 
pin 4 and the VCO output pulses from 6F are arriving. It 
then adjusts the VCO output rate at pin 4 to equal the rate 
at which the signal pulses are coming in. 

The PLL uses the 'all ones' that are read from the 
sync code to capture on the signal input frequency. 

4046 PHASE LOCK LOOP CHIP 

The Phase Lock Loop (PLL),IC 6L on sheet 4 of 
schematic 100671, consists of a voltage controlled 
oscillator (VCO) and 2 different phase comparators having a 
common signal-input amplifier and a common 
comparator-input. 

VCO SECTION 

R27 (IC 6L, pin 11) and C17 (IC 6L, pins 6 & 7) 
determine the frequency range of the VCO. R28 (pin 12) 
enables the VCO to have a frequency offset. 

PHASE COMPARATORS 

The PLL has 2 different phase comparators ( 1 & 2). 
Comparator 1 may lock onto harmonics close to the center 
frequency. It will also have a varying phase angle between 
the signal-input and the comparator-input signals. These 
situations do not exist in phase comparator 2. Phase 
comparator 2 is used in the 9000. 
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PHASE COMPARATOR 2 

Phase comparator 2 is an edge controlled digital 
memory network. It consists of 4 flip-flop stages, control 
gating and a 3-state output circuit. The 3-state output 
circuit is composed of P-type and N-type drivers having a 
common output node. When the P-MOS drivers are on, they 
pull the output up to VDD. When the N-MOS drivers are on, 
they pull the output down to VSS. When both are off, the 
output will be an open circuit. 

Since this type phase comparator acts only on the 
positive edges of input signals, the duty cycle is 
unimportant. The phase comparator output, 6L pin 13, is 
used to adjust the VCO input voltage, 6L pin 9. 

PHASE COMPARATOR 2 OPERATION 

If the signal-input frequency, 6L pin 14, is higher 
than the comparator-input frequency, 6L pin 3, the P-MOS 
driver will be on most of the time, placing VDD on the 
phase comparator output (6L pin 13). The remainder of the 
time, the P-MOS and the N-MOS drivers will both be off 
(open circuit out, 6L pin 13). 

If the signal-input frequency, 6L pin 14, is lower 
than the comparator-input frequency, 6L pin 3, the N-MOS 
driver will be on most of the time, placing VSS on the 
phase comparator output (6L pin 13). The remainder of the 
time the N-MOS and the P-MOS drivers will be off (open 
circuit out, 6L pin 13). 

If the signal-input and the comparator-input 
frequencies are the same, but the signal-input lags the 
comparator-input in phase, the N-MOS driver is turned on 
for the time corresponding to the phase difference, VSS out 
on 6L pin 13. If the frequencies are the same, but the 
comparator-input lags the signal-input in phase, the P-MOS 
driver is turned on for the time corresponding to the phase 
difference, VDD out on 6L pin 13. 

In this way, the N-MOS and the P-MOS drivers will 
adjust the low-pass filter capacitor voltage (C18) on the 
comparator output until the signal-input and the 
comparator-input signals are equal in both frequency and 
phase. · 
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At this stable point, the P-MOS and the N-MOS drivers 
will remain off, open circuit out, holding the voltage on 
C18 at a constant level. This frequency and phase relation 
will be maintained over the full VCO range. 

The power dissipation of the PLL is reduced due to the 
low-pass filter keeping the N-MOS and the P-MOS drivers off 
for most of the signal-input cycle. With no signal-input 
applied, the VCO is adjusted to its lowest frequency. The 
VCO output, 6L pin 4, is used to generate the READ CLOCK 
through 5P and 3L. It is also used as the clock input for 
6N (pin 3). the output of 6N, pin 5, through 5P and 6F is 
the comparator-input signal. 

GCR DECODER 

The read data pulses generated by the PLL are clocked 
into flip-flop 6K on sheet 7 by the read clock. On the 
rising edge of READ CLOCK, the READ DATA input is set to 
the Q output of 6K. The next READ CLOCK will set the second 
flip-flop (6K pin 5) to the output of the first flip-flop. 
The serial bit string will be shifted into the serial to 
parallel converter chip at 6G. The 10 bit GCR code for the 
data byte will then go to the multiplexer chips 5H, 5K, and 
5J. If the 10 bits are "all one's" "nand" gate 6J will go 
low signifying that a sync code has been read. 

When the sync detect gate goes low it will be inverted 
by 4G and allow BCD counter at 5G to count up to ten. When 
the counter overflows the ripple clock (RC) output will go 
low clocking the binary up counter at 5F. This counter will 
be preset to a count of 9 when the inverted sync line is 
low. 

When the binary counter at 5F overflows, the resultant 
ripple clock output (RC) will generate an interrupt to the 
Programmable Interrupt Controller (PIC). The rising edge of 
the low will be captured by the PIC as an interrupt 
request. The counters at 5G and 5F are counting sync pulses 
to identify whether the information will be a header block 
or a data block. If more than five sync codes are read the 
sync interrupt will go low signifying that a header block 
is being read. 
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The sync pulse is also gated through the 2A input to 
multiplexer 5H which will be passed to the LD input of BCD 
counter at 4H. This low will load the counter with the 
preset of all zeroes. Each rising edge of read clock on the 
CLK input to 4H will clock the counter. When the counter 
overflows the ripple clock output will go low, signifying 
that a 10 bit GCR code has been read in. The BRDY signal is 
routed to the CA1 input of 6522 at 1K. This low controls 
the latching of the byte read from the disk into the 
P~O-PA7 port of the 6522. 

The low BROY signal also sets the LBRDY latch which is 
sent back to the cpu on pin 39 of J14. This control signal 
is routed to the TEST input on the 8088 microprocessor 
chip. This input is examined by the " wait for test " 
instruction. If the TEST input is low, execution continues, 
otherwise the processor waits in an idle state. 

The 10 bit GCR data code is converted to parallel and 
placed on the SRO-SR9 bus where it is multiplexed onto the 
IO-I9 bus for the GCR Rom. It will act as a address to the 
GCR Rom where it will be converted back to an 8 bit data 
byte on EO-E7. The DRW control will be high forcing the A10 
address bit high which will address the upper 1K addresses 
of the GCR Rom. 

The 8 bit data byte on EO-E7 is latched into the 6522 
at 1K on the peripheral A port and from there will be 
placed on the IDO-ID7 bus to be transferred into the 
computer. 
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3.4 CENTRAL PROCESSOR BOARD 

The central processor board contains an 8088 CPU,128k 
RAM memory,communications ports,codec,boot ROM,and timing 
circuits. The theory of operation of each subsystem is 
described independent of each other system. 

3.4.1 THEORY OF OPERATION - 8088 MICROPROCESSOR CHIP 

The 8088 microprocessor contains a 16-bit internal 
register structure utilizing an 8-bit data bus. The 8088 
has a 20-bit address range providing the capability to 
directly address 1 megabyte of memory. The 8088 is 
compatible with and utilizes the 8086 instruction set. 

Internally the 8088 is divided into 2 functional 
units, the Bus Interface Unit (BIU) and the Execution Unit 
(EU). The BIU fetches instructions from memory and passes 
data to and from the EU and the data bus. The EU decodes 
and executes the instructions. The BIU will pre-fetch 
instructions and fill an "instruction Queue" with 
instructions waiting to be processed. By filling the 
"Queue" with instructions, the EU seldom has to wait for 
the BIU to fetch instructions. This seperate fetching and 
executing of instructions gives the 8088 almost as much 
performance as a "pure" 16-bi t microprocessor such as the 
8086. 

The 8088 contains 8 16-bit general registers, 2 16-bit 
control registers and 4 16-bit segment registers. 

REGISTERS 

General purpose registers: 

Data group registers: 

AX accumulator register 
BX base register 
ex count register 
DX data register 

These 16-bit registers may be split for use as 8 8-bit 
registers as follows: 

AH 
BH 
CH 
DH 
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Pointer and index registers: 

BP base pointer 
SP stack pointer 
SI source index 
DI destination index 

Control registers 

IP instruction pointer 
FLAGS 

Segment registers 

CS code segment register 
SS stack segment register 
DS data segment register 
ES extra segment register 

Address generation 

An operand is data to be processed. Operand-addressing 
modes are the facilities available for designating operand 
locations. Utilizing a 20-bit address bus, the 8088 can 
access 1,048,576 operand address locations stored 
sequentially from O - FFFFF(h). There are 3 uses for 
addresses; programs, data and stack. Each of the 4 memory 
spaces have a segment base register which points to the 
base address of the area. They are: 

CS - points to the base of program currently running 
SS - points to the base of the stack 
DS - points to the base of one data area 
ES - points to the base of an extra data area 

The 8088 uses one of these segment registers for the 
generation of all addresses. For the address to become a 
20-bit address, the segment register is shifted left by 4 
binary bits before it is added to a logical address in the 
instruction. 

3-35 



For the generation of an instruction address, the CS 
register is added to the IP register contents. A stack 
address location is generated by adding the SS register to 
the SP register. Data addresses are generated by adding the 
DS register or the ES register to logical address of many 
types. These operand-addressing modes for the data address 
are selected by encoding in the instructions. The operand 
addressing modes are: 

Immediate: The data is contained within the 
instruction. 

Register: The data location is contained within a 
register. 

Direct: The data is at a location pointed to by an 
address contained within the instruction. 

Register Indirect: The data is at a location pointed 
to by an address contained in a register. 

Indexed or Based: The data is at a location pointed to 
by the sum of an index or base register contents and 
immediate data contained within the instruction. 

Based and Indexed with displacement: The data is at a 
location pointed to by the sum of a base register contents, 
an index register contents and the immediate data contained 
within the instruction. 

Pin 

19 

23 

The pin description for the 8088 is as follows: 

Signal 

CLK 

TEST 

Type 

I 

I 
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Definition 

Clock - provides basic 
timing for the processor 
- 5MHZ. 

Test input. When high 
places processor in a 
idle state. Examined by 
the "wait for test" 
instruction. 

-· 



21 

22 

17 

31 

40 

33 

1'20 

18 

24 

34 

RESET 

READY 

NMI 

HOLD 

vcc 

MN/MX 

GND 

INTR 

INTA 

sso 

I 

I 

I 

I 

I 

I 

I 

I 

0 

0 
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Reset causes processor to 
terminate present activity. 
Must be active high for the 
4 clock cycles. 

Active high acts as 
acknowledgement from the 
addressed memory or I/0 
device that it will 
complete the data transfer. 

Non-Maskable Interrupt -
positive edge triggered 
interrupt. Not maskable 
by software. 

Active high signal to 
suspend operation and 
relinquish control of the 
bus lines. 

+5VDC supply voltage + or 
- 10j. 

Tied to +5VDC forcing the 
minimum mode of processor 
operation. 

Ground pins. 

Interrupt Request - an 
active high level triggered 
input requesting an 
interrupt service 
subroutine. It can be 
internally masked by 
software. 

Interrupt Acknowledge is 
used as a read strobe for 
interrupt acknowledge 
cycles. Active low signal. 

Status line - used in 
conjunction with IO/M & 
DT/R. 



26 

27 

29 

32 

28 

25 

30 

9-16 

2-8,29 
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DEN 

DT/R 

WR 

RD 

IO/M 

ALE 

HLDA 

ADO-AD7 

A8-A15 

A16-A19 

0 

0 

0 

0 

0 

0 

0 

I/O 

0 

0 
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Data Enable - active low 
during each memory and I/O 
access and for INTA cycles. 

Data Transmit/Receive - It 
is used to control the 
direction of data flow to 
the system. High for 
transmit, low for receive. 

Write - strobe indicates 
that the processor is 
performing a write memory 
or a write I/O cycle. 
Active low signal. 

Read - strobe indicates 
that the processor is 
performing a memory or I/O 
read cycle. Active low 
signal. 

Status line - it is used 
to distinguish a memory 
access from an I/0 access. 
(I/O:HIGH, M:LOW). 

Address Latch Enable - used 
to latch the processor 
address onto the address 
bus. 

Acknowledgement of a hold 
request. 

Address/data bus - time 
multiplexed memory I I/O 
address and data bus. 

Address bus 

Address bus 
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8088 OPERATION 

Refer to CPU schematic 100471 sheet 2 for the theory 
of operation. When power is applied the reset signal will 
go high causing the microprocessor to enter the reset mode. 
The CPU elk (generated on sheet 3) provides master timing 
for the 8088. It is a 5 Mhz clock signal. The reset signal 
must remain high for at least four clock cycles. The high 
to low transition triggers the 8088 to clear the registers 
and begin executin.&__the instruction at absolute address 
FFFFO(H). The MIN/MX (minimum/maximum) mode input is 
connected to +5v forcing the 8088 into the minimum mode of 
operation. 

The NMI (non-maskable interrupt) has a higher priority 
that the maskable interrupts (INTR). The NM! is edge 
triggered on a low to high transition. It is pulled to +5v 
and is routed to the expansion slots on the CPU board. 

Timing and Status 

The basic machine cycle for the 8088 is 4 clock 
periods T1, T2, T3 and T4 (See figure 26 page 3-46 ). 

During T1, the 8088 £la~ an addre~s on the address 
bus (ADO-AD7,A8-A19). IO/M, SSO and DT/R are valid. ALE 
will go to a low level. 

During T2, ADO-AD7 will go to a high impedance state 
in preparation for a data transfer. DEN and RD or WR become 
valid to enable data onto the bus for transfer. ADO-AD7 
will switch to the data bus (DO-D7). 

During T3, the data is held valid on the data bus to 
allow it to stabilize and be read by either the 8088 or a 
selected peripheral device. 

During T4, RD or WR becomes inactive and the data is 
latched into the 8088 or the selected device. DEN and DT/R 
go high and the peripheral device is deselected from the 
data bus. 
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Wait States 

If a peripheral device has not completed a data 
transfer, it must inform the 8088 to enable the machine 
cycle to be extended. This is performed by bringing the 
READY line low before the beginning of T3. This will force 
the 8088 to insert additional clock periods (TW or wait 
states). The bus activity for a TW cycle is the same as a 
T3 cycle. So in effect, the 8088 simply inserts additional 
T3 periods. When the device has completed the data 
transfer, it brings the READY line high. This will allow 
the 8088 to terminate the TW cycles and continue on to the 
T4 cycle. 

Idle Cycles 

The 8088 will only execute a machine cycle when a data 
transfer is needed. When the 8088 is not executing a 
machine cycle, it executes idle cycles (T1). During these 
idle cycles, the 8088 continues to place data on the bus 
from the previous instruction. 

Interrupt Acknowledge Cycle 

INTR (interrupt request) is sampled during T4 to see 
if INTA cycles are to be entered. If an INTA cycle is to be 
entered, the PIC will drive the INTR line high. When the 
8088 senses this high, it will issue 2 INTA cycles. During 
T2, if the IF (interrupt flag) is set (1), the 8088 will 
issue an INTA pulse. If the IF is reset (0), the 8088 
ignores the INTR. When the 8088 issues the first INTA 
pulse, the address/data bus is set to a high impedance 
state from T2-T4. INTA will be active low during T2,T3 and 
T4 of each INTA cycle. In the second consecutive INTA 
cycle, a data byte is read from the PIC. This byte 
identifies the type of interrupt. It is used as a pointer 
into the table of interrupt routines in memory. 
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3.4.2 MASTER BUS CONTROL 

The microcomputer utilizes a number of bus structures 
to control the flow of data through the microcomputer. 
These are both address buses and data buses. The block 
diagram below illustrates and identifies each of the major 
buses used in the computer. 

(Refer to figure 7 on page 2-9 for the Master 
Bus Control block diagram) 

The address bus, which allows the 8088 to address both 
memory and the I/O structure is divided into two parts. The 
ADO-AD7 bus and the A8-A19 bus. The 20 bit address bus 
allows the 8088 to address a maximum of 1 megabyte of 
memory. The A8-A19 bus will always contain address 
information and will be latched by the 8088 to allow it to 
address system memory, screen memory, boot memory,or any 
I/O device. 

The ADO-AD7 bus is the multiplexed address and data 
bus used by the 8088. During the T1 cycle it will contain 
address bits and during the T3 cycle it will contain data 
bits. The design of the system allows for information to 
pass from or to the 8088 on this bus. Data placed on the 
ADO-AD7 bus will be transferred into one of the internal 
registers or from one of the internal registers. Address 
information on the ADO-AD7 bus will always be generated by 
the 8088. 

The Boot ROM and the programmable interrupt controller 
(PIC), which provide data to only the 8088, are connected 
directly to the ADO-AD7 bus. 

The BDO-BD7 data bus will carry the data byte from the 
ADO-AD7 bus to either memory ( system or screen),or the 
Input/Output bus (IDO-ID7). Data is transferred from system 
memory to the 8088 by way of the BDO-BD7 bus to the ADO-AD7 
bus. 
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The IDO-ID7 bus is the input/output bus for the 
microcomputer. In order for the 8088 to address a 
peripheral device (i.e. crt, parallel port, serial port) it 
must transfer the data byte onto the IDO-ID7 bus. 
Consequently all data transfers from the disk drive 
subsystem to the microcomputer will take place over the 
IDO-ID7 bus. 

The DDO-DD15 data bus is the output bus for system 
memory. It will contain a data byte read from memory for 
the 8088 or it will contain a 16 bit dot pattern to be 
directed to the video output interface. The DDO-DD15 bus 
feeds directly into the video interface for character 
generation. When the 8088 is reading from memory it will 
transfer the data from either the DDO-DD7 byte or the 
DD8-DD15 byte onto the BDO-BD7 bus. The byte will then be 
placed on the ADO-AD7 bus where the 8088 can read it into 
one of it's registers. 

The DCO-DC15 is the data output bus for the screen 
memory. The 8088 can write into screen memory by 
transferring a data byte from the BDO-BD7 bus onto either 
the DCO-DC7 bus or the DC8-DC15 bus. The CRT controller 
will access screen memory and read out address and 
attribute data onto the DCO-DC15 bus. The DCO-DC15 bus is 
divided into two parts: DCO-DC10, which is input to the 
system memory address bus; and DC11-DC15 which contain 
attribute data directed to the CRT interface circuit. 

The MAO-MA10 bus is an address bus output from the CRT 
Controller Chip to address screen memory. Each address will 
represent a character position on the CRT. The address it 
will select in the screen memory will be the starting 
address for the dot pattern of the character to be 
displayed in that character position. Each character 
pattern in system memory will occupy 16 consecutive words. 

The RAO-RA3 address bus addresses the 16 consecutive 
addresses that make up the character dot pattern in system 
memory. 
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ADDRESS/DATA BUS 

The Address bus (sheet 2 of 100471 schematic) is 
broken down into 3 sections,ADO-AD7, A8-A15 and A16-A19. 
ADO-AD7 is the 8-bit data bus and the lower 8 bits of 
address. A8-A15 is the middle 8 bits of address. A16-A19 
are the upper 4 bits of address. 

Address bits A16-A19 are placed onto the AO-A19 bus by 
address latch 6M. 6M is chip selected by a low HLDA on pin 
1. Pin 1 will be high only when another device brings HOLD 
high (pin 31) to request control of the bus. The address 
bits will be latched onto the bus during T1 when ALE makes 
a high to low transition. ALE is at a high level at the 
beginning of T1. It will go low at the end of T1, and 
remain low during T2,T3 and T4. ALE is connected to 6M pin 
11, the E (enable) input. The output of 6M will follow the 
input when E is high. When E makes a high to low 
transition, the output will be latched at the level set up 
by the input. 

Address bits A8-A15 will be placed on the AO-A19 bus 
by driver 7M. 7M is enabled by a low HLDA on pins 1 and 19 
(G1 & G2 inputs). Address bits A8-A15 will be placed on the 
bus for the entire bus cycle. 

Address/data bits ADO-AD7 will be placed on the AO-A19 
bus by address latch 8K. The chip select for 8K (OC pin 1) 
is tied to ground, so it will always be selected. The 
address bits will be latched onto the bus during T1 by the 
high tc low transition of ALE. The ADO-AD7 bus will be at a 
high impedance state during T2 of a bus cycle in 
preparation for a data transfer, and then become the data 
bus DO-D7. 

Read Cycle 

A read cycle begins at T1 with ALE, 7K (8088) PIN 25, 
going high. The memory location is placed on the ADO-AD7i 
A8-A19 bus (sheet 2 of 100471 sc~ematic) by the 8088. IO/M 
and SSO become active. DT/R is low for a receive operation. 
ALE goes low and latches the address onto the AO-A19 bus. 
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At the beginning of T2 the 8088 will ~et the .ADO-AD7 
bus to a high impedance state. T2 is used mainly to chan~ 
the.direction of the ADO-AD7 bus during a read cycle. ITT) 
and DEN will go low. 

RD from 7K pin 32, is routed to line driver SL pin 2. 
SL will be enabled by a low HLDA on pins 1 and 19 (G1 & 
G2). RD is output from SL on pin 18, and routed to pin 6 of 
BJ. DEN is output from 7K pin 26 to input pin 15 of SL. DEN 
is output from SL pin 5, to pin 5 of SJ. With pins 5 and 6 
of 8J both low, the output (pin 4) will be high. 

This high is routed to 9J pin 10. 9J pin 12 is the 
output of 11L, pin 3. Pin 3 of 11L will be high when HLDA 
(pins 1 & 2) is low. 9J pin 13 will be high when the PIC is 
not selected. 9J pin 9 will be high when the BOOTROM is not 
selected. With all the inputs to 9J high, the output (pin 
8) will be low. This low is routed to 10K pin 1 (OC), and 
will select 10K. ALE on pin 25 of 7K is routed to pin 8 of 
SL. The output of SL, pin 12, is routed through inverter 
100 to pin 4 of 120. 

This inversion of ALE will be high from T2-T4. Pin 5 
of 120 is from pin 6 of "NANO" gate 90. Pin 5 of 90 is the 
output of 120 (pin 6). Pin 4 of 90 is MLAT (memory latch), 
which will be low from T3-T4 during a memory operation and 
high for an I/O operation. Pin 3 of 90 is IOLAT (I/O 
latch), which will be high for a memory operation and low 
from T3-T4 for an I/O operation. When either of these 
signals go low, 90 will....£!_oduce a high out on pin 6. The 
high on pin 5 of 120 and ALE on pin 4, will produce a low 
output on pin 6 from T3-T4. 120 pin 6 is routed to 10K pin 
11 (enable). The high to low transition on pin 11 will 
latch the data from the BDO-BD7 bus onto the ADO-AD7 bus to 
be read into the 8088. 

Memory data enters directly on the BDO-BD7 bus. I/O 
data will enter on the IDO-ID7 bus and be passed on to the 
BDO-BD7 bus. 

Data will be passed from the IDO-ID7 bus to the 
BOO-BD7 bus by transceiver 11K. The G input (pin 19) is the 
IOBUF signal from sheet 4 of 100471 schematic. 

Decoder 9F will produce a low output on pin 1 (Y7) 
when IO/M is low and A17-A19 are high~ IO/M will be low for 
I/O operations because the 9000 uses a memory mapped I/O 
structure, which means that the 8088 addresses I/0 devices 
as memory spaces. 
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This low is routed to pin 1 (1G) of decoder 9H. With 
pin 1 low and A16 low, A15 will cause 9H to produce a low 
output on either pin 5 (Y1) or pin 4 (YO). If A15 is high, 
pin 5 will be low. If A15 is low, pin 4 will also be low. 
9H pins 4 and 5 are routed to 11J pins 10 and 11 
respectively. If either is low, 11J pin B will be low. 11J 
pin B is routed to 11D pins 4 and 5. With a low on pins 4 
and 5, 11D pin 6 will be high. This high is routed to 11D 
pin 10. EXTIO on pin 9 of 11D will be high. With pins 9 and 
10 high, 11D pin B will be low. This low (IOBUF) will 
enable 11K on sheet 2. I/O BUF goes low whenever an I/O 
device is addressed (6522 or INTEL DEVICE). The EXT I/0 
signal goes low (active) whenever external I/O occurs. 

