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PREFACE 

The purpose of this manual is to provide the Wang-trained Customer 
Engineer <CE> with instructions to operate, troubleshoot and repair the Disk 
Processing Unit Model 2280. 

Second Edition <August 1984) 

This edition is the converted number for and obsoletes document number 
729-0971. It also incorporates Publication Update Bulletin <PUB>, 
729-0971-1. This edition of the manual may be used only for the purpose 
stated in the Preface. Updates and /or changes to this document will be 
published as Publication Update Bulletins <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 to the purpose of assisting the Wang-trained CE in servicing 
this Wang product. Reproduction of all or any part of this document is 
prohibited without the prior consent of Wang Laboratories, Inc. 

©copyright WANG Labs., Inc. 1981 , 1984 

i i 

• 

• 

• 



CUSTOMER ENGINEERING 

ePUBLICATION UPDATE BULLETIN 

• 

OATE: 3/19/84 

This PUB: 729-0971-1 

Class Code: 3107 

Base Document: 729-0971 

Previous Notice(s):None 

REASON FOR CHANGE: 

This PUB corrects a previous error by reversing the photos in figures 2-8, 
and 2-9 for the proper sequence, enhancing figures 2-12 and 2-13, and adding 
figures 2-12A and 2-13A • 

INSTRUCTIONS: 

Remove pages and insert attached pages as follows: 

1. 
2. 
3. 
4. 
5. 
6. 
!. 
8. 
9, 
10. 

REMOVE 

2-11, 2-12 
2-15, 2-16 
2-17, 2-18 

INSERT 

2-11, 2-12 
2-15, 2-16 
2-17, 2-17A 
2-176 
2-170, 2-18 

This page is to be used as a permanent record of revisions; place it directly 
following the title page. 

L A 8 0 R A T 0 R ' E :3 ' c~ C 

•+'·'~"' ONE INDUSTRIAL AVENUE LOWELL MASSACHUSEns 01851 TEL 16171 459 5000 TWX 710 343 6769 TELEX 94 7421 

PRINTED IN U.S.A. 



This document is the property of Wang Laboratories, Inc. Information contained 
herein is considered company proprietary information and its use is restricted 
solely to the purpose of assisting you in servicing Wang products. 
Reproduction of all or any part of this document is prohibited without the 
prior consent of Wang Laboratories. 

(£}Copyright Wang Labs, Inc. 1984 

• 

• 

• 



• 

• 

• 

3107 

Section 

2 

3 

4 

5 

A 

B 

c 

D 

TABLE OF CJNTENTS 

GENERAL DESCRIPTION 
1. 1 Purpose and Scope 
1.2 Related Publications 
l .3 Functional Description 
1.4 Specifications 

INSTALLATION 
2. l Site Preparation 
2.2 Pre-Unpacking Inspection 
2.3 Unpacking Instructions 
2.4 Pre-Installation Inspection 
2.5 Initial Setup 
2.5. l Motherboard AC Input Voltage Selection Jumpers 
2.5.2 Circuit Boards 
2.5.3 Motherboard/PCB Layout 
2.5.4 Input/Output Cable Connections 
2.5.5 Device Address Plug <on Phoenix Disk Drive> 
2.5.6 Shielded Cable Connections 
2.6 Installation Procedure 

0PERATION 

MAINTENANCE 
4. 1 Reccommended Test tquipment/Tool List 
4.2 Diagnostics 
4.3 Preventive Maintenance 
4.4 Power Supply Voltage Adjustment 
4.5 Removal/Replacement Procedures 
4.5.1 Top Cover 
4.5.2 Bottom Cover 
4.6 Disk Error Codes 

THEORY OF OPERATION 
5.1 Block Level 
5. l. l WL No. 210-7423-A RAM/PROM Control Board 
5. 1 .2 WL No. 210-7421-A ALU/MUX Interface Board 
5. 1 .3 WL No. 210-7424 I/O Controller Board 
5. 1 .4 WL No. 210-7422 ECC/Device Interface Board 
5. 1 .5 WL No. 210-L567 Regulator Board 
5.2 Read/Write Data Flow 
5.2. l Write Data Flow 
5.2.2 Read Data Flow 
5.3 Microprogram Flowcharts 

Disk Error Codes 

Disk Sector Layout 

Bill Of Materials 

Schematics 

Page 

1-1 
1-1 
1-1 
1-1 
1-3 

2-1 
2-1 
2-1 
2-1 
2-1 
2-2 
2-2 
2-4 
2-4 
2-15 
2-15 
2-18 
2-22 

3-1 

4-1 
4-1 
4-1 
4-1 
4-2 

. 4-3 
' 4-3 
4-3 
4-7 

5-1 
5-1 
5-1 
5-5 
5-8 
5-10 
5-13 
5-14 
5-14 
5-14 
5-14 

A-1 

B-1 

C-1 

D-1 



Figure 

1-1 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
?- 7 
2-8 
2-9 
2-10 
2-11 
2-12 
2-12A 
2-13 
2-13A 
2-14 
2-15 

4-1 
4-2 
4-3 

5-1 
5-2 
5-3 
5-4 
S-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5-: 1 
5-12 
5-13 
5-14 
5-15 

Table 

2-1 

4-1 

LIST OF ILLUSTRATIONS 

2200/2280 System Configuration 

AC Input Voltage Selection Jumpers 
WL No. 210-7415 Pr:me Ci1·cuit Card 
WL No. 210-7421-A ALU/MUX Interface Card 
WL No. 210-7422 ECC/Device Interface Board 
l~L No. 210-7423-A RAM/PROM Contrnl Board 
l··ll_ No. 210-7424 110 Controller Board 
WL No. 210-7715 2280 MUX Disk Controller Board 
WL No. 210-7717 2280 MUX Master Board 
WL No. 210-7718 2280 MUX Slave Board 
Circuit Board Loading 
HL No. 210-7716 Motherboard 
System Interconnection Diagram with One DPU 
System Interconnection Diagram with Two DPU's 
MUX System Interconnection Diagram with One DPU 
System Interconnection Diagram with Two DPU's 
Shielded Cable Installation 
DPU Mounted in Bottom of Stand 

WL No. 210-L567 Regulator Board Potentiometers 
Top Cover Removal 
Bottom Cover Removal 

WL No. 210-7423-A RAM/PROM Control Block Diagram 
Timing Chart 
WL No. 210-7421-A ALU/MUX Interface Block Diagram 
WL No. 210-7424 I/O Controller Block Diagram 
WL No. 210-7422 HCC/Device Interface Block Diagram 
ECC Code Handling Flowchart 
Write Data Flow 
Read Data Flow 
2280 DPU Microprogram Flowchart 
2280 DPU Microprogram Flowchart - Read Data 
2280 DPU Microprogram Flowchart - Format 
2280 DPU Microprogram Flowchart - Verify 
2280 DPU Microprogram Flowchart - Write/Start MSW/Stop MSW 
2280 DPU Microprogram Flowchart - Compare 
2280 DPU Microprogram Flowchart - Power-On Diagram/Begin 

LIST OF TABLES 

Voltage Selection Jumpers 

DC Voltage Specifications 

ii 

3107 

Page 

l -2 

2-3 
2 .. 5 
2 -6 
2-7 
.?-8 
>9 
.?-1 Q 
2- 11 
2--12 
2-13 
2 14 
2-16 
2-17 
2-l7A 
2-17B 
2-19 
2-23 

4-4 
4-5 
4-6 

5-2 
5-3 
5-6 
5-9 
5-11 
5-12 
5-15 
5-16 
5-17 
5-19 
5-20 
5-21 
5-22 
5-23 
5-24 

2-2 

4-3 

• 

• 

• 



I ,, 
III.A.10 t--..: 

• 

• 

• 



-



• 

• 

• 

III. A. 10 M-2 

SECTION 1 

INTRODUCTION 

1 • 1 PURPOSE AND SCOPE 

The purpose of this Product Maintenance Manual (PMM) is to provide 
sufficient information for the Wang CE to install and maintain the Model 2280 
Disk Processor. The information is presented a~ follows: 

Section 

2 
3 
4 
5 

Appendix A 
Appendix B 
Appendix C 
Appendix D 

1.2 RELATED PUBLICATIONS 

Title 

INTRODUCTION 
INSTALLATION 
OPERATION 
MAINTENANCE 
THEORY OF OPERATION 

DISK ERROR CODES 
DISK SECTOR LAYOUT 
BILL OF MATERIAL 
SCHEMATICS 

Following is a list of documentation categories referenced by this PMM • 
Documentation from these other categories is required for the performance of 
certain installation/maintenance tasks. 

Phoenix Disk Drive -- III.A.7 
Disk Diagnostics -- IV.C.1 
2280 DPU-to-2280 DPU/MUX Conversion -- I.B.2 
22C03, 22C11, 22C32 Disk I/O Controllers -- IV.B.1 

1.3 FUNCTIONAL DESCRIPTION 

The 2280 DPU (Disk Processing Unit) controls all disk drive operations 
(such as reading, writing, and head positioning) for the CDC Model 9448 
Cartridge Module Disk Drive (CMD)--commonly called the "Phoenix"--when the 
drive is a component in a 2200VP/LVP/MVP/SVP Computer System. The DPU permits 
two Phoenix drives to be daisy-chained, providing up to 162 megabytes 
(approximate) of on-line storage. The 2280 processor (WL No. 187-2200-80) 
consists of nine printed circuit boards and a motherboard contained in a 2200S 
chassis. This chassis is housed (located) in the bottom of the Phoenix 
cabinet/stand. All printed circuit boards are defined in section 2.5.2. 

The 2280 DPU connects to a 22C03, 22C11, or 22C32 disk I/O controller in 
the CPU via a 12-ft (3.6-m) twisted pail' cable. The processor connects to the 
disk drive via two 15-ft (4.5-m) ribbon cables. Figure 1-1 shows a dual disk 
drive 2200/2280 system configuration • 

1-1 
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INPUT/OUTPUT 
CONTROLLER 

2280 DISK 
PROCESSING 2280 DISK DRIVE 
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CENTRAL PROCESSING 

UNIT (CPU) 

2280 DISK DRIVE 
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Figure 1-1. 2200/2280 System Configuration • 1-2 
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1.4 SPECIFICATIONS 

• The specifications for the 2280 DPU system are listed below as follows: 

• 

• 

Physical Dimensions 

Height - 9 in. (23 cm) 
Width - 16 in. (41 cm) 
Depth - 21 in. (53 cm) 

Power Requirements 

115 or 230 Vac +10% 
50 or 60 Hz ±1.0 Hz 
230 Watts 

Fuses 

3.0 A (SB) for 115 Vac 
1.5 A (SB) for 230 Vac 

Operating Environment 

Temperature - 60°F to 8o°F (15°C to 27°C) 
Relative Humidity - 40% to 60% (noncondensing) 

Heat Output 

787 BTU/hr (197 Kcal/hr) 

Cables 

Power - 10 ft (3.0 m) 
Data - 15 ft (4.5 m) 

1-3 
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SECTION 2 

INSTALLATION 

2.1 SITE PREPARATION 

Por information concerning preinstallation site planning and 
preparations, refer to the corporate "Customer Site Planning Guide" WL No. 
700-5978, its updates, and CE documentation category I.A.?. 

2.2 PRE-UNPACKING INSPECTION 

Before unpacking the 2280 DPU, check the packing slip to ensure that the 
proper equipment has been delivered. After checking the slip, visually 
inspect the container carefully for any indications of possible shipping 
damage (crushed edges or corners, puncture holes, tears, etc.). If any damage 
is noted, file an appropriate claim promptly with the carrier involved and 
notify the WLI Distribution Center (Department 90), Quality Assurance 
Department, of the nature and extent of the damage, making arrangements for 
equipment replacement, if neces~ary. 

2.3 UNPACKING INSTRUCTIONS 

a. Using an x-acto knife, cut the tape securing the shipping carton 
cover. 

b. Open the box and remove the instapack covering the top of the unit . 

c. Remove the unit from the carton. 

d. Save the shipping carton and protective padding for use when 
reshipping the unit. 

2.4 PRE-INSTALLATION INSPECTION 

a. Remove the top cover from the unit (see section 4.5). 

b. Inspect the DPU chassis for damaged or loosened assemblies. Also 
check for loose hardware or debris. If any damage is noted, notify 
the WLI Distribution Center (Department 90), Quality Assurance 
Department, of the nature and extent of the damage, making 
arrangements for equipment replacement, if necessary. 

c. Thoroughly clean the unit. Use a soft bristle brush and a vacuum 
cleaner to remove dust from the inside of the.unit. Use a mild 
detergent and a soft cloth or sponge to remove dirt and grime from 
the chassis. Do not use abrasive or corrosive materials . 

2-1 
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2.5 INITIAL SETUP 

This section consists of: 

a. ac input voltage selection information 

b. photographs of the circuit boards giving all pertinent information 
concerning each board (if applicable) along with motherboard loading 

c. an explanation of system interconnection cabling. 

d. device address selection information. 

Section 2.6 (Installation Procedure) helps link together the various 
information items contained in this section. 

2.5.1 Motherboard AC Input Voltage Selection Jumpers 

Jumper wires 
selection (115V or 
jumper for 230Vac. 
certain the jumper 
table 2-1). 

are provided on the motherboard for ac input voltage 
230V). Two jumpers are installed for 115Vac and one 

Figure 2-1 shows the positions of these jumpers. Be 
configuration is correct for the supplied ac voltage (see 

TABLE 2-1 Voltage Selection Jumpers 

JUMPER 115VAC 230VAC 

A IN OUT 

B OUT IN 

c IN OUT 

2-2 
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• Figure 2-1. AC Input Voltage Selection Jumpers 
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2.5.2 Circuit Boards 

Figures 2-2 through 2-9, 2-11, and 4-1 illustrate the individual printed 
circuit boards that comprise the 2280 DPU. The specific reference to each 
figure is as follows: 

WL Number Nomenclature Figure 

210-7415 Prime Circuit Board 2-2 

210-7421-A ALU/MUX Interface Board 2-3 

210-7422 ECC/Device Interface Board 2-4 

210-7423-A RAM/PROM Control Board 2-'J 

210-7424 I/O Controller Board 2-6 

210-7715 2280 MUX Disk Conntoller 2-7 

210-7716 Motherboard 2-11 

210-771'( 2280 MUX Master 2-8 

210-7718 2280 MUX Slave 2-9 

210-L567 Regu.lator Board 4-1 

2.5.3 Motherboard/PCB Layout 

The locations of the 2280 DPU circuit boards in relation to the 
motherboard/chassis are shown in figures 2-10 and 2-11. Ensure that all 
fingerboard connectors are clean prior to installing the boards in the DPU. 
(An ink eraser should be used to clean the pins if necessary.) 

2-4 
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Figure 2-3. 

.. ~ . . 
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. .. ,; 

J1 - CONNECTS TO 1/0 CONTROLLER 
IN CPU VIA 220-0105-2 CABLE 

WL No. 210-7421-A ALU/MUX Interface Board 

2-6 

• 

• 

• 



• 

• 

• 
Figure 2-4. 

J1 AND J2 CONNECT TO PHOENIX EM2 
BOARDS VIA 220-3033-36 CABLE 

J3 CONNECT TO PHOENIX EM1 BOARD 
VIA 220-3041-22 CABLE 

WL No. 210-7422 ECC/Device Interface Board 

2-7 
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• 
Figure 2-5. WL No. 210-7423-A RAM/PROM Control Board 
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Figure 2-6. WL No. 210-7424 I/0 Controller Board 
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Figure 2-7. WL No. 210-7715 2280 MUX Disk Controller Board 
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J1 THROUGH J4 ARE EACH CONNECTED 
TO THE 7715 PCB IN THEIR RESPECTIVE 
CPU VIA 220-0365 CABLE 

Figure 2-8. WL No. 210-7717 2280 MUX Master Board 

2-11 

:3107 



3107 

1. J1 ,J2,AND J3 ARE EACH CONNECTED TO THE 
7715 PCB IN THEIR RESPECTIVE CPU VIA 
220-0365 CABLE 

2. J4 IS CONNECTED TO THE 7421 PCB IN ITS 
RESPECTIVE CPU VIA 220-0360 CABLE 

Figure 2-9. WL No. 210-7718 MUX Slave Board 

2-12 
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• Figure 2-10. 

210-L567 

d Loading Circuit Boar 
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• 
210-7718 210-7717 210-7422 210-7421A 210-7423A 210-7424 210-7415 210-L567 

/ 

..

... k.,,·· 
'.i 

I -:z . 

