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PREFACE

This document is the Product Maintenance Manual (PMM) for the Wang System 5

Word Processing Unit, Models 1 and 2. The purpose of this PMM is to provide
the Wang-trained Customer Engineer (CE) with instructions to check, adjust,

troubleshoot, and repair the Wang System 5.

Fourth Edition (October 1984)

This reprint of Document 729-0649-B is identified by a new converted document
number (741-0649) which also incorporates Publication Update Bulletin (PUB)

729-0649-Bl to add an Illustrated Parts Breakdown (IPB) and Parts List as
Appendix F.

The material in this document may only be used for the purpose stated in the
Preface. Updates and/or changes to this document will be published as PUB's
or subsequent editions.

This document is the property of Wang Laboratories, Inc. All information
contained herein is considered company proprietary, and its use is restricted
solely for the purpcse of assisting ‘he Wang-trained CE in servicing the Wang
System 5 Word Processing Unit, Modeis 1 and 2. Reproduction of all or any

part of this document is prohibited without the prior consent of Wang
Laboratories, Inc.

© copyright WANG Labs., Inc. 1978, 1983, 1984
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CHAPTER|
INTRODUCTION

1-1 SCOPE

This manual deals with the installation and field repair of the
System 5 Word Processing units (Models I & II). 1In addition, the

general theory section provides a more comprehensive description of
system operation.

1-2 PURPOSE/USE

The purpose of this manual is to provide the field level
technician and engineers with a compact "quick and ready" reference of
the System 5 elements. Through the use of this manual, field
personnel shall be able to install and service the System 5 package.

1-3 EFFECTIVITY

The effectivity of this manual in relation to System 5 units in
the field is - "ALL". f

14 IMPORTANT MANUAL FACTS

A.METHOD OF PRESENTATION

This maintenance manual is presented with Chapters 2 and 7 being
the primary informative areas. Chapter 2 because of the complete
illustrative presentation and Chapter 7 because of the Theory
description. Where practical, other publications have been directly
referenced because it would be too costly and cumbersome to

incorporate that information into this manual.
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B.”BARRED” FUNCTION VERSUS "ASTERISK"

When reading the theory section, remember that the "Barred"
signal which is LOW is represented in this manual by an Asterisk
in the text of this manual. Therefore, XXXX* or *XXXX designates
signal XXXX as LOW.

C.SCHEMATICS .

The lateat schematic as of this manual issue date .including

PCB layout location, have been compiled in Appendix R.
D.BLOCK DIAGRAMS

The only block diagrams (Figures 1-3 through 1-8) have been
| inserted into Chapter I.

1-6 SYSTEM SPECIFICATIONS

A. WORKSTATION

\

Height ...civvveennnencssesnneaess 13 1/2 in, (34.3 cm)
Dept ..eveen Ceetrssserssscacnceces 20 1/2 in. (52 cm)
Width .. ..vvvveeiiieninsnencennnes 19 3/4 in, (50.2 cm)
Approximately Net Weight
54 1b (24.5kg)

Display Size
12 in. diagonal (30.4 cm)

Character Size
Height ..viievviecnnnnceccececnsses 16 in. (0.41 cm)
Width .. .ivviiiennininste-cnennnes 09 in. (0.23 cm)
Capacity
24 lines, 80 character/line

Controls

Contrast

Brightness




Keyboard
- Standard Typewriter Keys
4 Cursor Control Keys
15 special Operat.onal Keys

Repeat Keys: space, backspace, hyphen, underscore, period, and
cursor keys

|

|

\

1

1 _ Fuses

} 2A @ 115 VAC
1A @ 230 VAC

1 150 Watts

\

B. DUAL DISKETTE DRIVE

Height .....ccivveeenoncnnoneceees 13 1/6 in. (33.7 cm)
Depth .vvivvvinissecnncsrencennese 22 in. (55.9 cm)
Width ..eiiiiiiiiensneencnnnenees 16 1/2 in. (42 cm)
Approximately Net Weight
72.5 1b (32.9kg)
System Diskette Capacity
200,000 characters
Archive Diskette Capacity
300,000 character
Fuses
3A @ 115 VAC
1.5A @ 230 VAC
250 Watts
Power Requirements
115 or 230 VAC 102
50 or 60 Hz *+ 1 cycle
Operating Environment
50°F s 90%F (10°C to 32°C)
202 to 802 relative humidity, noncondensing
Recommended Relative Humidity
352 to 652, noncondensing
Cabling
25ft (7.6cm) - diskette drive to work station

25ft (7.6cm) - diskette drive to printer

1-3




C. PRINTER

PHYSICAL DIMENSIONS: Height: 14 in. (35.6 cm)
Depth: 22 in. (55.9 cm)
Width: 24 in. (61.0 cm)
Weight: 85 1b. (38.5 kg)

CARRIAGE RETURN: 300 msec maximum

LINE LENGTH/PITCH: 132 characters 10 pitch
157 characters 12 pitch

PAPER WIDTH: 16.5 in. (38.1 cm)

POWER CONSUMPTION: Idle 150 watts 510 BTU/hr.
Printing 200 watts 680 BTU/hr.
CR & Tab 250 watts 750 BTU/h~.

PRINT RATE: 40 characters per second average (bidirectional)

PRINT LINE: 13.1 in. (33.3 cm)

CHARACTER SET: Full ACII, 96 characters upper or lower

case, and special characters.
PAPER FEED: Vertically; either direction with Friction Feed.

PAPER THICKNESS: 0.027 inches 0.069 cm maximum

(original plus 5 copies)
PAPER FEED SPEED: &4 inches/second plus 50 msec typical setting.

TABULATION: Right or left

POWER REQUIREMENTS : 115 VAC hd 102, 60 4z + 1 Hz
220/240 VAC + 10%, 50 Hz + 1 Hz




PUSE SIZE: 2.5A Slo Blo for 115 VAC units
1.5A Slo Blo for 230 VAC units
10.0A Slo Blo for Servo Board

AMBIENT OPERATING TEMPERATURE: (45 to 95) °F, (7 to 35) %c @
102 to 80% Relative Humidity, non-condensing

AMBIENT STORAGE TEMPERATURE: (-20 to 135)°F, (-29 to 57)
°c @ 72 to 902 relative humidity.

1-5
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1-6 OPERATIONAL DERCRIPTION

The major concept of the SYSTEM " (Figure 1-3) is that of a
single 280 CPU in communication with and control of the other elements
of the system. The CPU inputs and outputs instructions, commands and
status via the system data bus. It is also made aware of completed
tasks and needed service through the interrupt structure. In this
way, we have an extremely flexible hardware configuration of great

simplicity that may be formed to many purposes by software.