11K Pin 1 (DIR) is the direction input. If DIR is 
high, data flow is from A to B (BD bus to ID bus). If DIR 
is low, data flow is from B to A (ID bus to BD bus). ALE 
from BL Pin 12 is routed to "NOR" gate BJ Pin 3. DT/R (low 
for receive) from BL Pin 14 is routed to "NOR" gate BJ Pin 
2. The ALE and DT/R signal will produce an output on Pin 1 
of BJ that is low at T1 and high from T2-T4. BJ Pin 1 is 
routed through inverter 9L as a high at T1 and low from 
T2-T4. This low from 9L Pin 2 is routed to 11K Pin 1 to 
transfer the ID bus onto the BD bus at T2. The data on the 
BD bus is routed to 10K where it will be passed on to the 
AD bus as before by 12D Pin 6 at T3. 

During T4, BOBB will take RD high and read the data 
into its input registers. RD going high will deselect 10K 
by disabling BJ (Pin 6). This will disable the BD bus. DT/R 
and DEN will go high. 

WRITE CYCLE 

A write cycle starts at T1 with ALE going high. The 
Memory address is placed on the AD0-7, A8-A19 bus by BK. 
IO/M and SSO become active. DT/R is high for a transmit 
operation. ALE goes low and latches the address on the 
AO-A19 bus. 

At T2 BK will again float the ADO-AD7 bus. WR and i5EN 
will go low. DT/R, high for transmit, from BL Pin 14 is 
routed to "NOR" gate BJ Pin 2. The high on Pin 2 will 
produce a low out on Pin 1. This low on Pin 1 is routed to 
Pin 19 (G input) transceiver 9K. This low will select 9K. 
9K Pin 1 (DIR) is HLDA which is low. This low on Pin 1 will 
transfer data from the B to A. (AD bus to BD bus). 
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Figure 26 

Memory data will exist on the BDO-BD7 bus. I/0 data 
will be passed from the BDO-BD7 bus to the IDO-ID7 bus, 
then exit on the IDO-ID7 bus. 

Data· will be passed from the BDO-BD7 bus to the 
IDO-ID7 bus by transceiver 11K. DT/R from 8 L Pin 14 will 
be routed to NOR gate 8J Pin 2. This will produce a low out 
(Pin 1) which is routed to 9L Pin 1. 9L will produce a high 
out (Pin 2) and be routed to 11K Pin 1 (DIR). With a high 
on Pin 1, data will be transferred from A to B (BD bus to 
ID bus). 11K will be enabled by IOBUF low on Pin 19. The 
data will then be transferred to the I/O device. 

9K will remain enabled until DT/R goes low at a read 
cycle. 11K will remain enabled until IOBUF goes high. At 
T4, 8K will take WR and DEN high. The data will remain on 
the bus until another cycle is initiated. 
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3.4.3 MASTER CLOCK AND RESET CIRCUITS 

MASTER CLOCK CIRCUIT 

The Master Clock circuit is comprised of Crystal Y1, 
Transistors Q1 and Q2, Inverter 2K and J-K Flip-Flop 2L. 
These components combined with various discrete components 
produce 8 clock outputs which are used throughout the 
system. These clock outputs are as follows: 

1) CLK 15 
2) CLK 15A 
3) CLK 158 
4) MPU CLK 
5) CLK 5 
6) CLK 5 
7) PHASE 2 
8) PHASE 2 

The 15 MHZ Crystal (Y1) has its power supplied by the 
+12 volt supply. The output of the crystal is applied to 
the emitters of transistors Q1 and Q2. With transistor Q1 
being on, the clock output is used to control the on-off 
condition and output of transistor Q2. This output, which 
is 180° out of phase with the crystal, is applied to 
inverter 2K at Pin 1. The out~ut is inverted again by 
inverter 2K Pin 13 producing a CL 15 output at Pin 12 which 
is supplied to the system. 

The output at Pin 12 is also applied to inverter 2K at 
Pins 11 and 9 producing a CLK15A and CLK15B. The CLK15A 
signal is applied to the system and the CLK15B signal is 
used to develop the MPUCLK and the CLK5 and CLK5 signals. 

The CLK15B signal is applied to Pins 1 and 13 of the 
J-K Flip-Flop 2L. These two Flip-Flops, working in 
conjunction with each other and contained within the same 
package produce the MPUCLK at Pin 9 of 2L, and the CLK5 
signal at Pin 7 of 2L. The CLK5 signal is produced by 
simply inverting the CLK5 signal at Pin 7 with inverter 2K, 
Pins 5 and 6. 

The CLK15, CLK15A and B have a 50% duty cycle and the 
MPUCLK and CLK5 clocks have a 60-40 and 40-60% duty cycles 
respectively. 

3-47 



The Phase 2 and Phase 2 signals are developed by using 
the CLK5 signal as a clocking input to a divide by 5 
counter {10 E). This produces an output signal which is off 
for 600 nanoseconds and on for 400 nanoseconds. The output, 
Phase 2, is inverted by inverter 10 D producing the Phase 2 
signal. Both signals are then transferred and us~d by 
various circuits in the system. 

RESET CIRCUIT 

The Reset Circuit is comprised of one (1) Reset 
Switch, one (1) Timer Chip {NE 555) located at 12N, a 
inverter device {Located at 9L) and various discrete 
components. With the depression and release of the Reset 
Switch {located on the rear mainframe panel) the input 
signal to Pin 2 of the Timer Chip will go low, {O volts). 
The Timer Chip is incorporated into the circuit to insure 
that the incoming reset signal is of sufficient duration 
and not an unwanted glitch. This input to the Timer 
produces a low output on Pin 3 of the device which is then 
passed to various circuits within the system as a RESET 
signal. The low (O volt) reset signal is also inverted by 
component 9L and sent to system circuits as a RESET signal. 
The timer is also incorporated in the circuit to insure 
that the duration of the reset signal is 800 nanoseconds 
longer than the leading edge of the release of the reset 
switch. 
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3.4.4 BOOT ROM (READ ORLY MEMORY) 

The Read Only Memory contains the self test routines 
and the initialization software for the CRT, the disk drive 
subsystem, and the bootstrap routine. The bootstrap routine 
loads the operating system from the diskette into memory. 
The physical location of the Boot Roms are in two (2) 
locations:5H and 7H. Both Boot Roms contain 4K of 
information each for a total of BK. The Boot Roms are 
accessed when the BOBB microprocessor enters a reset 
condition or when the address bus consisting of address 
lines ADO thru AD7 and AB thru A19 contains FFFFO(H). 

When the correct address (FFFFO(H)) is present on the 
address bus, the Boot Roms will be selected by the I/O 
state circuits consisting of latches 6M, 7M, BK, Decoders 
9F,9H and various discrete components.(Refer to sheets 2 
and 4 of schematic 100471.) When IO!M" is low, and address 
A19, A18, and A17 are all high, gate 9F will generate a low 
output on Y2( Pin 7). This low output will enable gate 9H. 
With 9H enabled addresses A16 and A15 (both high) will 
force the output at Pin 7 to be low. This low output {RS1) 
is used in conjunction with the RD signal to select the 
Boot Roms. 

The process used to enable the chip select on each of 
the Boot Roms is accomplished through gates BJ, 8!!.t_address 
line A12 and a jumper wire across E5 to E6. With RS1 and RD 
both low, a high output is produced at Pin 10 of BJ. This 
high output is applied to Pins 5 and 9 of gate SH. This 
makes the accessing of each individual Boot Rom dependent 
upon the address A12 signal through jumper E5-E6 and gate 
BH. Because of the configuration of gate BH only one Boot 
Rom can be accessed at a time. 

At address location FFFFO(H) the Boot Rom in 7H is 
selected and will contain the instructions to direct the 
8088 to execute the programs contained entirely in the two 
(2) Boot Roms. The BOBB addresses the Roms directly using 
address lines AO-A12 on Pins 1-8 and 19-23 of the Boot 
Roms. The output of the Roms is placed on the ADO-AD7 bus 
where it is directed into the 8088 microprocessor. 
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3.4.5 SCREEN MEMORY 

Screen Memory for the 9000 is contained in 4K Bytes of 
static memory which hold the addresses for the dot patterns 
which are stored in system memory. The screen memory is 
formatted in such a way as to hold 2048/16 bit words. These 
2048 words each represent a character cell on the CRT 
display. The system memory contains the dot pattern 
necessary to generate a character on the screen. Each 
character will contain 16 consecutive addresses of dot 
information. In order to display the letter "A" on the CRT 
in the 1st character position on the screen, the starting 
address of the letter "A" dot pattern is placed in the 1st 
character position in screen memory. 

When the HD46505 CRT Controller Chip addresses the 1st 
character position in screen memory, it will be directed to 
the starting address of the letter "A". The 16 consecutive 
words will be sent out to the video output control where 
they will be used to generate the letter "A" on the screen. 
(The output will be on lines DCO-DC15 of the 4K RAMS.) 
Should another letter be generated ( Example "M") then the 
character address will go to the screen location for the 
particular character and output that information to the 
screen. 

The address bus for screen memory is on lines 
AAO-AA10, and all data is either input or output on the 
DCO-DC15 data bus. The 8088 accesses the screen memory over 
lines A1-A11 (Refer to sheet 8 of 100471) and is controlled 
by the RSO signal which is generated by the I/O state 
circuitry. The CRT Controller Chip (9A) accesses the screen 
memory with lines MAO-MA10 through selectors 7A ,BA and 88 
(Input pins 3,6,10 and 13). 

To initialize the screen memory the 8088 must clear 
all screen memory addresses, then place the address of the 
dot pattern in the screen address corresponding to the 
character position on the display. To do this the 8088 
begins by addressing screen memory space.(Refer to sheet 4 
of 100471.) Whenever the IO/M signal into decoder 9F is 
low, and address A19,A18 and A17 are high, the output at Y7 
(Pin 7) will be low. This low output enables decoder 9H. 
When the address A16 signal is high and the A15 signal is 
low, decoder 9H will produce a low output at Y2, (Pin 6) 
which is the RSO signal. 
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The low RSO signal (Refer to Sheet B) is used in 
conjunction with the EBLCA signal and the AO signal to 
produce the proper WE signal for accessing screen RAM. When 
the EBLCA signal is high, meaning the CPU is accessing 
screen memory,the RSO signal and the AO signal are low, the 
Y2 output is low and the Y3 output is high (BC). The low Y2 
signal is applied to gate BD Pin 5. This in combination 
with a low RAMWRT signal will produce a low output on Pin 6 
of BD. This low output of BD will write enable RAM 4A. To 
write enable RAM 6A RSO would be low and EBLCA and AO would 
have to be high. This would force a low output on BD Pin 3 
and would enable 6A and disable 4A. To transmit data into 
the Rams the DT/R signal must be high and the ALE signal 
must be low. This in combination with the low output of BC 
Pin 6 will produce a low output at Pin 3 of gate 2C and set 
up the proper configuration for transfer of data from the 
BDO-BD7 bus to RAM. 

The screen address is selected by selectors 7A,BA and 
BB. When the EBLCA signal is low the selectors will select 
the "A" input. When EBLCA is high the selectors will select 
the "B" inputs. The screen memory is under BOBB control 
when the EBLCA signal is low. The screen address will 
originate on address lines A1-A11. When EBLCA is high the 
screen memory will be under CRT control and the screen 
address will originate on the MAO-MA10 bus lines. Further 
explaination and operation of the EBLCA signal will be 
presented in the section on Memory Timing. 

The output of screen memory on lines DCO-DC15 is 
broken down into two segments: (1) DCO-DC10 are sent as 
address inputs to system memory and (2) DC11-DC15 are 
character attributes that are processed by the video output 
controller. (Refer to sheet 10 of 100471). These attributes 
are used to select the underlining, reverse video,or secret 
mode of character geneJ:..!tion. The DT/R signal (in 
conjunction with the EBLCA,RSO and AO signals) is used to 
determine the direction of data on transceivers 4C and 6C. 
With DT/R low the signals are passed from the DCO-DC15 bus 
to the BDO-BD7 bus and when high the direction is from the 
BDO-BD7 bus to the DCO-DC15 bus. 
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For transfer of data from the Rams to the DCO-DC15 bus 
the EBLCA signal will go low. This forces the output on BC 
(Pins 6 and 7) to go high. With high outputs on Pins 6 and 
7 the WE signal on Pin 21 of 4A and 6A will force the Rams 
into a read format. With EBLCA low transceivers 4C and 6C 
are shut off ,and the output of gate 4M is also low. This 
sets the output enable (OE) of the Rams and allows for 
transfer of data onto the DCO-DC15 bus. 
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3.4.6 SYSTEM MEMORY 

System Memory is composed of 12BK bytes of Dynamic 
Ram. The mem~ry is expandable up to B96K bytes of memory 
with the addition of expansion boards. This section will 
deal with the 12BK of memory located on the CPU board. For 
an explainati~n of the operation of the expanded memory 
refer to the section dealing with the expansion slots. 

The B088 and the CRT controller chip can access memory 
directly through the ABO-AB7 memory bus. Multiplexers 
BF,8E,3A and 2A will determine whether the CRT or the BOBB 
accesses the memory.(Refer to sheet 9 of 100471.) On 
multiplexers BF and BE, when EBLCA is high, the outputs are 
at a high impedance state and the CRT controller is 
accessing system memory on the ABO-AB7 bus. When EBLCA is 
low the BOBB will access the system memory through the 
multiplexers. When the MUX signal is low the "A" inputs 
will be passed onto the bus. When the MUX signal is high 
the "B" inputs will be passed onto the memory address bus. 

When the MUX signal is low and the EBLCA signal is 
also low the A1-AB signals are placed on the ABO-AB7 bus. 
When MUX is high and EBLCA is low, the A9-A16 signals are 
placed on the ABO-AB7 bus. 

When the EBLCA signal is low and LOWRAM is low,gate BD 
goes low and the signal enables decoder 8C. Decoder BC is 
used in conjunction with the AO and RAMWRT signals to 
select either the odd or even byte in memory. When RAMWRT 
and AO are low, the odd byte of memory is write enabled. 
When RAMWRT is low and AO is high the even byte of memory 
is write enabled. When RAMWRT is high, the AO signal is 
used to enable either the even or odd byte for read enable 
through gate 2C and latches SC and 7C. 

To enable the even byte for read enable the AO signal 
must go low. This low forces the output at Pin 10 (Y2) to 
go low. This low output combined with a low INEBL signal 
will produce a low output at Pin B of gate 2C. This low 
output at Pin B will enable buffer BC and allow the 
transfer of the even byte through buffer SC. For the 
transfer of the odd byte of information, the AO signal must 
go high. This high produces a low output on Pin 9 of BC 
(Y3). This will enable and produce a low output at Pin 11 
of gate 2C, enabling buffer 7C and allow the transfer of 
the odd byte. 
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When 5C or 7C are enabled the data bits on either 
DDO-DD7 or DD8-DD15 will be latched onto the BDO-BD7 bus. 
When MUX is low the memory timing circuits also generate a 
RAS signal (Row address select). This RAS signal will 
strobe the row address into the RAM. The row address will 
be composed of A1-A8 of the 8088 memory address. One memory 
clock cycle later MUX will be triggered high and a CAS 
(column address select) signal will be generated. This high 
signal will strobe the column address into the RAM. At this 
time the A9-A16 addresses will be on the memory bus. 

Data bus BDO-BD7 is the input data bus for the system 
memory, and will be controlled by the 8088. For accessing 
of the system memory by the CRT, the EBLCA signal must be 
high. This will access the system memory through the octal 
edge triggered flip-flops 3A and 2A. 

When CRAS ADDR is low (CRT strobe address) and CRT 
LATCH goes high, the ABO-AB7 bus will be composed~ 
information from the RAO-RA3 and DCO-DC3 bus. When CCAS 
ADDR (CRT column strobe address) is low and CRT LATCH goes 
high, the ABO-AB7 bus will be composed of information from 
the DC4-DC10 bus. CCAS. ADDR will occur one memory timing 
cycle after the CHAS ADDR signal. 

The CRT controller can only read memory so the 
DDO-DD15 outputs from the memory will be directed to the 
video output control. This is accomplished by having the 
EBLCA signal forcing a high input to decoder BC. This will 
produce a high output on Pins 9-12 and will shut off 5C and 
7C through gate 2C. 

The 128K byte of system memory, being composed of 64K 
x 1 dynamic ram chips, must be refreshed within 2 msec to 
prevent loss of data. To accomplish this the REFRESH will 
go low on sheet 9. When REFRESH is low 30 will be enabled 
and the refresh address from counter 20 will be placed on 
the ABO-AB7 bus. she refresh address generator at 20 is 
incremented when REFRESH and MB are low. At the same time 
RAS will be taken low by MA being set. When REFRESH is low 
the CAS signal will be disabled at 4H pin 1 on sheet 7. 
When RAS goes low a ROW ADDRESS REFRESH will take place. 

The REFRESH signal is taken low on sheet 10 when EBLCA 
is low and DISP is low. At this time the processor will not 
be accessing memory and the CRT will have completed it 
memory access cycle. The DISP signal is generated by the 
CRT controller chip on sheet 8. 
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3.4.7 SYSTEM MEMORY TIMING 

8088 Memory Access 
(Schematic 100471 Sheet 7) 

The 8088 will request access to system memory whenever both 
ALE and IO/M are low. Both low input signals at gate BJ will 
force a high out and set processor request flip-flop (3M) at the 
trailing edge of the next CLK5 signal. Either LOWRAM or RSO will 
also be low to force a low out of gate 4M to complete the K 
input to flip-flop 3M. A low on the clear (CLR) input will reset 
the flip-flop when MA and EBLCA are high. 

The PRQ high signal is routed as an input to "NOR" gate 3K. 
The one input forces a low output from 3K. This low is coupled 
with MA low, and MC low to set the MA cycle flip-flop (4K) • 

Flip-flops 4K and 4J compose the memory cycle counter and 
generate the necessary timing signals to access system memory. 
All three flip-flops are controlled by CLK15A. 

The next CLK15A signal following "NAND" gate (3L) going 
high sets the MA cycle flip-flop (4K). The high (Q) output of 4K 
for MA will set the MUX flip-flop at (3J) at the next clock 158 
signal. 

When MA is high it will also force a low out of "Nand" gate 
(4H) generating the RA'S' signal. RAS low will generate the Row 
address strobe for the memory chips when the MUX flip-flop is in 
the reset state. This selects the A inputs for output. The 
address bits A1-A8 will be placed on the AB memory address bus. 
On the next CLK15B the MUX flip-flop will set with the resultant 
high causing the B inputs to be selected when ~ goes low. This 
places address bits A9-A16 on the AB bus. 

When PRQ is high it will lock out CRT request for memory by 
placing a high at "AND" gate (3L PIN 11). This high prevents a 
CRT request from being honored. 
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"The PRQ flip-flop (3M) will be reset when MA and EBLCA are 
both high. EBLCA is the enable CRT access control s-ignal. It 
will be high when the CRT does not have access to system memory.· 
At th.e next CLK15A the MA highwill set the MB flip-flop at 
(4K). 

When MB is high it will couple with REFRESH. at (4H) to 
generate the GAS. CAS is the column address strobe for. the 
system memory chips. On the next CLK15A clock pulse the MB high 
will trigger the MC flip-flop high. This flip-flop will remain · 
high for three clock cycles before being reset by the low on.the 
MB flip-flop. 

The MUX flip-flop will remain set urttil the MA flip-flop is 
reset during the MC cycle. With MUX set, DT/R high and the MC 
cycle high the RAMWRT "AND" gate at 3H will go low allowing the 
memory chips to be written into. 

The Mm control signal will .s£._low when MUX is high and MC 
is low with either LOWRAM or RSO low and EBLCA low. The 
resultant low for MLAT is "Nanded" with IOLAT at 9D of sheet 2. 
When MLAT ~s low a high is forced out of 9D. This high is 
anded with ALE high at 120 and the resultant low transition will 
latch the octal latches at 10K, placing the data onto the 
ADO-AD7 bus. For a memory write sequence the data on BDO-BD7 
will be written into the addressed memory location. For a read 
sequence the data byte on either DDO-DD7 or DD8-DD15 will be 
transferred onto the BDO-BD7 bus. 

CRT MEMORY ACCESS 

The CRT will request access to system memory whenever the 
carry output of counter 3N is high and EBLCA is low. The carry 
output of the counter will go high whenever the count reaches 
fifteen in HIRES or ten in standard character generation. The 
next clock will cause the carry output to go high. At CLK15B 
flip-flop 3M will set with the. resultant low on the Q output 
being 11 Anded '' with PR Q 1 ow and MA 1 ow . 

If all three inputs are low the high out of 3L will set CRT 
access flip-flop 4J on the next CLK15B provided MC is high at 
the input to 3K pin 8. The high output on Q (EBLCA) enables CRT 
access and sets the MA flip-flop through "Nor" gate 3K. When MA 
goes high it will set the MUX flip-flop at 3J. The resultant 
high is "Anded" with EBLCA at 4L and the low output generates 
CRT LATCH. 
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W i th MU X h i g h , EB LC A h i g h ,. and DIS POFF hi g h , gate 3 H goes 
lo·w to generate a l'.)W on C RAS ADDR. The 1 ow C RAS ADDR en a bl e·s 
the octal latch at 3A on sheet 9. When CRT LATCH goes high the 
DCO-DC3 along with· RAO-RA3 bits will be latched onto the ABO-AB7 
bus. 

When the MUX flip-flop is set by MA high and CLK15B the 
~~.........,,..~"""' CCAS ADDR signal will go low at 3H pin 6. The CCAS ADDR low will 
enable octal latch 2A on sheet 9. This will place the DC4-DC10 
address bits on the ABO-AB7 bus. 

The CRT LATCH signal will also latch the DDO-DD15 data 
output from system memory into the video output control latches 
on sheet 10. The CRT will access memory for read sequences only. 

The data word DDO-DD15 will be latched into the parallel to 
serial converters 4D and 60 when the SRLD signal goes low. SRLD 
will go low when flip-flop 3J sets on sheet 7. Flip-flop 3J will 
set when the carry output of counter 3N goes high and CLK15A is 
active. The carry output will go high at every ten counts for 
standard character generation and every sixteen counts for high 
resolution graphics. 
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3.4.8 INTERRUPT PROCESSING 

The real-time interrupt structure utilized in the 
Victor 9000 computer is controlled by an 8259 Programmable 
Interrupt Controller chip (PIC). 

A real-time interrupt structure allows the 
microcomputer to execute its main program, and only deviate 
when a peripheral device requests service. Contrary to a 
polling interrupt structure, the real-time interrupt allows 
the microcomputer to operate in the most efficient manner. 

When a device requires service, (i.e. keyboard entry, 
Disk Access) it will send an interrupt request to the 
microprocessor. At a breakpoint, predetermined in the chip 
design, the microprocessor will check for the interrupt 
request and if present, alter its execution. The 
microprocessor will determine the source of the interrupt, 
save the present contents of its registers, then execute 
the service routine to satisfy the demand of the device 
generating the interrupt request. 

The 8259 PIC generates the interrupt request to the 
microprocessor, prioritizes interrupting devices, and 
directs the processor to the interrupt service routine via 
the interrupt byte. 

A specific block of memory, called the Interrupt 
Pointer Table, is dedicated to interrupt processing. It is 
absolute memory addresses 0-255. During the system 
initialization process the 8259 is programmed with control 
words and interrupt bytes to be utilized during program 
execution. 

Refer to schematic 100471 sheet 2. The 8259 PIC is 
located at 5K. The boot sequence initializes the 8259 PIC. 
At this time control data bytes are loaded into the device 
over the ADO-AD7 data bus. 