-L .. 
! • I· *'f· 
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• 
Figure 2-11. WL No. 210-7716 Motherboard 
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2.5.4 Input/Output Cable Connections (see figure 2-12) 

Refer to documentation category 3105 for Phoenix disk drive connection 
locations. 

CAUTlON: 

Since the "A" the "B" cables are not keyed, carefully 
check the routing of the cables (following steps) to 
ensure that pin 1 on the drive connector receiving the 
cable connects to pin 1 on the appropriate DPU 
interface connector. Pin 1 of the cables is 
designated on the connectors of the cable by an 
embossed triangle. Pin 1 is also recognized by the 
black strand of the ribbon cable that is attached to 
that pin. 

A 36-pin I/O cable (WL No. 220-0365) connects Jl on the 210-7421-A 
board in the DPU (see figure 2-3) to the appropriate jack on the I/O 
controller in the CPU. 

A 60-pin "A" cable (WL No. 220-3041-22) connects J3 on the 210-7422 
board in the DPU (see figure 2-4) to Jl on I/O logic board EMl in the Phoenix 
drive. 

A 26-pin "B" cable (WL No. 220-3033-36) connects J2 (Device No. 1 
connector) on the 210-7422 board in the DPU (see fig~re 2-4) to J3 on 
Control/Mux logic board E .2 in the Phoenix drive • 

If only one disk drive is connected to the DPU, a terminator board (WL No. 
726-5790) is installed in J2 on I/O logic board EMl in the Phoenix drive; 
otherwise, the terminator is installed in the same location in the second 
drive. 

If two disk drives are connected to the DPU, the following cable 
connections are also required. 

A 60-pin "A" cable (WL No. 220-3041-7) connects J2 on the I/O logic board 
EMl in the first Phoenix drive to Jl ou I/O logic board EMl in the second 
Phoenix drive. 

A 26-pin "B" cable (WL No. 220-3033-21) connects Jl (Device No. 2 
connector) on the 210-7422 board in the DPU (see figure 2-4) to J3 on 
Control/Mux logic board EM2 in the second Phoenix drive. 

2.5.5 Device Address Plug (on Phoenix disk drive) 

A device address plug must be inserted into the socket at the left of the 
START/STOP indicator switch on the front panel of each disk drive. The 
address plug must corresspond with the device number assigned to the 210-7422 
connector receiving the "B" cable from the given drive. That is, install a 
"l" device address plug in the disk drive whose "B" cable is attached to 
connector J2(Device No. 1) on the 210-7422 board in the DPU, and install a "2" 
plug in the drive whose "B" cable is attached to connector Jl (Device No. 2) 
on the 210-7422 board. 

2-15 
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220-0365 
1/0 CABLE 

rr-~ lE 
1/0 J1 J3 I 
c 

CPU N DPU 
T 

J2 I R 
L 
R 

T 
210·6541·2 21G-7421·A 

21()...7422 

See Table 2·2 for cable Identification 

220-3041 ·22 
"A" CABLE 

220-3033-38 
"B"CABLE 

220-3041-7 
"A" CABLE 

220·3033-21 
"B" CABLE 

J1 J3 

EM1 

EM2 

[TI 
J2 

TERMINATOR 
210-8017 

PHOENIX 

PHOENIX 

FIGURE 2-12 SYSTEM INTERCONNECTION DIAGRAM WITH ONE DPU 
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210-7422 

CPU TO DPU CABLE 
220-0365 

TO CONNECTOR J1 
OF t:ONTROLLER 

220-0365 

I I 
I I 
0 0 CPU c c 
0 0 
N N 
T T 

210-7422 
210-6541-2 

See Table 2-2 for cable Identification 

210-7421-A 

•e•CABLE 
(220-3033-36) 

"A"CABLE 
J3 220-3041-22 

J2 

210-7421-A D 

"A"CABLE 
220-3041-22 J1 J3 

D 
J2 

3107 

DISK ADD. 

310-320 

PHOENIX 
#1 

ADD. PLUG 

DISK ADD. 

310-320 

PHOENIX 
#2 

ADD. PLUG 

TERMINATOR 
WL#726-5790 
REPLACED BY 
WL#210-8017 

FIGURE 2-12A SYSTEM INTERCONNECTION 
DIAGRAM WITH TWO DPU'S 
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CPU 
1 

210-7715 

CPU 
2 

210·7715 

CPU 
15 

21O·7715 

220-0385 
l/OCABLE 

TO 
CONNECTOR 

(2) 

See Table 2·2 for cable Identification 

r-210-7421 ·A 

DPU 

NOTE: UP TO 15 
CPU's CAN 
BEMUXED 
INTO THE DPU. 

220·3033·36 "B" CABLE 

220·3041 ·22 "A" CABLE 

220-3033-21 
"B"CABLE 

' ' 
EM1 

EM2. 

m 
J2 

I 
TERMINATOR 
WL# 726·5790 

PHOENIX 

PHOENIX 

FIGURE 2-13 MUX SYSTEM INTERCONNECTION DIAGRAM WITH ONE DPU 
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I 
I 
0 
c 
0 
N 
T 

I 
I 
0 
c 
0 
N 
T 

I 
I 
0 CPU 
c 
0 #2 
N 
T 

I 
I 
0 
c 
0 #3 
N 
T 

I I 
I I 
0 0 CPU 
c c 
0 0 #4 
N N 
T T 

TO CONNECTOR (1) 
OF CONTROLLER 210- 7718 

210-7717 

220-0365 

TO CONNECTOR(2) 

i 
OF CONTROLLER 
210-7717 

210-7718 

(13) (9) (5) (1) 

"B" CABLE 
(220-3033-36) 

"A" CABLE 
(220-3041-22) J3 

J2 

D 
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DISK ADD. 

310-320 

PHOENIX 
#1 

ADD. PLUG 

I DODOO "B" CABLE 
(22lJ-3033-36) 

EM1 

EM2 

220-0365 

TO CONNECTOR(5) 

l 
OF CONTROLLER 
210-7718 

(14) (10) (6) (2) 

DODD 
(15) "(11) (7) (3) 

DODD 
(16) (12) (8) 

DOD 

I I 
I I 
0 0 CPU 
c c 
0 0 #15 
N N 

....,.. ........... _ _,__ 
DISK ADD. 

310-320 

"A"CABLE 
220-3041-22 

J1 J3 

OF CONTROLLER 
210-7718 

t 

D 
J2 

PHOENIX 
#2 

ADD. PLUG 

TERMINATOR 
WL#726-5790 
REPLACED BY 
WL#210-8017 

See Table 2-2 for ·cable Identification T T 

FIGURE 2-13A SYSTEM INTERCONNECTION 
DIAGRAM WITH TWO DPU'S 
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• TABLE 2-2. CABLES AND TERMINATOR PART NUMBERS 

FIGl'.IRES 2-12 & 2-12A 

CABLE NAMES CONNECTS STANDARD SPECIAL 

CPU to DPU Cable CPU IIO Controller 220-0365 NIA 
to 9 ft 

Jl of 210-7421-A 

"A" Cable J3 of DPU's 210- 220-3041-22 NIA 
7422 to Jl of 
Phoenix Ill 

"A" Cable J2 of Phoenix Ill NIA 220-3041-7 
to Jl of Phoenix 
112 

"B" Cable Jl of 210- 7422 to 220-3308-21 220-3033-36* 
J3 of EM2 Phoenix 112 

"B" Cable J2 of DPU's 210-
7422 to J3 of Phoenix 220-3033-36 NIA 
Ill 

• Terminator J2 EMl Phoenix 112 726-5790 210-8017 

FIGURES 2-13 & 2-13A 

CPU to DPU Cable 210-7715 to el ther 220-0365 
210-7717 or 210-7718 9 ft 

"A" Cable DPU's J3 to Phoenix's 220-3041-22 NIA 
Jl 

"A" Cable Phoenix 111 's J2 to NIA 220-3041-7 
Phoenix 112' s Jl 

"B" Cable Jl of 210-7422 to 220-3308-21 220-3033-36* 
J3 EM2 Phoenix 112 

"B" Cable J2 of 210-7422 to 220-3033-36 NIA 
Phoenix Ill's J3 

Terminator J2 EMl Phoenix 112 726-5790 210-8017 

• *For Daisy Chain Configuration Only. 

2-17D 
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2.5.6 Shielded Cable Connections 

The ribbon cable connecting che 210-7422 PCB to the disk drive is copper 
clad for good sheilding. To ensure proper contact, install the DPU cable 
clamp at the 210-7422 PCB as follows: 

a. Loosen and remove the clamp screws that secure the two halves of 
the DPU cable clamp to the 210-7422 PCB (see figure 2-4). 

b. Remove the removabl~ half of the cable clamp from the 210-7422 
board. 

c. Connect the ribbon cable to the fixed half of the DPU cable clamp 
by inserting ther grounding clip (only) between the copper shield 
and the outer cable jacket of the ribbon cable (see figure 2-14, 
A). 

d. Push the ribbon cable onto the clamp; fully inserting the 
grounding clip (.1ee figure 2-14, B). 

e. Install the removable clamp in the same manner (see figure 2-14, 
C). 

f. Assemble and secure the two halves of the clamp: tighten the two 
clamp screws evenly, ensuring that the copper shield remains in 
good contact with both grounding clips (see figure 2-14, D). 

CAUTION 
Do not overtighten the clamp screws which secure the two 
halves of the clamp; otherwise, damage to the cable may 
result. 

g. All three ribbon cables are secure in the same fashion (refer to 
figure 2-14, E). 
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Figure 2-14. Shielded Cable Installation (Sheet 1 of 3) 
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2.6 INSTALLATION PROCEDURE 

a. Ensure that the ac input voltage selection jumpers on the motherboard • 
are positioned correctly for the supplied voltage (see section 2.5.1). 

b. Check to see that all circuit boards are properly seated in the 
appropriate locations (see section 2.5.3). 

c. Attach all system interconnection cables (see section 2.5.4) ensuring 
that the cable shields are properly connected (see section 2.5.6). 

d. Check to see that the appropriate device address plug is in the disk 
drive (see section 2.5.5). 

e. Be certain the ac power switch is OFF, and then plug the ac power 
cord in. 

f. Set the ac power switch ON, then check and adjust, if necessary, all 
power supply voltages (see section 4.4). 

g. Run all appropriate 2280 disk diagnostics to confirm proper operation 
of the system (see section 4.2). 

h. Replace the unit cover(s) and place the DPU in the disk drive stand 
as shown in figure 2-15. 

i. The system is now ready for customer use. 
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SECTION 3 

OPERATION 

For information concerning operation/programming of the 2280 Disk System 
(Phoenix drive and DPU) refer to Wang BASIC-2 Disk Reference Manual, WL No. 
700-4081F (III.A.O), and Model 2280 Disk Drive User Manual, WL No. 700-5216 
(III.A.10) • 
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SECTION 4 

• MAINTENANCE 

• 

• 

4.1 RECOMMENDED TEST EQUIPMENT/TOOL LIST 

a. Digital voltmeter--(acceptable type/equivalent: Fluke No. 8000A). 

b. Oscilloscope--(acceptable type/equivalent: Tektronix No. 465). 

c. Heavy duty screw driver with insulated handle (WL No. 726-9411). 

d. Small slot screwdriver with insulated handle (WL No. 726-9406). 

4.2 DIAGNOSTICS 

Refer to documentation category IV.C.1 for information concerning disk 
diagnostics. 

4.3 PREVENTIVE MAINTENANCE 

To ensure trouble-free operation, the 2280 DPU must have periodic 
preventive maintenance, consisting of inspection, cleaning, and adjustments. 
The following preventive maintenance routine should be performed once every 
six months. This maintenance schedule assumes a clean operating environment 
and a normal operating time during the standard five-day, 40-hour weeks. A 
dusty environment or any substantial increase in system operating time will 
require that the preventive maintenance be scheduled at closer intervals. In 
addition, this preventive maintenance routine should be performed during each 
unscheduled service call. 

a. Check the unit cooling fan for proper operation. 

b. Set the DPU ac power switch OFF. 

c. Remove the screws securing the top cover and remove the cover (~ee 
Section 4.5). 

d. Remove each circuit board from the DPU and clean the finger 
connectors with an ink eraser. 

e. Check to see that all circuit boards are at the latest electronic 
revision (E-REV). Refer to Mandatory Update Bulletin in 
documentation category I.B.O for ECO implementation procedures • 
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4.4 

f. Use a soft-bristle brush and a vacuum cleaner (WL No. 726-9518) to 
remove dust from the inside of the DPU. 

g. Reinstall all circuit boards in the appropriate locations (see 
section 2.5.3). 

h. Set the ac power switch ON. 

NOTES: 

1. Before making any adjustment, be certain the 
measuring instrument is properly calibrated. 

2. Electrical adjustments should be performed only 
when the parameter measured is out of tolerance. 
Do not make electrical adjustments indiscriminately. 

i. Check and adjust, if necessary, the DPU power supply voltages 
according to the procedure given in section 4~4. 

j. Run the 2280 disk diagnostics (see section 4.2) to confinn proper 
operation of the DPU and then replace the top cover. 

k. Use a mild detergent and a soft cloth or sponge to remove dirt and 
grime from the DPU chassis. Do not use abraslve or corrosive 
chemicals. 

POWER SUPPLY VOLTAGE ADJUSTMENT 

a. Set the ac power switch OFF. 

b. Remove the top cover of the unit. (see section 4.S). 

c. Set the ac power switch ON. 

d. Check the de voltages with a digital voltmeter for the values listed 
in table 4-1. (The test points for monitoring the voltages are also 
given in table 4-1.) Adjust the trimpots where indicated in figure 
4-1 to obtain correct voltage levels where necessary. 

NOTE: 

Be sure to connect the common lead of the voltmeter to 
a ~OV connection, NOT the chassis or I/O controller 
rail. Erroneous readings will result if chassis 
ground is used as the voltmeter reference. The 
oscilloscope ground clip should also be connected to 
~ov, NOT chassis ground. 

e. Using an oscilloscope with the vertical sensitivity set at 1V/cm and 
a X1 probe, measure the ripple at the points indicated in table 4-1. 
AC ripple must not exceed the limits specified. 
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TABLE 4-1 DC VOLTAGE SPECIFICATIONS 

VOLTAGE L567 L567 LIMITS 
TEST POINT ADJUST VOLTACJE RIPPLE 

+5VRM Pin 11 R17 +4.90 to +5. 10 15 mv p-p 

+5VRL Pin 21 R2 +4.90 to +5. 10 15 mv p-p 

+8VR Pin 121 R13 +8 .50 to +8.80 20 mv p-p 

+12VR Pin 151 R30 + 11. 80 to +12.20 f 5 mv p-p 

-12VR Pin 52 R34 -11. 80 to -12.20 15 mv p-p 

-15VR Pin 62 R40 -14.80 to -15.20 25 mv p-p 

4.5 REMOVAL/REPLACEMENT. PROCEDURES 

4.5.1 Top Cover 

Remove the four screws that secure the top cover (see figure 4-2) and 
remove the cover from the unit • 

4.5.2 Bottom Cover 

Remove the four screws that secure the bottom cover (see figure 4-3) and 
remove the cover from the unit • 
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Figure 4-1. WL No. 210-L567 Regulator Board Potentiometers 
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Figure 4-2. Top Cover Removal 
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Figure 4-3. Bottom Cover Removal 
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4.6 DISK ERROR CODES 

• ERR I90 -- Disk Hardware Error 

• 

• 

The disk did not properly respond to the system at the beginning of a 
read or write operation. 

ERR I91 Disk Hardware Error 

The disk is not in a "ready" condition. 

ERR I92 -- Timeout Error 

The disk did not respond to the system in the proper amount of time 
during a read or write operation. 

ERR I93 -- Format Error 

The disk media is not properly formatted. 

ERR I94 -- Format Key Engaged 

Not applicable for the 2280 DPU. 

ERR I95 -- Seek Error 

The specified sector could not be found on the disk. 

ERR I96 -- Cyclic Redundancy Check Error 

The data in a sector was read (or written) incorrectly. 

ERR I97 -- Longitudinal Redundancy Error 

The data was not transmitted to the CPU corre~tly during a read 
operation. 

ERR I98 -- Illegal Sector Address 

The sector address is greater than that allowed for the specific disk 
capacity. 

ERR I99 -- Read After Write Error 

The data raad did not compare to that that was written during a read 
after write operation • 

4-7 



I 

I 

I -



III.A.10 M-2 

CHAPTER 5 

• THEORY OF OPERA'l'ION 

• 

• 

5.1 BLOCK LEVEL 

This section consists of a brief explanation of the circuitry that 
comprises the four major logic boards in the DPU. The section is divided into 
five subsections--one for each logic board. 