The main memory (Figure 1-4) consists of 44K of RAM and 4K of
PROM located on a single card. There is a parity generator/checker
that indicates invalid parity by placing lines on the CRT screen via a

hardware circuit.

The disk/DMA logic circvit (Figure 1-5) controls data transfers
to and from the floppy disk drives. Once the CPU has set this circuit
up for a transfer the data is passed to or from main memory under
hardware control. At the end of the 256 byte transfer the CPU is
informed via an interrupt. Data is always transfered one sector at a

time and always to or from main memory.

The Counter-Timer (Figure 1-6) is a software controlled method of
counting events or creating time intervals. There are four of these
in the SYSTEM 5, residing on the CTC chip, and they are used to time
keystrokes, count secotors from the disk and other generai timing
applications. The CPU sets up the counter and is notified at the end

of th period via an interrupt.

CRT Memory (Figure 1-7) is identical to Main Memory except that
it is mapped to be addressed in rows and colums. There are 24
horizontal rows and 160 vertical columns, 80 of which may be displayed
at one time. Each screen location is effected by two memory
locations. There is a character memory located from E000 through F79F
and a control memory located from CO00 through D79F. The character
memory will contain the ASCII code for the desired character and the

control memory will contain bits to determine cursor and intensity for
the chanacter.
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CRT control allows the CPU to set the beginning of the 80 column
display within the 160 column field.

Telecommunications is an option with the SYSTEM 5 which may not
be loaded on all machines. It provides an interface with standard
MODEMS and allows the CPU to transfer data and set operating mode and
baud rate. With incoming data the CPU is notified with an interrupt.

The keyboard is the main operator interface. The CPU may accept
a coded keystoke when notified that one is pending via an interrupt
and acknowledges its receipt with a key click or keyboard alarm beep.

The software protect switch allows the CPU to check the hardware
and determine whether the software being loaded is compatible or not.

This will prevent damage to system software.

The hardware switch is read by the CPU to determine which options
are being used by the particular configuration. This allows certain
neccessary set-up procedure to be accomplished.

The printer may be any of a number of types. The CPU controls
the printer functions and transmits data to be printed and checks
printer status.

Each of these elements is in communication with the Z80 CPU and
controlled by its software. Each is serviced in its time through a
priority system. The circuitry of each element will be discussed in

detail in a later chapter.

1-7 MAJOR DIFFERENCES FROM THE BASIC 928 WORD

PROCESSING SYSTEM

From an operators point of view there are no major differences
between the SYSTEM 5 and the rest of the WANG Word Processing line.
The keyboard functions remain the same and the only limitation is the
availability of a single printer. From a hardware standpoint the

absence of any data-link circuitry makes the system less elaborate and
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therefore less costly. Since one CPU is now executing the code once
processed by three there is a reduction in the speed of some
simultaneous operations. For example in lieu of the data link a

direct printer interface is used (Figure 1-8).
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CHAPTERII
HARDWARE LOCATIONS

| This chapter contains illustrations of the system's major
hardware units supported by exposed views with call-outs locating some

of the most pertinent elements.

These illustrations accompanied by those of Chapter I also show

| the intercabling configuration.

\
} The intent of this illustrative chapter is to provide field
|

personnel with visual support for maintenance planning and performance.
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FIGURE 2-6 MASTER (6506-1) — COVER REMOVED, LEFT SIDE VIEW
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FIGURE 2-12 WORK STATION (5608-1) — REAR VIEW
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CHAPTER I
AVAILABLE OPTIONS

The System 5 is divided into two groups, Model 1 and Model II.
While the Model II possess more operational features such as global
replace, text movement, text copy, document assembly, merge,
horizontal scroll, proportional spacing and dual column, there is one
and only one option for the System 5 itself. This option is the Twia
Sheet Feeder (5538). Refer to WPNL #43.1, July 7, 1978.

As of this writing it is anticipated that a Model III will be
originated. This newly originated Model III will, for all practical

applications, be a new identity for the now current system 10A.
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CHAPTER IV
CHECKS AND ADJUSTMENTS

4-1 GENERAL

A.

Refer to Service Bulletin No. 82 Dec 15, 1977 for adjustment
of Sugart 901 diskette drive.

Refer to Service Bulletin No. 73 for adjustment of Wang 12"

monitor.

Refer to Wang Daisy Printer Preliminary Maintenance Manual
issued August 18, 1978. Reorder number is 13-1740. (This
manual is identified as Model 81 and 81WWP).

4-2 ELECTRICAL

A.MASTER

. The +24VDC, +12VDC and +5VDC power supplies are

adjustab’e with pots. on the regulator card while the
-5VDC and -12VDC supplies are fixed. Voltage test pointsy
are provided on the I/0 card for all voltages except the
+24VDC which may be picked up from the power tramnsistor

cases on the Sugart drives.

- The intensity gain pot is located at the top of the

CPU/CRT card and may be adjusted to provide optimum range

of operator controls on Workstation.

- There are thrce set~ of jumpers on the CPU/CRT card to

determine 50Hz or 60Hz operation. The proper position is
indicated by the silkscreen markingz. There are three
other jumpers used for Teredyne testing and they should
be inserted during manufacturing. They are located
ajacent to L10, L59 and L85 and effect the CRT clock,

cursor blink clock and CPU clock.
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B.WORKSTATION

1. There is a pot located on th: CRT junction card to .
adjust the keyboard voltage. It is accessable from the

top with the cover removed.

2. The other adjustments on the Workstation are operator
controls and include brightness, contrast, speaker and

clicker.

C.PRINTER

For printer checks and adjustments, refer to the Wang Daisy

Printer Preliminary Maintenance Manual (13-1740).
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CHAPTERYV
REMOVAL AND REPLACEMENT

6-1 GENERAL

There are no unique/peculiar removals/replacements within this
system. It is assumed that the general knowledge of the 928 System,
(supported by its relative 3 volumes), along with the illustrations in
Chapter 2 of this manual should give ample information for the removal

and replacement of any system element/component.
6-2 TEST AFTER REPAIR/INSTALLATION

As a minimum, the latest revision of the system's diagnostics,

must be performed prior to returning the repaired system back into

operational use.
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CHAPTER VI
FAULT ISOLATION SUGGESTIONS (PARTIAL)

6-1 VISUAL CHECKS
(Turn power switch on with the disk drives empty.)