In order to write to the PIC the microprocessor must 
generate the CS low on Pin 1. When IODO goes low the PIC 
will be chip selected. (Sheet 4) The !ODO signal goes low 
when IO/M is low on Pin 4 of (9F) and A19, A18, A17 are all 
high. This forces the Y7 output of (9F) low. This low 
enables the decoder chip at (9H). When A16, and A15 are 
both low they will force a low output at YO. This YO low 
will enable the decoder at (9H) labeled "Intel I/O". 
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With (9H) enabled by the YO low and A6 and A5 both 
low, the YO output will be forced low. This YO output at 
Pin 12 of (9H) generates the !ODO signal to chip select the 
8259 PIC. In the memory mapped I/O structure the PIC 
occupies address space EOOOO-E0001. 

The IWR input (pin 2) to the PIC is used in 
conjunction with the CS and the AO control lines to write 
data into the registers of the interrupt controller. (Refer 
to sheet 4 of 100471). 

!WR will go low when the 8088 WR signal is low and 
flip-flop (9E) is set. The flip-flop will be set at the 
trailing edge of ALE when either the YO or Y1 output of 
(9H) is low. Either signal going low will force a high out 
of "Nand" gate (120). The high output is routed to the set 
side of the flip-flop at (9E). 

The set output of flip-flop at (9E) and the 8088 WR 
(inverted at 10J) are "Anded" at Pins 4 and 5 of (10J) to 
produce a low I"W'R. The AO address bit is latched at (8K) 
and routed to the AO input of the 8259. When AO is low 
during a write operation it is interpreted as an 
Initialization Command Word. 

Refer to sheet 4. During the Initialization sequence, 
when (9E Pin 5) is set, the set output will set flip-flop 
(9E Pin 9) on the next Phase 2 clock. With the set output 
high, Phase 2 high, and QB high from 10E,a low output will 
be generated from 9D (Pin 12). This IOLAT low is "Or'd" at 
9D (sheet 2) • The low IOLAT forces a high out of Pin 6 of 
9D. That high is "Anded" with ALE to generate DLATCH. The 
DLATCH low signal latches the 8 bits of data from the 
BDO-BD7 bus onto the ADO-AD7 bus at 10K. The PIC can then 
strobe the data byte into its internal registers. 

The IRD signal will go low when the flip-flop at 9E is 
set, same as in a write sequence, and the 8088 read signal 
(1"5) is low. The 8088 RD is inverted at 10J Pin 11 and the 
two high inputs at 9 and 10 of 10J force a low output for 
llm'. 

The memory mapped address space for the 8529 PIC is 
EOOOO-E0001. All control words to be written are located in 
these addresses. Likewise, all register status bits will be 
read into these memory addresses. 
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The SP/EN signal on the 8259 is tied to +5V forcing 
the PIC to operate in the master mode of operation. The 
CASO-CAS2 inputs are only used when the 8259 is placed in a 
multiple 8259 PIC structure. For the Victor 9000 the 
CASO-CAS2 inputs are not connected to the system. 

The Interrupt Request inputs (IR) are generated by the 
various peripheral devices to signal the microprocessor 
when they require data transfers in or out of the system. 
All interrupt requests are edge triggered on the positive 
edge of the interrupt request pulse. The following table 
defines the IR inputs and their origins: 

INTERRUPT LEVEL SIGNAL ORIGIN 

IRO SYN DISK 
IR1 COMM 7201 
IR3 TIMER 8253 
IR3 PARALLEL 6522 (ALL) 
IR4 EXPANSION 
IR5 EXPANSION 
IR6 KBINIT KEYBOARD 
IR7 VINT CRTC 

INTERRUPT PROCESSING 

When a peripheral device wishes to request an 
interrupt it will pull its IR line high. Or as in the case 
of the disk SYN line, it will drop it low then return to a 
high state. 

(Refer to schematic 100471 sheet 5). When the keyboard 
interface chip 6522 (12L) requests service it will place a 
low out on Pin 21 (IRQ). This low is inverted at 14N 
generating a high for KBINT. 

The high KBINT for IR6 is an asynchronous input to the 
PIC. The PIC will receive the interrupt request, insure 
that no higher priorty interrupt is requesting service 
(i.e. IR5, IR4) then generate a (high) INT signal to the 
8088. The INT signal from the PIC is coupled directly to 
the INTR input for the 8088. The INTR input is checked 
during the last clock cycle of each instruction. The 
Interrupt Enable flag must be set to allow the 8088 to 
service an interrupt request for a peripheral device. 
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When the 8088 accepts the INTR (high) signal it will 
execute 2 INTA cycles. These active low signals are 
directed to the 8259. The first INTA signal notifies the 
PIC that the Interrupt request has been honored and the 
second Interrupt acknowledge (INTA) gates the Interrupt 
byte containing the interrupt type (0-255) onto the ADO-AD7 
bus. The 8088 uses this type code to call the indicated 
interrupt service routine. 

It is possible for more than one device to request an 
interrupt at the same time. At the same time the keyboard 
interrupt request went high, the parallel (IR3) interrupt 
request also went high. In this case the interrupt requests 
would be placed in the Interrupt Request Register (IRR). 
The PIC would prioritize the requests then generate its 
interrupt to the 8088 (Refer to sheet 6). When the 8088 
responded to the interrupt from the PIC, the PIC would 
automatically place the interrupt byte of the higher 
priority interrupt request on the bus. When the Interrupt 
enable flag is returned to a set condition the 8088 will 
respond to the second interrupt signal from the PIC for the 
next priority interrupt request. 

The Parallel Interrupt Request (IR3) is wire "Or'd" 
with all the IRQ of the 6522's used in the microcomputer. 
That includes the 3 disk 6522's, the User Port, the Codec, 
the expansion bus, and the parallel output port. Whenever 
~ny of these devices requests any interrupt the IR3 line 
will go high. The 8088 will then poll the devices 
individually to determine the source of the interrupt 
request. 

The INTA signal resets flip-flop 9E (Pin9) on sheet 4. 
The low on the set side of 9E pin 9 will disable the CS 
decoder during an interrupt byte transfer between the PIC 
and the 8088. 
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3.q.9 KEYBOARD INTERFACE 

The keyboard interface for the 9000 is located on 
sheet 5 of schematic 100471. The keyboard is connected to 
to the 9000 by J6. 

Data transmission between the keyboard (KB) and the 
9000 is in serial format. Data transmission is in 9-bit 
form. The first 8 bits are a byte of data. The last bit is 
a stop bit. The least significant 7 bits of the data byte 
are the code for the key number. The most significant bit 
(MSB) is a status bit which indicates an open or closed key 
switch condition. If the MSB is high, a closed key is 
indicated. If the MSB is low, an open key is indicated. 

During a data transfer, the KB interface will operate 
in 3 different states or modes. These 3 states will control 
the operation of the 6522 (Versatile Interface Adapter) 
through software. The states will be programmed into the 
6522 (12L) by the 8088. State 0 is for data transfers. 
States 1 and 2 are for the transfer of the stop bit. 3 
interrupts will be generated each time a data byte and a 
stop bit are transferred. One for the data byte, one when 
the stop bit is at a low level, and another when the stop 
bit is at a high level. 

In state O, the 6522 will be programmed to operate in 
the shift register mode. In this mode, CB1 (pin 18) is an 
external clock pulse input which shifts the data received 
on CB2 (pin 19) into its shift register. When the shift 
register is full (8 bits shifted in) the 6522 will issue an 
interrupt to the processor. 

In state 1, the 6522 will be programmed for PA6 (pin 
8) to be a low input pin and CB1 (pin 18) to detect a 
negative edge. The 6522 will issue an interrupt when a low 
is sensed on CB1 (pin 18) and PA6 (pin 8). 

In state 2, the 6522 will be programmed for PA6 to be 
a high input pin and CB1 to detect a positive edge. The 
6522 will issue an interrupt when a high is sensed on CB1 
and PA6. 
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DATA BITS 

When the KB has a byte of data to send, it will send 
the first data bit (KBOATA). The KBDATA is routed to pin 6 
of J6. From J6 it is routed to VIA 6522 (12L) pins 8 (PA6) 
and 19 (CB2). After sending the data bit, the KB will take 
KBRDY (key board ready) low. KBRDY is routed to pin 5 of 
J6. The low on pin 5 is routed to inverter 14N (Pin 5). The 
high output of 14N (pin 6) is routed to 0-type flip-flop 
17N (Pin 12). 

With a high on pin 12, 17N will set at the next 
positive transition of the PHASE 2 clock (pin 11). The low 
out on the Q (pin 8) is routed to "NAND" gate 11L pin 9 and 
to 12L pin 18 (CB1). (12L pin 21) IRQ (Interrupt Request), 
will be high until a byte of data is received, it will then 
go low to interrupt the 8088. Pin 21 of 12L is routed to 
11L pin 10 and through inverter 14N to 11L pin 13. 

By routing IRQ as an input to 2 "NANO" gates in 11L, 
of which one input is inverted, one gate will be maintained 
off when IRQ is low and the other will be maintained off 
when IRQ is high. For the gate not maintained off, IRQ will 
be an enabling input. The status of the other input pin 
will determine if the KBACK (Keyboard Acknowledge) is 
generated. In this configuration, the "NAND" gate with the 
non-inverted IRQ input will generate KBACK for the data 
bits. The "NAND" gate with the inverted IRQ input will 
generate the KBACK for the stop bit. The output of the 
"NANO" gates are high (gate off) to generate a KBACK . 

When IRQ is high, pin 10 of 11L will be high and pin 
13 of 11L will be low. The low on 11L pin 13 will produce a 
high output on pin 11. With the low from the Q output of 
17N on pin 9 of 11L, 11L will have a high output on pin 8. 
The high on pins 8 and 11 is routed to pins 5 and 4 of "OR" 
gate 11L, producing a low out on pin 6. 11L pin 6 is routed 
to pin 4 of J6 (KBACK). KBACK is routed to the KB to 
acknowledge the transitions ofl{BRDY. After receipt of the 
KBACK, the KB will drive the KBROY high. KBROY high will 
clear 17N at the next positive transition of PHASE 2 clock. 
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KEYBOARD INTERFACE 
KBR DY 

KBCLK 

I 
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Figure 28 

The high from the Q output (pin 8) is routed to 12L 
pin 18 and to 11L pin 9. The low to high transition at 12L 
pin 18 will shift the data bit into the Shift Register 
input at pin 19 (CB2). The high on 11L pin 9 will produce a 
low output on pin 8. The low on pin 8 is routed to 11L pin 
4 producing a high KBACK output on pin 6. After receipt of 
the positive transition of KBACK, the KB will send the next 
data bit and again take KBRDY low. 

The changing states of KBRDY on the D input of 17N, 
will produce a keyboard clock (KBCLK) on the Q output. 
KBCLK is routed to pin 9 of 11L and to pin 18 of 12L. Each 
time KBCLK goes low, the low on pin 9 of 11L will produce a 
high ou~put. The high output of 11L (pin 8) is routed to 
11L pin 5. The high on pin 5 will produce a low output on 
pin 6 (KBACK). When KBCLK is high, pin 8 of 11L will be 
low. This low on pin 5 of 11L will produce a high KBACK. 
Each positive transition of KBCLK on pin 18 of 12L will 
shift the KBDATA (pin 19) into the shift register of 12L. 

When 8 bits have been shifted in , 1 2 L w i 11 take IR Q 
(pin 21) low. This low is routed to 11L pin 10 to maintain 
the output (pin 8) at a high level. It is also routed to 
inverter i4N pin 1. The low to high transition on pin 2 of 
14N is routed to the 8088 as KBINT (keyboard interrupt). 
The 6522 at 12L will then place the data from the shift 
register onto the IDO-ID7 bus to be processed by the 
8088.Pin 2 of 14N is also routed to pin 13 of 11L. 
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STOP BIT 

The stop bit for the data stream is low when KBRDY is 
low, and goes high when KBRDY goes high. Following the 
transmission of the data byte, the KB will drive KBDATA 
low. This low will be routed to 12L pin 8 (PA6). The KB 
will then drive KBRDY low. The low will set 17N at the next 
positive transition of PHASE 2 clock. The low from Q of 17N 
is routed to pin 18 (CB1) of 12L. If both inputs are low, 
12L will generate an interrupt (low on pin 21). This low is 
routed through inverter 14N to pin 13 of 11L. If pin 12 of 
11L is low, 11L will produce a high output on pin 11. Pin 
12 of 11L is the output of 12L pin 11 (PB1). The high from 
11L pin 11 is routed to pin 4 of 11L. A high on pin 4 of 
11L will produce a low KBACK to inform the KB of the low 
stop bit being received. If the KBRDY and the KBDATA are 
not low, no interrupt will be sent and no KBACK will be 
generated. 

After receipt of the KBACK, the KB will drive KBDATA 
and KBRDY high. The high KBDATA is routed to 12L pin 8 
(PA6). The high KB1fi5Y will clear 17N at the next positive 
transition of PHASE 2 clock. The high from the Q of 17N is 
routed to pin 18 (CB1) of 12L. If both inputs are high, 12L 
will generate an interrupt (low on pin 21). This low is 
routed through inverter 14N to pin 13 of 11L. If pin 12 of 
11L is low, 11L will produce a high output on pin 11. Pin 
12 of 11L is the output of 12L pin 11 (P81). 

The high from 11L pin 11 is routed to pin 4 of 11L. A 
high on pin 4 of 11L will produce a low KBACK to inform the 
KB of the high stop bit being received. If the KBRDY and 
the KBDATA are not low, no interrupt will be sent and no 
KBACK will be generated 

When 12L takes IRQ high, the high will be routed to 
pin 9 of 11L. 11L pins 9 and 10 will both be high. With 
both inputs high, 11L pin 8 will be low. This low is routed 
to pin 5 of 11L. A low on pin 5 will produce a high output 
on pin 6 (KBACK). When KBACK goes high, the KB will enter 
the idle state until another data byte is to be 
transferred. 

3-66 



3.-.10 HD46505 CRT C~ntroller Chip 

The HD46505 CRT Controller Chip is used to interface 
the master processor to a CRT raster display. The 
programmable features of the chip allow its application to 
a wide range of display types. 

The CRT Controller Chip handles all timing 
requirements for the CRT unit, the cursor( both for 
position and blinking) and the refresh requirements. The 
chip contains 17 control registers that are programmed by 
the CPU ( 8088) to handle CRT interfacing. 

CRT Chip Description 

The H046505 CRTC chip is located on sheet 8 of 100471. 
All interface chips for the CRT display are located with 
the H046505 on the CPU board. The CRTC can be broken down 
into two (2) groups of signals. The 8088 control side and 
the CRT control side. 

8088 Interface Signals 

The CS signal, which is active low, enables the CRTC 
for read/write operations to the internal registers. The 
..2.!.!!. is controlled by CSO from the I/O state circuits. The 
"'C"S""O" signal will be low when the 8088 addresses memory 
address space E8000-E8001. 

When IO/M is low ( Refer to sheet 4 of 100471 ) and 
A19, A18 and A17 are high, Pin 7 on 9F will go low. This 
low enables 9H (Pin 1). When A16 is low and A15 is high, a 
low output is developed on Pin 5 of 9H (Y1 output). This 
low output ( E8000 ) enables decoder chip 10H at Pin 4 ( 
G2A input ). The low output at Pin 5 ( Y1 ) of 9H also 
forces a high output at Pin 3 of gate 120. The high output 
of gate 120 will set flip-flop 9E at the trailing edge of 
the ALE signal which comes in at Pin .1. 

The next phase 2 clock pulse ( which is developed by 
the CLK5 and devices 10E and 100 (Pin 2 )) will cause the 
second flip-flop (9E) at Pin 9 to set. The set output of 9E 
is routed as an enable (high) for CSEN. The AS bit (low) 
will enable 10H at the G2B input allowing the A7,A6 and A5 
address bits to be decoded at 10H. When A7,A6 and A5 are 
all low, the YO output (Pin 15 ) of 10H will go low, 
generating the chip select (CSO) for the CRTC chip. 
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Listed below are the input requirements for the 
selection of theCSO signal: 

A19 A18 A17 A16 A15 
1 1 1 0 1 

A8 A7 A6 A5 
0 0 0 0 

The R/W signal controls the direction of data transfer 
between the CRTC and the 8088. When R/W is high (Pin 22 of 
the HD46505),data is read from the CRTC. When R/W is low, 
data is written into the CRTC. The R/W signal to the CRTC 
is controlled by the 8088 WR signal (Pin 29). This WR 
signal coupled with the CS signal will write information 
into the CRTC. The timing base is the Phase 2 clock for 
transfer operations between the CRTC and the 8088. 

The RES input at Pin 2 of the CRTC is the reset signal 
from sheet 3 of 100471.(Developed by the depression of the 
reset switch located on the rear panel of the unit). During 
a reset operation all counters in the CRTC are cleared, all 
outputs go low, and the control registers in the chip are 
not affected. 

The D0-07 data bus is connected to the microcomputer 
ID0-107 data bus. All control bytes are loaded into the 
CRTC via the IDO-ID7 bus lines (Pins 26 thru 33). The RS 
input (Pin 24) is controlled by the AO address bus of the 
8088. This is the register select input for the CRTC. When 
RS is low,the address register is selected; when RS is 
high, the control registers are selected. While the RS 
signal is low, the address register is used to determine 
which of the control registers are selected. 

CRT Display Interface Signals 

The CLK input (Pin 21 ) is a character clock signal 
which defines the character timing for the CRTC display 
operation. The CLK input is controlled by CRTCLK (from 
sheet 7,3N Pin 11).CRTCLK is generated each time the QD 
output (Pin 11) goes high. The counter is loaded with a 
count generated by the HIRES signal (From Pin 17 of the 
CRTC ). When HIRES is low, the counter input will be 0110. 
At each CLK15 the counter will be incremented. The CARRY 
output of the counter is routed back through inverter 4N to 
reload the base count (0110) each time the counter 
generates a carry. 
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The LPSTB signal ( Pin 3 ) is 1the light pen strobe 
signal to mark the position of the light pen on the screen. 
MAO-MA10 provide addressing for periodically refreshing the 
CRT display. These signals are routed as address inputs to 
screen memory through latches 7A,8A and 88. The MA12 signal 
is used to determine the location of the font cell memory. 
When MA12 is low, the font cells are located in the lower 
64K of system memory. When MA12 is high, the font cells are 
located in the upper 64K of system memory. 

The MA13 signal is used to enter the HIRES (High 
Resolution ) mode of CRT display. This determines the base 
count of counter 3N (0110). When in the standard character 
mode the character cell is 10 dots wide. The count change 
for high resolution (0000) will cause the cell to be 16 
dots wide. The standard character cell of 10x16 dots is 
changed to 16x16 when MA13 is high. 

The RAO-RA3 signal lines are the raster address bits 
for the system memory (Pins 35-38 of the CRTC). These bits 
are latched during CRT access to system memory to provide 
bits ABO-AB3. They will represent each of the consecutive 
sixteen memory addresses that make up a character or 
graphics cell on the screen. 

The CUDISP output will display the cursor on the 
screen. It is an active high signal that is inhibited while 
the DISPTMG signal (Display Time) is at a low level. Both 
signals are routed to the video output control circuits. 

The HSYNC and VSYNC provide horizontal and vertical 
synchronization for the screen. They are passed directly to 
the video control board from Pins 39 and 40 of the CRTC. 
The VSYNC also generates the VINT signal which can be used 
as an interrupt to the 8088 via the Programmable Interrupt 
Controller ( 5K Pin 25 ). 

The DISPTMG signal is active high and defines the 
display period in horizontal and vertical raster scanning. 
The DISP output (Pin 18) when high, will enable the video 
output signal to the video control board. 
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3.4.11 CRT INTERFACE 

The CRT Interface receives the 10 or 16 bit word from 
system memory for character generation, converts it to a 
serial pulse string then converts the pulses to a video 
signal compatible with the video control board in the CRT 
module. The Character Attributes are intergrated into the 
video control for low intensity, reverse video, secret, or 
underline. 

The CRT interface is contained on sheet 10 of 
schematic 100471. 

The DDO-DD15 data bus bits from system memory are 
latched onto the LDO-LD15 bus by the rising edge of CRT 
L AT C H a t 5 'D a n d 7 D . A t t h e s a m e t i m e t h e D C 1 1 - D C 1 5 
attribute bits, read from screen memory, are latched into 
9C. The DISP and CURSOR control signals are received from 
the CRTC chip and latched at 9C along with the attribute 
bits. 

The LDO-LD15 bus feeds the parallel to serial 
converter chips 4D and 6D. When "S1fLD goes low the parallel 
inputs will be latched into the converters on the next 
clock pulse. The CLK15A input will clock the serial pulse 
string out on its rising edge. 

On the rising edge of SRLD the attribute·bits , cursor 
and DISP are latched into 10C and the previous word's 
attribute bits are latched into 11C. The DISP bit is 
inverted by 110 then latched into 11C. The underline 
attribute bit, DC13, is "Anded" with LD15 and the inverted 
output will be latched into 11C. When the Underline bit is 
set and the LD15 bit is set the scan line will be white, 
otherwise the lower ten bits of the word will be displayed. 

When the underline attribute is not set it will force 
a one to be latched into 11C. The SECRET attribute, when 
set, will disable the video circuit and the character will 
not be displayed. When SECRET is set, the one is latched 
into 11C. This high is inverted at 138 "Nor" gate and 
provides a low input to 4H. This low disables 4H, blocking 
the serial data string from being processed by the 
interface circuits. 
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The DISP signal (low) provides the enable for the data 
selector at 12C. The CURSOR signal provides the A input, 
the UNDLN signal provides the B input, and the RVS provides 
the C input. 

The serial data string is "Nanded" with the SECRET 
attribute at 4H then routed to the inputs, in both inverted 
and non-inverted form, of the data selector at 12C. When 
CURSOR is low, UNDLN is high ( underlining not active) and 
RVS is low, the data selector will select the 02 input and 
direct it to the W output. The W output is the complemented 
D inputs. The data string will be inverted by 4H then 
inverted again by 11A and inverted a third time by the data 
selector. 

When the data is to be displayed in reverse video 
mode,the RVS bit will be high, UNDLN will be high and 
CURSOR will be low. This configuration will select the D6 
input for output on W. The 06 input is the data string 
inverted by 4H only. To display the CURSOR the CURSOR bit 
will go high selecting the 01 input which will force a 
constant high out of W. 

The LOWINT attribute is routed from 11C to the D input 
of flip-flop 13C. On CLK15A the flip-flop will set and the 
reset output will go low. This low is inverted by 130 and 
provides a bias for transistor Q4. 

The set output of 13C, which is the W output of the 
data selector clocked by CLK15A, is inverted at 13B, pins 8 
and 6. The outputs of 13B are routed to the emitter of Q5. 
Transistor Q5 drives the video signal to the video control 
board in the CRT module. 

The Horizontal Sync (HORIZ) and Vertical Sync (VERT) 
are routed directly from the CRTC chip to the CRT 
connector. 

BRIGHTHESS AND COHTRAST COHTROL 

The brightness and the contrast are controlled by the 
operator through the keyboard. This is accomplished by 
programming a 6522 with three bits and processing the three 
bits through a resistor network to influence either the 
brightness control signal or the video control signal. 
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The eight levels of either brightness or contrast are 
programmed into 6522 at 12L,(Sheet 5 of 100471). PB2, PB3, 
and PB4 control the brightness while PB5, PB6, and PB7 
control the contrast. The bits are programmed into the ORB 
register at memory address E8040. Setting all "zero's" for 
either brightness or contrast will provide the level at 
it's minimum and all "one's" set the levels to their 
maximum. 

The three bits for brightness pass through resistor 
network R23, R25, R26, R24 to provide a voltage level to 
the emitter of Q3. At maximum brightness the level is 
approximately 1.2v and is at .5v level for minimum 
brightness. The collector of Q3 will be at a -150v for 
minimum brightness and a -100v for maximum brightness. 