5.1.1 WL No. 210-7423-A RAM/PROM Control Board (see figure 5-1) 

5.1.1.1 Clock (see timing chart, figure 5-2) -- The clock circuit produces 
16 clock cycles~ each 100 nsec in duration. This results in a machine-cycle 
speed of 1.6 usec (1600 nsec). The clock cycles are applied to a 
bed-to-decimal (4-to-10) decoder which generates 8 clock pulses that are used 
in the DPU. These clock pulses and the events that occur at that specific 
time are listed below. 

TO - Clocks instruction through Rom Bit Latch as R0_15 • 
Clocks Status Register 0. 

T2 - Clocks data into the A and K Registers. 

T3 - Clocks data into Memory Register. 

T4 - Clocks Instruction Counter • 
Loads/clears Memory Address Register. 
Generates A and K Register Strobes. 
Combines with CNTRL-1 to generate CNTRL14 which-

Clocks Read/Write/Format Latch. 
Fires Strobe One-Shot. 
Sets/resets Busy F/F. 
Clocks ECC Shift Register. 

Combines with CNTRL-3 to generate CNTRL34 which-
Clocks Tag Latches • 
Clocks Select LatchP.s. 

T5 - Increments/dec~ements Memorf Address Register. 

T8 - Clocks Carry F /F. 
Clocks Equal F/F. 

T9 - Strobes data from RAM through Memory Register. 

T2-5 - Generates RAM write pulse. 

5.1.1.2 Programmable Read Only Memory (PROM) -- The PROM contains the 
microprogram that controls the operations of the DPU. The 2280 DPU utilizes 
four INTEL 2716 PROM chips. Each PROM contains a 2K x 8-bit matrix. Since 
the DPU instruction set requires 16-bit words, two PROM's are selected at the 
same time to provide the instruction. With this requirement, the total read 
only memory capacity is 4096 words or instructions . 

The PROM output bits are clocked through D-type latches at time TO as 
ROM bits Ro-15. 
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The PROM is addressed by an Instruction Counter composed of three AM2911 
microprogram sequencer chips. Twelve bits (IC0_11 ) are applied to the ?~OM 
by the instruction counter; IC0_10 provide the addressing and Ic 11 
produces the appropriate chip select ccs,_2) signal. cs, selects the 
lower 2K of PROM and cs2 selects the higher 2K. The PROM space is allocated 
as follows. 

OK-2K = main body of microprogram 
2K-3K = alternate sector routine, copy write error routine, error 

correction routine, and diagnostics 
3K-4K = diagnostics 

Normally the instruction counter increments by one at time T4. However, 
during execution of the microprogram, it is necessary to jump (branch) to a 
location other than that immediately following. Three signals are provided to 
accomplish the jump (branch): UB--Unconditional Branch, SB--Subroutine Branch, 
and 256--256 step branch. - - - -

5.1.1.3 Random Access Memory (RAM) -- The RAM is used to store flags, 
pointers, and status information required for execution of the microprogram as 
well as the data that is to be exchanged between disk and CPU. The RAM 
consists of eighteen 2114-L integrated circuits with a capacity of 1024 x 4 
bits resulting in a total storage capacity of 9,216 bytes. 

The Memory Address Register (MAR) provides 16 bits (AD0_15 > for the 
addressing of the RAM. AD0_9 supply the actual RAM address while AD10_15 
generate the appropriate chip select (1K-8K) signal. The MAR increments or 
decrements at time T5. It can also be loaded (preset to a certain address) or 
cleared (reset to an address of zero) at time T4. The address to which the 
MAR can be loaded is provided through the Memory Address Multiplexer 
(MA0_7). The inputs to the multiplexer that can be selected to provide the 
address are either ROM bits 0-7 (R0_7) or the A and K Register bus (AK0_7). 

Data is transferred to/from RAM through the Memory Register (MBB_7). 
The 2280 DPU utilizes two AM2905 Bus Transceiver chips for the MAR. ata that 
is to be written into RAM is input t.o the Memory Register from the A .• bus or 
the Memory Register bus (M0_7). Data that is read from RAM is appl~ ;d to 
the Memory Register bus (M0_7). RAM space is allocated as follows. 

READ 
WRITE 
COPY 

1st 1 /,4K (256 byte~) = flags and pointers 
Next 2K = cache for read 
Next 4K = cache for multi-sector write 
Next 8K = read/write buffer for COPY 
2nd page of last 'K' = alternate sector RAM 

256-1K-1K 
256-1K-1K-1K-1K 
256-1K-1K-1K-1K-1K-1K-1K-1K 

The Error Check Circuitry (ECC) in the RAM functions as ; 35-shift 
polynomial in a similar manner as that found in the OIS/VS sys~eIJB. 

5. 1. 1. 4 Control Circuit -- Refer to section 5. 3 (Instruct i .. 1 Set) for 
information concerning the control circuitry on the 210-742: -.·A br,ard. 
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5.1.2 WL No. 210-7421-A ALU/MUX Interface Board (see figure 5-2) 

5.1.2.1 Arithmetic/Logic Unit (ALU) -- Two 74181 integrated circuits, 
designed to perform specific arithmetic or logical operations as directed by 
the microprogram, comprise the ALU. 

The ALU data inputs are referred to as the A-bus and the B-bus. The 
A-bus inputs are from the A or K Registers (AK0_7). The B-bus is the output 
of a multiplexer, incorporating memory (M0_7) and ROM bits (R0_7) as 
selectable inputs. 

The ALU output is the C-bus (C0_7). Data on this bus can be input to 
the A Register of K Register. 

5.1.2.2 A Register -- The general purpose A-Register stores data from: 1) 
the CPU, 2) St~tus Register O, 3) the ECC Shift Register, or 4) the ALU. The 
contents of the A-Register can be processed by the ALU, stored in memory, or 
input to the Track, Head, or Sector Registers (THS0_7 ). 

5.1.2.3 K-Register -- The general purpose K-Register stores data from the 
ALU or acts as Status Register 1. The contents of the K-Register can be 
processed by the ALU or stored in memory. 

5.1.2.4 Status Register 0 (STO) -- STO stores seven CPU/DPU conditions 
which can be input to the A-Register, via the B00_7 bus, for monitoring or 
testing. The conditions are as follows: 

*REQ (Bit 0) 

~CAB (Bit 1) 

*GKBD (Bit 2) 

REINIT (Bit 3) 

DN #3 (Bit 4) 

A=B (Bit 5) 

AD7 (Bit 6) 

When active, indicates the Output Bus Buffer has 
received a byte of data from the CPU. 

When active, indicates a carry resulted from a 
preceding ALU arithmetic operation or from the 
execution of a "Set Carry" instruction. 

When active, indicates the CPU is ready to receive 
input from the DPU. 

When active, indicates the CPU is sending address 
information next. When inactive, indicates the 
CPU is sending data next. 

When active, indicates that selection of drive 2 
in a daisy-chain configuration is desired. 

When active, indicates the data on the ALU A-bus 
is equal to that on the B-bus. 

The eigth (28 = 128) RAM address bit. 
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Figure 5-3. WL No. 210-7421-A ALU/MUX Interface Block Diagram 
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5.1.2.5 Status Register 1 (ST1) -- The K-Register acts as ST1. Seven bits 
representing DPU/disk drive conditions can be selected as inputs to the 
K-Register. Once in the register, the bits can be tested for the various 
conditions. The bit representation is as follows: 

W/P (Bit 1) 

ERROR (Bit 2) 

DERROR (Bit 3) 

*DONE (Bit 4) 

*NULL (Bit 5) 

READY (Bit 6) 

SECTOR (Bit 7) 

When active, indicates the disk drive is write 
protected. 

When active, indicates an address error was 
detected. 

When active, indicates a disk drive fault occurred 
or a seek error was detected by the disk drive. 

When active, indicates 256 bytes of data have been 
transferred to/from the disk. 

(Not Used) 

When active, indicates the disk drive is "on 
cylinder" and "ready". 

When active, indicates the sector counter is equal 
to the desired sector, which is present on the THS 
(!rack/,!!ead/~ector) bus. 

5.1.2.6 Input Bus Buffer -- The Input Bus Buffer provides the interface for 
data being sent to the CPU from the DPU. Data is input to the buffer from the 
Memory Register (Mo-1>· 

5.1.2.7 Output Bus Buffer -- The Output Bus Buffer provides the interface 
for data being sent to the DPU from the CPU. Data is output from the buffer 
to the A-Register via BOo-1· When the buffer receives a byte of data, it 
generates a request (REQ) signal. REQ is monitored by the DPU, and when the 
signal is active, the microprogram causes the hardware to read in the data. 

5.1.2.8 Instruction Decode Circuit -- ROM bits R11-i5 are applied to a 
74154 one-of-sixteen decoder which produces the control signals necessary for 
execution of the microinstructions by the hardware • 
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5.1.3 WL No. 210-7424 I/0 Controller Board (see figure 5-4) 

5.1.3.1 Track Register -- The Track Register holds the desired track 
(cylinder) address as input from the AK bus. The address is ouput to a 
buffer, via the THS bus, from where it is sent to the disk drive. 

5.1.3.2 Head Register -- The Head Register holds the desired head number 
and volume select bit as input from the AK bus. The head/volume select 
information is output to a buffer, via the THS bus, from where it is sent to 
the disk drive. 

5.1.3.3 Sector Register -- The Sector Register holds the desired sector 
number as input from the AK bus. The number is output to the Sector 
Comparator, via the THS bus, where is checked against the output of the Sector 
Counter. 

5.1.3.4 Command Register -- The Command Register holds the disk drive 
control select bits (for example, write gate, read gate, and return to zero). 
The·control informatiorl is output to a d~fferential buffer to be sent to the 
disk drive. 

5.1.3.5 Bit/Byte Counter -- The Bit/Byte Counter keeps track of the number 
of bytes of data transferred betweer. DPU and disk. The counter generates 
certain control signals depending on the number of bits/bytes that have been 
counted. 

5.1.3.6 Serial-to-Parallel, Parallel-to-Serial (SP/PS) Converter -- The 
SP/PS accepts eight parallel bits of data from the Memory Register (M0_7) 
and converts the information to serial and adds clock pulses between aata 
bits. The serial data is then transmitted to the disk drive. 

The converter also accepts serial Read Data and changes it to eight 
parallel bits of data. If the data that is read is address information, it is 
input to the Address Comparator; other•iise, the data is sent to memory. 

5.1.3.7 Address Comparator -- The Address Comparator checks the address 
read from the disk with the desired address that is present on the THS bus. 
If the two are not the same, the comparator flags an error. 

5.1.3.8 Control Circuit -- Refer to section 5.3 (Instruction Set) for 
information concerning the control circuitry on the WL No. 210-7424 board. 
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5.1.4 WL No. 210-7422 ECC/Device Interface Board (see figure 5-5) 

5.1.4.1 Differential Buffers -- The Differential Buffers provide the 
interface between DPU and disk drive. The buffers convert TTL voltage levels 
to differential voltage levels and vice versa. 

5.1.4.2 Sector Counter -- The Sector Counter increments every time a sector 
mark pulse is received from the disk drive. It is reset (cleared) when the 
index pulse is received. 

5.1.4.3 Sector Comparator -- The Sector Comparator checks the desired 
sector number that is present on the THS bus against the count from the sector 
counter. When the two are equal, indicating the correct disk sector is under 
the read/write head, an EQUAL signal is generated to inform the microprogram. 

5.1.4.4 ECC -- The Error Correction Circuit along with an ECC routine in 
the microcode is responsible for detecting and correcting any single-bit 
errors that occur during a read operation. Figure 5-6 is a detailed flowchart 
illustrating the ECC code handling routine. 

5-10 

• 

• 

• 



• 

• 

• 

WRITE 
PROTECTED 

SEEK 
ERROR 

FAULT 

UNIT 
READY 

ON 
CYLINDER-

READ 
DATA-

READ 
CLOCK 

UNIT 
SELECT 

INDEX 

SECTOR 

WRITE 
CLOCK 

WRITE 
DATA 

OPEN CABLE 
DETECTOR 

UNIT 
SELECT 20 

UNIT 
SELECT 21 

BITo.9 

ECC 

DATA 

WP 

DERROR 

READY 

READ 
DATA 

PLO 
CLOCK 

SELECTED 

INDEX 

SECTOR 

WRITE 
CLOCK 

WRITE 
DATA 

PWRON 

SELECT 1 

SELECT 2 

FCo.9 

mfi:3 

ECC 

SECTOR 
COUNTER 

THSo.s 

ECBo.11 

SECTOR 
COMPARATOR 

ECC SHIFT 
CIRCUIT 

III. A. 10 M-2 

EQUALS 

Figure 5-5. WL No. 210-7422 ECC/Device Interface Block Diagram 
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5.1.5 WL No. 210-L567 Regulator Board (see schematic) 

There are six regulated voltages in the DPU power supply, each 
independently variable. All six supplies are of the series pass variety, each 
controlled by an IC voltage regulator. There are four transformer generated, 
full wave unregulated supplies which provide the necessary voltages for the 
regulators. 

The six regulated supplies are +5VRL for the TTL logic and +5VRM, +8VR, 
+12VR, -12VR, and -15VR for the PROM's and RAM's. As all regulators operate 
in the same manner, only the +5VRL supply is discussed here. 

The heart of the regulated supply is the voltage regulator (L4). 
Unregulated +14V is applied to L4 pin 8 to provide the operating voltage for 
the IC. Pin 4 of the regulator is the output from a reference amplifier in 
the re. The output of this amplifier is applied to the voltage divider 
network R1, R2, and R3. The reference amplifier contains a current source and 
temperature compensator to prevent drifting. 

The voltage present at the wiper of potentiometer R2 is applied to the 
non-inverting input of the error amplifier (regulator pin 3). By v~rying the 
voltage at the non-inverting input, the output voltage changes. 

Since the IC regulator cannot supply large output currents, external 
circuitry must be provided for this purpose. Pin 7 of the regulator is the 
collector output of the internal series pass transistor which provides the 
necessary drive for transistor Q5. Q5 provides the necessary current for 
driver XB, which in turn controls the series pass transistors X6 and X7 • 

The error amplifier constantly monitors the regulated output voltage by 
sampling the output voltage at the inverting input (regulator pin 2). Voltage 
regulation is performed as follows. 

If the output voltage tries to go more positive, the inverting input 
(pin 2) also follows positive. This results in a more negative input to the 
internal series pass transistor, causing it to conduct less thus increasing 
the positive voltage at pin 7. (The voltage drop across R4 is less due to the 
decrease in current; hence Q5 base tends toward +14V.) Q5 conducts less, 
driver Q8 controlled by Q5 conducts less, and finally the series pass 
transistors conduct less, decreasing the output voltage. In a similar manner, 
the output voltage is increased when a negative output change is detected. 
Note that no regulation can take place unless there is a change in the output 
voltage to initiate a correction; therefore, the regulation is less than 
perfect. 

The regulators also employ foldback current limiting as follows. 

Resistors R5, R7, and R8 form the external current sensing network. As 
the current in the external circuit increases, the voltage drop across the 
sensing network changes, until the internal current limiter transistor is 
turned off. The output voltage drops to zero and the output current remains 
at a safe value when the output current exceeds the predetermined value • 
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Capacitor C8 compensates the internal error amplifier to avoid 
instability. As mentioned previously, all other regulator circuits operate in 
the same manner. 

Diode D2 connected between L5 pin 1 and L1 pin 1 prevents the +5VRM 
supply from ever becoming more positive than the +8VR supply. This is 
necessary to prevent damage to the memory. Also diode D1 prevents the +8VR 
supply from rising above +14.2V, again to prevent damage to the memory. 

5.2 READ/WRITE DATA FLOW 

5.2.1 Write Data Flow 

Figure 5-5 is a write data flow diagram illustrating the hardware 
involved when data is read from the 2200, processed through the 2280 DPU, and 
written onto the disk. The following theory references schematic diagrams 
located in Appendix D at the end of this document. 

Parallel write data enters the 2280 DPU at 7421-2 (KS0_7 to ao0_7 ) 
where it goes through the A register as AK0_7 • The data is sent via 7423-2 
to L40 and L41 (M0_7) and to the RAM. From the RAM the data goes through 
L40 and L41 (M0_7 ) to 7424-1 and to L47 (serializer/de-serializer). The 
data goes out as WDATA to 7424-2 through L32 and L42 and emerges as WRITE DATA 
(serial) and to the drive. 