If the fan turns, primary power exists.
B. Turn up the brightness control on the Workstation to check
for a raster.

C. The Printer should do a Restore Operacion.

(Put the keyboard into the upper case position by hitting the
'LOCK' key.)

D. If the Shift Lamp comes on you have +24VDC, +12VDC, +5VDC
and -5VDC are present. The -12VDC supply is used only for
TC and should not effect the rest of the system.

(Hold the 'LOCK' key down; then push and hold the reset button.)

E. The Shift Lamp should extinguish indicating a reset signal

and the printer should perform a Restore Operation.
(Release the reset button.)

F. The Shift Lamp should come on again after a very brief delay
and the printer should perform another Restore Operation.

G. The software should load and present the data/time
initialization menu.

H. Enter a date and time to verify acceptance of keystrokes.
8-2 HINTS

A. Dirty cable connectors may be cleaned with a cut-down ink

eraser.
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Disk drives may be switched for test purposes by exchanging

cables where they plug into the motherboard.

Absence of a supply voltage may be folded back due to excess
current draw. Remember there are no fuses.

The Circuit cards may need to be reseated.

Check that all six jumpers in the CPU/CRT card are as
indicated by the silkscreening.
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CHAPTER VII
GENERAL THEORY OF OPERATION

7-1 INTRODUCTION

The SYSTEM 5 is composed of three units; the Master, the
Workstation and the Printer. Interconnections are accomplished
through mult-conductor cables. System 5 is divided into Models I &
Model II with additional operating features being the difference.

(Model II has more features than Model I).

The Master houses most of the electronics for the system as well
as the two floppy disk drives. The motherboard provides connectors
for the floppy disk ribbon cables, the power supply regulator the
Memory card, the CPU/CRT card and the 1/0 card. Connectors on the end
of the motherboard emerge from the rear of the unit to connect to
Workstation and Printer cables. The Workstation contains a keyboard
and a 12" CRT. There is also a small CRT Junction card at the resr
which serves as a terminating device for the Workstation cable.

Keyboard power is supplied from the Master. This System uses the Wang

Daisy Printer exclusively.

Refer to the figure in Chapter 2 and the schematics in Appendix
"B", when reading this chapter. The Mneumonic codes are’ﬁﬁﬁé;ip:)\

alphabetically listed in Appendix "A".
7-2 MASTER (5606-1)
A.GENERAL
The Master unit looks very much like a SYSTEM 20 Master with the

exception of the rear psnel. Many of the chassis and cabinet

components are interchangeable. Electronically, towever, there are

few similarities.

7-1




B.POWER SUPPLY

The System power supply consists of an input ElectroMagnetic
Interference box, a power transformer, a regulator card and various ‘
filter capacitors; an external sense resistor and pass transistor.
The EMI box contains the power switch and fuse as well as two unfused
convenience outlets. There is also aﬁ EMI filter which eliminates
undesirable signals from the transformer's input power. The power
transformer has three center-tapped secondaries which are full-wave
rectified to provide +28VDC, +8VDC, +15VDC and -15VDC; all regulated.
Circuitry on the regulator card and heatsink reduce these voltages to .
+24VDC, +12VDC, +5VDC and -12VDC for system use. The three positive
voltage regulators are adjustable but the negative regulators are
not. Each supply has current limiting with a voltage fold-back
circuit and therefore no fuses are used. The current sense resistor
for the +5VDC supply is located on the motherboard while the others
are on the regulator card. There is a monitor circuit located on the
regulator card which checks the +12VDC, the +5VDC and holds the system
reset unless these voltages are within tolerance. The +24VDC is held

to zero at the same time. There is an additional circuit to provide

for a brief reset pulse on power up or when the reset button at the '

front of the unit is pushed.

The +5VDC supply uses a 723 voltage regulator (L2) as its basic
control element. This device drives a darlington pair which, in turn,
supplies the base drive for the pass transistor mounted on the heat
sink assembly. The output current passes through a sense resistor on
the motherboard before flowing to the system. Referance voltage is
developed in the regulator chip and applied through a variable voltage
divider to the non-inverting input of the chip allowing for voltage '
adjustment. The system voltage is fed back via pins 4 and D to the
inverting input. The resulting bias ard error signals cause a current

flow from Vc through an internal transistor to V where it

out
drives the base of the darlington pair (Q4). The amplified current

then drives the pass transistor which is connected in the standard
emitter follower configuration. Vc and the collectors of the

darlington are connected to the +15VUR source which provides ample

operating voltage for this regulator.
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The voltage drop across the sense resistor is applied to the

inputs of an LM339 comparator (L5) via pin 8 and a voltage divider.

Normally the output of the comparator clamps the CL input of the
‘ regulator to ground. As the supply current nears 15 amperes the
comparator switches and allows current to flow into CL via a 3.3K
resistor (R19) connected to +15VUR. These switches on an internal
transistor in the regulator causing the voltage feedback loop to
become degenerative and the output drops back to a low voltage. At
this time the comparator oscillates, waiting for the excessive load to

be removed.

The +12VDC and +5VDC supplies are similar. The load current is
lower and the darlington (Q2) serves as the pass transistor. The 723
regulator (L1) has it internal referance voltage connected directly to
the non-inverting input while the output voltage is fed back to the
inverting input via a variable voltage divider. R37 provides current
sense and the comparator will switch at approximately 2 amperes. The

regulator draws its operating voltage from the +28VUR.

6 The +24VDC supply has a 723 regulator (L3) with its internal
referance voltage tied to the non-inverting input through a fixed
divider while the output voltage is fed bac to the inverting input via

an adjustable divider. A line running from the non-inverting input to

the voltage monitoring circuit shuts down this supply during a reset
or fault condition. The darlington pass transistor (Ql) is connected
in the common emitter configuration and so the base drive circuit
differs from the other positive supplies. Drive current flows from
the base to Vc, through the internal control transistor from

collector to emmiter, and then from Vout to a current sink provided

by zener diode D1. Current sense is provided by R7 and shuts down the

3upply at about 2.5 amperes in the same way as the other circuits.

The -5VDC and -12VDC regulators are totally intergrated and not

adjustable. They provide overcurrent foldback internally.
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The voltage monitor circuit utilizes another quad voltage
comparator chip (L4). The outputs of the four comparators are
wire-anded to produce the -Auto Reset signal at pin J. Three of the
comparators check the +5VDC, +12VDC and -5VDC against zener referances .
while the fourth creates the reset pulse. This pulse is created on
power up or when the PRIME button is pushed through a time constant
circuit made up of C5 and RI13.