The three contrast bits are inverted by 13D and pass 
through resistor network R27, R28, R29 where they provide a 
voltage level to the emitter of Q4. 

The CRT connector configuration is contained in the 
following table. 

CRT CORRECTOR 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Table 3 
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VIDEO 
VIDEO GND 
+12VV ( REGULATED 12 VOLT) 
GND 
BRIGHTNESS 
VSHIELD-
VERTICAL SYNC 
GND 
HORIZONTAL SYNC 



3.4.12 REAL TIME CLOCK 

The real time clock circuit provides for a 
programmable interrupt interval. The interrupt would allow 
the processor to update and maintain a real time clock 
program in the system. The entire clock circuit requires a 
single 8253 programmable interval timer chip. 

The real time clock circuit is contained on sheet 11 
of schematic 100471. The 8253 counter is addressed when its 
chip select is low (CS} which is controlled by the IOD1 
signal from sheet 4. 

The memory mapped I/O space for the timer is 
E0020-E0023.(Refer for sheet 4). When the timer is 
addressed IO/M will be low and A19, A18, and A17 will be 
high forcing the Y7 output of 9F low. This low enables 
decoder 9H. A16 and A15 will both be low, forcing the YO 
output low on 9H. This output enables the second 9H 
decoder. On the input to the decoder A6 will be high and A5 
will be low forcing the Y1 (IOD1) output low. When IOD1 
goes low the 8253 timer is selected for either a read or 
write operation. 

The RD line to the 8253 is tied to +5v and the WR line 
is controlled by the IWR control signal. !WR goes low on 
sheet 4 when the 8088 WR signal is low and the flip-flop at 
9E pin 5 is set. The flip-flop at 9E will set on the 
falling edge of ALE when either the YO (EOOOO) or Y1 
(E8000) output of 9H is low. 

The 8253 contains three internal counter circuits and 
each is addressed by the AO and A1 address bits. The 
selection is determined by the following table: 

WR 

0 
0 
0 
0 

AO 

0 
0 
1 
1 

A1 

0 
1 
0 
1 
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Load counter no. 0 
Load counter no. 1 
Load counter no. 2 
Write Mode Word 



When WR and RD are both high the 8253 is in a 
no-operation 3 state mode. The real time clock circuit is 
addressed at memory address E0022 and the control word 
register is addressed at E0023. 

Each counter consists of a single, 16 bit, 
pre-settable down counter. The count register is loaded 
with either a byte or word over the IDO-ID7 bus. 

The counter will decrement on each clock input for its 
counter ( CLKO, CLK1,CLK2 ). The CLK2 input is a phase 2 
clock divided down by the LS90 counter chip at 11E. The QD 
output of 11E provides a 2 usec pulse every 8 usec to clock 
the real time clock counter. 

The GATE2 input is tied to +5v and is not used. The 
OUT2 line will go high when terminal count is reached and 
will remain high until the counter is re-written by the 
CPU. The TIMER output is an interrupt input to the 8259 PIC 
on sheet 2. 
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3.4.13 PARALLEL PORT 

The parallel port is designed specifically for 8 bit 
data transfers to a peripheral device. The port can be 
programmed to operate in a standard Centronics parallel 
configuration or an IEEE-488 configuration. 

The port consists of a 6522 Versatile Interface 
Adapter chip and a pair of Octal Bus Transceivers (75160 & 
75161),( located on sheet 6 of 100471). The 6522 for the 
parallel port is chip selected when address space 
E8020-E802F is addressed by the 8088. 

Refer to sheet 4. When the IO/M signal is low and A19, 
A18, and A17 are all high decoder 9F will be enabled and 
will force a low out of the Y7 output. This low enables 
decoder 9H. The A16 line will be low and the A15 line will 
be high which will force the Y1 (E8000) output low enabling 
the G2A input to decoder 10H. When 9E pin 9 is set G1 will 
be enabled. AB will be low enabling the G2B input to 10H. 
A7 will be low, A6 will be low and A5 will be high 
generating a low at the Y1 output. This low, CST will chip 
select the 6522 for the parallel port. 

When CS is low the 6522 will be accessed by the 8088 
for either a read or write operation. When the VR signal is 
low the 8088 will write data into one of 16 internal 
registers. The AO-A3 address bits select the internal 
registers for reading or writing. The data byte is placed 
on the IDO-ID7 bus for transfer into the 6522 register. 

The 8 bit data output is programmed into the 
Peripheral Port A (PAO-PA7) while the control signals are 
programmed into the Peripheral Port B (PBO-PB7). 

The chip will be initialized by addressing the Data 
Direction Register A (DORA) and setting the 8 bits to 
outputs. The Data Direction Register B (DDRB) will be 
initialized to configure the control signals to either 
inputs or outputs dependent upon the protocol of the port 
configuration desired. 

The control signals can then be loaded into the Output 
Register B (ORB) and the data byte loaded into Output 
Register A (ORA)~ 
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The following table defines the memory addresses used 
to address each of the above registers. 

REGISTER MEMORY ADDRESS 

ORB/I RB E8020 
ORA/IRA E8021 
DDRB E8022 
DORA E8023 

The CA1, CA2 lines (Peripheral Port A control Lines) 
are used as interrupt inputs to the 6522. The CA1 interrupt 
indicates the device is ready for data. The DAC line 
controls the CA2 line to generate an interrupt when the 
data was accepted by the device. 

The Interrupt Request (IRQ) line will go low whenever 
the internal interrupt flag is set and the corresponding 
interrupt enable bit is a logic 1. The interrupt enable 
register is address E802E. 

The 75160 and 75161 Octal General Purpose Interface 
Bus Transceivers control the transfer of data out of the 
port. The 75160 handles the 8 line data bus while the 75161 
handles data transfer and bus management. 

The PE signal on the 75160, tied low, causes the 
outputs to have the characteristics of open collector 
outputs. The TE signal will be high for the transfer of the 
data byte out to the peripheral device. The TE signal is 
controlled by the 6522 at 12L on sheet 5. It is programmed 
as the Talk/Listen signal out of the PBO bit. 

The 75161 controls the flow of control signals between 
the 6522 and the peripheral device. The Direction Control 
(DC) is tied to ground. When TE is high the 75161 is 
configured as in Table 4. When TE is low the 75161 is 
configured as in Table 5. 

SIGNAL DIRECTION 

ATN 
EOI 
REN 
IFC 
SRQ 
NRFD 
NDAC 
DAV 

TABLE 4 
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TRANSMIT 
TRANSMIT 
TRANSMIT 
RECEIVE 
RECEIVE 
RECEIVE 
TRANSMIT 
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ATN 
EOI 
REN 
IFC 
SRQ 
NRFD 
NDAC 
DAV 

TABLE 5 

TRANSMIT 
TRANSMIT/RECEIVE* 
TRANSMIT 
TRANSMIT 
RECEIVE 
TRANSMIT 
TRANSMIT 
RECEIVE 

* EOI will receive when ATN is high and transmit when 
ATN is low whenever DC and TE are in the same state. 

The SRQ/BUSY signal from the peripheral device is 
routed to the CA2 input of 6522 at 12L on sheet 5. It will 
be used to set the interrupt flag when the peripheral 
device is busy. 

The pin configuration for the parallel port is listed 
in the following table. 

PARALLEL PORT INTERFACE J14 (GENERAL SPECIFICATIONS) 

1 Strobe 19 return 
2 Data 1 20 return 
3 Data 2 21 return 
4 Data 3 22 return 
5 Data 4 23 return 
6 Data 5 24 return 
7 Data 6 25 return 
8 Data 7 26 return 
9 Data 8 27 return 
10 NRFD/ACK 28 return 
1 1 SRQ/BUSY 29 return 
12 NC 
13 SEL/DAC 
14 GND 
15 PI/EOI 
16 GND 
17 SHIELD GND 
18 NC 
30 NC 
31 NC 
32 SEL/DAC 
33 GND 
34 REN 
35 ATN 
36 IFC 
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3.4.14 SERIAL PORTS 

The Serial Ports are designed specifically for data 
transfer to or from a peripheral device. The circuit 
consists of a 7201 Multiprotocol Serial Communications 
Controller (MPSC),a 6522 Versatile Interface Adapter 
(VIA),a 8253 Programmable Interval Timer and various 
discrete components. 

The 7201 for the serial ports is chip selected when 
address space EOOOO is addressed by the 8088. The chip 
select input is on Pin 23, and is selected _J.hrough 
addresses A5 thru AB, A15 thru A19 and the IO/M signal. 
(refer to sheet 4 of 100471.)When the IO/M signal is low 
and A19,A18 and A17 are high, decoder 9F will produce a low 
output at Pin 7 (ffi. This low output combined with a low 
input from A16 and A15 will produce the EOOOO output at Pin 
4 (YO) of decoder 9H. The EOOOO output of decoder 9H is 
combined with a high in~from address bit A6 and a low 
from A5 to produce the IOD2 output (low) at Pin 1Cl_.2..f 
decoder 9H. It is this low output of the decoder (!002) 
that is used as the chip select for the 7201 at Pin 
23.(Refer to page 11 of 100471.) 

With Pin 23 low, the MPSC is selected for transfer of 
data or commands during a read or write cycle. The 7201 
also has two channels for transferring data. For accessing 
these channels the proper input must be applied at Pin 25 
(Channel Select). With a high input applied at Pin 25, the 
B channel is selected for transfer of data or commands. A 
low input will select the A channel for transfer of data or 
commands. The input for channel selection is the AO input 
from the 8088. 

For reading or writing information in or out of the 
7201, the WR or RD i!!_£uts at Pins 21 or 22 respectively, 
combined with the CS signal must be low. This is 
accomplished by producing a I'RW and IRD signals.(Refer to 
Page 4 of 100471.) 

To produce the IRW and !RD signals, the WR and RD 
signals from the 8088 must be clocked through gate 10J. 
Refer to sheet 4 of 100471. As previously discussed, 
decoder 9H produces a low output at Pin 4 (YO). This low 
output produces a high output at Pin 3 of gate 120. The 
high output of gate 12D is supplied to flip-flop 9E, 
producing a high output at the trailing edge of the clocked 
ALE input. This high input will produce the necessary low 
~ or !RD output at Pin 6 or 8 of gate 10J which is then 
transfered to the 7201 at Pins 22 and 21. 
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The clock input for the 7201 is developed by the CLK5 
signal which is produced by flip-flop 2L. (Refer to sheet 3 
of 100471.) The output of the CLK5 signal from flip-flop 2L 
is applied to counter 12E, producing a divide by two clock 
which is then applied to the 7201 as the input clock. The 
divide by two clock is also applied to flip-flop 10E which 
again divides the clock by two, and applies it's output to 
the clock 0 and 1 inputs of the Interval Timer 11F 
(8253).This input is used to develop the real time clock 
output at Pin 17. 

The Reset input at Pin 2 of the 7201 (active low) is 
used to initialize the 7201 to the following conditions: 
receivers and transmitters disabled,TXDA and TXDB set 
high,outputs DTRA,i5'T"R'B,RTSA and RTSB set high, and all 
interrupts disabled. After a reset, all control registers 
must be rewritten before restarting operation. 

Pins 12 thru 19 are the Data Bus lines which are 
connected to the system data bus. Data or status from the 
7201 is output on these lines when CS and RD are high, and 
data or commands are latched into the 7201 on the rising 
edge of WR when CS is high. 

RXCA (Pin 35) is the ·receiver clock input which is 
used to clock in the serial data at Pin 34 (RXDA). The RXCA 
input is dependent upon the Data Selector 15F. Data 
Selector 15F is enabled by the INT/EXT A and INT/EXT B 
signals from 6522 at location 12L. (refer to sheet 5 of 
100471, Pins 2 and 3.) 

DATA TRANSFER (INPUT) PORT A & 8 

For transfer of data (input) on Port A,Pins 3,5,8 and 
17 are used. The input clock signal is applied from Pin 17, 
through 14D, to Pins 3 and 5 of Data Selector 15F. Timer 
11F (8253) produces an output at Pin 10 which is applied to 
Pins 6 and 4 of Data Selector 15F. This combined with the 
INT/EXT A and INT/EXT B inputs from the 6522 will produce a 
output at Pin 1 (1Y). 

With the INT/EXT A signal low, the output at Pin 7 
(1Y) will follow the !CO input.( Which is a internal clock 
from the 8253.) With the INT/EXT A high, the output at Pin 
7 will follow the IC3 input. (Which is a external clock 
from the serial port.) This provides the proper input clock 
for transfer of data to the 7201 over the RXDA line. 
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Pin 6 and 39 of the Serial Port Controller Chip is 
used for the CTS (Clear to Send} signal. The Clear to Send 
signal is used to inform the 7201 that the 
periphe.ral(printer} is ready to receive data from the 7201. 
Pin 5 and 3 of the Serial Port are used for the DCD (Data 
Carrier Detect) signal. The DCD signal is used to indicate 
valid serial data on the RXDA line. Both the DCD and the 
CTS signals are active low. Both Serial Ports A and B work 
in the same manner. 

DATA TRANSFER (OUTPUT) PORT A & B 

Data transfer out of the 7201 and the system is 
accomplished over Pins 8 and 37 (TXD} of the 7201. This 
information is sent to Pin 2 of driver chips 15D and 15E 
for both the A and B ports respectively. Information can 
only be transmitted after the receipt of the CTS signal 
from the peripheral device. With the receipt of the CTS 
signal data is transmitted basically in the same manner as 
incoming data is clocked ip. This is accomplished using the 
TXCA and TXCB signals wh~ch control the rate in which the 
data is clocked out of the~7201 to the Ports. 

This is accomplished y using a sample of the output 
data, which is fed back "nto the system, and through the 
same type of circuitry as ~ncomi!!.8._data is sampled. As with 
the input side of the Port the DCD (Data Carrier Detect} 
signal is used to infortm the peripheral device of the 
output of valid data on thb TXDA and TXDB lines. 

I 

Pin 28 of the 7201 isl used as an interrupt acknowledge 
signal to the Peripheral I~terface Controller. This input 
to the PIC will inform ti e 8088 of the type of interrupt 
that is being generated. T e 8088 will determine that the 
Serial Ports need servicing and will generate the 
appropriate commands to ga~her the data that is present on 
the Ports. The INTA signa[ at Pin 28 of the 7201 is active 
low. I 
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SERIAL PORTS INTERFACE (J8 & J9) GENERAL SPECIFICATIONS. 

1. Chassis Ground (A & B) 14. Not Used 
2. TXDA & B 15. TXCA & B 
3. RXDA & B 16. Not Used 
4. RTSA & B 17. RXCA & B 
5. CTSA & B 18. Not Used 
6. DSRA & B 19. Not Used 
1. Signal Ground (A & B) 20. DTRA & B 

~ 8. DCDA & B 21. Not Used 
9. Not Used 22. RIA & B 
10. Not Used 23. Not Used 
11. Not Used 24. TTXCA & B 
12. Not Used 25. Not Used 
13. Not Used 
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3.4.15 USER PORT 

The User Port circuit is comprised of a 50 Pin 
connector,physically located inside the system mainframe, 
and a 6522 Versatile Interface Adapter chip. Control and 
accessing of the User Port is under the direction of the 
8088 microproccessor thru the IDO-ID7 bus, the AO-A3 
address lines, a read/write (WR) signal and the Chip Select 
(CSif) signal. Timing for the 6522 is provided by the Phase 
2 clock. Initialization and clearing of the device and port 
is accomplished through the RESET signal. 

The RESET signal for the 6522 and the User Port (Refer 
to sheet 13 of 100471) is supplied from the Reset switch 
located on the rear panel of the system. This signal 
(active low) will reset all internal registers to a logic 
O. (Except for latches T1 ,T2, counters, and the shift 
Registers.) With a low reset input all peripheral interface 
lines are set to the input state, and the chip interrupt is 
disabled. 

Pins 35 through 38 on the 6522 are inputs of the AO-A3 
address lines. These inputs allow the 8088 to select one of 
16 internal registers of the 6522. For accessing the A or B 
register of the 6522, the following inputs are necessary on 
Pins 35-38. 

B 

or 

RO 

0 

The input of all 
(Pins 10-17) 

RO 

0 

The input of Pins 
Output register 

RO 

0 

A . 

R1 R2 

0 0 

O's selects Input 

R1 

0 

36-38 

R1 

0 

low 

R2 

0 

and 

R2 

1 

35 

or 

high 

R3 

0 

Output register 

R3 

1 

selects Input 

R3 

0 

The input of Pins 35,37 and 38 low, and Pin 36 high 
selects the data direction B register. 
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RO 

0 

R1 

0 

R2 

1 

R3 

1 

The input of Pins 37 and 38 low, and 35 and 36 high 
selects the data direction A register. 

For selection of the 6522 and the User Port the proper 
inputs from the 8088 must be present on the A5-A8 and 
A15-A19 address lines. T~roper addresses will provide 
the correct Chip Enable rcSlf) signal to the 6522 at Pin 23. 

USER PORT EIABLE 

The CS signal, which is active low, enables the user 
port for read/write operations.The Chip Select input is 
controlled by ~ from the I/O state circuits. The CS1r 
signal will be low when the 8088 addresses memory address 
space E8080 through E808F. 

When IO/M is low (Refer to sheet 4 of 100471) and 
A19,A18 and A17 are high, Y7 on 9F will go low. This low 
enables 9H (Pin 1). When A16 is low and A15 is high, a low 
output is developed on Pin 5 of 9H (Y1 output). This low 
output (E8000) enables decoder chip 10H at Pin 4 (G2A 
input). The low output at Pin 5 (Y1) of 9H also forces a 
high output at Pin 3 of gate 12D. The high output of gate 
120 will set flip-flop 9E at the trailing edge of the ALE 
signal which comes in at· Pin 1. 

The next Phase 2 clock pulse (which is developed by 
the CLK5 and devices 10E and 100 (PIN 2) will cause the 
second flip-flop 9E at Pin 9 to set. The set output of 9E 
is routed as an enable (high) for CSEN. The A8 bit (low) 
will enable 10H at the G2B input allowing the A7,A6 and A5 
address bits to be decoded at 10H.When A7 is high and A6 
and A5 are low, the Y4 output (Pin 11) of 10H will go low, 
generating the chip select Ccslr) for the User Port. 

Listed below are the input requirements for the 
selection of the cS4 enable. 

A19 A18 A17 A16 A15 ...... A8 A7 A6 A5 

1 1 1 0 1 0 1 0 0 
The Phase 2 clock input (Pin 25) is the system clock, 

and is used to trigger all data transfers between the 8088 
and the 6522. 

3-83 



The direction of the data transfers between the system 
and the 6522 is controlled by the R/W signal (Pin 22). If 
R/W is low, data will be transferred out of the 8088 and 
into the 6522 for the User Port. If R/W is high, and the 
chip is selected,(CS'If1, data will be transferred out of the 
6522 and onto the IDO-ID7 bus. 

The eight bi-directional bus lines are used for 
transfer of data between the 8088 and the 6522. During read 
cycles, the contents of the registers are placed on the bus 
lines and transferred to the 8088. During a write cycle, 
the lines are input lines and information is transferred 
from the 8088 to the proper register within the 6522. 

Pins 2-9 and 10-17 serve as the output and input Pins 
of the 6522 to the User Port. Pins 39,40,19 and 18 act as 
interrupt inputs or as handshake outputs. Each line 
controls an internal interrupt flag with a corresponding 
interrupt bit which is used in conjunction with Pin 21 
(IRQ} to signal the 8088 that a interrupt is being 
requested by the User Port. The IRQ signal is directed to 
the Processor Interrupt Controller (PIC) for interrupt 
priority. The IRQ signal is hard "wire-ored" with the other 
6522's used in the system. 

PIN CONFIGURATION--USER PORT--J5 

Pin 1. -12 volts Pin 18. PA1 Pin 35. 
Pin 2. -12 volts Pin 19. Ground Pin 36. 
Pin 3. Not Used Pin 20. PA2 Pin 37. 
Pin 4. Not Used Pin 21. Ground Pin 38. 
Pin 5. +12 volts Pin 22. PA3 Pin 39. 
Pin 6. +12 volts Pin 23. Ground Pin 40. 
Pin 1. +5 volts Pin 24. PA4 Pin 41. 
Pin 8. +5 volts Pin 2S. Ground Pin 42. 
Pin 9. Not used Pin 26. PAS Pin 43. 
Pin 10. Lite· Pen (CRT) Pin 21. Ground Pin 44. 
Pin 11. Ground Pin 28. PA6 Pin 4S. 
Pin 12. CA1 Pin 29. Ground Pin 46. 
Pin 13. Ground Pin 30. PA7 Pin 47. 
Pin 14. CA2 Pin 31. Ground Pin 48. 
Pin 1S. Ground Pin 32. PBO Pin 49. 
Pin 16. PAO Pin 33. Ground Pin so. 
Pin 17. Ground Pin 34. PB1 
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3.4.16 CODEC CODER/DECODER 

The Victor 9000 digitizes voice through the use of a 
codec. The codec (HV 55516) uses the CVSD (CONTI·NUOUSLY 
VARIABLE SLOPE DELTA MODULATION) method for digitizing 
analog signals and for converting digital information into 
audio signals. 

CVSD is a simple way to digitize analog signals. The 
analog signal is input to the CVSD device. The signal is 
then applied to a comparator and an integrator. The output 
of the integrator is applied as the secpnd input to the 
comparator to form a feedback loop. The output of the 
comparator is the sign difference between the audio input 
and the integrator output. The sign bit is also used to 
control the gain of the integrator by varing the direction 
of the ramp of the integrator. 

The codec and its associated elements can be broken 
down into four basic sections: 

1. THE CODEC 
2. DATA SERIALIZATION SECTION 
3. VOLUME CONTROL SECTION 
4. AMPLIFICATION AND ACTIVE FlLTERING SECTION 

THE CODEC 

The codec is a CVSD device (HV 55516). It can be 
operated in two basic modes, record and playback. In the 
record mode, audio data is fed into the codec and digitized 
into a synchronous serial bit stream. In the playback mode, 
a synchronous serial bit stream is clocked into the codec. 
The signal is converted into an analog signal by the CVSD 
method. The analog signal is then actively filtered and 
applied to the volume control section. Once the volume 
level has been established the signal is fed through a four 
watt (MAX) audio amplifier section and applied to the 
system speaker that is located in the system chassis. 

RECORD MODE 

( NOT USED AT THIS TIME) 
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PLAYBACK MODE 

Digitally encoded audio information is sent across the 
IDO-ID7 data bus to the 6852 (SYNCHRONOUS SERIAL DATA 
ADAPTER) at location 11B. The 6852 is reset by the reset 
signal pin 9 going low. The reset signal is generated on 
power on or whenever the system reset switch is activated. 
The 6852 uses an interrupt to gain access to the 
microprocessor • The interrupt is generated from the 6852 
from pin 7 and sent to the 6522 at location 15L for 
interrupt processing. 

The RS signal pin 11 is used to determine whether the 
incoming data will be read into data registers or status 
registers. When RS is low the status registers are 
selected,when RS is high data ~isters are selected in the 
6852 SSDA. When CS (PIN 10),WR (PIN 13) are low and E (1 
MHZ CLOCK) (PIN 14) is high, the parallel data is gated 
into the 6852 SSDA at location 11B. 

The 6852 SSDA is enabled when address E8060 is placed 
on the address bus. The CS (PIN 10) is controlled by the 
CS3 signal. The CS3 signal is generated by decoder chip 10H 
(Y3 output). Decoder chip 10H is enabled when the G1 input 
pin 6 is high and the G2A and G2B inputs are low. The G1 
input is controlled by the CSEN signal from flip flop 9E. 
The G2A signal is controlled by decoder 9H. When A15 is 
high and A16 is low,address E8000 will be selected. The 
E8000 line from decoder 9H activates the G2A input. The G2B 
input is controlled by address bit A8. When A8 is low, the 
G2B input is activated. 

