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Preface

This maintenance information manual, SY31-0550 is
intended to be used for servicing the 5110. Service person-
nel using this manual are assumed to have completed the
5110 training course.

To service the 5110, use this manual with the MAPs
(maintenance analysis procedures), SY31-0553 and the
5110 Logic Manual, SY31-0552. It is important that
you begin your call with the Start MAP that leads you to
other MAPs and eventually to the failing FRU (field-
replaceable unit).

Third Edition (February 1979)

This is a major revision of, and obsoletes, SY31-0550-1. Changes or additions to the
text and illustrations are indicated by a vertical line to the left of the change or addition.

Changes are periodically made to the information herein; changes will be reported in
Technical Newsletters or in new editions of this publication.

Use this publication only as an aid in servicing the IBM 5110 system.

Publications are not stocked at the address below. Requests for copies of IBM
publications and for technical information about the system should be made to your IBM
representative or to the branch office serving your locality.

This publication could contain technical inaccuracies or typographical errors. Use the
Reader's Comment Form at the back of this publication to make comments about

this publication. If the form has been removed, address your comments to IBM
Corporation, Publications, Department 245, Rochester, Minnesota 55901. IBM may use
and distribute any of the information you supply in any way it believes appropriate
without incurring any obligation whatever. You may, of course, continue to use the
information you supply.

@Copyright International Business Machines Corporation 1978, 1979
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The information contained in this manual is to be used as
reference material when you are diagnosing machine
failures. The maintenance information manual consists of
location drawings, maintenance procedures, diagnostic
aids, and theory. An appendix provides information on
installation, tools and test equipment, and numbering
systems.

The format for page numbering is XXX-YYY.Z; XXX
indicates the section number, YYY indicates the page
number, and Z (although not normally used) is used to
number newly added pages when it is not feasible to
renumber previously numbered pages.

Referencing techniques used within the maintenance
information manual are as follows:

MAP three-digit references
Page-to-page
On-page

MAP three-digit reference numbers are assigned to location
drawings and maintenance procedures that are referred to
in the MAPS and MDIs. For example, 230 refers to the
tape control card pin assignments. Page-to-page references
within a section refer to the specific page containing the
remaining information. For example, see page 2-16. Exam-
ples of on-page references include the following: this
page, see below, etc, or for graphics with callouts, to the
specific callout.

MAINTENANCE

This section consists of location drawings and maintenance
procedures used in repairing or replacing field replaceable
units. The location drawings are of two types: an overall
5110 reference drawing showing the major functional units,
and detail location drawings showing the FRUs within a
functional unit. Maintenance procedures consist of service
checks, removals, replacements, and adjustment procedures.
All procedures and drawings have three digit reference
numbers assigned to them.

How This Manual Is Organized

THEORY

The theory section contains descriptions of the 5110
functional units and features. These descriptions are pre-
ceded by a system overview that gives you a general picture
of the 5110 overall operation and explains the relationship
of each function or feature to the overall operation.

DIAGNOSTIC AIDS

Diagnostic program descriptions, procedures explaining
how to use them, and the options available when the
programs are in control are found in this section. MDI
information for the printer, diskette unit, communications,
auxiliary tape, and tape write functions are also located
here. To further aid you in diagnosing machine failures,

a list of halt codes and error conditions is included in this
section. An intermittent failures procedure is provided to
help you determine the cause of intermittent failures.

APPENDIXES

Several appendixes are provided for your use in servicing
the 5110. One appendix contains the installation pro-
cedures for the 5110 and the 5106 Auxiliary Tape Unit.
Another contains the tools and test equipment. The
numbering systems used on the 5110 are also covered in
an appendix. A Glossary containing definitions of
uncommon terms and abbreviations used within the MIM
and MAPs is also in an appendix.

INDEX

The index is a detailed listing of all topics discussed within
the maintenance information manual.



Related Publications

The operating procedures for the 5110 are found in the
following manuals:

IBM 5110 System BASIC Introduction, SA21-9306
IBM 5110 System APL Introduction, SA21-9301

Information about the attachable features is located in the
following manuals:

I1BM 5103 Printer Maintenance Information Manual,
SY31-0414

IBM 5114 Diskette Unit Maintenance Information
Manual, SY31-0651

IBM 5110 Serial 1/0 Adapter Feature Maintenance
Information Manual, SY31-0582

IBM 5110 Parallel 1/0 Adapter Feature Maintenance
Information Manual, SY31-05683

I1BM 5110 Asynchronous Communications Feature
Maintenance Information Manual, SY31-0557

IBM 5110 Binary Synchronous Communications
Feature Maintenance Information Manual, SY 31-0558

The logic diagrams for the 5110 Computer, 5114 Diskette
Unit, 5103 Printer, 5106 Auxiliary Tape Unit, and other
attachable features are located in the IBM 5770 Logic
Manual, SY31-0552.
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Safety

CE SAFETY PRACTICES

All Customer Engineers are expected to take every safety
precaution possible and observe the following safety prac-
tices while maintaining |BM equipment:

1.

w

1.

12.

13.

14.

You should not work alone under hazardous conditions
or around equipment with dangerous voltage. Always
advise your manager if you MUST work aloné.

. Turn off all ac and dc power when removing or assembling

major components, working in immediate areas of power
supplies, performing mechanical inspection of power
supplies, or installing changes in machine circuitry.

After you have turned off the wall box power switch, lock
it in the Off position or tag it with a ‘Do Not Operate’’
tag, Form 229-1266. Pull power supply cord whenever
possible.

. When it is absolutely necessary to work on equipment

having exposed operating mechanical parts or exposed

live electrical circuitry anywhere in the machine, observe

the following precautions:

a. Another person familiar with power off controls must
be in immediate vicinity.

b. Do not wear rings, wrist watches, chains, bracelets, or

metal cuff links.

Use only insulated pliers and screwdrivers.