The power supply may be run on 110VAC-60Hz with on transformer
(Wang P/N 410-0111) and 220VAC-50Hz on another (Wang P/N 410-0113).

No other conversions to the power supply are necessary.

C.CIRCUIT BOARDS

There are three circuit boards (I/0, CPU/CRT & MEMORY) located in
the Master and these plug directly into the Motherboard.

D. CPU/CRT PCB (210-7312)

The first of these is the CPU/CRT board. It holds the CPU, the
Counter/Timer, the keyboard interface, the NOP circuit, the DMA logic, ‘
the Parallel I/0 chip and the CRT memory and scan logic.

. Z80CPU

The Z80 CPU chip is the hub around which the rest of the system
is built. It requires a single +5VDC supply and a single clock,
which, in this case, has a period of 406.9 nsec. There is an eight
bit bus for bidirectional data flow and a sixteen bit address bus.
There is a reset line which initializes the chip and six major status '
output lines. These lines are M1, MREQ, IORQ, RD, WR and RFSH. They
let the circuitry know what function the CPU is about to perform. Ml
is active during the first cycle (the fetch cycle) of each instruction
cycle and also during the special interrupt acknowledge cycle
discussed later. MREQ is active when memory is being accesse.., either
to fetch an instruction or data. IORQ turns on to indicate an input

or output to a peripheral device or during the previously inentioned




interrupt acknowledge cycle. RD indicates that the CPU will input
data while performing a memory access or I/0 instruction while WR
indicates that it will output data. During an Ml fetch cycle the CPU
will output an address for memory refresh and the RFSH signal

indicates this.

There is a BUSRQ input which asks the CPU to switch its address,
data and status lines into the high impedance state so that an outside
device may utilize these busses and a BUSAK which is active when the
CPU has complied with this request. A WAIT input requests the CPU to
extend the current memory access or 1/0 cycle as long as it is present
and it is used here to syncronize the CPU and CRT logics during data
transfers. Lastly, there are the two i-terrupt inputs. NMI is the
non-maskable interrupt and forces the CPU to fetch its next
instruction from location 66HEX’ It is nsed here as an uncondi-
tional entrance to the DEBUG program controlled by the external DEBUG
tester box. The maskable interrupt (INT) serves as the input for all

other interrupting devices in the system and is under software control.

Because of the load imposed upon them, the address lines must be
buffered. L29 provides buffering for the lower eight bits and L&45
does the same for the upper eight. L45 also latches these upper bits
during MREQ time to stabalize the address. The output of these
buffers will go to the high Z state in response to a BUSAK from the
CPU to allow someone else the use of the address bus. The data lines
and status lines are buffered for the same reason but these lines also
go directly from the CPU to the Counter/Timer chip, the Parallel I/0
chip and the tester box connector. These devices will be discussed
later. The status lines are buffered by L1 and the data lines by
Ll4., Ll is put in the high Z state by BUSAK but the data bus (Ll4) is
more involved. It goes to high Z if a read or write is not being
performed or if a BUSAK is present or if the CPU is addressing the
Counter/Timer or Parallel I/0 chips. The gates involved include L66,
L68 and L 91. Since the data bus is bidirectional, this buffer must
have a directional control. This is supplied by the CPU's RD signal.




When the CPU performs an IN or OUT instruction data is being
passed to or from one of the other circuits in the system. This might
be the input of a keystroke from the keyboard interface or output of a ‘
disk drive selection to the disk interface or any of a number of other
exchanges. The CPU places an 8 bit address on the lowest address
lines during this time and the system must decode these bits to chose
the circuit being selected. The system decodes the lowest four
address bits in L64 to produce sixteen Chip Enable signals. These
CE's are distributed in the Master as control signals and some are
decoded further. This decoder chip is only enabled during a
legitimate IN or OUT command. The other four bits are reserved for

addressing the Counter/Timer and the Parallel I/0 circuits.

The clock required by the CPU is generated by L85. This clock is
crystal controlled and the frequency of 2.4576 MHz was chosen because
it is easily divided to produce the standard baud rates uvsed for
Telecommunications. After buffering this clock is distributed
throughout the Master. Transistor Q4 is an active pull-up on the CPU

clock line to improve rise and fall times.
2. COUNTER TIMER (CTC) ‘

The Counter/Timer is contained in a single chip (L63). There are
four identical circuits which are used independently as either timers
or event counters. This system uses counter 0 as a ter millisecond
tick generator, counter 1 as a sector counter for disk transfers,
counter 2 as a keystroke settling delay and counter 3 as a repeat key
interval timer. Each counter is set up through software control with
an IN command and then runs or awaits a trigger to start or
increment. When each counter finishes its timing sequence it creats

an interrupt that notifies the CPU. The CPU then responds with an

interrupt acknowledge as mentioned earlier. .
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3. KEYBOARD

The keyboard is located remotely and the signals arrive via a
cable to the Master. The data word is eight bits; seven key code bits
and one lower/upper case bit. There is also a key strobe which
notifies the interface that a key has been struck. When this strobe
arrives it passes through L100 which provides Schmitt trigger inputs
and then triggers a l-shot in L74. The resulting pulse latches in the
keyboard data that is now present at L99 and then triggers the second
1-shot in L74. This second pulse sets the DAX flip~-flop in L84. DAX
prevents double keystrokes by locking out the keyboard and disabling
the keystroke l-ghot. It also goes to the Counter/Timer where it
initiates a timing sequence resulting in an interrupt to the CPU.

Whenr the CPU decides to input the keystroke it performs an IN OD which
gates the latched key data onto the data bus. This also resets the
DAX flip-flop and releases the keyboard for its next character. The

other flip-flop in L84 is used as the shift lock for the upper case
key.

4. NO OPERATION START-UP SIGNAL (NOP)

The NOP circuit is necessary because much of the code running in
this system was designed before the system itself existed. The basic
problem is that, after a reset, the CPU fetches its first instruction
from location 0000 when we would like it to go to location BOOOHE
The solution is the NOP flip-flop (L97) which is cleared during a

reset. This causes data buffers L20 and L2l to be cleared and

X

connected to the data bus while the usual data path from memory is
disconnected. Therefore, the CPU fetches a No Op code (00), executes
it and fetches from the next location. This goes on until address
BOOOHEX is reached. Gate L93 decodes that address and MREQ sets the
NOP flip-flop. This removes the zeros from the data bus and allows
the CPU to fetch its instruction in the usual way from memory. The

NOP flip-flop will not be cleared again until another reset occurs.