The 6852 serializes the data and gates the information 
to the 55516 CODEC (DIG IN PIN 12). The 6852 issues the DTR 
signal (PIN 5) when it has serial data to transmit. The 
signal is gated through inverter 158, setting DTR low 
causing the codec to go into a decoding mode by setting the 
status of ENC/DEC (PIN 10) high. The information is gated 
synchronously with the codec clock signal. 
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BUTTERWORTH FILTER SECTION 

17C, PIN 3 

17C,PIN 7 

Figure 29 

The codec clock signal is generated by the 6522 
VERSATILE INTERFACE ADAPTER (VIA) at location 14L (PB7 PIN 
17). The codec elk is applied to pin 13 of inverter 158. 
The codec elk signal is output from pin 12 of inverter 15B 
and applied to the RXCLK (PIN 3),TXCLK (PIN 4) on the 6852 
and the codec elk input (PIN 9) on the codec. The frequency 
of the codec is 16 KHZ. The codec through the use of the 
CVSD method, decodes the digital information into an analog 
audio signal. 

The audio signal exits the codec at pin 3 AUDIO OUT • 
The signal is passively filtered by capacitor C41. The 
audio signal is then applied to the 3KHZ cutoff low pass 
active butterworth filter which consists of half a LM324 
(17C) and its associated circuitry. The audio signal is 
applied to the operational amplifier 17C (PINS 2 AND 3). 
The signal is then applied to op amp 17C (PINS 5 AND 6). 

These two op amps form the active filter section. 
After the filter section,the audio signal is applied to a 
4066 bilateral switch 17B. The 4066 is used to form an 
electronic volume switch. The 4066 is controlled by the 
6522 VIA at location 15L. The codec vol signal is issued 
from the 6522 at CB2 (PIN 19). The codec vol signal is 
applied to inverter 14N (PIN 13). The inverted codec vol 
signal exits 14N (PIN 12) and is applied to inverter 15B 
(PIN 9) and also (PIN 3). 
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The codec vol signal and the inverted codec vol signal 
are used to control.the duty cycle of the. audio signal. By 
controlling the duty. cycle of the audio signal ,the volume 
control section can generate seven.'C7) different audio 
levels. The 11066 is divided into two functional· sections in 
the volume control section. The first section inputs the 
audio signal through pins 1 and 4 on the 4066 at location 
178. The second section inputs the de bias voltage through 
pins 8 and 11 of the 4066 at location 178. 

When full volume is desired the 6odec vol signal is 
kept at a constant high, turning on the first section of 
the 4066 only,thus applying the full (100 PERCENT ) duty 
cycle of the audio signal to the final amplification stage. 
By toggling the codec vol signal the duty cycle of the 
audio signal is decreased thus decreasing the volume level. 
The cycle time for the full audio signal is approx. 48 us. 
The different volume levels are separated by about 6 ms 
between levels (i.e. level 6 codec vol high 42 ms,low 6 
ms). 

The audio signal is then applied through resistor R53 
and filter capacitor C32 to the f.inal amplification stage 
which consists of a LM383 operational amplifier and its 
associated circuitry. The audio signal is then amplified 
(FOUR WATT MAX) and applied to the system speaker through 
connector J16 (PINS 1 AND 2). 
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3.4.17 EXPARSIOK BUS 

The expansion bus for the Victor 9000 is composed of 4 
female 50 pin edge connectors. These connectors allow 
for the addition of memory expansion boards, interface 
boards, or special purpose control boards. 

The table below indicates the pin configuration for the 
expansion slots. 

PIN 

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

SIGNAL 

A18 
A16 
A14 
A12 
A10 
A8 
sso 
DEN 
ALE 
IO/M 

<lID> 
DT/R 
RESET 
WR 
NM! 
IRQ 
HOLD 
HLDA 
CSEN 
PHASE 2 
XACK 
BD6 
BD4 
BD2 
BDO 
BD1 
803 
8D5 
BD7 
EXT IO 
GRD 
-12V 
DLATCH 
+12V 

DEFINITION 

Address bit 18 
Address bit 16 
Address bit 14 
Address bit 12 
Address bit 10 
Address bit 8 
Status 
Data enable 
Address latch enable 
I/O or memory 
Read. 
Data transmit/Receive 
Reset 
Write 
Non-Maskable interrupt 
Interrupt request 
Hold 
Hold acknowledge 
Chip select enable 
I/O clock 
External bus acknowledge 
Buffered data bus, bit 6 
Buffered data bus, bit 4 
Buffered data bus, bit 2 
Buffered data bus, bit 0 
Buffered data bus, bit 1 
Buffered data bus, bit 3 
Buffered data bus, bit 5 
Buffered data bus, bit 1 
External I/O 
Ground 
-12V DC 
Data latch 
+12V DC 
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PIN SIGNAL DEFINITION 

35 GRD Ground 
36 +5V +5V DC 
37 +5V +5V DC 
38 CLK5 200 Nanosecond clock 
39 GRD Ground 
40 CLK15B 67 Nanosecond clock 
41 READY Ready 
42 IR5 Interrupt request bit 
43 IR4 Interrupt request bit 
44 GRD Ground 
45 A9 Address bit 9 
46 A11 Address bit 1 1 
47 A13 Address bit 13 
48 A15 Address bit 15 
49 A17 Address bit 17 
50 A19 Address 19 

Refer to the Intel 8088 Reference Manual for a full 
description of the 8088 microprocessor signals. 

A8-A19 are 8088 memory address bits latchable at the 
trailing edge of ALE. 

BDO-BD7 is the Buffered data bus for the transfer of the 
data to/from the expansion bus. 

RD & WR are the read or write control signals generated 
by the 8088 during a read or write cycle. 

IO/M determines whether a data transfer is to/from 
memory versus to/from an I/O device. 

IR4, IR5 are external interrupt request bits ·input to 
the 8259 programmable interrupt controller. 

IRQ is the parallel interrupt request line for 
perpherial devices. 

Hold generates a hold request to the processor. 

HLDA is the processor response to a hold request. 

DEN controls the transfers of data from the Buffered 
data bus (BDO-BD7) to the multiplexed address/data bus 
(ADO-AD7). 

3-90 

-~ 

~ 



3.5 KEYBOARD MODULE 

The keyboard (KB) module for the 9000 is located on 
schematic 100379. The KB switch matrix is arranged in 13 
columns X 8 rows, for a total of 104 switch positions. The 
switches used are the capacitive-type switches which 
produce a change in capacitive coupling between the 
contacts when depressed. The KB utilizes an Intel 8021 
microprocessor chip (Z3) for the generation of KB strobes 
and for data transfers to the logic board. 

Z3 produces 5 KB scan outputs, 4 on P10 - P13 (pins 
18-21) and 1 on P22 (pin 1). The P10 - P13 outputs are 
routed to Z2 on the A-D input lines (pins 6-9). Z2 will 
generate 12 scan output pulses on the 0-B outputs (pins 1-4 
& 12-19) from the 4 inputs. The column lines in the matrix 
will be scanned sequentially from 0. to B. The P22 output is 
routed through inverter Z4 to produce scan r1ne number 13. 

KEYBOARD MODULE TIMING 

H-8 

n-eJ Li Li Li U Li Li U lf 
12.;." r-r r I I I I r I r I r I I I r I 
i!l-2 IJ)11MC 

•1zKe~ 

Zl-2 

•14 KeJ Oepr1111d LJ 
Zl-2 

•ie Ker O•pre111d LJ 
11-1 

•1sKe~ 

11-1 
•11 Ker Oepre111d LJ 

11-1 
•17 Ker Oepru .. d LJ 

Figure 30 
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When a switch is depressed the column line will be 
connected to a row line. If switch number 44 is depressed, 
column line 5 (Z2 pin 17) will be connected to row line 
number 3 (Z1 pin 4). The scan pulse from column 5 will be. 
input to Z1. Z1 will produce a 4-bit output on pins 11 - 14 
to tell Z3 which switch position in the matrix was 
depressed. The code from Z1 will be an address pointer into 
the ROM matrix of Z3 to determine the logical number for 
the key. Z3 will output the logical number for the key 
depression to the logic board. The logical number will be 
transferred to the logic board serially on the KBDATA line. 
The 8088 on the logic board will decode the meaning of the 
key number as defined by software. 

For a detailed data transfer sequence to the logic 
board, refer to section KEYBOARD INTERFACE. 

KEYBOARD COLUMN STROBES . 

12-e 

z2-12 

Z2-13 

12-14 

U-15 

ZZ-18 

U-17 

12-1e 

ZZ-19 

Z2-I 

12-2 

12-3 

U-4 

Figure 31 
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3.6 128K MEMORY EXPANSION BOARD 

System memory can be expanded with the addition of 
either 128K or 384K memory boards. The Victor 9000 can 
access a maximum of 896K bytes of memory. 

The dip switches on the 128K board allow for the 
addition of multiple memory boards in a system. Each switch 
from 1-6 allows for the selection of a 128K block of 
memory. The memory board is contained on 4 sheets of 
schematic 100901. 

The memory board is accessed by address bits AO-A19. 
The A8-A19 address bits enter the board directly over the 
expansion bus while the AO-A7 bits are latched onto the 
BD0-807 bus then latched into the memory board as AO-A7. 

When ALE is high {sheet 2 of 100471) from the 8088 
microprocessor it is inverted at "Nor" gate BJ. The 
resultant low enables transceiver chip 9K. The HLDA being 
low configures the chip to pass the 8 address bits from the 
ADO-AD7 bus to the 800-807 bus. 

The address bits on the BD0-807 bus are latched into 
1E on sheet 4 of schematic 100901 on the trailing edge of 
ALE. At this time the address bus, AO-A19, will have valid 
address data on it. 

While ALE is high flip-flop 4E on sheet 3 will set on 
the next CLK5. The set side of PRQ is routed to the set 
side of flip-flop counter chip 4P. At the rising edge of 
the next CLK15 the P1 flip flop will set. The set output 
provides the D input to the next flip-flop P2. The next 
CLK15 will set flip-flop P2. The set output of P2 will 
cause P3 to set on the next CLK15. When P3 sets the high 
output is "Nor 'ed" at 28 resulting in a low RAS being 
generated. At this time the MUX flip-flop will still be 
reset waiting for the next CLK5. On the rising edge of CLK5 
MUX will be set. 

At the next CLK15 th~ P3 high will set the P4 
flip-flop. The high out of P4 will be "Nor'ed" at 28 pin 10 
generating CAS low. The low CAS will enable the CAS decoder 
on sheet 4. P1 will be reset on this CLK15 by the PRQ 
flip-flop being reset. 
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Figure 32 
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During a write operation the WR control signal will go 
low. This low is inverted at 1B pin 1. The resultant high 
is "Nanded" with the MUX high at 4C and the low output 
generates the WE for the memory chips (sheet 2). When WR is 
low RD is high configuring the transceiver at 1F to 
transfer the data byte from the BDO-BD7 bus to the DO-D7 
bus. The transceiver will be enabled when EN goes low on 
pin 19. EN will go low when decoder 3B is enabled by a low 
on IO/Mand the input address configuration A19, A18, A17 
forces a low out of the decoder (YO-Y7) which is coincident 
with the switch closures of dip switch 48. 

The dip switch module at 4B selects the 128K block of 
memory in which the memory board will reside. The following 
table defines the memory blocks to switch settings. 

MEMORY SPACE 

0-128K 
128K-256K 
256K-384K 
384K-512K 
512K-640K 
640K-768K 
768K-896K 

SWITCH NUMBER 

1 
2 
3 
4 
5 
6 

Dip switches 7 and 8 are used to establish the time 
base for the memory refresh cycle. Dip switch 7 is set to 
off and dip switch 8 is set to on. 

The low EN is also routed to the data selector at 3C. 
This enable is selected on the 4Y output and enables the 
RAS and CAS selector at 3F. 

When EN is low, RAS is low, and A16 is low, the RASO 
low is generated to provide the row address strobe for the 
lower 64K of the board. When EN is low, RAS is low, and A16 
is high, RAS1 will go low generating the Row Address Strobe 
for the upper 64K of the board. CASO and CAS1 are generated 
the same as RAS except the CAS control signal is low. 

When RAS is low, MUX will be low and RAD will be low 
selecting the 0 input for the output of selectors 2D, 2C, 
.l£z_ and 1D. This will place AO-A7 on the ABO-AB7 bus. When 
CAS is low, MUX will be high and RAD will be low selecting 
the 1 input for output. At this time A8-A15 will be on the 
ABO-AB7 bus. When RAD goes high (during a refresh cycle) 
the RFAO-RFA6 and RFA10 will be on the ABO-AB7 bus. 
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MEMORY REFRESH CYCLES 

When ALE goes high it will be inverted at 1B pin 8 and 
the low will force a high out of "Nand" gate 4C. This high 
will cause the flip-flop at 4E to set on the next CLKS. The 
reset side will go low allowing counter 3E to begin 
counting up. When· the count reaches 8, QD will go high 
enabling 4C to go low at the end of a memory access cycle. 
QD will remain high for 7 CLKS cycles. 

When ALE is low, PRQ is reset, MUX is reset, and the 
count is 8 or above (QD high) 4C will go low. The low 
output will cause 4E to be reset on the next CLKS 
generating RRGL. On the leading edge of the low to high 
transition RAS will go low out of 2B pin 1 and the refresh 
address generator (3D & 3E) will be incremented. The high 
level on the Q output of the 4E flip flop will clear the 
counter at 3E and hold it in a zero state until the 
flip-flop is again set on the next CLKS. The end result 
will be a RAS only refresh cycle being performed. 
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3.7 384K MEMORY EXPARSION BOARD 

The 384K memory board allows system memory to be 
expanded to either 512K or 896K bytes. 

The memory board is structured in 3 blocks of 128K 
bytes of dynamic RAM (Random Access Memory). The circuit 
design for each block is identical and is also identical to 
the 128K memory expansion board. 

The 384K memory board circuits are contained on 6 
sheets of schematic 101071. 

The addressing for the memory board enters via the 
expansion bus on BDO-BD7 and A8-A19. The address bits on 
BDO-BD7 are latched into 2M on sheet 3 on the trailing edge 
of ALE. The address bits AO-A18 are inputs to address 
selector chips 2T, 2R, 2P, and 2S. The output of the 
address selectors, ABO-AB7 provide address selection for 
the 4164 Dynamic Rams. The A19 address bit is used only in 
the generation of the enable (EN) for the memory board. 

The EN signal, generated on sheet 2, is dependent upon 
the position of jumper E4/E5 with E6, E1,E3 with E2, and 
the output of decoder chip 1B. The table below defines the 
jumper positions for memory selection. 

JUMPER 

E2-E3 & E4-E6 
E1-E2 & E5-E6 

MEMORY SPACE 

128K-512K 
512K-896K 

Any low input to the "And" gates 1D will cause the 
output to go low, enabling the board. When A17 is high, A18 
is low, and A19 is low the Y1 output will go low selecting 
the memory if it is jumpered E4-E6. If the board is 
jumpered E5-E6 and A19 is high, A18 is low, and A17 is 
high, the Y5 output will go low selecting the memory board 
for upper memory. When A19, A18, and A17 are all high the 
Y7 output is selected and neither memory board will be 
selected for access. This .memory space is reserved for 
memory-mapped I/0 operations. 
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The A17 and A18 address bits are buffered by 
"Exclusive Or" gates at 2B. When the address bit is high, 
its buffered address bit will also be high. The BA17 and 
BA18 bits are inputs to selector 1P for the RAS and CAS 
signals. 

The data byte to be written is passed from the BDO-BD7 
bus to the DO-D7 memory data bus by transceiver 2L. When EN 
is low the transceiver is enabled and the state of the RD 
control signal determines the direction of data transfer. 
When Rb is high, data is transferred from the BDO-BD7 bus 
to the DO-D7 bus. When RD goes low, indicating a read 
operation, data is passed from the DO-D7 bus onto the 
BDO-BD7 bus. 

A memory access cycle begins when ALE goes high. This 
high will steer the PRQ flip-flop set on the next CLK5 
signal. The high out of PRQ steers the counter flip-flops 
at 1E to begin their count sequence. The next CLK15 will 
set the P1 flip-flop which will set the P2 flip-flop on the 
following CLK15. When P2 goes high it will force RAD low at 
1F. The low RAD signal will steer the address selectors to 
select address bits rather than refresh bits. The next 
CLK15 will set the P3 flip-flop. P3 will generate RAS low 
at 1F. This low RAS signal enables the RAS decoder at 2J on 
sheet 3. 

When any R.AS'O-RAS5 signal goes low the ABO-AB7 address 
bits will be strobed into the row address latches in the 
selected ram chips. At this time MUX will be low placing 
the AO-A7 address bits on the ABO-AB7 bus. On the next CLK5 
MUX will be set. The next CLK15 will set the P4 flip-flop 
which will generate the CA'S signal. When CAS is low the CAS 
decoder at 1K will be enabled. When any CASO-CAS5 signal 
goes low Column Address bits will be strobed into the 
latches of the selected ram chips. At this time MUX will be 
high, placing the A8-A15 address bits on the ABO-AB7 bus. 
When P5 is set on the next CLK15 GAS will be held low 
forcing RAD to remain low. 

When the WR signal from the 8088 goes low it will be 
inverted at 2F, "Anded" with MUX at 1D and the resultant 
high output will be inverted by 2F genP-rati!!.S_the write 
enable fo!_the ram chips in three signals; ~O, WE1, and 
WE2. Each WE is for a 128K block of memory. 
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The ffi and CAS signals are used as enables for the 
decoders on sheet 3, 2J and 1K. The inputs to the decoders, 
from data selector 1P, determine which RAS and CAS will be 
generated. The following table defines the address bit 
configuration used to generate each of the RAS and CAS 
signals to the ram chips. 

ADDRESS BIT RAS OR CAS 

A18 A17 A16 
0 1 0 0 
0 1 1 1 
1 0 0 2 
1 0 1 3 
1 1 0 4 
1 1 1 5 

RFA9 RFA8 RFA7 RAS 

0 1 0 0 
0 1 1 1 
1 0 0 2 
1 0 1 3 
1 1 0 4 
1 1 1 5 

The G2A enable for the RAS decoder is tied to ground 
to keep it enabled at all times. The G2A enable for decoder 
1K is tied to data selector 1P. When RAD is high at pin 1 
of 1P the B inputs are selected for output. The high RAD 
out of 4B on 1P will disable the CAS decoder during a 
refresh cycle. When RAD is low, the EN low is applied at 
the 4B output, enabling the CAS decoder. 

MEMORY REFRESH 

The dynamic ram chips are refreshed at a 2msec rate to 
prevent loss of data. The refresh cycle begins at 2E when 
ALE is low, PRQ is ·reset, MUX is reset, and counter chip 1S 
has reached a count of 4 or above. The all ones input to 
"Nand" gate 2E will force a low out and on the next CLK5 
flip-flop 20 will be reset. The rising edge of the reset 
output of 2D will force "Nor" gate 1F to go low, generating 
RAS. When RAS goes low decoder 2J on sheet 3 will be 
enabled. The rising edge of RRGL will also increment 
counters 1R and 1S on sheet 3. These counters provide the 
memory refresh address during a refresh cycle. 
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At the same time both inputs to "Nor" gate 1F pin 13 
will be low. This will generate a RAD high selecting the 
RFA address bits to be placed on the ABO-AB7 address bus. 

·The RFA7, RFA8, and RFA9 bits will be placed on the input 
to decoder 2J by the data selector 1P. These signals will 
determine which RAS will be strobed. The low going RAS 
signal will perform a Row Address Refresh on the selected 
memory chip. 
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3.8 DISK DRIVE ASSEMBLY 

The disk drive assembly comprises the 
electro-mechanical segment of the disk drive subsystem. It 
is used in conjunction with the disk drive controller 
board, which provides the electronic control functions. 

The disk drive assembly is composed of the following 
functional subassemblies: 

1. Spindle Drive System 

2. Head Positioning system 

3. Read/Write/Erase system 

4. Track Zero Sensor 

5. Activity LED, Write Protect Sensor, Door Open Switch 

The Spindle Drive System is composed of a DC motor, 
belt drive, and spindle assembly. When a diskette is 
inserted into the drive the cone/clamp system centers the 
media on the spindle and clamps it to the spindle hub. The 
motor controls the speed of the media under the head. The 
Victor 9000 uses a varying speed technique to increase 
storage capacity on the diskette, thereby making the strobe 
marks on the spindle wheel unusable. The speed is 
controlled by a microprocessor on the controller that 
monitors the feedback from the tachometer connected to the 
motor. 

The diskette is accurately positioned in the drive 
unit by plastic guides and by the front latch inhibitor. 
The in/out location is ensured by the backstop. 

The magnetic head is positioned over the desired track 
by use of a stepper motor/band assembly. The positioner 
employs a one step rotation to cause a one track linear 
movement. The stepper positioning system provides no 
feedback to the electronics during head positioning. The 
feedback is created by reading the sector header on the 
diskette to confirm track position.The four phase stepper 
signals are generated on the controller board. The head is 
secured to the frame by use of two metal rails. A head pad 
on the opposite side of the media provides the required 
amount of media pressure against the head. 

3-101 



The Read/Write/Erase head· is a glass bonded 
ferrite/ceramic structure that provides the means by which 
data is stored and retreived from the diskette. It is 
composed of a read coil, write coil and erase coil. During 
a write operation, a 0.1650 mm data track is recorded. 
Then, this track is tunnel erased to 0.1524 mm. The disks 
have double density capacity with 96 TPI (tracks per inch). 
During a read operation the read coil senses the flux 
r~versals stored on the media during the write sequence. 

The.Track Zero sensor provides an electronic signal 
when the head is physically positioned at track zero. It is 
composed of an LED light source and a light sensor. When 
the light beam is broken by the presence of a metal· firiger 
attached to the head positioner the system is signalled 
that the head is at track zero. 

The activity LED is illuminated whenever the drive is 
selected for a read, write, or seek operation. It is 
generated on the drive controller board. 

The Write Protect sensor disables the write 
electronics whenever a write protected disk is placed in 
the drive. Each diskette has a notch removed on the left 
side of the case. When the notch is uncovered the write 
protect switch is allowed to remain in the open position. 
When the notch is covered by a silver write protect tab the 
switch is closed, disabling the write electronics. 