. Keep one hand in pocket.

e. When using test instruments, be certain that controls
are set correctly and that insulated probes of proper
capacity are used.

f. Avoid contacting ground potential (metal floor strips,
machine frames). Use suitable rubber mats, purchased
locally if necessary.

a o

. Wear safety glasses when:

a. Using a hammer to drive pins, riveting, staking.

b. Power or hand drilling, reaming, grinding.

Using spring hooks, attaching springs.

Soldering, wire cutting, removing steel bands.

Cleaning parts with solvents, sprays, cleaners, chemicals.
Performing any other work that may be hazardous to
your eyes. REMEMBER — THEY ARE YOUR EYES.
Follow special safety instructions when performing special-
1zed tasks, such as handling cathode ray tubes and extremely

high voltages. These instructions are outlined in CEMs
and the safety portion of the maintenance manuals.

~o o0

Do not use solvents, chemicals, greases, or oils that have
not been approved by IBM.

Avoid using tools or test equipment that have not been ap-
proved by IBM.

Replace worn or broken tools and test equipment.

Lift by standing or pushing up with stronger leg muscles —
this takes strain off back muscles. Do not lift any equip-
ment or parts weighing over 60 pounds.

After maintenance, restore all safety devices, such as guards,
shields, signs, and grounding wires.

Each Customer Engineer is responsible for making sure
that no action on his part renders products unsafe or
exposes customer personnel to hazards.

Place removed machine covers in a safe out-of-the-way
place where no one can trip over them,

Ensure that all machine covers are in place before returning
machine to customer.

Always place CE tool kit away from walk areas where no
one can trip over it; for example, under desk or table.

16. Avoid touching moving mechanical parts when fubricating,

checking for play.

17. When using stroboscope, do not touch ANYTHING - it
may be moving.

18. Avoid wearing loose clothing that may be caught in ma-

chinery. Shirt sleeves must be left buttoned or rolled above

the elbow.

19. Ties must be tucked in shirt or have a tie clasp (preferably

nonconductive) approximately 3 inches from end. Tie
chains are not recommended.

20. Before starting equipment, make certain fellow CEs and
customer personnel are not in a hazardous position.

21. Maintain good housekeeping in area of machine while per-

forming and after completing maintenance.

Knowing safety rules is not enough.
An unsafe act will inevitably lead to an accident.
Use good judgment - eliminate unsafe acts.

ARTIFICIAL RESPIRATION

General Considerations

1. Start Immediately — Seconds Count
Do not move the victim unless absolutely necessary to

remove from danger. Do not wait or look for help, or stop

to loosen clothing, warm the victim, or apply stimulants.
2. Check Mouth for Obstructions
Remove foreign objects. Pull tongue forward.
3. Loosen Clothing — Keep Victim Warm
Take care of these items after the victim is breathing by
himself or when help is available.
4. Remain in Position
After victim revives, be ready to resume respiration if
necessary .

5. Call a Doctor
Have someone summon medical aid.

6. Don’t Give Up
Continue without interruption until victim is breathing
without help or is certainly dead.

Rescue Breathing for Adults

Place victim on his back immediately.

Clear throat of water, food, or foreign matter.

. Tilt head back to open air passage.

Lift jaw up to keep tongue out of air passage.

Pinch nostrils to prevent air leakage when you blow.
Blow until you see chest rise.

Remove your lips and allow lungs to empty.

PN O s wN =

tion.
Repeat mouth to mouth breathing 10-20 times a minute.

©

Continue rescue breathing until victim breathes for himself.

-~ —~

Thumb and
finger positions

Final mouth-to-
mouth position

Listen for snoring and gurglings — signs of throat obstruc-

vii
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5110 Maintenance Library

The 5110 maintenance library (MLM) consists of mainte-
nance analysis procedures (MAPs), maintenance informa-
tion manuals (MIMs), 5110 logic manual, parts catalogs
(PCs), and diagnostic tools. These publications and diag-
nostic tools are all contained in a single binder.

MAPs MIMs

)) ) )))

LOGICs
PCs

The diagnostic tools contained in the 5110 MLM are:
— Diagnostic tape cartridge

Diagnostic diskette

— Logic board jumpers

— Wrap connectors

— Cartridge stop gauge

The following chart shows the relationship between the
publications contained in the maintenance library and
some other related publications. The related publications
contain the operating procedures and language information
(APL—A Programming Language, BASIC—Beginners All-
Purpose Symbolic Instruction Code) for the 5110.

1-2



1BM 5110 COMPUTING SYSTEM PUBLICATIONS

SA21-9308 SA21-9303
BASIC APL
Reference Reference
“SA21-9307 SA21-9302
BASIC User’s APL User’s
Guide Guide

Maintenance
Related Publications

5110 Maintenance Library

——— . —— st i s s et it e s s o i e e s e s o o e e e o i - —— — — o —— — o ot o i e

SY31-0553
5110 . .
MAPs Maintenance Library
SY31-0550 TSY31-0551 SY31-0414
|SY31-0552 5110 5114 5103
5110 System MIM MimM MIM
Logic Manual r
E]31-0627 S131-0603 $131-0626 S131-0598
5110 5106 5114 5103
PC PC PC PC
SY310581 SY31-0557 SY310582 TSY31-0558 SY31-0583
R
Language Async Comm Serial 1/0 BSCA Parallel 1/0
Support MIM MIM MIM MIM MiM
A{?A21-9306 ]15A21-9301
BASIC APL
Introduction Introduction
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When necessary, MAPs and MIMs are updated to provide
the latest informtion for diagnosing 5110 problems.
Updates to these documents are made through technical
newsletters (TNLs) or periodic major revisions. It is
important that the MAPs and MIMs be at compatible
levels. Never mix publications from system to system;
always use the publications shipped with the system.

The contents of the entire 5110 maintenance library are
shown in the chart on the following page. Notice that the
chart lists the topics alphabetically.. The numbers or letters
to the right of the topics indicate the section or appendix
containing the information. Look at the column heading
at the top of the chart to determine the publication that
contains the information.