6. DMA CIRCUITRY

The DMA circuitry is the logic that provides for the direct flow
of information between memory and floppy disk without involving the
CPU. A disk operation is initiated on the I/0 card by the CPU and the
information is transfered to or from the memory a byte at a time. The
track and sector are always transfered te or from page ACHEX while
the data is transfered to or from the page set up in latch L15 by the
CPU. One of these addresses is gated to the upper address lines by
the data selectors L30 and L46 in response to the F/N signal. When a
byte is ready for transfer a DS (data strobe) signal is received which
clears DISK BUSRQ flip-flop L97. The resulting BUSRQ asks the CPU to
give up the system busses. Upon doing this the CPU sends back a DBA
(disk bus acknowledge) that releases the transfer sequencing circuit.
This logic, composed of L79, L69 and L80, is driven by the system
clock and provides the proper read or write pulses for memory
transfer. The output of this circuit and the MREQ flip-flop (L98) are
connected to the status bus via L3. When the sequence has ended the

DISK BUSRQ flip-flop is set and the CPU regains control of the system
busses.

6. PARALLELI/O

The Parallel I/0 chip (L62) is used as an interface between the
CPU and three other circuits. The chip is divided internally to
provide two seperately programable circuits. Section A is associated
with the disk interface. When a disk operation is over a Disk
Complete pulse is produced that enters the PIO as an ASTB (strobe).
This causes an interrupt that allows the CPU to input the disk status
information that is fed to the PIO. Section B is programed as both an
input and output. Four signals are fed into the PIO from the
Telecommunucations circuitry and these may create a CPU interrupt.
Two signals originate in the PIO and go to the TC circuitry. The

final signal is DAX from the keyboard. The PIO provides another way
for the CPU to test this line.




7. WRITE SIGNAL

As mentioned earlier, the CPU produces a WR pulse that is used by
the memory access logic. The timing of this pulse is not ideally
suited to this system and so there is logic to produce a WRE (write
early) signal. A gate (L93) checks the RD and RFSH lines at MREQ time
and if neither are active it assumes that the operation to be
performed is a Write. This enables a flip-flop in L76 that is clocked
by the CPU clock ~nd produces the WRE pulse. The WRE pulse is wider
and is timed earlier than the WR pulse produced by the CPU. It is

distributed throughout the evaetem as needed.
8. CRTLOGIC

The CRT logic is divided into two distinct groups; the memory and
the scan circuit. The memorv is composed of a character memory, with
its origin at EOOOHEX’ and a control memory, with its origin at
C000,,y. It is generally addressed by the scan logic as it
constantly updates the screen image and therefore no refresh logic is
necessary. Character memory contains the ASCII code for the disired
character and control memory holds cursor and intensify information.
When the CPU wishes to read or write the memory it temporarily takes
control of the addressing for that purpose. CRT memory is addressed
as rows and columns and not linearly as is main memory. The source of
the address is chosen by data selectors L31, L32, L47 and L48 and then
the row/column mapping is done by L4, L5 and L6. The memory is
arranged as 24 rows with 160 columns and the upper byte of the address
designates row while the lower byte indicates column. The legal range
of addresses for character memory would therefore be E000HEx to
F79FHEX' Use of an illegal address may result in the alteration of
a legal location. Data fiowing from character memory to the scan
logic is latched into L7 and L8 while data on its way to the CPU is
latched into L20 and L21 and onto the system data bus. Data arriving
from the CPU goes through buffer L19. Bits from control memory are

latched into the scan logic via L39 and onto the system bus through

L23 and L27. Since only two of the eight bits are used the other six

are grounded at L23 and L27. Data from the CPU enters through buffer
L3.
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The CRT scan logic has its own clock that runs asyncronously to
the system clock. This makes a syncronizing circuit necessary for
effective transfer of data between the CPU and CRT memory. Gate L66
detects that CRT memory is being addressed during MREQ time and
creates a BLA signal. If the instruction is a read then BLA gates the
proper CRT data lines onto the system bus with control signals from
L69 and L65. At the same time, BLA is latched into L76 creating a
WAIT signal that causes the CPU to excend the instruction
indefinately. WAIT is clocked into FF, of L77 by the CRT cleck
causing a BL signal that blanks the screen and allows the CPU to
address CRT memory. BL is clocked into FF, of L77 with the next CRT
clock pulse and this resets the WAIT signal. The two clocks are now
in syuc and the CPU finishes its read or write instruction. BL is
gated together with WRE and an address bit at L67 to produce WCHAR or
WCNT to control the memory R/W lines. The CE pulse for the memory
chips is supplied by the CR scan logic.

The composite video signal that drives tne monitor is produced by
the scan logic. To prevent image distortion the frame rate of this
display must be the same as the line frequency. This is determined by
the scan logic and is normally sixty frames per second but additional
logic is provided to change to fifty frames per second if necessary.
The frequencey standard for the CRT is a crystal oscillator (L10) and
running at 17.10 MHz. The 58.5 nsec period of this clock defines a
single dot location. The clock is processed through a pulse generator
formed by L25 and L26 to produce other needed sigrals. One of these
is DT89 and this defines the chararter width as eight dots tollowed by
two blanked dots for spacing. There is a counter formed by L82 and
L83 that counts these pulses up to ninty-nine and then resets. The
output of this character counter is decoded at L72 and L73 to provide
the necessary horizontal blanking and sync. pulses.The complete
character space occupies an area eight dots wide and eleven dots
high. The upper eight are used to form the character, the ninth and
tenth are used for cursor and the eleventh is blanked for vertical
seperation. There is a line counter and decoder (L57 and L58) keeping
track of this. Another counter (L86 and L88) produces a row count

which increments from zero to twenty-three as the entire screen is




scanned. Gating provided by L80, L81, L94, L95 and others produce the

vertical blanking and sync pulses. Jumpers are located here to change
from 60Hz to 50Hz.

The last counter in the scan logic is the column counter (L16 and
L17). It has a count range of eighty and obtains its starting count
from latch L18. The CPU may load this latch with the number of the
first column it wishes displayed and the scan logic will display the
next eighty columns. An exception to this are in row one and
twenty-four. A row decoder (L89) and associated logic insuree that
the 21525 eighty crlumns of these rows are displayed regardless of the
contents of the latch. This is because these locations usually

contain headings or prompts.