5.2.2 Read Data Flow 

Figure 5-6 is a read data flow diagram illustrating the hardware 
involved when data is read from the disk, processed through the 2280 DPU, and 
written into the 2200. The theory discription presented below references 
schematic diagrams located in Appendix D at the end of thi~ do~ument. 

Serial read data from the disk drive enters the 2280 DPU at 7424-1 where 
is is applied to L47 (serializer/de-serialaizer). The parallel data output 
from the serializer/de-serializer is sent via 7423-2 to L40 and L41 and to the 
RAM. From the RAM, it goes to L40 and L41 and to 7421-1. It is now sent via 
L4 and L11 to the 2200 as IB0_7• 

5.3 MICROPROGRAM FLOWCHARTS 

Figures 5-9 thru 5-15 are flowcharts of each individual microprogram 
sequence for the 2280 DPU functional modes of operation. 
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APPENDIX A 

DISK ERROR CODES 

File Not Open 

The file was not opened. 

Open the file before attempting to read from it or 
write to it. 

File Full 

The file is full; no more information may be written 
into the file. 

Correct the program, or use MOVE to move the file to 
another platter and reserve additional space for it. 

File not in Catalog 

A non-existing file name was specified, or an 
attempt was made to load a data file as a program 
file. 

Make sure the correct file name is being used, the 
proper disk is mounted, and that the proper disk 
drive is being accessed. 

File Already Cataloged 

An attempt was made to catalog a file with a name 
that already exists in the Catalog Index. 

Use a different name, or catalog the file or a 
different platter. 

File Not Scratched 

An attempt was made to rename, or write over a file 
that has not teen scratching. 

Scratch the file before renaming it. 
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ERR D85 

Error: 

Cause: 

Recovery: 

ERR D86 

Error: 

Cause: 

Recovery: 

ERR D87 

Error: 

Cause: 

Recovery: 

ERR D88 

Error: 

Cause: 

Recovery: 

Catalog Index Full 

There is no more room in the Catalog Index for a new 
name. 

Scratch any unwanted files and compress the catalog 
using a MOVE statement, or mount a new disk platter 
and create a new catalog. 

Catalog End Error 

The end of the catalog area is defined to fall 
within the catalog index, or an attempt has been 
made to move the end of the catalog area to fall 
within the area already occupied by cataloged files 
(with MOVE END), or there is not room left in the 
Catalog Area to store more information. 

Correct the SCRATCH DISK or MOVE END statement, or 
increase the size of the Catalog Area with MOVE END, 
or scratch unwanted files and compress the catalog 
with MOVE, or open a new catalog on a separate 
platter. 

No End of File 

No end-of-file record was recorded in the file (with 
DATASAVE DC END or DATASAVE DA END), and therefore 
none could be found by the DSKIP END statement. 

Correct the file by writing an end-of-file trailer 
after the last data record. 

Wrong Record Type 

A program record was encountere~ when a data record 
was expected, or vice versa. 

Correct program. Be sure the proper platter is 
mounted and be stire the proper drive is being 
accessed. 
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Sector Address Beyond End of File 

The sector address being accessed by the DATALOAD DC 
or DATASAVE DC operation is beyond the end-of-file. 
This error can be caused by a bad disk platter. 

Run the program again. If error persists, use a 
differrent platter or reformat the platter. If 
error still exists, contact your Wang Service 
Representative. 

Disk Hardware Error 

The disk did not recognize or properly respond to 
the System at the beginning of a read or write 
operation (the read or write has not been performed). 

Run the program again. If error persists, contact 
your Wang Service Representativ~. 

Disk Hardware Error 

A disk hardware error occurred, e.g., the disk is 
not in file-ready position. This could occur, for 
example, if the disk is in LOAD mode or power is not 
turned on. 

Ensure disk is turned on and properly set up for 
operation. Set the disk into LOAD mode and then 
back into RUN mode with the RUN/LOAD selection 
switch. The check light should then go out. If 
error persists, call your Wang Service 
Represent~tive. (Note: disk must never be left in 
LOAD mode when turned on.) 

Time-out Error 

The disk did not respond to the system during a read 
or write operation in the proper amount of time 
(time-out). 

Run program again. If error persists, reinitialize 
disk - if error still occurs, contact your Wang 
Service Representative • 
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ERR !93 

Error: 

Cause: 

Recovery: 

ERR !94 

Error: 

Cause: 

Recovery: 

ERR !95 

Error: 

Cause: 

Recovery: 

ERR I96 

Error: 

Cause: 

Recovery: 

Disk Format Error 

A disk format error was detected during a disk read 
or write. The disk is not properly formatted. The 
error can be either in the disk platter or the disk 
hardware. 

Format the disk again; if error persists, call your 
Wang Service ~epresentative. 

Format Key Engaged 

The disk format key is engaged (the key should be 
engaged only when formatiing a disk). 

Turn off the format key. 

Seek Error, or Platter Protected 

A disk-seek error occurred; the specified sector 
could not be found on the disk. This error may 
indicate a bad format, or it may result from an 
attempt to write to a protected platter. 

Run program again. If error persists, reinitialize 
(reformat) the disk. If error still occurs, call 
your Wang Service Representative. 

Cyclic Read Error 

A cyclic redundancy check (CRC) error occurred 
during a disk read operation; the sector being 
addressed has never been written to or was 
incorrectly written. 

If not formatted, format the disk. If the disk was 
formatted, rewrite the bad sector. If error 
persists, use a different disk platter. If error 
persists on a fixed platter, call your Wang Service 
Representative. 
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LRC Error 

A disk longitudinal redundancy check (LRC) error 
occured when reading a sector. This usually 
indicates a data transmission error occured when the 
sector was read or written. 

If error persists, rewrite the sector. If the error 
still persists, call your Wang Service 
Representative. 

Illegal Sector Address or Platter Not Mounted 

The disk sector being addressed is not on the disk 
or the disk platter is not mounted. (Maximum Legal 
sector address depends upon the model of ciisk t:'led.) 

Correct the program statement in error, or mot1nt a 
platter in the specified drive. 

Read After Write Error 

The comparison of read after write to a disk sector 
failed, indicating that the information was not 
writte·n properly. This error usually indicates a 
bad disk platter. 

Write the information again. If error persists, 
try a new platter; if error ~till persists, call 
your Wang Service Representatlve • 
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APPENDIX C 

BILL OF MATERIALS 

II I. A. rn M- 2 

A Bill of Materials for the 2280 CPU starts on the following page • 
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LhRf1R CALCllLATl>JG qsTrr·~S 

LIPOR QUALITY CnNTAOL 
OTHfR DIRfCT COST 
CAP A2 PF 101:'. <;nr, V rfRAM!C [!SC 
CAP !CO Pr]~\ ~0" v CrRAMIC DI~r 

CAP .•01 LF lCX 5no v CFRAMIC Ol~C 

CAF 1.0 ur 35V !OX TANT AXIAL HR F1"76'1 
CAP .•7 UF F1V !OX TANT AXIAL HR 
CAP .J UF ~5V !OX TANT AXIAL HR 
CAP 1.2 UF 35V !OX TANT AXIAL T&R 
CAP 2.2 UF 2nv l OX TANT AX !AL HP 
CAP lP.n l:F l5V !OX TANT AXIAL HR 
CAP '3•0 lJF 15 V !OX TANT AXIAL 
CAP 47.0 LJI' 15 v 1nx TANT U!AL 
CAP !O.O IJ<' 3" V l0X TANT AXIAL 
Rrs 21 Or~ J/411 !OX FIXED CCl'P 
RES HO OHM l /411 1 OX FJXEO CCl'P 
R>S 220 Or" 11411 !OX FTX[D CCl'P 
RfS 3~0 OHM J/411 lOX F!Xl'O CCf"P 
qs 470 01-'M !/411 !OX FIXED CCl'P 
RfS 5~n Ori' l/411 lOX FIXED CCl'P 
Rf$ 6PO OHM 11411 I OX FIXED CO~P 
RES lK OHM 1/411 )q'); FIXED CCf'!r 
RES lo5K OHM l/411 10~ FIXED CCMP 

r l"7t" 
E 1°76< 
[1°765 
El., 7 6'i 
E1576~ 

r 15H~ 
fl 'i7 65 

RFS 2.2K OHM 1/411 101:'. FIXED COMP E1677P 
Rrs 3.3• CHI' l/411 1nx FIX[D cur EJP7P 
RfS 4.7K O~M !/411 !OX FIXED CCMr FI576~ 
RfS boAK CH~ J/411 10~ FIXED CCMP []576~ 

RFS A.2K CH~ J/~11 5X FIXED CC~P E1576~ 

RfS 12K CH" ]/411 !OX FIXED (C"'P fl576' 
AFS l~K OHM J/411 JO~ FIXED CrMP r1~765 

Rrs ~9K CHI' 1/411 ~I FIXED CJl'P E157h5 
RfS l OHM l/21J !OX FIXD CC~P T&R E!5765 
RfS 150 OHM 112W !OX FJXD CCl'P T&R £15765 
RfS 2.37K OH" ]/OIJ IX FIX FILM T•R fl"76c 
RfS lK CHM VAR TRIM SIDE AC, ~Q 

RfS lOK OHM VAR TRIM SIDE ArJ ~Q 

TSTR ?N,014 .\f.nMIJ •"V SH NP~ 

T~TR ?"<4037 1.ow 4nV s PNP ~ 

TRANSIPAD 8g77AP7-J LARGE 
TRANS !PAO TO·lP !SM~LL) 

IC 7 2' VO LT AGE R [ r; IJ LAT 0 R 
IC LM.•04 Nfr; VOLTAGE RfC.lllATCR 
ll0'5 <JL [\JrJOE ·~v. 1"0MA AT IV T&R r1~7f' 

nc,5 ~IL DIODE 41v, 2coMA AT IV -P 
'111) ZfN 1N746A '·~V 4:101"11 SD07 T•R El57f,5 
IN5A2~ I MPD~300 

PCR 2200A/P/Cl~/T PS RfGULATCR 

• 

Ql!ANTITY 
PLR A~~y 

I , n O 0 0 
2.4610 

• 4 92 0 
I , 0 OJ 0 
l. 0 0 0 0 

• 2 0 0 Q 

l4.3PPC 
I , il 0 0 O 
1.0000 
2. 00~0 

11.0000 
? • 0000 
1. ~~00 
1.0~00 

1.0000 
1.0000 
l.0000 
1. 0~00 
~. 0000 
2.0000 
1.0000 
q.aooo 
1.0000 
2.0000 
2. cooo 
2.0000 
ll. 0000 
1.0000 
2.0000 
2. 0000 
2.0000 
1.~000 

2.0000 
1.0~00 

1.~000 

1.0000 
1. 0000 
1. 0000 
2.0000 
4. 0000 
2.0000 
loOOOO 
5. 0000 
5.0000 
1. a o o a 
4. 0000 
2.nooo 
?.oooo 
3. DODO 
1.0000 
1.0000 
l • 0 0 0 0 

I.I~ LIT 

fACt' oro10 
00000 
00000 

EACH 000?3 
00000 
noo~o 

EAU· ~oono 
EACH 
f AC!-' 
EACH 
f AC H 
E AC t-< 

EH!-' 
EACH 
[AC!< 
EACH 
EACH 
[ACH 
EA( H 
EACH 
[AC H 
E AC!-' 
EACH 
EACl-1 
EACH 
E AC 14 
EACl-1 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
E AC~ 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
f AC H 
EACH 
[AC I' 
EACH 
f AC H 
E AC 14 
E AC 14 
E AC I-' 
E AC r 
E AC r 
EACH 
E Ar I-' 

• 



• • • 
MBOOA"-A ~ULTl-LfVfL B I L L OF M A T [ R I A L A5 rF RU~ DATf: C~/26181 PAGf 2 

ASS[f"!!LY FART r.UMRER 111-2200-eo- - L f f,f ND 
AS Sf P'l•L Y CESCRIPTICI\ 22 AO Cl~K PRCCE~SrR UNIT 1: P:PHANTOMI 2: l lfM ~ViTfR OlLY CCD[I 3: •oTAGGED OU l OF KITIPROO STR l 

POSITION IN LfGE l\D CCMFC'NOT DESCRIPTION [ c Ill QUAN TI TY U/1" LIT 
ST~UCTURE 1 2 ' PART NU MP FR P~R ASSY 

~ p FS 600-IOD?- III RE ?2 GA RfD EHR?f. .~~~3 FEE l 

" FS I. 00-10 DQ- III Rf 22 GA llHI Tf 1. DODO FEfT 

3 p FS H0-70C~- 1 f, GA !'LA CK STRANDED II I Rf f lbAU • DB '3 F'Ef T 
4 F~ fOO•HC9- H: GA llHI TE STRANDED II I Rf 1.0000 F ff T 

2 IN 210-1q15- PC A 22COSMO PRIME CIRCUIT 1 • DOCO EACH ~"023 

3 I I\ oon-0~~1- LABOR CIRCUIT SYSTEMS • 61! 9 0 00000 
3 IN oro-no•5- LABOR PRODUCTION SYSTEHS 1.66AO DCDOD 
3 IN rco-Do11- LABOR QUALITY CONTROL olf150 OCODD 
3 I" ~Ol)-1G~1- 1 UF CERAMIC CAPACJT~RfHIGH F REG l 2.0000 EACH 
3 IN ~01)-lf021- CAP 100.0 Ut= 15 v 10" TA NT AXIAL 2.0000 EACH 
3 FS 330-3022- RES 2 o2K OHi' 1111 II 10 l: FIXED er MP 1.0000 EACH 
3 FS 331 •2010-R RES 100 OHM 11211 1 Ol: FIX D C C~P UR f I "£.90 2.0000 EACH 
3 FS ~33 •0HO-R RF S If. 02K OHH 11811 u FIX FL T+R [ 156 GO 11.00DO EACH 
3 IN ~33-00fl- RF S 9 .OGK OHH 1'1:111 u F'JXfO F.ILI' ?. DODO EACH 
~ I I\ ~33-00fG- Rf S 6 .19K O~M 111:111 u FIXED FIL" 2.0000 EACH 
3. FS ~B-0~~0-R RES 1 c ~ 01'1" 1/All 1'X FIX FILM T+R ".1%90 6.0000 E ACI' 

'"' B4-0J02- 15 OHi" 1111 Fl XED RESISTOR 1.0000 EACH 
3 IN ~1" -ooc2- IC REG UA 7'105 ·5V T0-220 1.0000 EACH 
3 IN H6-0240- IC Ll133'l .. COl"PARATOR 1.0000 E AC I' 
3 FS !60-10C1• 0035 !'IL OI ODE 3~V 100 HA AT 1V HR 3. 0000 EACH 
3 FS ~~o-2on-R DID ZF'N 1 N75~A f.o2V lfOOMll SD C7 T+R i::1%'IO 2.0000 EACH 
3 II\ ~10-71115- PCB 2200SP'O PRil"E CIRCUIT 1.000~ EACH 

FS 6~'l-3Dfl 7- ~-r R 6-3:? 1 /If PAN SLOT I'S NYL E 1209r; 1. ODOO EACH 
3 FS ~52 ·3H2- NUT 6·3 2UNC HEX REG PAT NYL!'N E 12099 1.0000 EACH 

2 II\ 210-7421-A PC A 2200SMI) ALUIMUX INTERFACE 1.0000 E AC I' 0 c 023 
3 IN nco -0005- LA ~OR PRODUCTION ~YSTEMS • 27110 0 000 0 
3 II\ roe -o~ 11- LABOR QUALITY CONTROL • 05'i 0 o or o c 
3 p IN 209-71121- PC A 2200SMD ALU/'4UX INTERFACE 1.0000 E AC I' 

IN 1HO ·OO 01- LABOR CIRCUIT S YSTE HS 2.1260 DODOO .. l 111 co:i-0011- LAP OR QUAL llY CONTROL • 11250 00000 .. II\ !C0-11CO- CAP 1 ro PF 1a 5 no v CERAMIC CI SC [1043~ 1.0000 EACt. 
4 I Iii 300-ll~C- CAP 150 PF I 0'¥ <iOO v CERAMIC n1sr. IP OQ l 1. 0 0 'l 0 EACH .. FS '00-19H- CAP .047 uF ~ov•e~-2~~ CE RAM IC l"L D El HU 20.0~00 EACH 
4 II\ ~oo-~~11- CAP 1 "0 U F 16V -1~•7~~ fl f CT AXIAL 1. 0 0 0 0 EACH .. F~ ~OO-lfJ22·R - - CAP 1 ~. 0 UF 20V lox TANT AX I AL HR r 1 ~F- q c 2.oo~r E AC t. 
q F~ '30-20<~- RES 2 If 0 0 HM ) 1411 "~ FIXED CO~P r 1 ~6 'lo 1.~noo EAC~ .. F~ '3G·20~3- P( S 3~0 0 H"' ! '" \./ 

1 Ol: F 1 xr n C Cl"P f 1 2" ~ ~ 5.(1000 [AC H 
.. F'S B~·<J~G- Rf<: 3Q~ Ot<M 1/lf II l 0'¥ FIXED Ct~P r l'iF-q~ Ii· 0000 E AC t-
.. FS ''~·;>047- pr-$ Q 7~ 

0 ""' 
I /If II I Ol: t= I xr. l1 ( ( l"P 1 n oq l I• C 'l ~ 0 EACH 

.. t=S ~~i-311n- Rf S 1 K Ct<M 11 411 10~ FIXED C CP' r I"~ ri 1 q.~nDo fACt' 
F~ Br-~J10- RES HO~ Ct-" 114W I DX FIXED ( C "f' E1~69C 1.0~00 [AC t' 

.. FS '3' -oJq-R Rf~ 1 ".qi( OHfl 118 II IX FIX FILM T+R E 1~f'l0 1.0000 EACH 
4 TN 1:,Q-~QCf,- rONN RErrrT.H ~LD CUP Ill 0 "L OAT f 121 "I 1.0000 EACH 

JI\ '.7f,-OJ02- IC 7"~0111 4 ~ IN ros ~JANO r.AH 1.0000 E ACI-
Ii\ '76-Pu~~- IC 7 't 1 ~ ~~ ~ 3 Pl ros NtN(1 GATE 1. J 0 ~ 0 E AC t< 
n. ' 7 b-"H~- Ir 7. 1 4" ;> r f o r.r TP Ir. ~l IP-FLOP f 12 I 0 1 1.~00~ E AC t< 

4 I~· ~1~-n-r1- IC 7" 7f,~ ? JK l"!-rLV F /f PRq CLE AR I. C 0 CC E AC f-
I~ ''F- -~no- IC 7q "HJ f-'[ x JNVrR T[R fl?OlQ 1.00~0 [AC H 
II\ 1 7&-0~12- IC 1 4 '· J ,, r lCP ~ II ? I~ t NO OR INV GT 1.oooc E AC t' 



• 

"' .1 ·~ c . ' I 

:.' '• ,,: L ~ r .'1: 1 1 ~t v~·~f. 