1-4



MAINTENANCE LIBRARY CONTENTS

Publication/Section Number

<
& e &
NS &
é’bvogl\fgtbo W\\O“:q?'\g‘\/
SO PRI FEIEEH
eSS ST
AN ) D
AL AL A A AL
Circuits X
Communications
Asynchronous X
Binary Synchronous X
Character Code Chart A
Diagnostic Aids 4 X X X X
Glossary D C D X X X X
Installation Procedures A A A
Logic Card Part Numbers 050
And Jumpering
Maintenance 2 2 1
MAPs
Bring Up 400
Cable Checkout 210
Communications 830
Diskette Read 310
Diskette Unit 880
Display 500
Keyboard 600
Machine Checkout 900
Parallel 1/O 830
Power 700
Process Check 420
Serial 1/0 830
Start 200
Tape Read 300 ]
TV Monitor 510
5103 Printer 810
5106 Auxiliary Tape 850
Numbering Systems C
Print Character Information B
Preventive Maintenance C
Theory 3 3 3 X X X X
Tools and Test B
Using the Maintenance Library 100 1 1

5110 Maintenance Library

1-5
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MAPs

The MAPs guide you through the service call using step-by-
step procedures that require you to follow trace lines when
responding to questions or when leaving or entering a page.
The MAPs use a logical approach for isolating the possible
causes of machine problems and point you to that part of
the 5110 that requires adjustment or replacement.

Two types of MAPs are used in the 5110 maintenance
library. First, there are the hard-copy (printed) MAPs
within the MLM binder. These MAPs are contained in a
separate removable binder. The second type of MAP is
the MDI (MAP diagnostic integration). These MAPs are
located on the diagnostic tape/diskette and are shown on
the display screen. The system automatically pages
through the MAPs when you respond to the questions on
the display.

1-6



MAP ORGANIZATION

Start MAP 200

Record the Error Code Displayed

For Intermittent Failures

Indicator Lights—Use MAP 200

Bring Up Diagnostic Failures

Diagnostic Aid Section

System Function Test

Process Checks

MAP 400—Bring Up

Display Failures

MAP 420—Process Check

MAP 500—Display

Other Reported Failures

MAP 300—Tape Read

No Symptoms

Begin each call with Start MAP 200. This MAP
ensures that the system is operating sufficiently to use
other MAPs or MDls.

Start MAP 200 asks you to record the status bytes,
error logs, and history logs because this information is
lost on power down or RESTART. The Start MAP
either fixes or directs you to a MAP that tells you how
to fix any of the following problems:

— Indicator lights

— Bring up failures

— Process checks

— Display failures
For other failures, the Start MAP directs you to the cor-
rect MAP through an error code. If you are certain the
failures is not covered in the Start MAP, you can go
directly to the other MAPs as indicated by the in
the chart.

All MDIs have a MAP as an entry. For example, MAP
810-56103 is an entry for MDI 800 through 805. These
MAPs provide the setup instructions for running the
MDls.

The MDIs are a combination of MAPs and diagnostics.
The MDIs call in and run the appropriate diagnostics
and answer most of the MAP questions automatically.

The procedures for diagnosing intermittent failures
contain a more detailed description of what part of the
system each MDI checks.

MAP 310—Diskette Read

. J

MAP 700—Power

MAP 510—TV Monitor

MAP 600—Keyboard

MAP 810-5103

L- | MDI 800, 801, 802, 803, 804, 805

MAP 830—Communications, SI10, P1O

MDI 821—-BSCA

MDI 823—Parallel 1/0

MDI 820—Asynchronous Communications—
- Serial 1/0

MDI 890—Communications Routines

MAP 850—5106

MDI 840 through 847 and 860, 861

Chre

MAP 880—Diskette Drive

|
| ,
'-——-bil MDI 881 through 888

L o>

MAP 900—Checkout Procedures

MAPs
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USING THE MAPS
When using the MAPs, you must:

READ CAREFULLY. The MAPs can help you find the
problem only if you follow instructions and answer
questions accurately.

FOLLOW THE SEQUENCE. Proceed step-by-step at all
times. At times, the MAP instructions might seem irrele-
vant. However, they can be important in determining the
correct error indications.

FOLLOW INSTRUCTIONS. Instructions must be carried
out exactly in the order given. Questions are based on
instructions immediately preceding the questions. Do not
change the conditions established by the instructions
before answering the questions. Do not press the
RESTART switch until you are told to do so in the MAPs.

When you are asked to probe a line in the MAPs, the line
name and its active level are given. For example:

- Probe H2-G06 (- machine check).

The - (minus) in front of machine check indicates that this
line is active at a down level.

1-8
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MAP EXAMPLE MAP name and number
Entry and exit points—show all entry and exit points to

PROCESS CHECK MAP 0420 and from this MAP.

>
E
©
)
2o
=
-
gc
£
Ss=

PAGE 10OF 75

ENTRY POINTS EXIT POINTS
FROM ENTER THIS MAP EXIT THIS MAP T0
MAP ENTRY PAGE STEP PAGE STEP MAP ENTRY
NUMBER | POINT NUMBER NUMBER NUMBER NUMBER | NUMBER POINT
0200 A 1 001 5 ohl 0400 A
0300 A 1 001 18 218 0400 A
0600 A 1 001 75 828 0500 A
0810 A 1 001
0830 A 1 001
0850 A 1 001
0900 A 1 001
830C A 1 001
001 Step number
(Entry Point A) Entry point—indicates a possible starting point in this
MAP. It is usually referenced from a step within a
Is the PROCESS CHECK light on? MAP.
YN Y=yes, N=no
002
Can you create the PROCESS CHECK?
YN
003

The MAPs depend on having the PROCESS
CHECK on the machine or being able to
create the PROCESS CHECK. Gather and
record all available information pertaining
to the PROCESS CHECK. Advise the
customer that if the PROCESS CHECK
appears again,to leave the machine in the
failing condition until you arrive.