The outputs of the row and column counters are connected to the
data selectors that address the CRT memory and, at the beginning of
each DT89 time, an eight bit ASCII code is made available. This code
must be translated into a dot maxtrix and displayed, a dot at a time,
in the proper sequence. The code is applied as a partial address to
the character prom (L9) while the rest of the address is supplied by
the line counter. Since the prom now knows the character that is
desired and which line of the character is to be scanned it can output
the eight bits that make up that line. These bits must be
sequentially presented to the video combiner a3 the scan continues and
this is done with a shift register (L22 and L38). The combiner
produces the final composite video signal that goes to the monitor.
The inputs include horizontal and vertical sync pulses, scan blanking,
cursor, underscore, character video and intensity. The effects of
this intensify signal is adjustable with R48. Provisions are also
made to produce steady underscores when a signal is sent from the

parity error circuitry on the memory board.
E. MEMORY PCB (210-7310)

The next board of the three board set is the memory card. It
contains 44 K of RAM that makes up main memory, 4 K of PROM that holds
the bootstrap, event handler and debug programs, parity error

circuitry and logic for an additional DMA path. This DMA logic may

not be loaded as it is not used in this system.
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I. RAM

The RAM chips are arranged in 11 banks and each bank has its own
chip enable driver (L111, L113, L116, L118, L121 & L122). Each driver
IC has two driver circuits which provide the necessary +12V pulse
through external switching transistors. Each bank of RAM contains 4K
of 9 bit words and the data lines from all banks are wire-ored
together. The lowest 12 address lines (Ao thru All) are common,
through buffers, to all RAM chips in all banks allowing the selection
of any word within the 4K range. The upper 4 bits (A12 thru AIS)
are decoded at L125 to provide the chip enables that selects the
bank. Provisions are made to select all banks simultaneously for a
refresh cycle. The data lines are connected to the system data bus
through a bidirectional buffer (L100). The direction is controlled by
a RD signal from the CPU and the enable line is controled by gates
that connect it to the data bus only when necessary. It is in the
HI-Z state during NOP or when the CRT memory or PROM is being
addressed. The read/write lines of the RAM chips are driven by
buffers in L110 controlled by WRE (write early). During a memory read
the parity generator (L124) samples the 8 data bits and generates the
appropriate bit for even parity. This bit is compared with the parity
bit read from memory and if there is a difference a F/F in L139 is
set. This sends a MPE (main parity error) signal to the CPU/CRT card,
causing underscores on the screen. This F/F may only be cleared by a
reset. The detection of a parity error has no other effect. During a
write to memory the data bits are sampled and a parity bit generated
to accompany them. There is also logic here to test parity in the CRT

memory. This circuit does not function in the present system.
2. PROM

The 4 PROM chips provide hard storage for 4K of 8 bit words.
Data read from one of these chips is gated onto the system data bus
through buffer L102 when appropriate. The lowest 10 address bits
(AO thru Ag) go directly to all the chips while bits A, and

All are decoded with CEll from L125 to enable one of the chips.
This is done in L108.
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F. 1/0 PCB (210-7411)

. The final board in the Master is the I/0 board. It carries the
Printer interface logic, the TeleCommunications logic and the disk

interface logic and the hardware and software switches.
I. PRINTER INTERFACE

The Printer interface allows the CPU to send data, strobes and
display information to the printer and read in printer status and
control switch data. Towards this purpose the system data bus is
connected to three buffers. L87 responds to an IN IF from the CPU by
driving the data bus with printer status information such as
ready/busy conditions or a cover open signal. L86 inputs on an IN OF
and sends disk status, keyboard status and the condition of the Top of
Form button on the printer. The last btuffer inverts the data bus and
makes the data available to the interface. Information is presented

| to the printer as a 12 bit word accompanied by a strobe that
designates the destination of that particular word. Data is strobed
to the carriage position circuit, the paper motion circuit and the
print wheel position circuit. The data is assembled in latches (L74,
L88 & L89) by the CPU using OUT 0B and OUT 03 and then a strobe is
sent from L90 with an OUT 04. The lamps on the operators keyboard at
the printer are controlled with an out OF that latches data into L76.

2. T.C. INTERFACE

The TeleCommunication: (TC) interface is centered around L57, the
USART (universal syncronous/asyncromous receiver/transmitter) chip.
Data flows to and from the TC interface through buffer L85. The CPU
may set the mode and format of the USART by writing to it with command

- data. It may also read the chip for a status report. Exchange of
data received or to be transmitted is accomplished in the same way.
Data flowing between the USART and the TC MODEM is processed through
line transmitters or receivers. The signals are brought onto the
board through a ribbon cable that attaches to a TC comnnector (RS232C)
on the back panal. If the System 5 is to provide clocks for data
transfer the CPU may load a register (L58) that controls a counter

(L44 & L45) which determines the baud rate.
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3. DATA TRANSFER

The disk transfer logic provides the means of reading data from ’
or writing it to the disk under CPU control. It keeps track of the
byte transfer and employs a Cyclic Redundency Check to minimize
errors. The CPU selects a drive, loads the head and steps it to the
proper track using OUT commands to L83 and L50. It then uses the
index and sector pulses available at the output of L63 to find the
desired sector. Another OUT command selects either a disk read or a
disk write. From there on the transfer is automatic, requiring no
assistance from the CPU until the entire 256 bytes has been handled.
Data flows to or from memory via the DMA path as described earlier.
Since the disk presents data a bit at a time a shift register (L68 and
L69) is used to assemble a byte. It then goes onto the data bus at
DMA time via L8l1. Arriving data passes through L82 and into the shift
register where it is shifted out to the write logic serially. There
is a bit counter in L15 that keeps track of the progress of the shift
register. There is also a byte counter in L78 and L79 that sequences
the entire operation and provides the lower address bits for the ‘
transfer. The upper bits are supplied by the CPU when the operation
is being set up. This 'Page Setting' is part of the DMA cycle. A

crystal oscillator using L8 supplies the clocks for writing data to
the disk.

4. HARDWARE/SOFTWARE COMPATABILITY

The software and hardware switch logic allows the CPU to input
two 8 bit words determined by switch settings or jumpers. These are
set by the technician and assure compatability and software
protection. Data from the two switches are gated onto to data bus by
L19 and L32 in response to an INOE and IN2E generated in L3l. .
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SYSTEM MNEUMONICS

1) 8BS Eight bit strobe. .
2) ACK Disk write 'A' clock.

3) BCK Disk write 'B' clock.

4) Dy-D, Eight bit system data bus.

5) DAX Keystroke acknowledge.

6) DBA Disk bus access.