The door open switch is physically attached to the 
door mechanism. When the door is closed the switch contacts 
are closed. 
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DRIVE Al 
HEAD I 

CSHT 5) 

DRIVE 8 { 
HEAD" 
(SHT 5) 

DRIVE 8 { 
HEAD I 

(SHT 5) 

) 

~ :1~~+ 

~~ 

DISK CONNECTORS (REF) 

_) 

MOTOR 
START 

SWITCH A 
fSHT61 

DISK A 
<SHT 21 

MOTOR 
START 

SWITCH 8 
ISHT6) 

D 

c 

B 

A 



I ) ( 

) ) 

8 7 8 

D 
12851 ST0A 

12851 T08 

12851 

12851 
c 

l2CI I STP0 

12851 A 

12851 Tl 

e 

12BSI Tl 

ll!BSI STID 

12c11 STPI 

A 

STEPPER CONTROL 

8 e 

J2 

4 

3 

2 

5 

2 

I 

s 

) 

3 

SGC 

SfD 

SQICT 

SIC 

SID 

SLCT 

2 

-t12V 

112 
STEPPER 

MOTOR 

l.12 
STEPPER 

MOTOR 

+12V 

112 
STEPPER 

MOTOll 

112 
STEPPER 

MOTOR 

) 

--~"':::'l'AfV't'T~i< DRIVE SCHEMATIC 

I ' 

D 

c 

B 



D 

c 

D 

A 

Jl0 

n 
+ 12VV 

~ 5V 

+12V 

GNO 4 

-12V 8 

IGNOI KEY 6 

+ 5V 3 

GNO 5 

~ 
-~-

,... .. I 
Cl 35 I 

100/16V I 
L 

C47 
.01 

Cll'I . IOCV16V 

l4N 

~ 

SPARE GATES 

-c:•s-=--=o~- -i 
~~--·::.~~:8 : 

~o.t __ JIL --' 

C44 C46 
.01 .01 

4N 

~ 

+ Cl29 + 030• 03I + 032 

3301 330/ 330/ 33010\' 
ll)V 10V lllJV 

~ .l../s0< 

•12VV 

-+5V 

+ 12V 

- 12v 

NOTES:LNLESS OTHERWISE SPECIFIED: 

I ELECmtCAL VALUES AAf. IN OHMS. MICROFARAOS 
ANO MICROHENRIES 

2 All REStS TORS ARE ! 5,..,114 W 

3 ALL INTEGRATED CIRCUITS ARE SN74 SERIES. 

4 IC PINS ARE GNO: 7 •5V = 14 EXCEPT FOR: 

T YPE GND •SV -+12v 

74LSll2 8 16 -
74LSl38 a 16 -
74lS139 8 16 -
74lSl51 8 16 -
74LSl53 8 16 -
74l5157 8 16 -
7~ 8 16 -
74 l 51o6 8 16 -
74l5E°7 8 i6 -
~lS244 10 20 -
74LSZ45 10 20 -
74S374 IO 20 -
74LS373 10 20 -
74L5374 10 20 -
LM 1:>4 II - 4 
4066 7 - 14 
2732 12 ~ -
75160 10 20 -
75161 10 20 -
6116 12 24 -
4164 8 16 -
8259A 14 28 -

74Ls91i 10 5 -

{fil NOT USED : J 15, RESISTORS: R 18;50, 
31, 39,40,41,42, 44, 45, 4 6,4 7,48,49, !>(), 63,68 
69 ,43,66.67. CAPS.1,13, 19. 20.21.Z2.23.24 , 27,1~ 
28, 76 ,39, E 19,20.~l , 22,t3,14,1 5,16)7, 18 

G. FOR JUMPER CONFIGURATION FOR USE 
WITH EITHER PROMS IN LOCATIONS 
5H & 7H CR &:K ROM IN LOCATION 7H 
SEE NOTE IN AREA Bl O'.'I SHEET 2. 

POWER 8 SPARES 

SHT. ( OF (4 R ·H 
OWG. NO 100471 CPU SCHEMATIC 

0 

c 

D 

A 



) ) ) 

II 7 6 5 

,40: IC I!.>' 

13Cll MPUC\.K 19 CLK 
112C31 LB .. ~Y 2~fm 
13AI I RESET 1 RESET D 

+5V 

t4AIJ Q 

17(11 

+5V 
112881 NMI 17 NMI 

c 112(81 
-t5V 

tiiD 

GNO 
GNO 25 ALE 28 '10/rJ. 

32 7K -!i 29 [> 27 

%¥2 26 
550 34 

24 
lNTR lim 

8'1188 

e (1288) 

C7Cll 
R78 

14All 

1402> 
14D2J All 
(12(31 

A 

14Cll RS: ..... -------------1------------J A 

8 7 8 5 

4 

) ) 

3 2 

READY t12A7l 

ll3C8l 
l5C8ll6CBl.IBCBl.ll20i.I .;:i.,l'.;,i)SJ.111081 
l12Cll.111081.15CBl.16CBl.ISD81.19CBl.113CBI 
ll2C3Ll5CSl,16C8Wso&1.1::-C.ci.1 l3C&I 
l12C3l.15C8l.16C8l.l9CBI, A' (13CSl,1808) 
IBDBl,l9CBI . ' l9C8l.112D81 
l4B81JSD81,l9C8l :!~ (9C81.112C8l 
l488UBD8ll9CBI l9C8U12C8l 
l4CBl.IBD9U9CBI Al (4C81l9C811l2C8l 
l4C BLIBDBl.l9CBl.ll2 001 l4C8U9C8Ul2C81 

IBDBl,l9CBl.ll2C81 (408lll2C8l 
IBD81.19CBl.112i:.81 l4DBl.l12C81 
l8081.19CBl.112C8 I l4D81.112C81 

19081 
Hl.DAll2C81 

e 109•]07 
15C81.16C8Ul IDBI 
112031, l13C8l 
(8A8) 11408 I 

e 

9K 
LS245 

NOTE: 

FOR 64K ROM 
AT 7H 

JUMPER: E3-4 
E7-8 
Ell-12 
E 1-2 
ES-6 
E9·10 

5H 
LO 

ROM 
2364 

127321 

CUT: 

FC~CC-FDFFF 
(FE0"0-FEFFF) 

CPU 8 BUS CONTROL 

SHT.20FJ4R V.H 
DWG. N0.100471 

VICTOR 

CPU SCHEMATIC 
2 

D 

c 

e 

A 



) ) ) ) 

A 
MASTER CLOCK 

) 

1788> 

15881 
17,SI,! 
llyn:>al 

112C81 
C7CB> 

1208) 

1288f KS ~llC8 

l588llBC8} 
16BIJ 112C3f 
l11B81h388 
U«:BI 

RESET 12081112• 

D 

c 

B 



D 

c 

B 

A 

8 

(2111) 

(281) 

12011 
12011 
12011 

12811 

1
2011 
2011 

12011 
12021 
12021 
!2021 

112881 

13811 

l2C2) 

12811 

) 

.. -.. 
...... A19 

A18 
Al 7-.. 

101'1 ~ 

...... A16 
Al 

.,___: 
~ 

a .... .:. L. 
A 
A 
A 
A 5 ~ 

..... ·-

5-

AL e==-

A..__ 

) ) } ) 

6 5 4 3 2 

I 10J .3 410J\.6 2 LS00 

Y7~ 
5 LSH 

Jc · Y6 1 ~ B YSp;l 12 10J l A 9F y4j:>J; II I 
+5V~G1 Y3pt! llJLS00 ~8 -- J 0 G2A Y2~ t·" ··~ --LS138 Y0 ~17D819D8l 

C2~8llllDl!l 

(2A8)(1108l 

~ lG y 3 7 jf8001/JI .... 
& ]f011J001 -.- _.. 

_.2._ 18 9H ,Y2 5 _lE80C1Cll 
~ 

l2A81 
1709118081 

II 
14 ·~~~~A 

~· ~lllJ 8 4 

Y2LS139 LSU 
110 

"' & LSH 
1208.I 

SH IDl 
9H Y3 r-fl INTEL 10 ~ 2G Y2 13 28 YI 11 

14 2A y~ 12 
1~ LS139 

Rl4 
2.2K 

~ +5V 

1: r 
[ I 

& 
PR PR 

3 J Q~ II J al.2.. ~90~ 
JLS!O 

I 9E 
~ 

9E 
~ 

CK ~CK 

JIK LS112 a.6 .!2. LS112 
ailr¢ K 

CLR CLR 
15 Ji4 

J 

7 4 

~ v1i:f-:m G1 
r-Pc G2A Y6Pfo 

I~ ~! Pif" 
5 G28 Y3~ 
3 c Y2~ 2 8 Yl~ [j 

r-i-r--1- A v¢pl1-
L5138 +sv 5" 6 

5~4 

tl ~Ill 
R012J 

fA9111 QB .,!... 