004
Is the PROCESS CHECK intermittent?
YN
Off-page reference—identifies the page and trace on
which this MAP leg continues. The 2 indicates that this
leg continues on page 2. The C indicates that this leg
continues at trace C.
222
ABC

MAPs 19



MAP EXAMPLE (continued)
ABC PROCESS CHECK MAP

PAGE 2 OF 75 On-page reference—indicates the trace and page from

which this MAP leg came. The 1 indicates that this
005 leg came from page 1. The C indicates that this leg

Create the PROCESS CHECK. came from trace C.

Did the PROCESS CHECK come on as a
result of pressing RESTART or powering
on the 5110?

YN

006
We will assume that the PROCESS
CHECK comes on as a result of running

a job.
Go to Step 010, Internal exit point—indicates the page, step, and entry
Entry Point H. point to go to within this MAP.

007

We will use the RESTART condition to

create the PROCESS CHECK. :

Go To Map 0400, Entry Point A. External exit point—indicates the MAP and entry
point to go to.

008
Create the PROCESS CHECK ‘ Instruction—establishes conditions for answering the
Go to the INTERMITTENT FAILURE CHART next question.

in the 5110 SERVICE AIDS.

009

Is the PROCESS CHECK intermittent? Question—answer either yes or no. Continue from

Y N your answer to the next question or instruction.
010

(Entry Point H)

Bad RESTART switch. Action—possible fixes for the failure. Replace, repair,
Check/replace Z3 (display and control panel) or adjust in the order given. (Check/replace means to
cable (see MAP 0210 and MIM 210, 241). check first, then replace if defective.)

Is the display blank or dark?
YN

011 Reference number—refers to a location graphic, .
Are there any devices attached to tht/ maintenance procedure, chart, or other pertinent
5110 1/0 interface port? (see MIiM information in the maintenance section.

271)
YN
On-page reference—indicates the trace on this page
771 from which this leg of the MAP continues.
558
DEFG

1-10



LOCATIONS.
200 Covers .
201 5110 Model X1X Functnonal Umts .
232 5110 Functional Units.
203 Tape Unit
204 Display . .
205 Keyboard and Control Panel .
206 Keyboard
207 AC Box .
208 Power Supply .
209 A1 Board (card side)
211 5106 Auxiliary Tape Unit .
TAPE .
220 Jackshaft Housmg
Service Check
Adjustment . .
221 Forward and Reverse Select Magnets
Service Check
Adjustment .
222 Locking Wheel Assembly .
Adjustment
223 Cartridge Stops .
Service Check
Adjustment
224 Tape Switch Assembly
Service Check
Adjustment
225 Read/Write Head
Removal .
Replacement .
Adjustment
Cleaning .
226 LED and PTX Assembly
Removal .
Replacement .
227 Motor Pulley
Service Check
Adjustment
228 Tape Positioning and Rewmd
Manual Tape Positioning
Loose Tape Rewind .
229 Tape Rethreading . .
230 Tape Control Card Pin Assngnments .
231 Internal Tape Unit—Z2 Socket Pin Assugnments
DISPLAY.
240 Display Removal
Removal .
241 Brightness Control
242 Reverse Display Switch .
243 Display Registers/Normal Switch.
244 | .32-64-R32 Switch
245 Restart Switch and Lamp Test
246 Basic—APL Switch .
247 Display Raster Adjustments
Brightness
Focus .

2-2
2-2
23
25
26
2-7
28
29
2-10
2-11
212
213
214
214
2-15
2-15
2-16
2-17
217
2-19
2-19
2-20
2-20
2-20
2-21
2-21
221
2-23
223
2-23
2-23
2-23
223
2-23
2-23
224
2-24
2-24
2-25
2-25
2-25
2-26
2-27
2-28
2-29
2-29
2-29
2-30
2-30
2-30
2-30
2-30
2-30
231
2-31
2-31

Centering .

Horizontal

Vertical
248 Display—23 Socket Pm Assngnments
249 Display and Control Panel Cable .
KEYBOARD.

250 Key Codes
251 Keyboard

Removal .

Disassembly .

Cleaning .

252 Spacebar.

Removal .

Installation
253 Key Module .

Removal .

Installation
254 Flyplate Replacement .
255 Keyboard—Z4 Socket Pin Assngnments .
POWER .

270 CE Meter Cahbration Check .
271 Power Supply

Removal .

Replacement . .
272 Power—Y1 Socket Pin Assngnments .
273 AC Voltage Distribution
274 DC Voltage Distribution
FEATURES .

280 1/0 Interface Cable Pm Assngnments
282 Async Comm/Serial 1/O Adapters—Z1 Socket
Pin Assignments

283 5106 Auxiliary Tape IIO lnterface Connector .
284 5106 Auxiliary Tape AC Voltage Distribution .

285 BSCA—Y?2 Socket and Wrap Connector Pin
Assignments

286 Parallel 1/0-Y3 Socket and Wrap Connector
Pin Assignments

IBM 5103 Printer

IBM 5114 Diskette Unit

Contents

2-32
2-33
2-33
2-34
2-35
2-36
2-36
2-37
2-37
2-37
2-37
2-38
2-38
2-38
2-38
2-38
2-38
2-39
2-40
2-41
2-41
2-42
242
242
244
245
246
2-48
248

250
252
2-53
254
2-56

2-58
2-59

Contents  2-1
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( " | 201 5110 MODEL X1X, FUNCTIONAL UNITS (WITH TAPE

Sy,
-
BEE0QNREDAaNe

UNIT) (Page 1 of 2)

3
c
Step Switch g
Run Switch g
=

AC Box (under display- see 207)
Display (see 204)

Alphameric Keyboard (see 206)
Numeric Keyboard (see 206)
Power Supply (see 208)

A1 Board (see 209)

Tape Unit (see 203)

Fan (tape unit)

Control Panel (see 205)

H?H

Locations 2-3
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5110 MODEL X2X, FUNCTIONAL UNITS (WITHOUT
TAPE UNIT) (Page 2 of 2)

Step Switch

Run Switch

AC Box (under display)
Display

Alphameric Keyboard
Numeric Keyboard
Power Supply

A1 Board (control unit)

Control Panel

24




( ; |202 5110 FUNCTIONAL UNITS

Parallel 1/0
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203 TaPEUNIT

Tape Internal Cable

Jackshaft Housing Assembly

Select Magnet (forward) —
Tape Unit Cable (external)

Spindle-Select Arm Assembly

Select Magnet (reverse)

Tape Control Card

Belt

Switch Assembly-File Protect (left)
and Cartridge in Place (right)

Tape LED-PTX Assembly
Read/Write Head
Cartridge Stop (2)
Locking Wheel (4)

Fan Assembly (5110 only)

Capacitor

Tape Motor Assembly
Brake Arm Spring
Brake Arm

- |
ESEEEEEEE QRNARRANE

Bottom View

Double plugs on
5110 only.