7) DC Disk operation complete.

8) DR Disk read.

9) DS Data strobe for disk transfers. ’
10) EAB Enable 'A' & 'B' clocks.

11) F/N Format/normal disk mode signal.

12) FLI First load inhibit.

13) HDIR Floppy disk head stepping direction.

14) HDL, (2) Load floppy disk head in drive one (two).

15) HSTP Floppy disk head stepping pulse.

16) INDEX, (2) Index pulse from selected floppy disk.

17) 1PO Index pulse only.

18) K)-Kg Keyboard data. ‘
19) Ks Keyboard strobe.

20) LOCK Keyboard shift lock key.

21) MR Master reset.

22) NoP No operation startup signal.

23) RCK Clock input from floppy disk.

24) RCS Read command stored.

25) RDD Input data from floppy disk.

26) SDF Sync detect flip-flop.

27) SECTORI(Z) Sector pulse from selected floppy disk. '
28) SFL, (2) Select floppy drive one (two).

29) SH Keyboard shift key.

30) soc Sector operation complete. v
31) SOR Sector over-run.

32) spo Sector pulse only.

33) SRE Serial read error.

34) WwCD Disk write clock & data.

35) Wwcs Write command stored.




36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)

62)

63)
64)
65)
66)
67)
68)
69)
70)

71)

72)

CLICK

-SPK

LTZ
WP
DRY
HS

HB

/]

VB
WCHAR
WCNT
CK
BUSRQ
DAIA-DA12A
CMS
PWS
PFS
REST
FL

PL

RL
PSL
SEL
SL
SPKD
RLT
PRY
CAR
PFR
PO
CHECK/FAULT
PWR
co
EOR
TOP
AET
MREQ

Keyboard clicker.

Keyboard alarm speaker.
Floppy disk track zero signal.
Write protected.

Disk ready

Horizontal sync.

Horizontal blanking.
Vertical sync.

Vertical blanking.

Write to character CRT memory.
Write to control CRT memory.
CRT clock.

Disk bus request.

Printer data bus.

Carriage motion strobe.
Printer wheel strobe.

Paper feed strobe.

Printer restore

Fault lamp.

Change paper lamp.

Change ribbon lamp.

Program stop (change daisy).

Printer select switch.

Selected lamp.
 Printer alarm speaker.
Ribbon 1lift.

Printer ready.
Carriage ready.
Paper feed ready.
Paper out.

‘Printer féult.

Print wheel ready.

Cover open.

End of ribbon.

Top of form switch.

Keyboard repeat key function.

CPU memory request.




73)
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)

IORQ
Ml

SLP
WAIT
CE
MPE
CPE
DRC

CPU input/output request.
CPU fetch cycle.

CPU write.

System write early signal.
CPU read.

Select printer.

CPU wait request.

Chip enable for CRT memory.
Memory parity error detected.
CRT parity error detected.
Data read clock.
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DOCUMENT ID & NO.

WPNL 43.1

WPNL 21

MANUAL
(Reorder #13-1740)

MANUAL 03-0034-P1

(Reorder #13-938-VOL I)
(Reorder #13-1029-VOL I1)
(Reorder #13-1339-VOL III)

SERVICE BULLETIN 82

SERVICE BULLETIN 73

APPENDIX C
RELATIVE PUBLICATIONS

DOCUMENT TITLE ISSUE DATE

WANG TWIN SHEET FEEDER OPTION

(5538) 7 July 1978
SHUGGARD SA901 DISKETTE 3 June 1977
DRIVE, HEAD ALIGNMENT

PROCEDURE

PRELIMINARY MAINTENANCE 18 August 1978
MANUAL (Printers) MODELS 81

AND 81WWP

CUSTOMER ENGINEERING VOL I & II - 1977
DIVISION VOL III - 1978
MODEL 928

SYSTEM 10/20/30
VOLUME I, II, AND III

MODEL 2270A IBM COMPATIBLE 15 December 1977
SHUGGART DISK SYSTEM

(FOR GENERAL WP INFO)

WANG VIDEO DISPLAY 1977
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MBO

080-A MULTI-LEVEL

ASSEMBLY PARY NUMBER
ASSEMBLY DESCRIPTION 5505-1 MASTER

POSITION

VW WWWWWWWWEW WY WWW

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

P FS
4 IN

P FS
4 IN

P FS
4 Fs

P FS
4 FS

P FS
) FS

P FS
4 £S

P FS
4 FS

P FS
4 FS

P Fs
. FsS

P FS
4 Fs

> ES
. Fs

f FS

IN LEGEND
STRUCTURE 1 23

177-9232- - -

COMPONENT

PART NUMBER

187-9233-
210-T411-
300-1100-
300-1120-
300-1220-
300-1470-
300-1680-
300-1900~
300-1906-
300-1911-
300-1913-
300-1930-
300-4000—-
300-4002-
300-4018-
300-4022-
321-0008-
325-1503-
330-1022-48-
330-1022- -~

LI I R I I |

330-1068-48-
330-1068- -

330-2016-48-
330-2018- -

330-2022-48-
330-2022- -

330-2033-48-
330-2033- -

330-2039-48-
330-2039- -

330-2047-48-
330-2047- -

330-3010-48-~
330-3010- -~

330-3022-48-
330-3022- -

330-3047-48-
330-3047- -

330-4010—-48-
330-4010- -

330-4015-4B-

8 1

Lt

OFf

DESCRIFYION

M ATERTIT AL

LEGEND
1: PsPHANTCM; 2:

5505-2 MASTER W/HORIZ SCROLL
ASSY 114 DISK BOARD

100 PF 10T S00 V CERAMIC DISC
PF CERAMIC CAP

PCH
Cav
120
CaP
Cap
CAP
CapP
CAP
CaP
CAP

CAP
CAP
car
CAP

220 PF 10% 500
470 PF 10% S00
680 PF 10X 5090
«05 UF +80-20%

W/0FF-T6

vV CERAMIC DISC
V CERAMIC DISC
v CERAMIC DISC
12 vV CERANIC D

<001 UF 10% 500 vV CERAMIC DISC
<0068 UF 20% 100 v CERAMIC DISC
002 UF 20% 500 V CERAMIC DISC
ol UF S50V ¢80-20% CERAMIC CAP(HIFRQ