... '·' ( L ·, I : ' 1 ;1 I I T I 1_' ~ 

2 

:. (' '. ~ i t '. 1t. ' - L ' '1 f ~ i:-
' T 1-1 1 r rt~ r-

3 
3 
3 

3 

3 
3 
3 

3 
3 

4 

4 

4 
4 

' 3 
3 
3 
3 

I\ 
II\ 
I\ 
p, 

I\ 
I~ 

I' 
11\ 

'" J' 
I" 
J\ 

I" 
I~ 

I" 
l" 
FS 

I' 
IN 
g 
l~ 

IN 
I~ 

F>: 
FS 
FS 
FS 

JN 
H 
I" 
I" 

I~ 

l N 
JI\ 
n 
FS 
F~ 

F S 
FS 
FS 
F~ 

FS 
II\ 
IN 
[I\ 

l N 
IN 
II\ 
I~ 

IN 

I ... l I ' I f, ' I r: I ~ I f.' 

I ' ~ • ~I {. 

, ' .J ~ ! ( "' I 1,' ( ( I ' p I '": I T ~ • I': I 14 A,.... 1 (' M : 

r r.., r r "Y ~ ' 
p ~f. 1 ~II~['! IO 

1 l h ... (I l t. -

l -,.; -(l ·~ 4 ~·-
l. -, t.. -1) j 0 1 -
l. 7 •1 ... c : ~; :' ... 
t 7 f.. - Q..., c.: 1: -

' 'ti-JJC:':'--
1 u, -c 1r4-
' 'b · ".l~~CJ
•.1~-':'l~ 1 -

t7b-'llt;4-

' lh-Q2ff·-
~ 7~ -f'2c 7 ... 

'7h-010'
'if.-C,JC3-
'76-S0(~

'76-S1(Q
'HJ·IJGl-R - -
~·«l-024 7-

4!'>2-2·JG5-H- -
4!-1-~14J-

4bl-314l
'-if12-D='cl
c1~-7421· 

·~0-212)-

f.~1 -ro•n
Eo53·2aco-
653-3.J02-

'Jb•OJCO• 
~76-0,0~9-

'76-C3<0-
~ 77 .Q3c~-

210-74?2-
0~0-0uOI

c•.10-cor~

.:00-0'11-
300-1%6-
'"0-4022-R 
'~0-10~6-

''0-2Cf.q
'31-~110-
"0-,~22-

'.~0-4J21-

''i0·0~c7. 

''iJ-OQCA
'76·000?• 
'7.;-~JCl

'7<,·0H4-
'76-0010-
376-0JH-
376-0J31-

n[~CR!"TIC'I 

IC 7 4,~~, t. 1", l'')r. f'\('~ rATr 

IC 7~F' ? 4·1 LINf f'AlA Sf!. M~ 
J\ 7400 4 :' l'J r0~ A'Jr f.AH 
IC 7 4 l c 7 • 2 IN vx 
IC 74'? 4 2 !" 0 R (.Alf 
Ir q',"1 2 I '.JF 4 nECC'[lrQ 

f r " 

r 1 ? 1 0 I 
f I? l 0 1 

I c q h " ;> 2 R r T Q I G R [ ~ r T M Q ~i 0 q ~ L M v [• fl 0 4 I c 
J\ 7414 HF~ <;(H~JTT TRIGGER f!20'" 
JC 74L':'b" HFX RLJ< nRJVfR 3 ~TATF 

IC 7411 ~'IN rn< AN() \.ATE PA TRf L 
IC 74l '"74 A LATfHf~ w/lR ~T ourp 
!f 74LS24~ ncTAL QlJF/LJNf OQ/L/\ qfr PATRfL 
IC 14L<::'9q <;CHOTTKY µ f11T UNIV qf< 

IC 24 PJN SQCK(T RURNnY 
IC Jf, PJN 'OC'K[T CAMf1ION 
IC 16 PIN TFKl'\A tt4330 
0"~5 ql D!OflE '~v. IOOMA AT lV T&1: 
flA NDLE ,•ACEPL AT[ Ao~ 15·123 
re FA([ PLAT'" ('f. PIN) (h422-3'i'• 
SCRFW CAP µ.32 P64?2·?'1 
SCREW CAP HOLJqNc; P6422·233 
ST OJQCFF, ~ALE IFPULf Phi\15·5e 
PCA ;>200S~D ALUIMU;>; INTfRFACE 

[ 1 21 0 1 
r 121o1 
c I 21 0 1 
u~~go 

f lllH 
f 1 1 0 ~ <; 
c 11 0 ~ c 

f 11039 

4- 4 O x VP PAN Hf' PH L MS SS ff M ~ E 1 21 0 1 
srRr-w,srLF TAP T-R n4Xll2"L Fl\HD PH £12101 
NO. 4 FLAT WA5HER El2101 
WASH 6 .14l!C .250(10 .062 FL NYL [12553 

IC 74154 1 OF 16 'lECODER DEMX E 77'iA 
IC 741P1 ARITH1fT!C LOGIC UNlTS 
IC 74 S412 MULTI-MOOE BUFFRO LATCH 
AM290'i LOW PWR SCHOTTKY BUS TRNSCVR 

PCA 2200S~O ECC/DEVTCf INTERFACf 
LAROR CIRCUIT <;YSTfM<; 
LABOR PRODllCTJON svqEM~ 
LABC1R QUALITY CONTROL 

r12101 
EJ21ry1 
E 1 ;> ! 0 1 

CAP • 047 UF C,OV+A0-2 ax CE RAHIC "'Lfl E 13726 
CAP lcoC UF 20V lOX TANT AXIAL HR E1"6'lC 
RFS ~6 Of'M 114~ 10'.i: FIXED CC~P E1264P 
RfS 6RO OHM 1/4~ lO't FPfD CC~P fl'\6'l0 
RfS 1~ OH~ Jl4W IO't FIXED CCMP fl'i6'JO 
RtS 2.2~ CHM 114W 10~ FIXED cc~r 1c476 
RES 20K Cfl"1 1/4~ C,'t FIXED (C"'r [l'if,'lr 
~0P 90 O[r. HOR ASSY PCR LK & EJECT 'IOA65 
nr 'lr rEG HOR CONN ASSY PCA LK EJT fHA6" 
TC 74~0N 4 2 TN pns NANO GATE 1"0q2 
IC 7410~! 1 3 JN f'OS NANO GATE f12f:4A 
Jr 74/nN 4 TN POS N~Nr> GATE [J2f,4P 
JC 7H4N 1-[X INVERTER EIOA65 
JC 74r2" 4 2 IN POS ~OR GATE 
JC 7430 A I POS NANO GATE ElOAf>" 

• 

riUANT IT Y 
I' r r1 hr: r-, Y 

1 • u o 'O 
2.QOCO 
'.HOP 
2 • ~ 0 fl 0 
3.000~ 

1.0000 
I. 0000 
rl. n a 0 r 
2.JOOO 
1.0~00 

1.0000 
1.~00J 

1.0000 
H.0000 
1.ooco 
1. cooo 
1.0000 
2.0000 
1. nooo 
2.ooon 
2.0000 
2.0000 
1.0000 
3. 0000 
4.0000 
3. 0000 
3. 0000 

1.0000 
1. 0000 
1.0000 
4.0000 

1.3000 
loq460 
2 .U,RO 

.R430 
lA.0000 

3.0000 
%d000 
2.nooo 
2.0000 
5.0000 
2. 0000 
1.0000 
2.0000 
3. 0000 
1. 0000 
i.ocoo 
2. 0000 
1. 0000 
3.0000 

1.1' \ r ti. r 1 "• I;"' t I I· 1 

f fl r, r, f f) (' 1 ) f f 1 I ~ ! T ( ; 11' ( (I f ~. ) 

I.!/~ I IT 

f ,\ ( •· 
r Ar 1· 
f A( H 
EACH 
f AC I
f AC I· 

'AC H 

f AC h 
[AC H 
( ACH 
f ACfl 
f AC I
f AC f• 
E AC f< 
EACH 
EACH 
f AC I
f AC H 
fACH 
E AC f< 
EACH 
EACH 
E AC I

EACH 
EACH 
EACH 
E AC I-

EACH 
E AC f' 
E AC !I 

EACH 

EACH OC023 

E AC 1-
EACH 
EACH 
EACH 
EACH 
[AC H 
EACH 
(AC H 
(AC~ 

f AC~ 
EACH 
f Ar I< 
E AC P 
EACH 
E AC f' 

00000 
orooo 
0 0 0 0 c 

• 



• • • L l T I - l f V ' n I l. r1 r A• I f Ill!\ [l AT I nfl/~f,/~'1 

~"'7-:1;oo-l<o- - U'Gf ND ASSfMI LY I ART l\L:~f'f~ 

A°'~f:"f·LY rfc,\RJrTIC'I\ :"''n rt'K r~rcf'''"' 11"IT 1: r=PHANTC~; ?: !HM l'A'.Tfll flflY \Gflf: ': o:TAG~[f1 nu! re K!TO'R"CJ C.Tfil 

~r~lTICI\ II\ 

3 
3 

3 
3 
3 
3 
3 
3 

cpu\TL;R[ 

If\ 
II\ 
Ir\ 
If\ 
IN 
I~ 

11'. 
II\ 

I" 
I" 
I" 
II\ 
JI\ 
If\ 
I fl 
II\ 
II\ 
II. 
JI\ 
11\ 
F" 
FS 
FS 

IN 
I I\ 
I I\ 

P IN 
H 
II\ 
IN 
11\ 
rn 
FS 
FS 
JI\ 
FS 
FS 
FS 
FS 
FS 
rs 
IN 
IN 
I~ 

I I\ 
TN 
I I\ 
II\ 
I~ 

I I\ 
II\ 

ccMrr,11,ru 
PORT Nll~"FR 

~lb-O.J'f,

'76-00~1-

'76-00F?· 
'7&-ou 0 4-
'1&-rogo. 
~1<-0l IY-
t 7f,-~{1(~

'7~-n2c'l

'76-1?Cfi
'76-023"
l7b-n;?c.~-

' 16-12 74-
'7b-·1?7'>
'7&-0lD
'76-Cll7· 
44'l-'247-
4~2-::1c~-F- -
4f;l-\140-
4~l-~141-

~I0-74<2-

6'10-1120-
foD-l !t~
~~1-01'0-

2!1·74Z3•A 
CCO•OH'l-
001-0011-
209-742~

c,oo-0or1-
000-0011-
•oo-1010-
~00-1220-

'00-l'lCb
'"0-19~6-

l00-40<2-R 
l21-0HP
'30-2022· 
~l0-20~3-

330-2047-
3~0-~J IP· 
'30-.10~2-

lll-O'Fl-R 
• 1&-n i r2-
• 1.,-r1cr,
'76-oro
'76-0010-
'7f.·OGl2-
.'1':>·1~!f

•7~-J~4e-

1.7h·C·Jc:~

·q < - 0 '1 F I -
'./f,-JJU?• 

D f !". CR IP T I l' ~ 

tr 74~~N 4 2 IN fX[LUC!V[ OR GAT[ 
IC 14CA 4 2 II\ PO'> AMl \,ATE 
IC 7 4 l 5 7 4 2 I N MX 
IC 74 lhl SYNCHRf1NOUS 4 Al T CCLNHR 

f c I\ 

IC 74114 f'fX n TYP> FLIP FLOF rAHrL 
IC 14 17~ 4 D ryr• f[lGf TP IG f /F 
TC 74S74 2 D TYPf F F W PRESET CLfR 
re 74<3? 4" IN POS np GATE 
IC 74<;u.o ~ 5 I" ros NOR GATE 
IC 74Sl, ' ~ IN r~s ~AND GATf 
IC 7~'10 2 Lll\f ORTVFR PATR[L 
IC ~C'4~3L• LINE DRIV'R 
IC ~C~4~Qr 4 LJl\E RE(r!V[P 
IC 74L'>299 SCHOTTKY µ RIT UNIV RES 
IC 25LS2521 q•RTT fQUAL TO C~PRTR 

11ANDL(,FACEPLATE HH!5·ln Ell77C 
FACE µLATf 22PO PHOENIX Db422·34P FJ~Ft~ 

SCR•w CAP A-32 R~42?-2'1 [lrAf,5 
SCREW CAP H0USJ NG 864n·:>33 '1 'R65 
PCB 22,0SMD ECC/DfVIC( INT[RfACf 
SC R 3 • <t P ' I P S l 0 T PH MS SS E I PA 6 5 
SCR 3•4f\ 1/2 sun PH MS SS rt081'" 
SCREll,S(LF TAP T-A "4Xll;:>"L Fl\f<C Ph E12~4P 

rcA ?200S~D RAM/PROM CNTL 
LABOR PROaUCTION SYSTEMS 
LABOR QUALITY CONTROL 
PCA 2200S~D RAM/PROM CNTL 
LABOR CIRCUIT SYSTE~S 

LABOR QUALITY CONT~OL 

CAP 1 C PF 1 ~ ~ c; r 0 V CERA M I C C IS C 
CAP 220 PF l1X 500 V CrRAMIC DISC 
CAP .DC! UF 10'1: 500 V CERAMIC DISC 
CAP 0147 UF ~OV+BO·?OX CERAMIC ~LO 

CAP 1".0 UF 20V I OX TANT AX JAL TRR 
CRYSTAL !C.~ 5 X QUARTZ H-1~/U 
RES 220 OHM l/4U !OX FIX[fl CCl'P 
RfS 330 0~"' )14W !OX FIXED CCMP 
RfS 4D 01-M l/411 !OX FIX[D Cfl'P 
R[S !.~K OHM 1/411 lOX FIXED CCMP 
RrS 2.2K OHM l/4W 10~ FIXED COMr 
R>S 1~.?K cw~ 1'"~ l~ FIX FL l+R 
IC 74CON 4 2 IN POS NAND GATE 
IC 7474~ 2 [)EOG[ TRIG FLIP·FLrP 
re 7442N 4 Ll,,,[-IG L!'I( DECOCER 
I~ 74°4N H[X INVrRTER 
If 7 4 ° I N F X P ? II 2 PJ A ND OR 11'< V GT 
IC 74Cn 4 ;> IN ros 'i~R GATE 
IC 741'-I ? 4·1 LINE ['ATA Sfl "'X 
1 c 1 4 : <J • ~ Y 'J 4 "· 1 T L'" n Cl.' N cc L ~ r r R 
IC 74"P 4 2 IN rns A'l['l r.AT( 
JC 74157 4 2 IN "X 