2-6
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( - 206 KEYBOARD

All Keys Assembly
3 Foam End Seals

B Foam PC Board Seals
B3 Key Module

B Keytop
3 Fiyplate

Cable Retainer
ﬂ Signal Cable (see 255 for pin assignments)
B} Pc Board

m Insulator

Base Plate

[+5]
(2]
c
©
c
]
-
c

Contamination Shield
(located directly
under keytop)

| 4 o

Locations  2-9
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207 AC BOX

BB Line Fitter (L1)

B3 Ac capacitors (C1, Cc2)

Bl Ac Plug sockets (J1, 42, J3)
B Fuse (F1)

B Display Unit Ground Wire
B Line Cord

J1 — Power Supply
J2 — Fan
J3 — Tape Unit




208 power suPPLY

( | n A1 Board

ﬂ DC Power Cable (see 272)

Power Supply PC Board

3 Auxiliary 1/0 Interface Port
( T B Fan Motor

3 DC Power Cable to
1/0 Interface Port

w



209 A1BOARD (CARD SIDE)
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Note: See Section 050 in the Map binder for card part numbers and jumpering.
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2117 5106 AUXILIARY TAPE UNIT e 1

Tape Unit (see 203)

I/O Interface Port

Fan

A1 Board (logic)
B3 Adapter Card
a Tape Control Card

m Terminator Storage

K] Top Cover Screws

Auxiliary Tape Unit A1 Board

(plug side)
ololo Hinge
5 0| |[6 0| |[ED
A B
1 1 1
Socket Cable or Card
A1l A2 Signal Cable Entry Point
%_E ﬁa—D' JG—JJ A2 A3 Signal Cable Entry Point
A3 A1 Power Cable Exit Point >
AlllB Ad A1 Power Cable Entry Point N2
2 1] 2 B1 A2 Signal Cable Exit Point !
B2 A3 Signal Cable Exit Point / Q
—
5ol G D E“F B3 Unused ‘ B
B4 Tape Unit Cable / '
A B C1 Adapter Card
3 3

s p 8'
m
> @ UI
w
c

o[
o[
ol

n AC Terminal Block /

B Power On-Off Switch i
u Machine Serial Number and Voltage Label /

(see 283)

w

\é Locations 913

W ETACLELT




220 JACKSHAFT HOUSING
{Part 1 of 2)
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220 JACKSHAFT HOUSING
(Page 2 of 2)

Service Check

The jackshaft housing should be centered over the spindle.
The jackshaft housing is positioned at the factory using
the stop washer B as a reference. Check that the jack-
shaft housing is touching the washer under the stop screw.
Then check that the stop screw n is tight. If both of
these conditions are OK and you still suspect a jackshaft
housing problem, do the following:

1. Power down and remove the tape unit from its
mounting.

2. Remove the fan.

3. Observe the slight side to side movement available
between the spindile carrier arm [J and the brake
arms n . Notice that the arm can be easily moved
in either direction until the spring tension on the
brake arms are met, and with more difficulty as you
overcome that tension.

4, Move the spindle carrier arm to the right until the
tension of the brake arm spring is just met.

5. Measure the gap (with feeler gauges) between the
spindle [ and the left jackshaft roll B .

6.  Move the spindle carrier arm [EJ to the left until the
tension of the brake arm spring is just met.

7. Measure the gap (feeler gauges) between the spindle
a and the right jackshaft roll n . The difference
between both measurements must be less than 0.003
inch (0.076 mm) or a jackshaft housing adjustment
is necessary.

Note: If the jackshaft housing must be removed, and a
readjustment of the housing is not intended, check to see
that the stop washer is against the housing before you
remove the housing.

Adjustment

10.

Power down and remove the tape unit from its
mounting.

Remove the tape drive motor (two screws) and fan
to access the jackshaft housing screws ﬂ .

-]
(2]
=4
(5]
c
[
-
=
2

Loosen the two jackshaft housing screws and the
stop screw n

Slide the jackshaft housing from side to side and
note that the unit moves easily until the spring
tension is met. More effort is now required to move
the unit. Slide the housing towards the stop screw
and washer until the spring tension is just met.
Tighten the left jackshaft housing mounting screw. i

Locate the stop washer B against the jackshaft
housing and tighten the stop screw

Loosen the left jackshaft housing screw ﬂ . Slide
the jackshaft housing to the right until you just
meet the spring tension as in step 4. Tighten the
left jackshaft housing mounting screw.

Measure and record the distance between the stop
washer and the jackshaft housing. For example:
0.020 inches. Divide this in half, 0.010 inches, and
place this size feeler gauge between the washer
and the housing. Now loosen the left jackshaft
housing screw and slide the unit to the left until
the unit is firmly against the feeler gauge and the
washer. Tighten both jackshaft housing screws.
Loosen the stop screw, move the stop washer
against the jackshaft housing, and retighten the stop
screw.

Do not jackshaft housing service check.
Perform the select magnet service check (see 221).

Reinstall the motor and the belt if the service check
is OK.