1 
R9121 *-·2 10E QC 

1 S94 
--LKB QI> i!l-r-N/C 

LS9il 

1002 
IOOl ~ 
~~~~CS7 
CS4 ~ __.. 

.-~ 
~1 

CS3 

:cS2' m 

--J 

.... 

--

~ 

_.. 

.... 

CS(1 

R 

PtiASE 2 

.... 

c 
~AT 

SEN 
:tMOY 

111981 
111081 

l2A8l 
l12C31 
l13CSI 
ll4C8J 
l5C81 
16CBI 
l8C81 

1588119881 
111081 

lsoal 

l5C81(6C81 
~811l2C8l 

Oll1108\ 
U3C81114CSI 

12881 

112881 
12081 

DECODER CHIP SELECT 

I~<>!t ··-----
SHT.4 OF 14 REV.H 

-· DWG. N"Oi.00471 CPU SCHEMATIC 
2 

D 

c 

a 

A 



D 

c 

a 

A 

) 

8 

14811 PHASE2 -~ 

A 

! ... 
RI 

OSR 
RI 

OSR a: 
IBAll VER T 

T 
1201 

0 'IO 
:to 
ID 
10 
1:04 
:to 
106 
10 

1-
2..:. 
3.-
~ 

5:: ..... . , __ 

R-12811 w 
1481JFWSE 2~ 
[4Cll & 

12021 

t 
!2021 

11~ A 
A 
A 
A 

1--
2-
3--

T~ 13811~ 

14811 ~ .... .... 

13011 QJ(15A 
.... 

16811 SRQ/BUS 'f~ 

) 

7 

-tr RIS l Rl6 
1.5K 100 

1~~47 
4 6 

[I ~ f3 I~ I f11 

l01 MC1489 [[ 

... 

2 ~c Ct.RI lQA ji]C G 108 
CLR2 1QC ~c 

+-1_,.. 
lQO 

CLKl 2QA 
2QB ~-c 
2QC ~c 

llH 2QO 
c 

r-~~~ 

) 

6 5 4 

ll.N 
6 +SV 

514 
10 

12.oPRQ 
17N 

11-N/C 

LS74 

II~ CR 

f20+5V 3 
+SV 

331 
vcc 

PN!'l2 ora 32 DI PAI 3 
31 

02 :!: 
,· 30 03 PA2 ~ 29 04 PA.3 ~ 28 

27 05 Fr44 ~ 
06 PA5 

7 
26 07 

22 'R/W PA.6 8 
25 1112 
24 CSI 

1-5 -- 9 

~ 
23 ts2' PA7 

4(6 38 RSl1 
l!)fi1 

CAI 
~RSI 

~ 35 =~~ 
2 

CA2 ~ 
.--I 0 22j.IH 

34 RESET 

PBl1 
1d 
11 

PBI 12 
PB2 13 
P83 14 
PB4 15 
P85 16 
PB6 17 
P87 

CBI 18 
19 12L CB2 

~ 
6522 

IRQ ~ 
GND l" ~ 3.3K 

I 14N.""'z 
LSt4 

KEYBOARD INTERFACE 

) 

3 2 

+ sv 

Rl7 
LSI( 

Ic14 
l!llJ47 

~ iNT. /EXTA(llCB) 
I EXT8 (I IC&) 

l6081 
~ iNf 
...;; DAV 

KBRDY+ 
~TA 6 

+sv~• LS 1 

di 
Fi 

2 
3· 

KB SHIELD 
8 

KBACK 4 
"---" 

....,. TALK /LISTEN 

0 --eRT 
-:- BRTl 
::: BRT2 
__._CONT 

CONT 
...., CONT 

~ KBlN 

CIJ 
1 
2 

-- V.RTC U< (f2C3J 

l8081 

11,,8) 

110081 
l~I 

110b1 
12ABI 

______ .,,..,.,..,...._. Y.!CTOR . ·--·- ------· -------' 
SHT.!J oFa REv.H CPU SCHEMATIC 
DWG. N0.100471 

2 

D 

c 

B 



D 

c 

8 

A 

) 

e 

) ) ) 

7 6 5 4 3 2 

<SCI> DAV --~------------------------------. 
15811 TALK/LISTEN ... -..---------------------------J----. 

1011J-------------""~~ 011} 
101~ 32 01 
ID2- 31 02 
103_; 30 D3 
104: 29 D4 
~05~ 28 05 
10s• 27 D6 
10?.;: -26 07 

l 
12c11 

12011 'WR-------------22....., R/w 
(4811 PHASE2';° 

25 
£!2 

l4C1J 

l202t 

t 
12023 

13811 

+5V4~----24"""'1 CSl 
CSl~----------2-3 c52 

Af/J~------------=3=-48 RSjlJ 
Al_.. 37 RSl 
~ ·~ 

A2,,. 
35 

RS2 
A3• RS3 

RESET .. •--------------
3
-
4 

RESET 

ISL 
6522 

vss 

19_ 
is: 
17 

PAjlJ~2:o--------+----+---~ 
PAl ~::3:-----------------""'-' PA2~A_...._ ______ -+----+---~ 

16 
15 
14 

PA3~5:"'---------+----+---......;..::..i 
PA4 1-'6~-------+----+---~ PAS 1-°"L......_ ______________ ~ 

T 13 
12: PAS ~8~-------+----+----ri<-1 

PA7i-
9"-----------------------=-i 

CA2 t-=
39
""-----

lS 
14 PBP~f-~,--------1-----+----------~~ 

PBI 
12 19 

13 PB2~1~3-------t---------------~ P83 
14 18 

12 P84i-1~5------+------------~ 
PB5 16 16 

17 PBS......------------------i-------t 
PB7 ~1~7----t----------+---'"'--f 

CAl 1--f-,..
9

......_ __ _, 
CBl 'i9NC. 
C82i------~--------. 

.iRQ 1-2_1 ----. +sv . 

01 81 
02 82 
03 83 
04 84 
D5 B5 
06 17L B6 
07 87 
oa ea 
SN7516~E ..EE. 

1~1 

1 

~ 
TE DAV 

EOi EDI 
REN REN 
ATN ATN 
IFC IFC 
SRQ 

17M 
SRQ 

NRFO NIVO 
NIYIC NMC 
SN75161 

DC 

1 

2 
~ 
4 
5 
:K 
7 
8 

~ 
N/C~l2 
NIC~l8 
N~-~q 
N/C_~31 

0101 2 
OlD2 3 
DI03 
OI04 

4 

Dl05 5 
mos 6 

0107 
7 

9 OlDB B 
~------,,....,,--..i:=:.w.....~9 

~6 ~02_1 _____ -114 

__§_ 
7 
2 
e 
3 
9 

1 
4 

----------16 
---------19 
.---------120 
.---------121 
..----------122 
--------23 

Pl/EOI. 15 
REN 34 ATN 

35 IFC 
SRQ}JuSt SRQ 36 
NRF'O_LACK RFD ~~ 

SEL IOAC 13 
~:32 

STROBE/QA\f_ I 

..--------125 

..--------126 

..--------tZ7 -------28 

..--------129 
-------33 

~17 

Rl9 
3.3K 

J _: 
..._,t----------'1:=..t

3 14N~12 - CODEC VOL (1488) 
r;:;rSl4 

'"-------------------~~ SRQ /BUSY 15A81 

h3~1esmra~rn2c~ lRQ~-~----------------------------------~-~~--~1~1 9L~0~---------------------·~~AARALLEL ~AB) 
(1401) 

LS~4 

IEEE CENTRONICS INTERFACE 
VICTOR· 

) 

SHT.6 OF14 R · H 
OWG. N0.100471 CPU SCHEMATIC 

8 8 

D 

c 

B 

A 



D 

c 

B 

A 

) ) ) ) ) 

7 6 5 4 3 2 

13011 CLKl!IA.,...-"'-----r==========Q=_6_r.~~~3~t~~=======F======t======;:=:=::=3======::::::i----. 

. ...,, ~ M,... J +" 11•0..c.::- i . +" rn 't ~E:::r.;:,;...:~~ 

MAJ::.-t-::-t-:'-t-:-+?t 

~~::'t"':::..,....."t":"'1 IZE7) 

(2CI) 

13811 

14011 
l4Cll 

11'JA11 

13Cll 

ll0A!I 

18811 

13011 

~~13 r-1'J p~Q~ MA 1~,_1z ___ r-3-,J p:Qi=-~--....,.,..llJIPRQ ... lg_r.+----.....-11-iJ PJl-Qt!-, 

to/£i~i-o.:---_, I __ M_c __ ..,

1 

J...J..,.., &ivv 4J 

~ ... ----------:::.
13

:.cp.CK- r· "1"'"' ~!'""" ~CK =M§ 
"M 41< 4K MC _oriii 13~. 

~ 4L
5

"'S II Sll2 2 S~~ -Q 6 12 ~~ -tL 12 5112 7 ..Mc. ~ :.i Ill ~ 
........ "' 12 K Q iL I K R '"'1-----=l K CLR Q K QI--'-+- MUX~ 12 

RSjl D.,....-+------c .... r ,. " ~ +sv ....__ +sv Jn +sv 
-~.-:.4,...,.,-..,,-4"'L---......~6 

_MA ~t;::::t=============:::::l----------f-t-----.--:------i-----;:R~C!il;;;---t------.~rlll'lrw 
4H .3 22 

C
....---+-,5~4-v __ ""iAi....c:.cA._. I~, I ~011 O.W"--+---""R"'21-,._._1-------._ m 

~· ~D6.,.._ __________ +----v2~2,....--i-------RAS 

D PR Q .-5'---4 ... 4----...::Mlm.WC _ _.,__,_5_~1 ,...--...... - t.lJ>C 
~ 3H \..6 _.........-..... 

CLK~B~~-.-----------------+---+-t-------------.....--..]--,..hCJ( 
~ <-+-----~~SI~ J)lil..-i---------------i~~i!JM 

574 

at!.. 
CLR Eel.CA 

-yr- ~ 
~-t5V L--4-J4--..t1~-..J'i,.1Jt1~ nt':,==~_gj~ 511'6 )::>11.---------f----t-~· ..............,CRASAl:!DR 

... ++---+--+-----1------~-T<l 7..~ ~""".)II ---~P----i~~MLAT 

~'~.~----------------1-++-----------t--------++---' 

CRT CYCLE flRES 

3K 13 t_f5V ~2 +1sv
4 -~Jil.,.I --...., II LSI 

PR Q).,[ - PR ,µa. D ).ill ..---rt--t--.
3 J Q F-NIC 

3J 
574 

Ll.4>cK 

a.R 

4J 
5112 

r1ct>o< 
~11~1. _ 6 CRC LS27 F8"-t----" 1,. ......!. K Q ,__ __ -+-"'42 K Qt"L!L------------1-=~EB.CA 

CLR CLR 

~+5V l!+5V 
"+~SR~LD=------------------+---------1------------"'•:SIU) 

L----------------t--------------------;r--------t----------t~~CRTCLK 

CRT CYCLE HIRE5 · 

[9881 

l8omoel 

l2D8l 

l9CSI 

l9C8J 

l9C81 

19881 

12881 

fiBBI 

IBA819C81 

11,,...Bll8D8l 

-18881 

3 4 5 6 1 8 9 0 I 2 9 10 II 12 13 14 I !I 0 I 2 3 4 !I 6 7 8 
~ 0 I (ll I 0 I 0 I 0 I ~ J 0 I 0 1 
CB 11 0 I 1 [_!J (I I l l.2. l.2, I 1 2l ~ I I 
CC II fa G fl I i I I fl 0 QI 11 I I l I 

CD I I I I 1 1 1 ! 9J f 9l 0 Q (ll l1J ~ 

CONTROL SIGNALS CA (1 I L@_ I 11!1 

CB QI _2_ I I 0 
ICC ":!. CJ. (I I 
CO I I 1 1 I 

6 

1 ~ 1 fl I 

'" 1 
1 1 I 

1 I I I l 
I I 1 _<!'I 

7 4 

VICTOI'.!. ________________ _, 
--s~Hr.=-. 7~0~F-14T::'R=E~:-. H-..-----.... CPU SCHEMATIC 

DWG. N0.100471 

D 

c 

B 

A 



) ) ) ) 

8 7 6 5 4 

l2c1I 

12811 
D D 

17811 
1202) 

t'l02) Al-A7 7A 
LSl57 

17011 ~ 
2Kx8 

14C11 RS RAM 
~ 19a61 

4t 
12021 Af/J EVEN 

+5V DC4-DC7 B881 c c 

ll3Dll LllE P£N 
13BlJ RESET Dat:-009 19881 
14811 BJ 
14811 ~ 

Dcll-OCl5 11~1 1281 I Wit 
rTAU CRT Q.K LK' 

9A 

BD~BD7 t2C II 

B B 
DOT ADDR 19A81 
HIRES 17881 
RA!IJ-RA3 19881 

VINT 12ABI 
CURSOR 11¢A81 
Vt1fr 15CS00!381 
~ 110881 
DISP Pi2>ABI 

l2Cll IOfHD7 
684~S 

SCREEN MEMORY 
17811 EBLCA 

A A 

VICTOR ._ .. ___ 
CPU SCHEMATIC 

8 8 



D 

c 

B 

A 

} 

a 

12021 

17011 
12021 

14011 

17811 

12021 

) 

8 

INESL ...-.------====---RAMW:~ :::====~~~~~~~-~~ 

LOWiiAM 

EBl..CA 

A~4 

1201112021 A9-Al 

(7Cll MUX 

12021 

12021 

1201) 
l7C1l 
12Cll 

l7Cll 

17811 
(8811 

18C11 
1ec:11 
17Cll 
lllAll 

l7fl11 

14B1J 

17811 

18811 

) ) ) 

4 3 2 

DD8·0DIS ll'1C9I 

SYSTEM MEM_O_R-.----Y~-;-~--i--~--;-~--r~_J~3~~ill~@LV1CT_M~·c~P~u~s~cTH1E_M_A_T1,c, -
----,----;----r-ee 

D 

c 

B 

A 



) 

8 

D 

c 

B 

A 

8 

17811 

19Cll 
~Bl) 
1581) 

) 

7 

a;: ~ONT 0:Q2.NT2 -

) 

8 4 

L3 

L4 3.3UH 

3.3UH .........., 

BRT0 
_a_lfIT 

3 

,.-..Q2!""""'N~T~~a,__~~~D~~ 

504 
COlil_ 1 

27fJPF 

IIc1s 

~c:::-:... _4 

r=::l_4 
PR 

) 

Q~N.C. 

R23 ~K 
R2!1 J911:J 

332, 1% 

R29 
162, I,, 

+5V 

R24 •Jvv 
2201( 

Q3 
MPSA92 

Jl3 ..-
5 

4 

e. 

) 

9 HORIZONTAL 

CIS l 
~~78 '---+-t-+~---~~------~---+----t 

-;;7 PF I 7 VE-RTICAI.. 

+1{2VV ~ R34 

l3Dll - cue 1SA 

LO.VINT 

!c11 110 

~ ~ ~Ul ~~ ~ R35 2N39~ g~, 
~I ~ CURSOR!~ ! W(.8_ 12 0 PR Q 9 ~ "2W R36 VIDEO 
~ ll11A I ,u!IDl.t~l018 l3C 75 

RvS 9 574 ...w_rm_ 
2 T:: ~10 l. ,__ LS04 ~c 

(SAi) .., DISP ~CK LS374 [§_ lj;i ~C\5374 ~ I LS01!1 h ~CK LS374 15 ~ 4 0 ~CK Q ~ _VSt41ELO 6 

J ;;;;,; CURSOR ~ I> 1"!12~--..~,;i I> 12 t..::::i3: I> 12 _}·~,l CLR '\J L---
(8Bl ;;:oc1; -oc1~ wc4 r-:9--.....,e::t 9 e 9 NC ~ 
1ac11 - ocn 7 !§:. 7 6 -.i. ~c . J. e E25 Ill R12 

gg~~ ~ 9C ~ 4 5 ~illll 4 llC c _.12!.DLN [~; 12C E24~J.__:::::_-_-_-_ _.:_"'_•K:::_T_sv _____ -=REF'R'ESH=E-=FR~!:'----~ (7C8l,19881 
OC14 3 2 ·~ IOC ~ ~ 2 L°"''N' LI E23 ..------------------'D!<.._1s-..P ... o.r_r ___ -.,.~ 17891 

.om_ "f " "f 09 
lii f " ""' '"";F ~ 5

_"_
1 
__ ____,I CRT INTERFACE 

'~ ' ~'",so~ J 

-

17811 ... .mu J 

6 

D 

c 

B 

A 



) 

e 

D 

c 

B 

A 

8 

) ) ) 

7 8 s 4 3 2 

::::: PHASf:~-1!-------------------------. 
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SECTION FOUR •••••••••••• FAULT ISOLATION 



4.1 POWER SUPPLY FAULT ISOLATIOR 

SECTION A 
MISSING ALL VOLTAGES 

*********************WARIIRG******************** 

1. SCOPE SHOULD BE PLUGGED INTO A UNGROUNDED POWER SOURCE. 

2. WHEN CHECKING COMPONENTS ON THE PRIMARY SIDE, USE ANODE SIDE OF 
D110 AS PRIMARY GROUND. 

3. DISCHARGE CAPACITORS c101,102,1os, ARD 106 
THESE CAPACITORS CHARGE UP TO APPROX. 160VDC. 

BAD POWER SUPPLY BOARDS RETAIN CHARGE LONGER THAN FUNCTIONAL POWE~ 
SUPPLY BOARDS. 

******************************************·**•************* 

1. Check F101 fuse for open, if bad replace component 
check voltage at fuse with respect to primary ground 
(NORMAL OPERATING APPROX. 330V P-P 116.65 EFF.) 

2. Check thermal resistor THR101 for open 
(NORMAL OPERATING .OBOVAC ACROSS THERMISTOR) 

3. Remove power from board, DISCHARGE CAPACITORS 
Check diodes D101,102,103,104 for open 
If bad replace component(s) 

4. Check R101 for APPROX. 300VDC (NORMAL OPERATING VOLTAGE) 
If no voltage, go back to step 1 

4-1 



5. Check fuseable resistor R106 for open 
(NORMAL OPERATING VOLTAGE APPROX. 330VDC) 

if bad replace component 
.• 

6. Check Q103 case voltage with respect to primary ground 
(NORMAL OPERATING APPROX. 225-300VDC) 

********•******CAUTION******************************* 
.}l)rl J~ 

DO NOT TOUCH SCOPE PROBE TO HEATSINK WHILE CHECKING 
CASE VOLTAGE. 

****************************************************** 

COLLECTOR OF QI03 

20V/Cm 
5,1.tsec/Cm 

78V P-P 
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7. Check R103 and C103 for open or short 
If bad replace component 

R103-C103 JUNCTION WAVEFORM 

JUNCTION OF R 103-CI03 

IV/Cm 
5J,.tsec/Cm 

3VP-P 

8. Check Q102 for open, If bad replace component 
Base of Q102 WAVEFORM 

-- --- ··- ---··---: ' '--·· ------·--aAs~E .. oF Q 102 

IL!. .1•.l.JJ 
~·· 

,., 

i 
~~ ) 

"'i 

+ 
~ =f= 

.Ju $ 
.J.Lll J.J-1.1°'tJ..1..1..1. '-11...L 

''U:I _.. ± 
T II 

-t-

+ =1= 
+ ~ .... 
+ -+-

IV/Cm 
Sllsec/Cm 

lJ-3 

-
'I 

" ;J,, 
JIU ..Ll..1..1. 

"\7 -

· •. :.j 

~ -·· : -



9. Check Q101 for open, If bad replace component 
emitter of Q101 waveform 

· EMITTER 'OF QfOI 

5V/Cm 
5jlsec/Cm 

20VP-P 

10. Check D105 for open (POWER OFF), If bad replace component 
CATHODE OF 0105 WAVEFORM 

ANODE OF 0105 

5V/Cm 
5J.lsec/Cm 

20VP-P 

.. 
4-4 

. .. . --·-·.· ·• 



11. Check C111 for open, If bad replace component 
POS. SIDE OF C111 WAVEFORM 

POS. (+l SIDE OF cm 

_LJ_l_L __._ _._ ~ 
-.--.- -.- I 

* :1= 
=~ + + 

* + 

~ ~~ ~ ~ ...Li. .l.1...1.• ,,,, 
I • ~ . 

: ~ 
~~ 
~~ 
=~ 
=~ 
:1= 
:i: 

IV/Cm 
5).J.sec/Cm 

IV P-P 

,.l. ~ 
·1TT TTTT 
~ 
'l"'TTl 

********************WARNING**********************•******** 

WHEN ON THE SECONDARY· SIDE OF TRANSFORMER, USE SECONDARY 
GROUND. USE BASE OF Q106 FOR SECONDARY GROUND. 
*********************************•*******•**************** 

SECTION B 
NO +12V (UNREG) 

1. Check Tl pins 1 and 2 for approx. 8.6VAG 
If no voltage, go to section A 

2. Check D115 for open or short 
Normal operating level 12.2 VDC 
If bad, replace component 
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SECTION C 
NO +12VV (REG) 

1. Check Tl pins 11 and 12 for 11.5VAC 
If no voltage, go to section A 

2. Check D118 for open or short 
Normal operating level 15.2VDC 
If bad, replace component 

3. Check regulator A102 for approx.15.3vdc input 
and approx. 12vdc output 
If no output, replace A102 

4. Check protection diodes 0116 and D117 for open 
If bad replace component 

SECTION D 
NO -12 VDC 

1. Check T1 pins 11 and 12 for approx. 11.5VAC 
If no voltage, go to section A 

2. Check diode D121 for open or short 
Normal voltage -16.3 VDC 

3. Check A104 for approx. -16.3v input 
and -12v output 
If no output or wrong output,replace A104 

4. Check D119 for open or short 
If bad, replace component 

SECTION E 
NO +5 VDC 

1. Check T1 pins 3 and 4 for approx. 3.6VAC 
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IF NO VOLTAGE, GO TO SECTION A 

2. Check diode D112 for open or short 
Normal voltage level 5.1 VDC 
If bad, replace component 

NOTE: DIODE 0111 IS FOR OVER VOLTAGE PROTECTION OF THE 
+5 VOLT SUPPLY. IF 0111 IS CONDUCTING, THE +5 VOLT 

SUPPLY WILL NOT FUNCTION. 

SECTION F 
BLOWING FUSES 

1. SCR A103 and diode D111 are used for overvoltage protection 
Check A103 for open 
If bad, replace 

2. Check D112,D115,D121, and D118 operating voltages 
If wrong voltage, go to appropriate trouble shooting section 

3. Check diodes 0118 and 0119 for open or short 
If bad, replace component 

SECTION G 
NO REGULATION 

1. Short A101 pins 4 and 5 together 
If the power supply shuts down, the problem is in the 
OP AMP regulator section 

2. If no shut down occurs,then check Q101 for open. 
check C110 for open 

Replace component(s} 
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SECTION H 
OP AMP REGULATION 

1. Check -12v supply for proper operation 
If bad go to section D 

2. Check +5v supply for proper operation 
If bad, go to section E 

3. Check Q104,Q105,Q106 FOR OPEN 
If bad, replace component(s) 

4. Check R116 potentiometer 
If bad, replace component 
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4.2 VIDEO CONTROL BOARD 

Fault Isolation on the Video Control Board is divided 
into two sections: (1) Component failure and (2) 
adjustments. 

1. COMPONENT FAILURES 

A. Supply Voltages: 

1. Is the +12 Volts Present at Pin 1 of Connector Jl? 
Check connector Jl (Pin 1), the Power Supply Assembly and 
Fuse F901. 

2.Is the +12 Volts present at Pin 3 of Connector Pl ? 
Check connector Pl resistor R901 and +12 Volt Supply from 
Power Supply Assembly. 

3.Is the -180 Volts Present at Pin 1 of Connector J2 ? 
Check transformer T702 (Pin 6),Diode 0752 or connector J2. 

4.Is the +300 Volts Present at Pin 6 of connector Pl ? 
Check Transformer T702 (Pin 8),Diode D751,resistor R753 
Spark Gap SG751 or connector P1. 

5. Is -65 to -165 Volts Present at Pins 3 and 4 of 
connector J2 ? Check resistor R51,R758,R759 or Zener Diode 
ZD751.Check connector J2, Pins 3 and 4. 

6. Is +50 Volts Present at the Cathode of Zener Diode 
ZD751 ? Check Zener ZD751. 

7. Is 0 to 150 Volts Present at Pin 7 of connector P1 
? Check resistor R754,R755, capacitor C755 Spark Gap SG752 
or connector P1. 

8. Is 12K Volts present at Pin 1 of connector P2 ? 
Check connector P2 or replace Transformer T702.*WARNIRG 
High voltage equiptment is required to test 12,000V line* 

9. Is +200 Volts Present at Collector of transistor 
Q704 ? Replace Transformer T702. 

B. BRIGHTNESS CIRCUITS 

1. Dim Display. Check -180 Volt Supply, Resistor R758 
or Keyboard Brightness Control Switches. 
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2. Display Too Bright. Check -180 Volt Supply, 
Resistor R758 or Zener Diode ZD751. 

C. HORIZOITAL CIRCUITS 

1. No Input Horizontal signal to base of transistor 
Q701. Check Diode D701, Resistor R703, Capacitor C701 or 
the Input Horizontal Signal from the CPU Board (Pin 4 of 
connector J1) 

2. Proper Input Signal from CPU, no Horizontal signal 
on Pin 1 of connector J4. Check to insure transistor Q701 
is turning on and off. Check to insure transistor Q702 is 
turning on and off opposite of transistor Q701.(If not, 
replace Q701,Q702, R711 or C711) With Q702 on does Q703 
turn on ? Replace Q703. With Q703 on does Transformer T701 
produce an output which turns transistor Q704 on ? Replace 
Q704 or Transformer T701 or both.(Output Signal should be 
switching between 0 and +225 Volts.) 

D. VERTICAL.CIRCUITS 

1. No Vertical Drive signal at Pin 6 of IC601. Check 
transistor Q601,Connector J1, Pin 5 or the Vertical Drive 
Signal from the CPU Board. 

2.Vertical Roll. Check resistor R611 or IC601. Replace 
if necessary.(No Effect on Vertical Roll.) 

3. Vertical Size. Check resistor R622, R624 or IC601. 
Replace if necessary. (No Effect on Vertical Size.)(Number 
of Characters on the Screen.) 

4. Vertical Linearity.(Height of Characters on Screen) 
Check resistor R624 and/or IC601. Replace if necessary. 

5. No Vertical Output Signal at Pin 1 of IC601. Check 
IC601 for a +5 to +15 Signal at a 850 usec pulse width and 
a 76hz. rate.Replace if necessary. Check connector J3 Pin 
1 • 
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E. VIDEO CIRCUITS 

1. No Video Signal (Switching from +60 volts to +40 
volts with a .1usec pulse width and a 17.5 mhz. rate) at 
the base of transistor Q202. Check transistor Q202 and 
Q201. Replace if necessary. Check connector J1 Pin 6. Check 
output of CPU board. Ensure that overvoltage protector tube 
NE201 is good. Replace if necessary. 

2. No Video Signal due to overvoltage.Check if Zener 
Diode ZD771 is conducting. Is +12 Volts gone.(If in a 
overvoltage situation the +12 volts will not be present, 
indicating the Zener should be operating.} 

3. Overvoltage Circuit does not work when in an 
overvoltage condition. Check Transistors Q771 and Q772, 
Zener Diode ZD771, Video Signal and Horizontal Signal. 

2. VIDEO ADJUSTMENTS 

1. R611 is used to adjust the vertical hold. 

2. R624 is used to adjust the vertical linearity. 

3. R622 is used to adjust the height. 

4. R754 is used to adjust the focus. 

5. R758 is used to adjust the brightness. 

6. L704 is used to adjust the width. 

4-11 



-.3.1 SEEK LOGIC FAILURE 

The seek circuit is composed of 2 6522 Versatile 
Interface Adaptors (VIA), 2 quad "NANO" gate !C's and 2 
quad driver !C's. 

When a seek operation is to take place, the 8088 will 
send the data to a VIA. The VIA will output the STPO signal 
for the A drive and STP1 for the B drive to select the 
proper stepper motor. These signals are routed to the 
"NANO" gate IC as one enable to all 4 gates. Through 
another VIA, the 4 phase stepper signals will be generated 
as STO A-0 for the A drive and ST1 A-0 for the B drive. 
These signals, going high, will be the other enabling input 
to the "NANO" gates. The "NANO" gate outputs are routed to 
the stepper motor driver IC, which will cause the motor to 
step in or out one track at a time. The ST signal wave 
forms are shown in Section 3.3.1. 

Seek failures can be either a total failure or a 
partial failure. The failures can also be on one drive. By 
running the Seek Test all the associated stepper signals 
can be traced on the oscilloscope. 

1. If both drives are failing, suspect a missing 
control signal from the VIA. 

Check to see that the STPO or the STP1 are high to 
select the drive. Also check for the presence of the PHASE 
2 clock. Check to see if the chip is selected by a low on 
the CS2 input. Check to see if the data is input to the 
VIA. 

2. When one drive is failing, the control signals for 
the failing drive should be checked. 

The seek circuits for the two drives are for the most 
part independent of each other. The drives are controlled 
by different ports on the VIA. The PA port controls the 
stepper signals for the A drive by the STOA-D pulses. The 
PB port controls the B drive by the ST1A-O pulses. The ST 
pulses should be switching each time the motor is to step 
(refer to 3.3.1 for the stepper phase pulse sequence). The 
STP and the ST pulses together control the stepping through 
the "NAND" gates to the driver !C's. 

3. If the seek circuits are stepping incorrectly, the 
ST pulses are probably not switching correctly. 
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4.3.2 MOTORSPEED FAILURE 

The motorspeed circuit is composed of a 6522 Versatile 
Interface Adaptor (VIA), an 8748 microprocessor, 2 74LS373 
Data Latches (one for each drive), 2 DAC0808 Digital -to 
Analog Converters (one for each drive), 2 CS2917 motor 
speed regulators (one for each drive) and 2 driver 
transistors (one for each drive). 

When the spindle motor is to be turned on, a data byte 
with the desired speed value is transferred from the 8088 
to the VIA on the IDO - ID7 bus. The VIA transfers the 
speed value to the 8748 (LOMS0-3 & LOMS0-3). The 8748 
transfers the speed value to the DAC through the data 
latches. The DAC will convert the digital speed value to an 
analog signal to drive the motors. This signal is routed to 
the motor speed regulators which use the tach signals as a 
feed back input. The speed regulator output controls the 
bias for the motor drive transistors. The 8748 controls the 
A and B drives by the select signals (SEL 0 & 1), the start 
signals (START 0 & 1), the stop signals (STOP O & 1). The 
8748 also monitors the speed of the motors by the tach 
signals (TACH O & 1). When the motor is running at the 
correct speed, the 8748 informs the VIA of this by the 
ready signals (READY 0 & 1). 

Motorspeed failures can be either a total failure or a 
partial failure. The failure can also be on one drive. When 
a total failure occurs, the enabling signals should be 
checked. The following list gives points to check and the 
inputs required to enable the various devices at the check 
points. A mid-point of the checks should be chosen to 
facilitate fault isolation. 

Total Speed Failure 

1. Check to see that the VIA is selected by a low on 
the CS2 input. Also check to see if the PHASE 2 clock is 
present (1 Mhz signal). 

2. Check to see if the motorspeed data is being 
transferred to the 8748. These outputs are LOMSO - 3 for A 
drive and L1MSO - 3 for the B drive. 

3. Check the START 0 and 1 signals to see if they go 
low momentarily then high when a motor is selected. 

4. Check to see if the STOP signal goes low when the 
motor is selected. 
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?. Gheck to see if the SEL O and 1 signals go high 
when a motor is selected. These signals enable the data 
latches when high and latch the data on the output when 
they go low. 

Speed Failure On One Drive 

1. Check to see if the byte is being output from the 
data latch to the DAC. 

2. Check to see if the data is being output from the 
DAC (analog level at 2.2v zone 0 to 3.6v at zone 8). 

3. Check to see if the signal is input to the speed 
regulator. Also check the TACH signal, as it is a feed-back 
input to the speed regulator. 

4. Check to see if the data is being output from the 
speed regulator to the base of the motor drive transistor 
(A 1.4 msec pulse occurring at .8 msec rate at zone 0 to a 
.6 msec pulse occurring at .8 msec rate at zone 8). 

5. Check to see if the motor driver transistor is 
providing the output to drive the motor. 

Partial Speed Failure 

1. If the motorspeed is experiencing partial failure, 
check the TACH input to see if it is at proper frequency (a 
2.4 msec pulse occurring at 2.2 msec rate at zone O to a 
1.4 msec pulse occurring at 1.4 msec rate at zone 8). 

2. Check to see if the RDY signal goes high to inform 
the 8748 that the motor is at the proper speed. 

3. Check the latching of the data to the DAC. When SEL 
is high, the speed byte will be input to the data latch. 
When SEL makes a positive to negative transition, the speed 
byte will be latched onto the output. If the data is not 
being latched, erroneous speed _data may be entering the 
DAC. 

4. Check to see if speed regular output is at correct 
frequency (see 4. above). 
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4.3.3 WRITE LOGIC FAILURE 

The write circuit is composed of a 6522 Versatile 
Interface Adaptor (VIA), 3 74LS157 Data Selectors, 2 
74LS165 Parallel to Serial converters, a 02716 GCR Rom, a 
D-type flip-flop, 2 electronic switch !C's and several 
logic gates. Another VIA produces the side and drive select 
signals and a 74LS139 2-4 decoder selects the proper head. 

When data is to be written to the disk, the 8088 will 
transfer a byte of data to the VIA on the IDO-ID7 bus. The 
VIA will output the data on the WDO-WD7 bus to the data 
selectors. The data selectors route the data to the GCR 
Rom. The GCR Rom will then output a code so that no more 
than 2 O's in a row are written. This coded data is routed 
to the parallel to serial converters. 

From the parallel to serial converter, the serial data 
is shifted out by the write clock and passed through a 
"NAND" gate to the write flip-flop. The Q and the ij output 
of the write flip-flop control the turning on of the write 
current to the read/write head. The outputs of the write 
flip-flop are routed through inverters to an electronic 
switch which turns on the write current. This inverter also 
enables the proper read/write head through another 
electronic switch. 

A write failure can be a total failure or a partial 
failure. The failure can also be on one drive. For a total 
failure, an IC is either not being enabled or is defective 
and will not operate. Both the disk drives use most of the 
same circuitry to write on the disk, so if the failure is 
on one drive the control signals for that drive should be 
checked. 

As an aid to fault isolation, install Write Test 1 or 
Write Test 2 diagnostics. Test 1 will write a sync pattern 
of all "ones" on track zero of a disk. Test 2 will write an 
alternating high and low pattern (1010) on track 0 of a 
disk. These tests will provide a continuous, distinctive 
data pattern which can be easily traced on an oscilloscope. 
The following list gives points to check and the inputs 
required to enable the various devices at the check points. 
A mid-point of the checks should be chosen to facilitate 
fault isolation. 
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Total Write Failure 

For·a total failure where the unit will not write to 
either disk at all, certain signals can be checked prior to 
running the diagnostics. Check the write clock and the 
phase 2 clock which should be present any time power is on. 

If the clocks are good, run Write Test 2. While 
running, the unit will try to write the alternating 1 and 0 
pattern. The high order nibble should be all 1's and the 
low order nibble should be all O's. 

1. Check to see if the VIA at 1F is selected by a low 
on the CS2 input. Also check to see that PHASE 2 clock is 
present at the VIA. 

2. Check the data to the VIA on the IDO-ID7 bus. Also 
check the data out on the WDO-WD7 bus. 

3. Check to see if the VIA at 1H is selected by a low 
on the CS2 input. Also check to see if the PHASE 2 clock is 
present. This VIA produces the SIDE SELECT and the DRIVE 
SELECT signals. Head 0 .will be selected when these are low 
(refer to 3.3.3 for the head selection chart). 

4. Check to see if the decoder at 3M is enabled by a 
low on G2. Also check the outputs to see if the proper 
heads are being selected. 

5. Check to see if the data selectors are selected by 
a high on the SEL input. Also check the WDO-WD7 inputs and 
the I0-!9 outputs. Check for the presence of the write 
clock input and output at the data selectors. 

6. Check for the presence of data into and out of the 
GCR Rom. 

7. Check to see if the parallel to serial converters 
are enabled by a low on the LD input. Check to see if the 
output of the parallel to serial converter is a changing 
pattern (1010). 

8. Check to see if the GCR data is present at pin 11 
of the "NAND" gate. check for the presence of write clock 
write clock and GCR data at the inputs. 
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9. Check the write flip-flop for a changing state at 
the Q and the Q outputs. Check to see if the PR and CLR 
inputs are at a high level. If the PR and CLR pins are held 
low, both the Q and the cf outputs will remain at a high 
level. Check for the presence of the GCR data at the clock 
input. 

10. Check to see if the inverter outputs at 2M are 