[ l 12 04 

f I H2~ 
E1~6'l0 

? r 20 c 
[ l"~'H 
;:> r 2 00 
Fl "690 
I' 126 H 
'1~6qC 

'1C67G 

GLJANTITY 
PfR Ar.SY 

4.0000 
?. ~000 
1.oooc 
4,0000 
;>. 0000 
6. ooco 
1.0000 
1.0000 
1.oooc 
1.0000 
?.0000 
~. 0000 
ho 0000 
2.0000 
? • r: o a o 
2. r oon 
I , o 0 0 O 
;>.oo~o 

?. 0000 
1.0000 
1.0000 
6.0000 
4, 000~ 

l • 0 0 0 0 
2.57'0 

.5150 
1.0000 
1. 2 H 0 
.2~50 

1.0000 
l • 0000 
1.0000 

:?4.0llJO 
4.0~00 

1.000~ 

1.0~00 

1.0000 
~.oooo 

1.0000 
6oll000 
1.oono 
1.0000 
2.0000 
1.0000 
~. 000~ 

1.0000 
1.0000 
1.0000 
4.0000 
2.0000 
2.0000 

U/ I' LIT 

f AC f1 
[AC H 
[AC H 

F AC H 
[Ar H 

EAO 
[AC H 
EACH 
[AC H 

[AC I· 
f AC H 

EACH 
[AC I
f AC H 
(AC H 
( ACh 
[AC H 
EACH 
EACH 
EACH 
(AC H 
[AC H 

EACH 

EACH oro2~ 

EACH 

E AC I' 
E AC I< 
r AC H 
EACH 
(AC I< 
E AC!' 
EACH 
EACI< 
f AC H 
[AC H 
f AC H 
f AC H 
fACH 
[AC H 
(AC., 
E AC I' 
r AC f< 
[AC H 

[AC H 

(AC I• 
E AC I
E AC I-

00000 
ocooo 

ocooo 
00000 



• 

• L: I 1 I - I ' v ' f' I L l "' A T f ~ I A l A' n Rltt\ 0 A 1 f !" ~i I ;' f, I ~' 1 I' A [,f 

A<;~f'4•LY IART ~l 1 '4•i[R 17:-?2!"-~·0- ... L!C·rNr 
ASS~r-'"LY ['fSCRlPTIOI\ ":1·1 ~l'K PRCCf ·srn IJNIT l; P:f'llANlCM; ?: !IP' "A~TFR DfLY Crllr; '; ooJAGGLO f'l!l "' ~l!C"li"ll '!Ill 

POSTTJOI\ I~ UGf~l' 

3 

3 

~ 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 

3 
3 
3 
3 
3 

STrllCTl Rf I 2 ' 

4 

II\ 
I~ 
I~ 

I\ 
II\ 
l'I 
It\ 
IN 
!Iii 
II\ 
IN 
IN 
II\ 
IN 

I~ 

II\ 
IN 
FS 
I~ 

FS 
I I\ 

FS 
IN 

FS 
H 

IN 
I~ 

IN 
IN 
I~ 

I~ 

FS 
FS 
FS 
IN 
IN 
I~ 

P: 
IN 
II\ 
I~ 

II'. 
I~ 

IN 
IN 
II'. 
IN 

cc~rr >;f 11 r 
PART ~·tt~Pf~ 

.\76-•10°~

qh-J~qr,

q6-nG~l

~7ti·'lL:G~

'76-0IG4-
'7h-Ol<c,-
1 76-113q
\7f,-nlql
qi;-0294-
'76-'iOr~

'76-00~3-

'1f,-90!4-
q6-'i~20-

'i)n-7423-

~77-~341-L 

377-0347-
377-0353-
H~-40P3-R 7- -
~77-0348-

~ 7 A - 4 0 o 4 -R 1- -
377-0,48-

'7A-40P5-R7- -
,77-0348-

H8-40P6-R1- -
H7-034P-

21~-7424-

cno-oocl
'-qo-oocs
ilno-0011-
300-1220-
300-1470-
300-1966-
H0-4022-R 
330-!0(2-
~76-DQC2-

~7&-qOQll

~76-00(~-

376-0JlO
Hb-OO 12-
376-00 l~-
376-~353-

q~-OOFl

'7&-00~3-

~76-00%

'7f.-Ol39-
H6-0lS4-
' 76-023~-

DESCkll'TfCN r r " 

IC H'2 4 2 11' rR GATf 
rc q321 2 1 o• 4 nrcnorR 
IC 74195 4 RIT rAR ACCESS SH!fT 
IC 74174 ~EX C TVPf FL IP FLOr 

Rf G ( 12634 

IC 'l6~2 2 RETR!r. RESfT MONOSTPL 
IC 74?7 .~ ' IN NOR r.ATf 
IC 7414 HEX SrH,..ITT TRIGGER 
IC 74160 SYN 4 f11T CTR 
IC 74LSl3R ,_A LINf DfCODfR/~PX 

IC 16 PIN SOCKET RURNnY 
IC 24 PIN SOCKET AURNnY 
IC 18 PIN SOCKET 
IC 20Pll\ SOCKET OIL LOW PROFILE 
PCB 2200S~O RAM/PROM CNTL 

MVR 

[!%79 
rt Cf> 7 o 
f]Qf,70 

EI ~6 7 q 
f I 06 7 'l 
E 10619 
Etr679 

2!14L 1KX4 STATIC RH 4'iONS L PllR ElllH 
2gll PIPOLAR MICROPRGRM SEQUEl\CtS 
AM2'l0~ LOW PWR SCHOTTKY BUS TRNSCVR 
22PO rPU MICROCOOE CHIP n4 LI~ 1P41P 
TMS2716 2KX8 [PROM 12V 

2280 DPU MICROCODE CHIP 0 Ll4 1 A4l A 
TMS271~ 2KXA EPROM 12V 

2280 [)PU MICROCOOE CHIP nl Ll5 1P4IA 
TMS2716 2KXA fPROM 12V 

22110 rPU MICROCOOE CHIP n2 LI~ 1?418 
TMS2716 2KXA [PROM 12V 

P('A 2200SMI" !10 CONTRnLLfR 
LABOR CIRCUIT SYSTE~S 

LABOR PRODUCTION SYSTEMS 
LABOR QUALITY CONTROL 
CAP 220 PF 1n' sno v CERAMIC DISC 
CAP 470 PF !OX 5~0 V CERAMIC CISC 
CAP .047 UF 5CV+~0-20X Cf PAMIC "LO 
CAP 1~.o UF 2~V !OX TANT AXIAL T~R 

RES 2e2K OH" 11411 !OX FIXED CCMP 
IC 74CON 4 2 IN POS NANO GATE 
IC 7420N 2 4 IN POS NANO GATE 
IC 7474~ 2 0 EOG• TRlf. FLIP-FLOP 
IC 7404N flEX INVERTER 
IC 74c1N EXP 2 II 2 IN ANO OR INV GT 
IC 74C2~ 4 2 IN POS NOR GATE 
IC 7 4 I 'l ~ SYN 4 B I T UP D n11 N C CUN TE R 
IC 74r8 4 2 IN POS AND GATE 
IC 14~2 4 2 IN CP GATE 
IC q321 2 1 or 4 OECODfR 
IC 7414 HEX SCHMITT TRIGGER 
IC 7411 3 3 IN POS AND GATE 
IC 74Sl0 3 3 IN P~S NANO GAT[ 

• 

E '25 6 ~ 
EI 2231 
rl'726 
[ !%00 
E1~690 

f I ;>4 'l 0 

I A O'l 4 

E 125 6 ~ 

El256~ 

1 8 G'l4 

E10725 

QUANTITY 
P•R ftSSY 

c,oo~o 

1.0000 
l.0000 
3.COO~ 

l.~000 

loOOJC 
1.0000 
1.0000 
1. 0000 
2. ~000 
6.nooo 
1a.~~oo 

3.0000 
1.0000 

18.0000 
3.0000 
2.~000 

1.0000 
1.0000 

1.0000 
1.0000 

1.oono 
1.0000 

1.0000 
1.0000 

1.0000 
.9510 

1. H20 
• b 71 0 

1.0000 
3.0000 

11.0000 
2.0000 
3,nooo 
2.0000 
2. 0000 
6.0000 
3. 0000 
4. 0 000 
2.0000 
3.0000 
s.oooo 
2.0000 
2.0000 
1.0000 
4,0000 
t>.oooo 

UI ~ LIT 

r Ar f· 

E AC fl 
fACH 
fAO 
EACH 
E AC f' 
[AC f< 

EACH 
EACH 
(AO< 
EA l H 
EACH 
EACH 
EACH 

EACH 
EACH 
EACH 
EACH OCOO' 
EACH 

EACh 00003 
E AC f' 

EACf- 00003 
EACH 

EACH 0 0003 
E AC fl 

EACfl 00023 

EACH 
EACH 
EACH 
EACH 
EACH 
E AC f' 
EACH 
E AC f' 
EACH 
[AC H 
E AC fl 
E AC f
E AC fl 
EACH 
E AC f' 
EACH 
EACH 
EACf-

OGOOO 
00000 
00000 

• 



• • • 
M~OOIH·A ~ULTl·LfVf ll l L l M A T E R I A L A~ IF AUN nAif: OH/?h/HI 

ASS[~"LY fART ~CMPfR 111•22~0-~0- - LfGfNO 
ASS[MfLY r[~CR!Pl!ON 22PO Dl~K PRCCE~SCR UNIT 1: P=PHANTCM; 2: [l[M ~ASTrR OfLY CODE; 3: •=TAGG[[) OU! lJJ K!Tff'~{i{J '.;Jfi) 

~OSJTJO IN LEGOr CCMFONE~T 

2 
3 

2 

? 

3 
3 
3 

3 

SHUC TLRE I ;> PART NU~eFR 

4 

4 

4 
4 

4 

IN 
I~ 

IN 
IN 
!~ 

I"' 
IN 
FS 

IN 
IN 
IN 
IN 
I~ 

I~ 

I I'\ 
FS 
IN 
IN 

IN 
Ir., 
IN 
II< 
I~ 

•71,-0?Hf
Hb-02P~

'16-0?GP
'7'>-0H3· 
~7b-0317-

376-i31~-

510-1424-
600-q012-

22 J•O I ~e-
000-0004· 
0oo-oc11-
350 •20F2-
~50-q(>2A·G 

35~ ·42 28-T 
~50-42~4-

420-0"~4-

45P•0361• 
f,~'i-1011-

220-30~2-

0~0-0004-

noo-~011-

~'i~-0414-

~50-4120-

FS • 4?0·0070-
6.;0-0l ~f-F~ 

Ir., 
IN 
IN 
IN 
IN 
FS 
FS 

Ir. 
IN 
J'I 
I~ 

[~ 

(l\j 

'" I~ 

IN 
F~ 

I~ 

Ir>; 
I~ 

I~ 

Ir>. 
IN 

2?1l·3~~3-'i 

~an-r:oc4-

~oo-0011-

'c;0-0413-
'51-411'1-
'<?IJ-OH'l
f>bll·Ol 'l'i· 

270-0'i1•
ryoo-0004-
~~o-oao5-

roo-cc11-
2!0-7416-
00J-C ,:4-
001-n11-
~~1-4C~2-

'OJ-4041· 
3,l·J~Jry-R 

'32-2010-
'34-nGl4-
•.••-011~

,~,4-IJQ<l

,51-Jl]ll
'"3-'~C;>-

OESCRIPTICll 

IC 74LS~74 ll LHCHES WITR ~l OllTP 
IC 74LS244 OCTUAL 8UF/LINE OR 3 OUT 
IC H<t3A 3 TO A Ll>.JE OECOOER/MPX 
IC 74LS2qq SCHOTTKY A AIT Ul'IV RES 
IC ?'\lS?~21 A·BJT fQUAL TO OPRTR 
IC 742Jb QUAn J-K Ft JP FLOPS 
f' c B ;> 2r 0 •, ~ {) l I() rn NT p n LL [ R 
24 GA YELLOW SOLID Tt.FLON WIRE 

12 •EXTENSION CAPt.r ( 3~r>At.4A2-lb 
LAA0R SUA·SY;Ji:MS 
LAAOR QUALITY CONTROL 
CONN !A-H CA~LE TO PANEL PLLG 
STRAI~ RELIEF CVR 36 POS IBOCEG GRV 
STRAIN RELIEF CVR 36 POS IAOCEG TNG 
4-4~X~/A CAPT SCR FOR SCR MT CO~NS, 
36 co~o 26 GA SH!fLOE[l CABLE 
GROUND STRAP C6Al~·2A 
TY-WRAP !DENT MARKER 

30 PAIR FLAT CA ASSYI 'i'l 06'<82·1~A 

LABOR sue-SYSTEMS 
LABOR QUALITY CONTROL 

f C N 

I 1G'l I 

f [f,4 CJ 
ECR4AQ 
EC 84 A Q 

ECt.407 
EC6407 
EC6407 
E ! SR H 

3~-60 RECEPT CO~N .1no ECP37J 
PULL TAR FOR FLAT CABLE f\P37J 
30 TWISTED PAIRIFLAT R[!lfiON CAE:1Lf 
GLU(,HOTMfLTl,75~DXl.375LGl ECP371 

2f> CONP.SHlfLDED FLT CALE Cb4P2·l~q 

LAAOR SUB-SYSTEMS 
LABOR QUALITY CONT~OL 
1'·26 RECEPT CONN olOO 
PULL 1Ae FOR FLAT CAeLr 
?6 CC~[) FLAT CABLE W/GRND PLA~( 

HOT MFLT GLUE [1~142 

PHCE~IX OR INTTRFC TC VPA/MVFA 22PO 
LAA0R SUB·SY~TE~S 

LABOR PROnUCT!ON SYSTEMS 
LAROR QUALITY CONTROL 
PCA 22no S~D ~OTHfRBnARD 

LABOR SU~ -svsrn~~ 

LAPnR QUALITY CONTROL 
CAI' 10.0 UF 35 V 10X TA~T AnAL 
CAP 10,0 lJF 35 V St TANT OIAL 
Rrs IK CHI' J l?W Ht F !XO CC~P HR 
Rrs 109 OHi' ]~ l~X FIXED ((l'P 
l 0 HM 2 , 'i ~ <; X F I X [ [, Rf S I S T 0 R 
,r, OHi' 41.1 'i~ F[Xf'l RfSISTOR 
ol'i :JH' 1cW 0 ' J;F<.f<TOR 
225-21521-11~ P( CON~ SOLDER Tvrr 
n10 11\j'< llq 5CV 'A RfCT S C60 

[15193 

E112A~ 

E 1206 0 
Elf'7~ 

PnllfL 

E ! 121 5 

QUANTITY 
f'[R ASSY 

4.0000 
1.0000 
1. oo~a 
1.0000 
I, 0000 
3.0000 
1.0000 

• 104 2 

1. 0000 
,6'lAO 
• 14 0 0 

2.0000 
2.0000 
2.0000 
4o 00~0 
13.000~ 

2. 0000 
1. 0000 

1.0000 
• 2 37 0 
.0470 

2.0000 
2.0000 
5. 0000 

, 0 I n 0 

1.0000 
• 4 77 0 
.oq50 

2.0000 
1.0000 
s.oooo 

• 0 4 c ~ 

1.0000 
3.000~ 

, I 2 I 0 
.6240 

1.0000 
1.3300 
.266~ 

l.OuOO 
1.0000 
4,0000 
1.0000 
1.o~cc 

2.0010 
.1. ~DQO 

15.00~C 

4. 1000 

U/ M LIT 

EACH 
EACH 
EAO 
EACH 
EACH 
EACH 
EAU 
FEET 

EACH 00010 
EAO oooon 

ry c 0 0 0 
EACH 
EACH 
f AC H 
EACH 
F fE T 
E AC I
EACH 

fACf' 00010 
EACH 00000 

EACH 
EACH 
FEET 
EACH 

0 0 0 0 0 

EACH 00010 
EACH COOOC 

00000 
EACH 
EACH 
FEET 
LB 

EACH 
EACH 

E AC I

EACH 

E AC I
EACH 
[AC H 
E ACt< 
E AC I
EACH 
f. AC f' 

£AO 
EACH 

0 C 0 I 0 
00000 
00000 
ocooo 
0 0 02 :'> 
0 0 0 0 Q 

00000 



''~·(i'~-t. "lLTJ-Lf\lf ~' I L L r1· ~ ., r. T r i; I A L A' 'F 

A •Sr 1'' L Y ; t R T I\ L r-' :. r R • 7 7 - :' ? ·, ; - " ~ - - L fr. f NI:' 
A SS fr" L Y n· ~ r R I F T I C: \ ,· ~ " 1 [ I ~ K I' i; n I ~ ~ r ~ I I~· I T " = r HA f\ l c M ; ? : I 1F M " A q f ~ r· F L y c c Dr ; ' : • : T ~ G c.r I) 0 I J 1 c ; K I T (ll h (' [) ~ H ) 

P('~'TJr• l~ LEGPC 
'HUCTll'E' I 2 ' 

4 

4 

4 

(· 

5 

• 

IN 
II\ 
l I\ 
It\ 
I~ 

I" 
If\ 

p •• 

FS 

P FS 
J's 

P F< 

FS 

P FS 
FS 

P FS 
FS 

P FS 
FS 

P FS 
FS 

P FS 
FS 

FS 
p F~ 

FS 

P FS 
F~ 

P FS 
FS 

FS 
P FS 

FS 

P FS 
FS 

c r ~ r (' •T ~ T 

PART l\U~FfR 

':'l'-741<
t"4-117'
t".4-1177-
~~4-ll~~-

27'1-C?c:~

r~J-C~C~.