Tape 2-15
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221 FORWARD AND REVERSE SELECT MAGNETS
(Page 1 of 3)

Tape Unit !
Base

Read/Write
4 Head
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221 FORWARD AND REVERSE SELECT MAGNETS
(Page 2 of 3)

Service Check

The jackshaft housing adjustment (220) must be correct
before you make this service check.

1. Power down.
2. Remove the tape control card (203).

3. Jumper the following pins on the tape control card
socket (230) to select the forward select magnet:

S11 (+12) to B13 (select magnet return)
U08 (gnd) to B12 (forward select magnet)

4. Insert a 0.009 feeler gauge between the magnet pole
faces to be checked (forward n , reverse ﬂ ) and
the select arm armature . Power up. (Also
power up the 5106 Auxiliary Tape Unit if it is to be
checked.) The spindlea should not rotate. (The
jackshaft rolls [F] [EW should be running
continuously.)

5. Power down.

6. Insert a 0.007 feeler gauge between the magnet pole
faces to be checked (forward [ , reverse i ) and
the select arm armature .

7. Power up. The spindle B should rotate.

8. Power down.

9. Remove the jumpers installed in step 3.

10. Jumper the foliowing pins on the tape contro! card
socket (230) to select the reverse select magnet:

S11 (+12) to D13 (reverse magnet return)
U08 (gnd) to D12 (select reverse magnet)

11. Répeat steps 4 through 8 for the reverse select mag-
net. If this service check is OK, remove the jumpers
and reassembile.

Adjustment

The jackshaft housing adjustment (220) must be correct
before you make this adjustment.

1. Power down and disconnect the tape unit motor AC
cable (207). (J3 on the internal tape unit, quick
disconnect on the 5106 Auxiliary Tape Unit.)

2. Remove the tape control card (225).
3. Remove the tape unit.
4. Remove the tape unit motor and fan (203).

5. Loosen the magnet mounting screws (either n or
B ) for the magnet being adjusted.

6. Connect jumpers as in step 10 of the Service Check
for reverse magnet adjustment. Connect jumpers as
in step 3 of the Service Check for the forward magnet
adjustment.

7. Insert a 0.009 feeler gauge between the magnet pole
face of the magnet to be adjusted (forward B,
reverse [ ) and the select arm armature [FQ .

8. Power up.

9. Move the magnet and the select arm together until
the spindle [ just touches the jackshaft roll B
n in front of the magnet being adjusted. Tighten
the magnet mounting screws B slightly.
Manually rotate the jackshaft roll. If the spindle
turns, tap the magnet lightly to move the spindle
away from the jackshaft roll. When properly adjusted,
the magnet screws are tight with the spindle just
clearing the jackshaft roll.

10. Power down and insert a 0.007 feeler gauge between
the magnet pole face and the select arm armature
. Power up. If the spindie does not rotate, repeat
step 9 of the adjustment procedure.

11. Starting at step 5 of the adjustment procedure, do
the adjustment for the other select magnet. After
making this adjustment, power down and remove
the jumpers.

12. Reassemble in reverse order starting with step 4.

Tape 2-17
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221 FORWARD AND REVERSE SELECT MAGNETS
(Page 3 of 3)

Run the following test to check out the tape unit
adjustments:

Insert a known good scratch tape cartridge in the 5110
and mark 140 1K files starting at file one using the
following table. (This destroys the contents of the tape).
If an ALREADY MARKED (APL) or ERROR 566
(BASIC) message appears, press the ATTN key, scroll

up one line, enter GO, and press the EXECUTE key.

An INVALID FILE ERROR (APL) or an ERROR 121
(BASIC) might occur as file 1 (all the tape on the right
spool) tries to load. This is OK. Continue with the check-
out using the tape diagnostics.

5106 Auxiliary Tape Unit

Internal Tape Unit

To mark a tape using APL, enter:
JMARK 1 140 1 press the EXECUTE key

After the tape is marked, enter the following and press
the EXECUTE key after each line:

VE
[1] N<140
[21 10svo T
[3] L:T<'IN",(50TN),” MSG=OFF’
[4] T«<-q0
[6] <«(0AN<N-1)/LV
F

To mark a tape using BASIC, enter:
MARK 1, 140, 1 press the EXECUTE key

After the tape is marked, enter the following and press
the EXECUTE key after each line:

10 On ERROR GOTO 40
20 FOR 1=40 TO 1 STEP-1
30 OPEN FL1,’E80’, 1, IN
40 CLOSE FL1

50 NEXT |

RUN

Watch the tape motion and listen to the drive. The tape
should stop momentarily at each header. A correctly ad-
justed drive will result in a rhythmic operation. Read
failures will cause retries and result in a broken rhythm or
halt. If this occurs, the select magnet service check should
be done again. If the service check is OK, run the tape
read/write diagnostics.

2-18

To mark a tape using APL, enter:
YMARK 114012 Press the EXECUTE key

After the tape is marked, enter the following and press
the EXECUTE key after each line:

VF
[11 N<140
(21 10svo ‘T
[3] L:T<'IN’, (5 0T2000+N), * MSG=OFF’
[4] T< 10
[5] (0 N<N-1)/LV

F

To mark a tape using BASIC, enter:
MARK 1, 140, 1, E40 press the EXECUTE key

After the tape is marked, enter the following and press
the EXECUTE key after each line:

10 ON ERROR GOTO 40

20 FOR 1=140 To 1 STEP-1

30 OPEN FL1, ‘E40', I, IN

40 CLOSE FL1

50 NEXT |

RUN




"~ 222 LOCKING WHEEL ASSEMBLY

2

Adjustment

1. Remove the cartridge stops.

Loosen the locking wheel mounting screws n .
3. Position the locking wheel assembly (4) with the
wheel shaft [ as shown.

4. Slide the locking wheel assembly to the end of the
slot as shown and tighten the mounting screws.

5. Adjust all four locking wheels in the same manner.
Note: All locking wheels must be adjusted properly
to prevent slippage between the capstan and spindle.

6. Adjust the cartridge stops (223).

Tape
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223 CARTRIDGE STOPS

Service Check

2-20

Remove the tape control card.