1.0 UF

18.0 UF
15.0 UF

1 u

CRYSTAL 10.0
8 BANK ROCKER SWl
22 OHM

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES

22

*9
a8

18C
180

220
220

330
330

390
390

470
470

1K
1X

2.2K
2.2x

4. TX
4. TK

10K
10K

15K

OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM
OHM

OHM

35 V 103 VANT

F 35 v 10% TANT

1/746M
L/76M

1/74M
L/74M

1/76M
1/74¥

1/74W
L/76W

1/76M
1/74¥

1/76M
1/764%

1/4M
L/4M

1/74M
1/4%

1/74M
174M

1/4MW
1/74M

1/74W
1/74W

1/74W

S %
TCH
10%
10%

10%
10%

102
108

10%
10%

10T
10%

10
108

10%

15 V 10X TANY
20 V 10% TANT

QUARTZ2

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED

10X FIXED

10%
108

10%
10%

10%
10%

10%
10%

10%

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED
FIXED

FIXED

AXTAL
AXIAL
AXTAL
AXTAL
HC-18/U

camp
comp

comp
CamMpP

comp
COmP

comp
CcOomp

cowmp
COmp

cOompP
CcompP

comp
COomP

COompP
comMp

COMP
comp

<OMp
camMpP

CcCMpP
COMP

CcomMp

AS OF

ITEM MASTER DELY CODE: 3:

€ECN

£C9499
EC9584
EC9511
EC9584
EC9T15

EC9715
EC9584
EC9071

EC90T71

EC9584

EC9T1S

ECIT15

EC9715

EC9071

QUANTI TY
PER ASSY

1.0000
1.0000
1.0000
1.0000
1.000¢C
2.0000
1.0000
49.0009
2.0000
1.0000
2.0000
1.0000
1.0000
1.0000
1.0000
4.0000
1.0000
2.0000
1.0000
1.0000

1.0000
1.0000

3.0000
1.0000

9.0000
1.0000

6.0000
1.0000

2.0000
1.0000

4.0000
1.0000

8.0000
1.0000

59.0000
1.0000

1.0000
1.0000

1.0000
1.0000

2.0000

| e

RUN DATE: 10/11/78 PAGE 1

u/m

EACH
EACH
EACH
EACH
EACH
EACH
FACH
EACH
EACH
EACH
FACH
EACH
EACH
EACH
FACH
EACH
FACH
EACH
EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH
EACH

EACH

¢«TAGGED OUY OF KIT(PRND STR)
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MB0080-A

ASSEMBLY PARY NUMBER

MULTI-0LEVEL

177-9232-

ASSEMBLY DESCRIPYION 5505-1 MASTER

POSITION IN LEGEND
STRUCTURE 1 23

4 FS *

3 P F5
“ FS *

3 P FS
4 FS »

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
iN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

W W)W )W W W W W W wWwwWwWwwwwiw W Www Wiw

2 IN

3 IN
3 IN
3 IN
4 IN
4 IN
4 IN
@ -

COMPONENT
PART

330-4015- -

330-4018-48-
330-4018- -

330-4047-48-
330-4047- -~

331-2012- -
350-0045- -

NUMBER

375-1012- - -

375-1014~ -
376-0002- -
376-0003- -
376-0005- -
376-0006~- -
376-0008~ -
276-0010- -
376-0011- -
376-0012- -
376-0016- -
376~-0055- -
376-0073~ -~
376-0076- -

376-0081- - -

376-0082- -
376-0093- -
376-0094—- -
376-0097- -
376-0104- -~
376-0119- -
376-0137- -
376-0179- -
376-0194~- -
376-0197-

376-0250-

376-0286~ -
376-0288~ -
376-0291- -

376-0267- - -

376-9015- -~
376-9016- -
376-9017- -
510-7411- -

278-40C3~ -
000-0005- -
000-0011~ -
220-3011- -
000-9999- -
350-0021- -
350-0402-8 -

81 LL

DESCRIPTION ECN

RES 15K

RES
RES

18K
18K

RES
RES

47K
47K

RES 120

26 PIN 90

MPS 6512
MPS 6518
IC T400N
IC 7410N
IC T473N
IC T474N
IC 7442N
IC 74064N
IC 749N
IC T4SIN
IC T402N

OF M ATER 1 AL AS OF

LEGEND

1: P=PHANTOM; 2:

OHM 1/4W 10X FIXED COMP

OHM
OHM

1/74M
1/4W

10%
10%

FIXED
FIXED

COomp
CONP

OHM
OHM

1/4W
1/6W

10%
10%

FIXED
FIXED

Ccomp
comMp

OHM 1/2W 10% FIXED COMP
HEADER CONN ASSY(PC 8D)

SILICON TRANSISTOR

SILICON TRANSISTOR

4 2 IN POS NAND GATE

3 3 IN POS NAND GATE

2 J-K MA-SLAVE FLIP-FLOP

2 D EDGE TRIG FLIP-FLOP

4 LINE-10 LINE DECODER

HEX INVERTER

4 BIT BINARY COUNTER

EXP 2 W 2 IN AND OR [NV GT

% 2 IN POS NOR GATE

IC 7406 HEX INV BUF DRIVERS HV OUT
IC 7490 DECADE COUNTER

IC 75150P 2 LINE DRIVER

IC 7408 4 2 IN POS AND GATE

IC 74157 & 2 IN MX

IC 7432 4 2 IN OR GATE

IC 74161 SYNCHRONOUS 4 BIT COUNTER
IC 74195 4 BIT PAR ACCESS SHIFT REG
IC 9602 2 RETRIG RESET MONOSTBL MVB
IC 74175 4 D TYPE EDGE TRIG F/F

IC 8T10 4 D TYPE BUS FLIP FLOP

IC 74368 HEX BUS DR W/3 STATE OuT
IC 7411 3 3 IN POS AND GATE

IC 74504 HEX INVERTER

IC 9401 CYCLIC REDUNDANCY CHECK GEN
IC 74LS374 8 LATCHES W/TR ST ouTtp
IC 74LS244 OCTUAL BUF/LINE DR 3 OUT
IC MC3437 HEX BUS RCVR W/INPUT HYST
IC 74LS240 OCTAL BUF/LINE DR/LN REC
IC 28 PIN SOCKET BURNDY

IC 24 PIN SOCKET CAMBION

IC 24 POS ANTI-WICK ING WAFER

T411 PCB DISK BOARD BLANK

FLOPPY DISK DR 928 (60 HZ)

LABOR PRODUCTION SYSTEMS

LABOR QUALITY CONTROL

FLOPPY DISK CABLE C6482-62

OTHER DIRECT COST

22%5-22221-110 SOL TYPE

40 PIN FLAT CABLE CONNECTOR BOTYTO