switching to a high level to enable the electronic switch 
at 2N. 

11. Check to see if 2N is turning on to apply the 
write current to the head. 

13. Check for a high on the inputs to the electronic 
switches at 1M & 1N. 

Write Failure On One Drive 

A write failure on one drive will be caused by a 
missing signal for that drive. 

1. Check the SIDE SELECT and DRIVE SELECT signals at 
the VIA and at the 2-4 decoder. 

2. Check the inverter output at 2M. 

3. Check the electronic switch at 1M. 

Partial Write Failure 

If the controller is writing on the disk, but the data 
is incorrect, suspect a timing related problem or a 
component breaking down. The data can be checked to some 
extent during a write test 2. During a write test 2, a 
FO(H) character will be written. This will make the high 
order nibble all ones and the low order nibble all zeros 
going into the data selectors. The outputs of the data 
selectors will be a 10 bit code. The 2 extra bits are 
formed by the WRSYNC input for I5 and +5v input for I9. 
This will make I9 always high and I5 high only when writing 
sync. The output of the GCR _Rom will be alternating high 
and low data lines. The output of the parallel to serial 
converter will be the 1010 pattern. The data flow can be 
checked for missing data bits. 
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4.3.4 READ CIRCUIT ANALYSIS 

The read circuit consist of 3 linear amplifiers, 2 
one-shot circuits, a 4046 Phase Lock Loop (PLL), a 74LS164 
serial to parallel converter, 3 74LS157 data selectors, a 
D2716 GCR Rom, various flip-flops, Exclusive "OR" gates and 
a 6522 Versatile Interface Adaptor (VIA). Another VIA and a 
74LS139 2 to 4 decoder are used for the drive and the 
read/write head selection. 

The read recovery circuitry is self clocking, and 
requires no control signals other than a drive and side 
select to enable the proper head. At any time the disk is 
rotating, th~ read circuits will be functioning. The PLL 
generates the clock for recovery of the read data. The 
internal oscillator (VCO) in the PLL will operate at it's 
lowest frequency with no data input. 

Read data from the disk is routed through a 
pre-amplifier filter network, a differentiator and a 
digitizer to the one-shot circuits. The Exclusive "OR" 
gates function as an edge detector. They will output a .2 
usec pulse on the leading edge and a .6 usec pulse on the 
trailing edge. The one-shots will output a 1 usec pulse 
when triggered. The output of the last one-shot is the data 
input signal to the PLL and is also used as the clock for 
the bit comparing flip-flops (6N). The VCO signal is used 
to clock the bits through the first flip-flop stage (6N), 
inverted, then used as the clock for the second flip-flop 
stage (6M). The VCO is inverted one more time and used as 
read clock. The data and clock are routed through flip-flop 
6K to the serial to parallel converter. From the S/P 
converter the data is input to the data selectors. The data 
selectors route the data to the GCR Rom. From the GCR Rom 
the· data goes to the VIA and is output to the 8088. 

Read failures can be a total failure or a partial 
failure. The failure can also be on one drive.If the 
controller will not read at all, suspect a timing problem, 
a defective component or a missing control signal. The read 
test has an alternating 1 and 0 (1010) pattern written on 
track zero. This test will provide a continuous, 
distinctive data pattern that can be traced through the 
circuitry. The following list gives points to check and 
basically what the signals should be. A mid-point of the 
checks should be chosen to facilitate fault isolation. 
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Total Read Failure 

1. Check the output of the PLL. The PLL will generate 
a clock at it's lowest frequency with no data input. The 
signal may not appear as a stable signal, but should be 
checked for a changing state to insure the PLL is 
operating. If the PLL is working, run the read test. 

2. The read test will input a 1010 pattern from the 
disk to the read circuitry with drive A and head 0 
selected. 

3. Check the input and output of the first amplifier 
stage. The input signal should look like an AC sign wave of 
appx 2-8 millivolts. If the signal is present, go to the 
next step. If no signal is present at the input, check for 
a high at pin 10 of inverter IC 2M. If this signal is not 
present, check for a low on pin 11 of 2M. If the signal is 
not present, check the SIDE SELECT and the DRIVE SELECT 
inputs to decoder at 3M. These inputs should both be low 
for drive 0 head O. If these signals are not present, check 
the VIA to see if it is selected by a low on the CS2 input. 
Also check for the presence of the input data and the PHASE 
2 clock. 

4. Check the input and the output of the second 
amplifier stage. An AC sign wave appx volts at the output. 

5. Check the input and the output of the digitizer. A 
digital signal which looks like a 2 usec pulse at the 
output. 

6. Check the output of the first edge detector for a 
.2 usec pulse on the leading edge of the signal and a .6 
usec pulse at the trailing edge. 

1. Check the output of the one-shot for a 1 usec low 
pulse at the-er-output. 

8. Check the flip-flop at 5N for the data • 

9. Check the second edge detector for a.2 usec pulse 
on the leading edge of the signal and a .6 usec pulse on 
the trailing edge. 
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10. Check the second one-shot for a 1 usec pulse at 
the Q output. 

11. Check to see if the data is being clocked through 
the flip-flop stages at 6N and 5M. If not, check the VCO 
and VCO signals at 5P pins 9 and 8. Also connect the scope 
to data input and to the clock input at the same time to 
see if the VCO is in the right time frame to clock the data 
through. 

12. Check to see if the read clock is present at 
inverter 3L. 

13. Check to see if the data is be clocked through 6K. 

14. Check to see if the data is being output from the 
S/P converter. 

15. Check to see if the data selectors are selected by 
a low on pin 1. Check the outputs of the data selectors. 

16. Check the input and the output of the GCR Rom. 

17. Check to if the data is present at the A port of 
the VIA and is output to the 8088 on the IDO-ID7 bus. If at 
the A port but not being output, check to see if the VIA is 
selected by a low on the CS2 input. Also check for the 
presence of the PHASE 2 clock. 

Read Failure On One Drive 

A read failure on one drive will be caused by a 
missing signal at the VIA, the decoder, the inverter IC or 
the the electronic switch. The SIDE SELECT and the DRIVE 
SELECT signals produce the proper head through the 2 to 4 
decoder. The 2 to 4 decoder outputs are routed through the 
inverter IC to the electronic switch. Refer to ~tep 3 above 
for the required signals for drive 0 head 0.- The other 
heads will be selected by the following SIDE SELECT and 
DRIVE SELECT configuration; DS low and SS high selects 
drive 0 head 1, DS high and SS low selects drive 1 head O, 
DS high and SS high selects drive 1 head 1. 
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Partial Read Failure 

A partial read failure will be caused by a bit being 
dropped or a component breaking down. The bit patterns can 
be traced through the circuitry following the steps for a 
total failure will running the read test. The read test 
will generate the 1010 pattern from the disk through the 
circuitry up to the GCR Rom. The output of the GCR Rom will 
be the upper nibble all 1's and the lower nibble all O's. 
The data input to the flip-flop stages and the VCO should 
be looked at on the scope at the same time to insure that 
the VCO does not drift out of phase. 
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4.5 MEMORY EXPARSION BOARD FAILURE 

Expansion memory board failures can be categorized 
into three classes. Each class maintains characteristic 
that will aid in identification. Once the class is 
identified a logical sequence of troubleshooting steps will 
allow the technician to repair the defective board. 

The classes of failures are: 1) Control signal 
failure, 2) Refresh failure, and 3) RAM failure. 

Each class can be identified by analyzing the error 
data recorded during diagnostic testing. The diagnostic 
will display an address and a data byte when a memory error 
is detected by software. The accumulation of memory errors 
will point to one of the three classes of failures. 

The following table defines memory address space for 
each of the various blocks of memory. 

MEMORY ADDRESS LOCATION 

00000-1FFFF 0-128K ON BOARD MEM 
20000-3FFFF 128K-256K 
40000-5FFFF 256K-384K 
60000-7FFFF 384K-512K 
80000-9FFFF 512K-640K 
AOOOO-BFFFF -640K-768K 
COOOO-DFFFF 768K-896K 

20000-7FFFF 1ST. 384K BOARD 
80000-DFFFF 2ND. 384K BOARD 

The failing address or addresses will point to either 
the on board memory, a 128K memory expansion board, or a 
384K memory board. 

A control signal memory failure will inhibit proper 
operation of the entire range of the memory board. If a 
critical control signal is lost (i.e. RAS,MUX,EN) the 
entire range of addresses on the board will fail. If the 
first address for the memory space of the board fails in a 
diagnostic mode, and each consecutive address to follow the 
failure is most likely in the control signal area of the 
board. 
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The following steps outline an efficient method of 
isolating and repairing a failing board with a fon~~o! 
Signal Failure. 

1. Check for the presence of RAS, CAS, and MUX. 
2. Check for the EN low when the memory board is 

accessed. 
3. Check for the presence of RD and WR from the 8088 

when a memory access is performed. 

To evaluate step one above, place the board on the 
test bed in one of the expansion slots, or place the board 
on an extender in the mainframe. Once the system is booted, 
RAS, CAS and MUX will be active. As they are generated as a 
result of ALE, CLK5, and CLK15, they will be present even 
when the board is not being accessed. 

If RAS is missing, check for the PRQ flip-flop set 
condition. Then check the counter flip-flops at 4D. Each 
one should be clocked set by CLK15. If CAS is missing, 
insure either P4 or P5 flip flop is setting. MUX is a 
direct result of the set condition of PRQ. 

Execute a memory diagnostic selecting the proper 
configuration of memory to insure access to the failing 
board. Check for EN going low when the memory board is 
addressed by the 8088. Next insure that decoder chip 3F is 
outputting low signals when the memory address is addressed 
on the board. 

Finally insure that RAD is low during a processor 
memory access cycle. If RAD is high the refresh address 
will be gated onto the bus rather than the. processor 
address. 

In the final step monitor the WR and RD signals 
through the.board to insure that the memory chips are write 
enabled (WE) during the write cycle and the transceiver is 
directed to control the direction of data transfer. 

A Refresh Failure will exhibit erratic data loss 
throughout-the-entire-memory space of the board. The 
failure will most likely be visible in multiple addr~sses 
and multiple bit patterns. 
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A memory refresh failure may resemble a control signal 
failure, except if one address is selected and continually 
written into and then read, it will exhibit memory 
integrity. The best test then for a refresh failure is to 
select a small block of addresses and test them continuous 
within a small time span for memory integrity. Then write a 
pattern into them, delay long enough to exceed the 2 msec 
refresh requirement , and read the memory space. If the 
program demonstrates a memory error the problem lies in the 
refresh circuitry. 

First, check that the RRGL flip-flop is being reset by 
"And" gate 4C and CLK5. Check that RAS goes low while RAD 
is high. Insure that the refresh address generator is 
incrementing with each RRGL transition. Finally insure that 
RASO and RAS1 go low to perform the RAS only refresh on the 
memory chips. 

The third class of failure on the memory boards is a 
RAM Chip Failure. The symptom here would be a specific bit 
failing in one or more addresses on the board. The failing 
bit will remain within a 64K pattern of memory addresses. 
Analysis of the memory diagnostic error report will point 
to the failing RAM. Each RAM Chip represents a single bit 
in the byte for a 64K block of memory. The error data byte 
will point to one of two RAM Chips. The error address will 
isolate which of the two RAMs is failing. On the 384K board 
the error byte points to one of six, while the address will 
identify the failing RAM of the six. 

A bad bus bit will exhibit the same symptom as a 
failing RAM with one-exception; the failing bit pattern 
will transcend the bounds of a 64K block of memory. 

The procedure for isolating faults in a 384K memory 
board is the same as with the 128K board. Remember the 
circuitry is designed the same, only there are three blocks 
of 128K of memory on each board. The same procedures would 
be used to determine if all 3 blocks are bad, one of the 
three blocks is bad, or one bit within a 64k block is bad. 

Refer to the timing diagrams for the control signals 
in the memory board theory of operation to insure that 
signals are generated in the proper time sequence. 
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5.1 DISK DRIVE ASSEMBLY REPAIR 

POWER REQUIREMENTS 

D.C. POWER SEQUENCING 

One second maximum from the time power is applied to 
the time in which the unit will accept commands. 

PRIMARY POWER 

+12 VDC +or - 0.6 VDC@ 900 MA. (Average Max.) 
+5 VDC + or - 0.25 VDC @ 600 MA. (Average Max.with 
100 MV P/P Ripple.) 

Connector J1 

PERFORMANCE CHARACTERS 

HEAD 

Wear guaranteed 20,000 hours in media contact. 

TRACKS 

80 Tracks Side O • 
• 264 mm (10.4 milli inch) Spacing 
36.25 mm Track Radius (inside) Side O. 

MEDIA 

133.4 mm (5.25 Inch) Industry Standard Diskette 
3.6 X 10(6) Passes per track Minimum wear guarantee 

ACCESS TIME 

3.0 Millisec - Track to Track 
15 Millisec - Head Settle Time 
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SCOPE 

The Tandon Magnetics Corporation Flexible Disk Drive 
is a compact Data Storage device utilizing an industry 
Standard 5.25 inch Diskette (133.4 mm) 

WRITE PROTECT (STANDARD) 

When a Write Protected Diskette is inserted in the 
Flexible Disk Drive, the Write Electronics are disabled. 

LED INDICATOR (STANDARD) 

A Busy Indicator located on the Front Panel will 
become illuminated when the Flexible Disk Drive is 
selected. 

WRITE PROTECT SWITCH ASSEMBLY 

1. Visually ensure that the arm on the Write Protect 
Switch Assembly moves the switch and makes a clicking noise 
when the arm is pushed down. 

,,,,-.~~--ADJUSTMENT 
SCREW 

~WRITE PROTECT 
SWITCH ASSEMBLY 

Write Protect Switch Assembly Arm and Adjustment Screw 

Figure 33 
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2. Remove the Defective Drive. 

3. With a Phillips screwdriver, remove the mounting 
screw that attaches the Write Protect Switch Assembly to 
the side of the chassis. 

4. Cut the harness that attaches the Write Protect 
Switch Assembly and the Activity LED Assembly cables to the 
bottom of the chassis. 

5. Cut the harness that attaches the Write Protect 
Switch Assembly and the Activity LED Assembly cables to the 
bundle of wires that go to the Logic Board. 

6. Remove the Write Protect Switch Assembly from the 
Disk Drive. 

7. Place the new Write Protect Switch Assembly in 
position on the left-hand side of the chassis near the 
front. 

MOUNTING 

SCREW '\ 

I 

Write Protect Switch Assembly Mounting Screw and Connector PB 

Figure 34 
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8. Using a Phillips screwdriver, mount the new Write 
Protect Switch Assembly with its mounting screw. 

9. After smoothing out the Write Protect Switch 
Assembly cables and the Activity LED Assembly cables, 
harness them to the bottom of the chassis, routing the 
wires between the Drive Motor Assembly and the Track 00 
Switch Assembly. 

10. Harness the bundle of wires at the back of the 
disk drive, including the new Write Protect Switch Assembly 
cables in the bundle. 

11. Reinstall the Drive. 

12. Verify the output of the Write Protect Switch 
Assembly by inserting a diskette. 

13. Reverify the output of the Write Protect Switch 
Assembly. 

14. Adjust the Write Protect Switch if necessary. 

15. Reinstall the Drive. 



GUIDE RAIL 

1. Remove the defective drive. 

2. With needlenose pliers, remove the bushing from the 
front panel locating tab on the guide rail that is to be 
replaced. 

3. With a Phillips screwdriver, remove the two {2) 
mounting screws located near the front of the disk drive, 
underneath the chassis. These two screws attach the front 
panel to the chassis. 

4. Pull up the front panel slightly from the guide 
rail that is to be replaced. 

•• NOTE •• 

If the right-hand guide rail is to be replaced, detach 
the head cables from the two {2) posts. 

Front Panel Bushings, and Locating Tabs 

Figure 35 
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5. With a flat blade screwdriver inserted between the 
guide rail and the chassis, pry up, from both of its ends, 
the guide rail that is to be replaced, and remove it. 

6. If one of the two (2) chassis locating tabs, 
located underneath the guide rail that has been removed, 
has broken off inside the chassis, clean out the hole 
completely, using a one-eighth (1/8) inch drill or 
soldering iron to melt the plastic, then remove the debris. 

** NOTE •• 

Take care not to enlarge the hole in the chassis. 

7. Press in the new guide rail evenly. 

8. Push down on the front panel until it is back in 
place. 

9.After turning the disk drive upside down, reinstall 
the two (2) mounting screws located near the front of the 
chassis with a Phillips screwdriver. 

10. After turning the disk drive right-side up, put 
the bushing over the front panel locating tab. 

11. Put a small drop of glue ( Permabond, Superglue, 
or other cyanoacrylic adhesive) on the top of the front 
panel locating tab. 

12. If the left-hand guide rail has been replaced, 
verify the Write Protect Switch and its adjustment. 

13. Reinstall the drive. 

CORE LEVER ASSEMBLY 

1. Remove the defective disk drive. 

2. Open the front door, located in the front panel of 
the disk drive. 

3. Cut the tie wrap from the Head Assembly. 
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Cone Lever Assembly Harnessing and Mounting 

Figure 36 

4. With a Phillips screwdriver, remove the (2) 
mounting screws that attach the Cone Lever Assembly to the 
chassis. 

5. Gently slide the head carriage to the front of the 
disk drive. 

6. Slide the Cone Lever Assembly rearward to release 
the upper arm finger. 

7. Remove the Cone Lever Assembly by lifting it up and 
toward the rear of the disk drive, and sliding the front 
door out of its tracks. 

8. Holding the new Cone Lever Assembly, put the front 
door into its tracks, and move it as far as it will go 
toward the front of the disk drive. Then, carefully lower 
the cone lever, lifting the upper arm finger over the cone 
lever. 

9. With a Phillips screwdriver, install but do not 
tighten the two (2) mounting screws that attach the rear of 
the Cone Lever Assembly to the chassis. 
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Cone Lever Assembly Harnessing, Mounting, and Stepper Motor Cables 

Figure 37 

10. Rewrap the Head Cable. 

STEPPER 
MOTOR CABLES 

~---MOUNTING 
SCREW 

11. Close the front door of the disk drive to engage 
the cone and the hub. 

12. Ensure that the cone is centered in the lever 
(shaft) hole. 

13. With a Phillips screwdriver, tighten the two (2) 
mounting screws that attach the Cone Lever Assembly to the 
chassis. 
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Cone Lever Assembly Cable Harness 

Figure 38 

CONE LEVER 
-ASSEMBLY 

14. Check to ensure there is a 0.010" + or - 0.001" 
clearance between the E-ring and the washer when the cone 
is clamped; the result of the front door being closed. 

15. If necessary, adjust the clearance by adding or 
deleting a washer located under the E-ring. 

16. Reinstall the Drive. 
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FROllT PAIEL 
. - ....... __ .... ·--·- ---··- -- ............ ~ ... ·-· 

DEPRESS THE CONE 
LEVER ASSEMBL V INTO 

THE LATCHED POSITION. 

Cone Shaft and E-Ring 

Figure 39 

1. Remove the defective drive. ·. - ..... 
: . -~ 

. .. 
. ·• r 

~.,, ·._ . . . . . . 

Front Panel Bushings 

Figure 40 
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2. Using a pair of needle nose pliers, remove the 
two(2) bushings located on the right hand and the left hand 
top sides of the front panel by pulling up on them while 
using a twistin·g motion. 

3. Remove the retaining collar that attaches the 
Activity LED Assembly to the front panel by taking a pair 
of needle nose pliers and gently pulling the retaining 
collar away from the front panel. 

** NOTE •• 

Slide the retaining collar over the Activity LED 
assembly. 

4. Snap out the Activity LED Assembly from its 
grommet. 

5. With a Phillips screwdriver, remove the two (2) 
mounting screws that attach the front panel to the chassis. 

•• NOTE •• 

These two mounting screws are located underneath the 
front end of the disk drive. 

6. Lift up the front panel, and remove it from the 
chassis. 

Activity LED Assembly Retaining Collar and Grommet 

Front Panel Mounting Screws 

7. Taking the new front panel, place the front door in 
its tracks on the front panel, and place the new front 
panel on the rail pins. 

8. After upending the disk drive, using a Phillips 
screwdriver, reinstall the two (2) mounting screws that 
attach the front panel to the chassis. 

9. Push the Activity LED Assembly into its grommet. 

•• NOTE •• 

The Activity LED Assembly usually makes a clicking 
noise when it is firmly pushed into the LED grommet. 
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Activity LED Assembly Retaining Collar and Grommet 

Figure 41 

MOUNTING 

~ SCREWS """ ~ 

! "i ! 
Figure 42 

Front Panel Mounting Screws 
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10. Push the Activity LED Assembly retaining collar 
over the back of the LED grommet. 

11. Install two (2) new bushings on the right hand and 
left hand sides of the front panel. 

12. Put a small drop of glue (Permabond, Superglue, or 
other cyanoacrylic adhesive) on the top of each bushing. 

13. Reinstall the drive. 

LATCH PLATE ASSEMBLY 

1. Remove the defective drive. 

2. With a Phillips screwdriver, loosen the two (2) 
mounting screws that attach the Latch Plate Assembly to the 
cone Lever Assembly. 

Latch Plate Assembly Mounting Screws and Latch Inhibitor 

Figure 43 
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3. Remove the two (2) mounting screws from the Latch 
Plate Assembly. 

4. Remove the latch inhibitor and the Latch Plate 
Assembly from the disk drive. 

5. While holding the Cone Lever Assembly down, insert 
the new Latch Plate Assembly into its tracks. 

6. Close the front door of the disk drive. 

7. Still holding the Cone Lever Assembly down, place 
the latch inhibitor on th€ top of the Latch Plate 
Asssembly. 

8. With a Philiips screwdriver, in~tall but do not 
tighten the two(2) mounting screws that attach the latch 
inhibitor and the Latch Plate assembfy to the Cone Lever 
Assembly • 

9. Open the front door located in the front panel. 

10. Ins~rt a diskette into the disk drive. 

11. Close the front door. 

12. Adjusting the.latch inhibitor, align it so that it 
just touches the diskette as the front door is closed. 

13. While h~lding the latch inhibitor in place, 
tighten the two (2). moun~ing screws with a Phillips 
screwdriver. 

14. Reinstall th~_drive. 

CONE KIT 

1. Remove the Cone As~em~ly. 

2. Remove the E~ring that holds the cone shaft on. 

•• NOTE •• 

The cone's Parts are now loose from the Cone Lever. 
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I 
SHOULDER WASHER__,...® 

I 
~---CONE SPRING 

I 
STEP WASHERS -c:::::::~ 

Cone's Component Parts 

Figure 44 

3. Put the Cone Shaft through the cone. 

~. Slip on the step washer, the cone spring, and the 
shoulder washer. 

5. Compress the spring, and put the cone shaft through 
the hole in the Cone Lever Assembly. 

6. Install the E-ring in order to retain the Cone 
Lever Assembly. 

7. Reinstall the Cone Lever Assembly. 
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DRIVE BELT 

1. Remove the old drive bel~ from the pulleys. 

See figure below 

DRIVE L.BELT 

--------------~ --- ----------------<~ 
/' ______ ____.// 

.... ---

Drive Belt and Pulleys 

Figure 45 

2. Taking care not to stretch the new drive belt, 
install it with the dark, shiny side facing the pulleys. 

•• NOTE •• 

Put the drive.belt on the small pulley first, then on 
the large one. 
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DRIVE MOTOR ASSEMBLY 

1. After turning the disk drive upside down, remove 
the drive belt. 

2. With a Phillips screwdriver, remove the two (2) 

CABLE 
HARNESS 

DRIVE MOTOR 
ASSEMBLY 

Drive Motor Assembly Harnessing and Mounting 

Figure 46 

mounting screws and the two (2) Shoulder washers that 
attach the drive motor assembly to the chassis. 

** NOTE ** 
Save the mounting screws and the shoulder washers • 

.. 
3. Remove the Drive Motor. Assembly from the chassis. 
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4. Insert the pulley of the new drive motor assembly 
through the bottom of the chassis. 

5. Rotate the Drive Motor Assembly until its two 
tapped holes are aligned with the two holes in the chassis. 

6. With a Phillips screwdriver, mount the drive motor 
assembly to the chassis, using the two mounting screws and 
the two shoulder washers previously set aside. 

7. Reinstall the Drive Belt. 

8. Reinstall the drive in unit and reconnect all 
connectors. 

TRACK 00 SENSOR ASSEMBLY 

1. With a flat blade screwdriver, remove the E-ring 
from the T~ack 00 Sensor Assembly's adjustment screw 
located on the inside of the disk drive between the switch 
and its bracket ( see figure 47) 

E-RINGS ~)~~ 

~ 

~ 
~ADJUSTMENT 

SCREW 

I 

Track 00 Sensor Assembly E-Rings and Adjustment Screw 

Figure 47 
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2. Move the head carriage toward the front of the disk 
drive, i.e. away from the Track 00 Sensor assembly. 

3. With a Phillips screwdriver, remove the mounting 
screw that attaches the Track 00 Sensor Assembly to the 
chassis. (see figure 48). 

4. Remove the Track 00 sensor as~embly by pulling it 
toward the front of the disk drive. 

5. Put the new Track 00 Sensor assembly into the disk 
drive near the left hand rear of the chassis. 

6. Push the new Track 00 Sensor Assembly toward the 
rear of the disk drive until its mounting hole is aligned 
with the mounting hole in the chassis. 

S}---- MOUNTING SCREW 

SENSOR ASSEMBLY, lf?'1 : • 
~ ... ~ 

OPTICAL 

Track 00 Sensor Assembly and Mounting Screw 

Figure 48 
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1. Make sure there are no cables underneath the Track 
00 Sensor Assembly. 

8. With a Phillips screwdriver, install and tighten 
the mounting screw that attaches the Track 00 Sensor 
aassembly to the bottom of the chassis ( see figure 48). 

9. Reinstall the E-ring with an E-ring insertion tool. 

10. To adjust the Track 00 Sensor Assembly, loosen the 
mounting screw, and move the switch in or out by turning 
the adjustment screw. 

11. The drive can be adjusted for track 00 by 
inserting the drive in the B position. Enter the Format 
program, select B and hit the space bar. When the drive 
homes the B head assembly hit ALT C to stop the program. 
The head is now positioned at track 00. Monitor the ouptut 
of 1E PIN 10 with an oscilloscope. It will be between 2.5 
and 5 volts when the track 00 is sensed. Moving the head 
away from track 00 will cause the output to drop to O. 
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APPENDIX A 

MEMORY MAPPED I/O ADDRESS ASSIGNMENTS 

I/O DEVICE 

8259 

8253 

7201 

46505 

6522 

6522 

6852 

6522 

6522 

6522 

6522 

PIC 

TIMER 

SERIAL PORT CONTROLLER 

CRT CONTROLLER 

PARALLEL PORT 

KEYBOARD 

SSDA 

USER PORT 

DISK DRIVE CONTROLLER 

DISK DRIVE CONTROLLER 

DISK DRIVE CONTROLLER 

A-1 

MEMORY ADDRESSES 

EOOOO-E0001 

E0020-E0023 

E0040-E0043 

E8000-E8001 

E8020-E802F 

E8040-E804F 

E8060-E806F 

E8080-E808F 

E80AO-E80AF 

E80CO-E80CF 

E80EO-E80EF 
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