Insert the stop gauge (part 1608780)m and observe
that the leading edge of the middle pad just touches
the spindle n . Check for a very slight or no rocking
action when pushing on the ends of the stop gauge.

Adjust the stops ﬂ if the rocking action is significant
or if the gap between the gauge and the spindie is
greater than 0.002 inch (0.050 mm). If there is any
rocking action and if you are not certain that the
rocking action is significant, adjust the stops.

Note: A significant gap between the spindle and the
stop gauge might inhibit the cartridge from seating
against the spindle. A significant rocking action
causes intermittent switch failures.

Adjustment

1.

Remove the tape control card (see 203).

Remove the bezel n (two screws) and both cartridge
guide blocks .

Loosen the four stop mounting screws B the two
jam nuts , and the support screws m until the
stops move freely.

Insert the stop gauge (part 1608780) m and locate
it against the cartridge side guides and against the
spindle n The two stop gauge side pads ﬂ must.
simultaneously touch their respective surfaces. Clam
the stop gauge to the upright ﬂ with the tape contre.
card clamping screw [FJ.

Position each stop ﬂagainst the stop gauge and
tighten the mounting screws B

Note: The metal guide above the stop does not have
a critical location.

Tighten the support screws m against the tape unit
base until finger tight. Using an allen wrench, tighten
the support screws another 1/8 turn (maximum).
Then tighten the two jam nuts m against the stop.
Check that the stop gauge has not moved away from
the spindle. '

Remove the stop gauge and return the clamping screw
to the tape control card clamp on the bezel.

Reinstall the cartridge guide blocks, bezel, and tape
control card.

Perform the tape switch assembly n adjustment
(see 224).




224 TAPE SWITCH ASSEMBLY (CARTRIDGE IN
PLACE SWITCH AND FILE PROTECT SWITCH)
(Page 1 of 2)

Service Check

_ Close the file protect window on the cartridge (turn the
arrow 180 degrees away from SAFE). Remove the tape

control card (see 203).

Insert a tape cartridge into the tape unit and tilt the cart-
ridge away from the switches n by pushing the cartridge
against the right stop n . Both switches must be made be-

+ fore the cartridge capstan Btouches the spindlea . Next,

position the cartridge capstan against the spindle and push
the cartridge towards the switch assemblyn . The cart-

ridge must touch the left stop without touching the front

of the switch assembly.

Adjustment
1. The cartridge stop blocks n and locking wheels

(see 222) must be correctly adjusted before making
this adjustment (see 223).

2. Power down. If the switch mounting bracket screw

is not accessable from the top remove the tape
unit from its mounting. If the switch mounting
bracket screw is accessable from the top, then
the tape unit does not have to be removed.

3.  Check that the switches n are aligned to each other
on the front of the switch assembly (the side facing
the cartridge).

To align the switches:

a. If the switch mounting bracket screw is not
accessable from the top, remove the switch
assembly. Access to the screw is provided
through the motor pin locating slot m .

Units that have the switch mounting bracket
screw accessable from the top do not need
to have the switch assembly removed.

b. Loosen the switch mounting screws ﬂ and move
the switches toward the front of the switch
assembly. Tighten the switch mounting screws
(this provides maximum plunger travel).

c. Reinstall the switch assembly; do not tighten the
switch mounting bracket screw.

Insert a tape cartridge into the tape unit with the
file protect window closed (turn the arrow 180
degrees away from SAFE).

Tilt the cartridge toward the switches (push cartridge
on the left end).

Loosen the switch mounting bracket screw. Units
that do not have the switch mounting bracket screw
accessable from the top, have the access for the
screw through the motor pin locating slot m
With the switch mounting bracket screw loose slide
the switch mounting bracket up until it just
touches the tape cartridge [EJ.

Move the switch bracket away from the tape cartridge
0.025 mm to 0.076 mm (0.001 inch to 0.003 inch)
B and tighten the switch mounting bracket screw
(this provides plunger overtravel).

Check the adjustment by doing the service check
again.

Tape 2-21
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224 TAPE SWITCH ASSEMBLY (CARTRIDGE IN
PLACE SWITCH AND FILE PROTECT SWITCH)
(Page 2 of 2)

S~
IO
©

Tape Cartridge

Tape Switch Assembly

0.001 inch to 0.003 inch 0.001 inch to 0.003 inch
(0.0254 mm to 0.076 mm) (0.0254 mm to 0.076 mm)
B e B- -
ﬂ :q a =
A\ Y
B P Q 5

’/szm\\ R L
9 |

o

Prior Style Tape Newer Style Tape Switch Assembly

Switch Assembly
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225 READ/WRITE HEAD

Removal

1.  Power down.

2.  Remove the tape control card n .

3. Remove the two plugs on the read/write head .

4. Remove the read/write head mounting screw and the
ground strap. Then lift the read/write head from the

tape unit.
Replacement
1. Reverse the removal procedure to install the read/

write head. Use the adjustment procedure below.

Note: Check that the ground strap position allows
the cartridge window to open.

2. Run DSP MDI 860 (tape write diagnostic).

Adjustment
1. Loosen read/write head.

2. Move read/write head as far forward and as far
to the left as possible.

3.  Tighten mounting screws.

Cleaning

1. Use a Kimwipes! (part 2162567) to remove loose
dirt from the read/write head.

2. Remove tape oxide from the read/write head with
isopropy! alcohol (part 2200200) on a Kimwipes®
(part 2162567). Use a dry Kimwipes! to remove
any remaining residue.

1 .
Trademark of Kimberly-Clark Corporation

226 LED-PTX ASSEMBLY

Removal

1. Power down.

2. Remove the tape control card n .

3. Remove the two plugs on the LED-PTX assembly

.

4. Remove the LED-PTX assembly mounting screws
(2) and lift the LED-PTX assembly from the tape

Maintenance

unit.