~-}-0111-

0 r0-q'iG'J-
271-~ 043-
Oo~-1004-

~:J-r;rl 1-
f-"')-~1J(0-

'SCJ-~JCq-

60·)-0UH
G•JO-n'lcc;-

; 0 Q - v '.) ~ 2 -
610-~CC9-

!:GC-~H'

l:GO-~Ou9-

600 -n 0 '4-
f,~,1-~ ,J (9-

f.O"-C10~-
600-0·)09-

6)0-~0CE.-

6 ~)-~·H'l-

600-QC07-
600-0H'3-

6~0-JOOCJ

bQ~-Oc~O

l;!l~-o~~'l-

6 ~o-o 0c2-
60J-~o :c;-

6ov-200"
i;00-~~cc;-

600-200'l-
6ro-ucn-
6Q1-2~C'l-

6'0-2oci
'- '0-20 C'l-

OfSCRil'TICN 

rce 2~~J •~n ~OTµrp~CARO 

12 PO~ PIN HrA('fq ASSY AMP '"r213-I 
I~ PO• PC FIN H~ADER ASY AMP,50?14] 
2 prs PIN HEIDER ASSY AMP 3~c21q-1 

22 0 n s 
LhP()R 
LA 9 OR 
OTH:R 
2? c Q s 
LA P'lR 
LA e OR 
Ill RF 
II I RE 

M[AT S!~~ ASSY ~~?7-8 

pqonllCTTON SY~TfMS 

QUALITY CONTROL 
DJllECT rr:sr 
H[AT Sl~K HAR~ESS 

SUf1-<:'fSHMS 
QUALPY CONTROL 

1a Gt BLACK UL 
:A GA IJMIT<" IJL 

I/IR~ !R GA ~QOIJN UL 
lllRF IP GA WHIT> UL 

;.>IRE 18 GA REIJ UL 
I/IRE IA GA WHITE UL 

I/IRE 18 GA 0RANGf UL 
IJIR<" 1~ GA l/HJTF UL 

Ill Rr 18 GA YFLLOll UL 
I/IRE 1~ GA WHITE UL 

I/IRE !P GA GPfEll. UL 
IJIRE 1A GA IJHITE UL 

IJTRr IA GA OLtJr UL 
I/IRE IA GA WHITF UL 

llIRF 18 GA VIOL>T UL 
lllRF 18 GA WHIT~ UL 

I/IRE IP GA I/HITE UL 
I/IRE 18 GA llHIBLK 
~'!Rf' !P GA I/HITE UL 

JP GA I/IRE IJH/RED 
ll!Rf IP GA I/HITE UL 

l/!Rf 24 GA GREF:N UL 
I/IRE 24 GA I/HITE UL 

WIRF ?4 GA WH!Tf UL 
WlR~ ~4 GA 111-'/BLK UL 
I/IRE 24 GA I/HITE UL 

IJ ICFF-H 

lllRF ?4 GA WH/BRN UL 
I/IRE 24 GA I/HITE UL • 

r C ~ 

I 1 ~ R 3 
~HP• 

11< p' 

ECP~'l9 

r;uANTITY 
r' o R A<;<:, Y 

L;/~ LIT 

1.a~1~ rAC~ 

1.0000 uu 
l,OQOil EACH 
1.noo1 EACI-' 

!.OOH 
, 3 7" n 
• 0 7 5 t:' 

13.1490 
1.00~0 

,4960 
• ~ q 'l 0 
.'11'00 

1.000~ 

,5ROO 
1.0000 

l.4200 
1.0000 

E AC b 
EACH 
E AC r 

F[ET 
FEET 

F cE T 
Fff T 

FEET 
FEET 

l.POO FEET 
1.~noo FfET 

l.!7JO 
1.0000 

.6700 
1.000~ 

1.t B 0 
1.0000 

.6700 
1.,000 

.5AOO 
1.oco~ 
1.0000 

FEET 
Ff ET 

FEET 
FfE T 

F ~ET 
FEET 

FEET 
Fff T 

FEET 
FEET 
FEET 

1.0400 FEET 
1.oaoo FrET 

1.oonn FEET 
1,0000 FEET 

1.1100 
• 5 P. o a 

1.0000 

FEET 
FEET 
FEET 

,5POO FEET 
1.0000 FffT 

~ ( ; ~ 0 
: r 0 ~ o 
OCGCU 
Q 0 0 0 0 
0 Q ~ 1 'l 
ononD 
~0000 

• 



• • • 
~ILTI-L[Vr P I L L ~ A T [ R I A L A~ CF RU~ r.AT[: o~/26/Al PAG[ 

ASS[MCLY rART ~u~n[R I17-2i"O-~O- - L fr, f 'ID 
A~Sf~FLY [(~fR!PTIC~ ~2"~ CI~K F~rcr•SCR U~JT 1: P=PHANTC"; 2: ITEM f'ASTFR OELY CCDfl 3: •=TAGGED OUT OF KJT(PROD STRl 

P O S I T I C ,, I ~ L E GE ~ C 
STRUCTURf I 2 ' 

4 

4 

4 

'· 

p 

p 

p 

p 

p 

" 
p 

p 

p 

·~ FS 

FS 
FS 

FS 
FS 

FS 
FS 

FS 
FS 

FS 
FS 

F< 
F~ 

FS 
FS 

FS . 
l"' 
FS . 
FS . 
IN 
I~ 

IN 
I I\ 
IN 
IN 
It-. 
IN 
IN 
1 I\ 
IN 
11\ 
IN 
IN 
F~ . 
FS 

rs . 
FC . 
FS . 
FS . 
F< 

Cf'."FC~E~T 

PART NUf'RFR 

b~1-20G2-

6Q0-2~~9-

t00-20~3-

~QQ•2~f.O• 

6Q0·2~G4· . 
6(•J-2'.:~9-

~nJ -? J95-
f ~Q-('~ r 0 -

600·20S7· 
6~)-2~0'l-

~riQ-70C2-

t,r,J -70 ~CJ-

b00•7QC3-
f0J-700"-

~OQ•7Q0b• 

f)0·7~Cq· 

&05-1004-
bJ6-3:143-
654•1ln•R 
b54·1H5·R 
654-1171-
f54·11H· 

~r5-10~A-

~75-1022-

'75-10~0-

~75-1072-

375-9014-
375-90l'i-
~75-5)19-

3 75 - G 12 Q -
3~0-3aoo-

~'1')-40~~-

'80-G(,Q2· 
•7A-Q27'i-
•00-n1s1-
6~~-1no1-

&"9-gCJ'i· 
t J-<Jl"-
f. s-:~·:!:-
s-~Hq-

f. 'J ·2H:l· 

DESCRIPTION 

III Rf ~4 GA llH /R FO lJL 
11 l Rf ?4 GA llf' I Tf. UL 

Ill R • 24 GA llH I 0 RN UL 
Ill R [ 24 GA 114 l Tf. UL 

Ill Rf ?4 GA llH/YfL UL 
11 l R [ 24 GA llf'!H UL 

Ill Rf 24 GA llf< Ir. RN UL 
11 l RE ?4 GA llH l T[ UL 

111 RE ~4 GA llH /V IO UL 
Ill R r 24 GA llf' I TE UL 

16 GA RED STRANDrn II I Rf 
l~ GA 114! TE STRANDEr IJ I RE 

lt, GA ORA~GE STRANDED IJ IRE 
lf, GA Ill'! TE STRANDED IJ I Rf. 

1 f GA f'LU E STRAl'.DfD II IRE 
l& GA llH! TE STRANDED II I Rf. 

<:ABLE TYE t PAN-TY PL TIM·M 
3/ 4" rrA llHT SHR!~K ~LK NU 270-3043 
SOCKET 20 -14 GA.IREH> A"IP 61117-4 
SOCKET 30 -2 2 C:A IREELl AMP 350078-4 
12 POS ~O CKE T HOUSING AMP 1·48021PO 
lF POo SOCKP HCUSING AMP 14eo4~s-o 

4·1251 I M J2 A 0 I TRANS !STOR 
40250 I 2t\4231A PllR TRANS ISTCR 
2N'i'l5t TR ANSI ~TCR 
TRANSISTOR 2N56A~ 30011 s NPN TO-~ 

I~ SUL AT ~R X TOR M'lUNT llECKESS ER TM·! 
INSULATOR X T() R MuUNT llECKESSER TM-2 
MICA llSf'R ($MALL) FOR POllER X!STORS 
MICA llSt'R <LARG~l FOR POllE R XISTORS 
010 IN1200A I 0 0 V 12A RECT s no. 4 

"· 711 ~ ~DA '37 0-1 P[CT!FlfR 
"IC A IJ ~ ~R .1GJDX,;3nDx.003TH~l300n> 

HfAVi!NKt <22cas>D&6:>7·11 
IR r,A 11 l RF WHIVJOLET 
IJ IR f lP. G l. llHIH UL 

Ill R > 1 4 GA TINNEO COPf'>[R AUS I UL l 
Ill RE 1 µ GA TI l\Ntrl C O"l'E R IJUS (UL) 

TlJP !Nr. ~f' R 12 CL 0 AR' 
Tur. JNr. ~o s C Lf Aq 
4-40 x I/ 2 PA"i f''l PHL MS SS ~fMS 

[ c ~ 

ECP~99 

Rr?2A5 

r 12ni: 

EC9A26 

fC9826 
1nc2er. 

EC6'i84 
ECf5A4 

". 15 0 p:: 

GUANTITY 
PER A~SY 

1.1700 
1.0000 

1.1100 
1.0000 

1.0400 
1. 0000 

.6700 
1.0000 

.6700 
1.0000 

.9200 
1.0000 

1,11no 
l.OOOP 

t.7500 
1.0000 

15, ~DOC 
1.0000 

16. 0000 
10.0000 
1.~000 

1.0000 

1. 0000 
6. JOOO 
2.0000 
1.cono 
3,0000 
A.oooo 
s.oooo 
3.0000 
2.0000 
1.0000 
2. oon~ 
1.ocno 

.5100 
1,ooco 

• 2100 
• 0110 
.0090 
• If, 0 0 

1.0000 

UI f' LIT 

FEET 
F fE T 

Fff T 
FEET 

F [[ T 
F [[ T 

F [[ T 
c fE T 

FEET 
Fff T 

FEET 
FEET 

FEET 
FEET 

FEET 
F>[ T 

[AC fJ 
EAC fJ o C 0 0 I 
EACfJ 
EACH 
EACf" 
[ ACf-

EACH 
[AC f.I 
EACH 
EACH 
EACf-
[AC H 
[AC~ 

E AC~ 
EACH 
EACH 
E AC h 
E AC fJ 
FEET 
Ff[ T 

FEET 
F c( T 
Fr f T 
FEET 
EACH 



~l:LTI-LfVfL P I l l ()F ~ A T r R I A l A· nF 'I 

ASSE~•LY •tRT NLJMPER !77·?2"r-Pn- - LrGr~·D 

t~srr•Lv rr~r~1rT1011, ~~~J ~I!K FGrrr~srR UNIT 1: l':f'HANTCMi .. !HM ~AST>R l)fLY CCDEi " •=TAGG(O r.t!l r.< ~ll!'"~fiO •.TRI .. 
~osITICI\ 11\J LrGr~c 

3 

3 
3 
3 

3 

STfUCTLQ[ I ~ l 

F< 

FS 
F'S 
>s 
FS 
r~ 

FS 
H 
II\ 
IN 

I~ 

II\ 
IN 
IN 
I I\ 
IN 
I I\ 
H 
I I\ 
I I\ 
II\ 
IN 
II\ 
I I\ 
IN 
IN 
111< 
I I\ 
IN 
II\ 
H\ 
11\J 

P FS 
FS 

FS 
FS 
FS 
FS 
FS 
~s 

FS 
FS 
>s 
FS 
FS 
I'<; 

FS 
FS 
FS 
FS 

cc Mr a l\f 11, T 
f'ART NlH'PfP 

'!;0-~!fO· 

~. L,2 - 3 0 t 4-

f •2-&1 ro
t-':'3 ·3 on
b53·3HI· 
~s~-i;-r.o
!:;'j3-E:·in1-
t54-~lcl• 

~54-1-106-

E: 54 -1 31 q -

~'1·3J!C• 

·~1- 1 04'l

~ 00 ·31H
HD ·GO 05• 
~n-G022· 
~ 25 -o j 2, _ 
~~0-0·)~~

~ ~o -c;o ro
%0-•;; c2-
~61)-~1)0~

~Pn-5J~O-

400-100"-
4lu-1lO~P-

4n-1r,c·c;-
42ry-101H·-
451 ·1 Of5· 
451-21 co-
451!-0l %-
4bl-~!~2-

4!i2-nGc-
462·014l
%2-n243-
e,no-0000-
~oo-o-·oc;-

HIJ-~CO'l• 

6Cl·'l~l~

f:IJ'5-C010-
(,05-0Jt':'
f.')5-0lC~

b is - o 1 r ci -
e, os -0124-
6~t,-10G4· 

bljQ-2121-
f:':'0-22 40-
E:5'l-30PO
;'J~·31~':'!

b=~-~2C'
b50 ·3~ P• 
b5C-41f0· 
b5'J-'.ill:l-

Of~CR l<'TICN f c ~ 

~-32 y II< ~A~ t;n PHL ~s c;s ~[~< 

~UT ~-!~U~C HEX s~All DAT 
NUT lC·5~UNr HFX RE~ PAT 
1.'ASH f, .}4'i!O .:'\7cno .Olf> Fl 
llA<:H 6 olc~ro o2A~C10 INT l 
llASH l~ .;>~~Ir .4~Ano .J32 Fl 

I '. 02 A 0 

~s l"C2µ" 
SS 1-1~0B2 

SS I ~J21lP 
q I ~C2RO 
!'~ r1cos2 

llASH 10.20411' .3B1nn INT T 
S~LrER GRnu~n LUG Dn-4 
~f. GR r:UND l IJG 
SHCULrEQ PUSHll\JG 00·4 

ST f 1"0Pt' 
r1~cP2 

I ~ 02 A 0 
rl~~P2 

6"00 UF 20V rl[CTPnLYTIC CAPACIT"P 
77000 UF 15V fL[CTRClLYT!C CAFACTTnR 
o.2K U• 2"V F'LECTROLYTlr. CAP 
CAP CL A"P 1 114 l~JCH ;> LUG c ~c-n 
CAP CLA~P 2 1116 I NCH 3 LUG 
f'\PST Tor,GL[ 511 l'i A l?~V rH 7~61K4 

•U~E HOLDER qr. CEGREE CONTACT 
~U~B[R llSHR FOR 'f>0·1COO I 3Et·OO~l 

HEX NLT FOR '60•1QJO I %0•0 001 
LOCK WSHR LF#9~5R;>3rFnR '60-000rlll 
130 VOLT VARISTOR V13"LA10 
FANtllHl~PfRISKELETONI ROTRhl\ WR2A2 
XF~R LNP ~Dl 22~~/2205E C5CEP.·9'l 
POWER CCRD ROTRON FAN lf\415 
FOWER CORfltlO FT lRAllf, 
2200S CPU R Pl.'R SUPPLY CHAS [~627-f: 
22 OilS M"T H[R SOMO COVER 06627·10 
221' CAPO HOLD flOllN IT•11C53CC·l060 
PL ATE NUT I MC'DIFTEOI C6POO•ll ~ 
Sl'CR 4-4~UNC .2c;o nr. .250 l t')C B 
SPCR, PHENOLIC CURRENT 4·250 
SPCRtHEX 6-3? )( 1 314 e6P00·110 
llJRE 'P GA PLACK UL 
II IR" 1 P GA llH IT E U l 

ll!Rf lA GA WHITE UL 
lllRt 18 GA TINN(n C!lPP[R PUS IULI 

f 11212 
El!P37 
[ 1230~ 
(12~0· 

TURINr: PVC II~ CLEAR E IE:A7~ 
"' CLfAR TURING 
TUPING "p PLACK 
TLJRJNr: NO 6 CLEAR 
TEFL0~ TUBING #2~ PEl\JNTUBE#l-~116 E11Al4 
CABLt TYEt DAN-TY PLTTM·M El~A7c 

~rR 4-40 3/P PHIL •LAT " M~ ~s El!A37 
4-4~ ~ 314 PAii, HD rHL M~ SS sr~s E!~P75 

r·32 ~ 1/4 PAN H0 PHL MS SS SEMS 
~-'? ~ II? PA~ H~ PHL ~S SS SE~S 

srR &-3?X~/A FAii, hO PHL SfMS ~< s~ E16P7~ 

SCR ~·32 1 '/4 SLOT PH MS SS tl~e7c 
µ,-~2 X 11~ PAN HD PHL MS SS SE~~ 

SCR 10·2~ 112 PHIL P. SS 

C:UANT ITV 
J:"fR A SSY 

22. 000\i 
22. co~n 
2.~o~o 

23.:i~o~ 

11. 0000 
2.00IJO 
2. 00~~ 
2. 000(1 

11.ooro 
2. 0000 

2. coon 
1.0000 
2.ooco 
2. 000(1 
l • ') 0 0 l' 
1.0000 
1.ocoo 
l • j l' 0 0 
1.0000 
1.000'! 
t.oooo 
1.0000 
loO!'OO 
1.1)000 
loOOOC 
1.0000 
1.0000 
4o01JOO 
2.~c~o 

600000 
1.0000 
400000 
lol700 
loOOOO 

1.1100 
.2100 
.16C~ 

2. 341),, 
• il ~ 0 0 
.21~c 

• OA 3 0 
3.0000 
400000 

lA. ocoo 
1.0000 
a.~n.cc 
3.0o~n 

4.~000 

4.0000 
2.0000 

IJ/ ~ LIT 

r AC" 
E AC fo 
E AC f' 
EACH 
EACH 
EACH 
EHl
EACH 
EACH 
EACH 

E AC t

EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
[AC H 
E AC f< 
EACH 
EACH 
EACH 
EACH 
EACH 
EACI' 
EACH 
EACH 
EACH 
[AC H 
[AC H 
FEET 
FEfT 

F El T 
>EE T 
FEET 
FEET 
FEET OCOOO 
FEET 
R CL L 
EACH 
EACH 
£AC f' 
EACH 
E AC" 
EACH 
E AC I-
EACH 
[AC H • 



• • • l'LLTl-LfVf P. I L L OF M A T f R I A L A~ CF PAC.( I 0 

ASSE'PLY PART l\U~BER 177-22"0·AO· - L f G[ ND 
ASS[M<LY f[~fRJPTICI\ ~2P] (I<~ PRf([~SCR UNIT 1! P;:PHA~;lCI'; <• !Tfl' ~A<l[R DfLY CCD[i 3! •:TAC,r;(O CUT CF KITCPRrJD STRI 

I 
2 
2 
2 
2 
2 
2 

POSJTIO~ IN LEGE~D 

~ThUfTU~f I 2 ' 

3 
3 

re; 
FS 
FS 
F~ 

FS 
IN 
FS 
FS 
FS 
FS 
FS 
FS 
FC:: 
F~ 

F" s 
IN 
I~ 

IN 
IN 
I~ 

IN 
I~ 

II\ 
IN 
IN 
H 
FS 
FS 
FS 
II\ 

It\ 
lN 
IN 
IN 
IN 
I~ 

H; 
IN 
I I\ 
IN 

CCMFONf ~ T 
PAPT NUl"PfR 

b~~ -f.160-
'52-00<'l
~52 ·00 ~2-
b52-2H2-
6'l2-20~'i

b5?-30C~
r,c.3 .~ao3-
653-20CO-
6~3-2~01-

c53-20C?
b!':3-3~00-

b53-31C1-
&c3-~no3-

6 53 - 4 Q 0 0 -
E-53-~H1-
b54-l~C~

b54-H10-
&54-l2~P

f. 0 4-1245-
!:55-0llq
e:ss-n 03-
~r:.5 -02 cs-

44'l-oc<&-
44'l-~2 n-
4c;o-~q~4-

4!:1-~101-
e,co-41 E!'-
651-44 PO
e:~a-nJ~e

Eq~-0312-

2q0-0015-
6P5-00]4-
6P5-QO 17-
6P5-0·J lq
~h5-0l co
E85-02EF,-
685-02P7-
~85-oq1-

fH5-03~~
~P5-~3~3-

DESCRIPTION 

tr - '2 X 1 I? PAN HO 
P-32 LOCK-NUT K~PS 

f-3~ LOCK-NUT ~fPS 

4-4 0 SQUARf NUT 

Pf<L MS SS HI'S 
5 11 - 08 18 0 c -5 0 
511-06180 o-o ~ 

4-40 LOCK-•rnr K[PS c;s 
SS NUT 6-32UNC HEX REG PAT 

WASHER, N0.4 l\YLON 1/P ID 
0.:0, 4 FLAT llASHER 

~111 or 

NO, 4 F"LAT WSHR 1/BID 1/400 
WASH 4 ·12~10 •26500 INT ~T 

r c ~ 

El~A7° 

r I ~P. 7 c 

r•~A7~ 

E HB7° 

f 16A15 

WAS,.. 6 ·14QJO ,37~no ,()16 FL 
WASH 6 ol'iOIO •21JPOO INT T 

SS fl~l\7° 
ST 

\/ASH 6 .}4110 .2s,no SPL! T 
WASH 8 ol74Jr 037500 0016 FL 
llASH 10 .20410 .38100 INT T 
af, GROUND LUG 
a10 GROUND LUG 
HEYCO STRAIN RfLIEF SR'iP-4 
SNAP RUSHING,HE~CO SB-1~0'-21 
~200 PS HA~DLr P6422-10R 
ffET RLACK GRF:Efl;E BH 2096 
FfET \/HITE GRrENf BH-21A4 

~s 

SS 
ST 

FAC• rLATf,P,r.eLAN~ C64??-3C5 (1~007 
PLAN~ FACE PLATf A 22q0 D68~4-102q E1~007 
WANG ~A~E TAG C~Bl'i-'l7 

22COS Ct'U COVER Cb I /('I r6627-9 
~CR 8-3< 11? SLOT PH MS ~S 
SCR 8-32 1 112 PHIL PH M~ SS 
NrOPRENf $PON~f TP r,RrENE 221e ~I~" 
a• SH!PPHG flAG E!16qr 

Sf<PG PKG 80"!F/R-DJSK-DRIVE lr250 
TAPE ~· PAPrR ~UM,..ED NON-ASP~ Rf!NF 
STRAPPING STffL .'iO WO 0015 T~K 

PUCKLr a41 M~TAL .~o WIDE 1"7R3 
EDGE PPTCTR 2112x2112x3 L-BOARD .o~ 
PALLET 40 X '2 CU~HIONfD 
HSC 5()0# 011 ~9 1/4 X 3? 114 ~ 25 
RSC 2C X 20 X 22 01127~ 2'01C 
FCAM-IN-PLACf •A• CHf~ICAL .~ PCF 2cr1r 
FOA,..-IN-PLACE "A" CHE"ICA L • ~ PCF 2~"1 ~ 

QUANTITY 
PER AS~V 

10.00110 
4.0000 
3.0000 
4.oooo 
15,n~oo 

1.0000 
A.ODDO 
2.0000 
12.~ooo 

2.~o~o 

4. 0 I! I! 0 
A.oooo 
1.0000 
4. nooo 
2.0000 
1.n.000 
6.ooon 
1.ooon 
1.11000 
1. 0000 
4.0000 
... 0000 

3. noon 
1.0000 
1.00~0 
1.oroo 
!1. r. 0 0 Q 

4,0000 
1.0000 
3. "'00 

1.onco 
• 0 0 c 0 
.oooo 

2.nooo 
4.QOQO 
1. oooc 
1. 0000 
.o~oo 

• 0 0 0 0 
.oooo 

U/ ,_. LIT 

[AC I' 
EACH 
[AC I
E AC I' 
[AC I' 
EACH 
EACH 
[AC H 

EACH 
E AC I' 
f AC Ii 
EACH 
E AC I' 
[AC H 

EACH 
EACH 
EACH 
EACH 
EACH 
EACH 
EA CI' 
E AC f< 

EACH 
E AC t
EACH 
EACH 
EACH 
E o\CH 
FEE I 
E ACt1 

EACI- 00010 
ROLL 
R CL L 
E AC h 
[AC H 

E AC I< 
EACH 
EACH 
EACH 
E AC t-
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III.A.10 M-2 

APPENDIX D 

SCHEMATICS 

This appendix contains all of the pertinent schematics relating to the 
2280 DPU. These are listed below as follows: 

WL Number Nomenclature 

210-7415 Prime Circuit Board 

210-7416 Motherboard 

210-7421 ALU/MUX Interface Board 

~10-7422 ECC/Device Interface Board 

210-7423 RAM/PROM Control Board 

210-7424 I/O Controller Board 

210-7715 2280 MUX Disk Conntoller 

210-7716 Motherboard 

210-7717 2280 MUX Master 

210-7718 2280 MUX Slave 

210-L567 Regulator Board 

D-1 
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-1511 

!ovn •SVR 
llN?SJAj 

C &.2V • J.if - >JJ' ~ SIL 

TA r I i DI 

+12V (F,'_, 1 G~~--------~R2 I ~ '1/11'¥ • ' 1·6 ?\/ 
.., .. w I 

.. 
• 

~15 ~ a: ~ ... 'l' 

I t:! ~· .. "' 
~ ...... <!:' ""! 
tc~~I~ ~ !t.ll 1t/1 

h&>~!!;.: 
!5~ .. ·a:~,t 

d 0\.0 _,o 
11 

~ •i . .... 
""'\' "I 

~ .,:L") 
. ~~,Q;~~ 

i.;~··.~..:t\\) ,,11 !:), ~" 
~'I:~;;; fl 
"'~~oi.ea: .. lltlQ~ 

·~~ !:) 

10 

-SVR .~~ .o1· j 
-~-·· •. a 

oLM Lf' 
• ,.2'1 ~:-;.vr; 

IOIC I,, 
Jiw 

4.0Zlf 1i 
Yaw 

9 

• VR 

RI 2.21f 

DS 
SIL 

8 

8 

7 .. --.. 

-----·---
7415 R3 

I Fi? I 

~ 
t·~:1 
ti~3 ~ EJ 

7 

E;3 
Em 6 

~ 
[]f[J 

Cl +I 

·ISV ~~·ISV 
+OV ~ f,)(ffi} i ir::N 

®~) 
(Q (~ 

f__WIRIN6 
SIDE 

~\cl.~=· 
@ID 

5 4 3 

LOCATION W.L. PART NO. 
L.I 37&:oz4o- -.. ·--
L2 SPARE" 

MAllllAL 

llllllH 

5 3 

2 

G 

F 

E 

TYPE 
··-LM33'3--

0 

B 

" DATE ArPIOVID H DATE 
71-7'J I EllGIM.Gf.CEQ. 1· 1· 
'./;.· M lllGI 

MIG lllGI A mu PRIME :.:.:~UIT 

MODEL 10. e290 
SU 11111. srmtKAtlOIS' .. 

210· 7,:.11; D f.1.'; ' IOL II Al IOllD 
II:: HIC. Z 

Ill :t All* fll1Stt11 

HAU Sit I Of WAii PAii IUllll "" DMwtNGfrrNMllA "' 
2 
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·W 
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~ 

~ "" ~ 
,I 
1:1~ 

mi 11 
~ Si s ... 

~ ~I:: 
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~ 
:xi 
0 

~1; 
.JI 

·1·1-;; ii·~ 
i - &>ti 
- ';S .. 
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!IP n m "Tl C> 

--~-------+- ---+----+-----! 

PRIME 

l.~~-
---r..,.---:--:r----.---,--- ·---

INTERFACE <4"1,/ Mu"IC rAM/l'RO.M l/O CON11'D SPARE SPARE REGW .J I I .J 2 
SIGNAL ,4ZZ. ?4ZI 14Z3 ,4Z.4 ~ ~3-' 

AKO - ·Ii; ri~ - ---u;· 
J3 

·· +---. ---r~=-l-. I -- +---+ --·---+---+--_J 

----+ -+- - ---+ - --
AK4 l IZ2 12.2 122 --·-· ··- --+---+---+-----+----1 
A KS 31 ~ 33 . __ _ . _ 

AK<o T 4, 4.,, 4..J 1 t t I 1 

1 AK7 rs,_ rs.. 15z. -~--. . ~- ·· ·-- ·· • ! ---, 
:~S~CTOR ~1 F~---f--+---+-- - --1 ---· -- . . I I I 

L - - ----+-- . --- +---- t-- -±··-- - . 
[ BSY !~_. 14 . --+-· -+· --+-----· _ i 

i==-~~~~-1 . ---- --~: ~ -i- - -- ~-~ . -- -~----_ -it- : ~t --1--- ~~. ~~- ·-: -· --- : 
t LNTR-2 M2 --t-"'12_ . _ _; .... _ . __ + ·- . --- l : ---
[ CNTR-.3 Pz __ -4--- _ _. Pz. L .-.L---·--+----+------ .. _ __ . ---~ --'---4--~ 

.. .CRES!gT.. -· : __ 01_:c~-- -l---~ -·-- . . ±" .. --· .. - '. : ··-+-·--·-· 
croo . ~ -L. LJ1 1 I- . I ... -1---- - .. -· 1.... r ----.;- -+--4 

r ~~~~OR . Z2-
1 

E;, -· 4.i._+ -~~ I 1 1 ·. j-- . . ~~--t--=t---i +-1 
DONE w1 ' " L •. t----·- -r---t----·· ~--·---j 
D~ Rz 14z _ Rz + .. _ -~----1- _ .. . 1 

~~~~FTED ~~ ~ NL . -j . . .. L ____ : -__ ··_- I-
I EC( DATA 71 . 71 --- L--· --!---

EQUALS 13z. 13z 1 -f; 
1 ERROR J1 .h -- J. . l 
f r:-~ F:l F3 =t1 __ _l r Fe, 73 73 _ 1 

FCZ H1 ~-

L FC.3 Kl K,, +-- +· 1-
( FC.4- L:\ L3 +=-i-:~·:-=1- I I 

Fe. S 1'2.3 121 

AK3 I I '?z I 9: I 92 

------- ~ -_==t~-==±=j 
---<--~-; ·---~-i~~ 

AK I I I 10. I 102 I IOz. 
A KZ I I Rz I R2 I /4-z 

---+---- ·-

-···-·--~-- ···- -- -

FC.<o I N3 I I I N3 
L FC. 7 103 10 3 

FCB 5; 53 1 I 1 E-E--± 
FC9 'H, H, I_-,~_-·----- . - - -----+ 1 I I 
FOMT R1 R1 -~- . --l--- .. - - I 

---- --~-- ---1 ----

--
fNlT I Bz I I I B:t 

f~~f i ~ LAUX Ni I Nz.. .L l l - --
LOAOEU. P, _l N, l l l! ~-·= I I I 
N\(21 s, s, s. l --+-- -
Ml C2 Cz Cz _ ·-
MZ Dz Dz . ....J2! 

... --!------~- -- --· 

M3 II, 111 111 
M4 I I z, I 2. I Z2 
MS I I 52 I Sz I 52 

I M<o I I 121 I 1!1 I 17.1 I I I I I -- +-- . -c-+--+---· --+---t----1 
M7 10, 10, 10, 

I rn I 151 I 83 I I I I I --+----+ PLD Cl.DC.I( 14, 14, 
PRIME I K, I I K, I K, 
PWR ON I Sz I I s~ ~ 

Nz 
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