Replacement

1. Reverse the removal procedure to install the LED-
PTX assembly.

2. Run DSP MDI 860 (tape write diagnostic).

Tape
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227 MOTOR PULLEY

Service Check

1. Power down and remove the tape unit from its
mounting.

2. Power up.

3. Check that the belt is tracking in the center of the
motor pulley.

Adjustment

1. Power down and remove the tape unit from its
mounting.

2. Position the motor pulley 0.063 inch = 0.010 inch
(1.57 mm £ 0.25 mm)ofrom the motor mounting
bracket and tighten the setscrew (initial setting).

3. Check the belt tracking with the power on. Adjust

the motor pulley until the belt tracks in the center
of the pulley.

Motor
0.063 inch £ 0.010 inch
(1.57 mm £ 0.25 mm)

)

&
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("‘ 228 TAPE POSITIONING AND REWIND

Manual Tape Positioning ,
Steps /\
— / l )

This procedure should be used to manually position the tape
if there is very little tape (less than 7.5 feet [228.6 mm])
on one of the reels.

( 1. To determine if any holes are visible in the tape (see
- 229). If no holes are visible, observe which reel
has the most tape. If the left reeln has the most
- tape, rotate the cartridge capstan Bcl ockwise
until the tape is past the load point hole ﬂ f
( the right reel [gJ] has the most tape, rotate the

%]
Q
c
©
c
[
-
c

cartridge capstan counterclockwise until the tape is
past the early warning hole .

‘ 2. When holes are visible, rotate the cartridge capstan 1. Rewind the tape to the beginning and then find the
according to the particular hole exposed as follows: |ast file number:
BOT B} and EOT Y] —clockwise BASIC — REWIND, then UTIL to display the last
file number.

EOT B only—counterclockwise

APL — )REWIND, then )LIB to display the last

Early warning (most tape on right reel)— file number. -

counterclockwise

Note: |f the cartridge is new, omit the UTIL or )LIB

‘ . Load point [EJ (most tape on left reel)— operation.

clockwise

2, Turn the file protect window away from SAFE.
Rotate the cartridge capstan until the tape is posi-

tio.ned between the early warning hole and the load 3. Mark the remainder of tape beyond the last file. Use
point hole. the last file number displayed in step 1:
BASIC — MARK 16, 200, n
Loose Tape Rewind APL — )MARK 16 200 n
( \ Use the following procedure if steps are visible in the reels n = last file number plus 1
) of tape within the tape cartridge. The steps result from the
. tape cgrtridge being exposed to a drop in temperature exceed- Note: The mark operation can be performed for file
( ing 30" F (16.70C). sizes other than 16K bytes.
The above mark operations should return error code
012-APL or 151-BASIC. If any other errors occur,
- repeat steps 1 through 3.
( 4, Rewind the entire tape using one of the following:

BASIC — REWIND
APL — )REWIND
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229 TAPE RETHREADING

1. Lay the tape cartridge on a flat surface with the back- 3. Tilt the back edge of the backplate up while lifting
plate Q facing upward. the backplate from the plastic cover.
2. Remove the four mounting screwse . 4, Lay the backplate on a flat surface with the tape reels
facing upward.
CAUTION
Leave the plastic cover upside down or the SAFE b. Thread the tape as shown. Moisten the first inch of
window and the washer@ will fall out. tape on the side facing the reels and stick the tape to
the reel.
CAUTION
Take up all tape slack befare sticking the tape to the
reel.
( Back )
ac .
@ ®

6. Rotate the cartridge capstan B to wind the tape on
the reel. Rotate until the load point B or early warn-
ing [ holes pass the mirror [EJ) .

7. Fasten the backplate to the plastic cover with the four
screws removed in step 2.

Check that the SAFE window [ operates correctly.

<© ° Forward Tape Motion. \
18—»4—18-»4-18-—-4——36—»-4—300-»‘-4————36#*18-—»«18#—-18-.1
Inches | Inches | Inches Inches Feet Inches \‘ Inches | Inches| Inches
A}
® O O O
O O [ o o /o

m,/
B,
B

P
o u
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230 TAPE CONTROL CARD PIN ASSIGNMENTS

( Tape Cable
(internal)

-]
Q
c
]
c
[
]
c

- | Tape Unit Cable
(see 231)

[Pin Line Name Pin Line Name ]

| To Internal Cable

B02 -Erase Channel 0 D02 -Erase Channel 1
N BO3 +5 Vdc D03 +5 Vdc
( BO4 +Channel 0 Coil D04 +Channel 1 Coil
B0O5 +Channel 0 Center Tap D05 +Channel 1 Center Tap
BO6 -Channel 0 Coil D06 -Channel 1 Coil
BO7 ~Cartridge in Place D07 +File Protect
B08 Ground D08 Ground (cable shield)
B09 -Raw Data (read data) D09 -Raw Data (read data)
B10 +EOT PTX D10 +BOT PTX
B11 +LED DM +12 Vdc
L B12 -Forward Magnet Drive D12 -Reverse Magnet Drive
( B13 +12 Vdc D13 +12 Vde
( | To Tape Unit Cable
S02 -EOT uo2 +Tape Clock
S03 -Erase Inactive uo3 +5 Vdc
- S04 -BOT uo4 -Forward
S05 -Diagnostic Mode uQo5 -Run
( S06 -b Vdc uo6 -Write Enable
. S07 -LED and Erase OK uo7 -Write Data
S08 Ground uo8 Ground
S09 -Read Data uo9 ~-Channel Select
S10 -Read Clock u10 -Channel 0 Erase
S11 +12 Vde U -Channel 1 Erase
( S12 -Cartridge in Place u12 -Select Magnet Active
S13 -12 Vdc uU13 +File Protect
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231

A1 Board (card side)

Y3 Y4

L

‘ / v Y

U
|

] I Parallel 1/O

-

Y2
1 I Power ] I BSCA
A B [ D E F
D
2
3
D) —

G H J K L M

%

4

;
Serial 1/0

Display and

Control Panel‘l [ Keyboard

]’—j

1

» N

ol

S

INTERNAL TAPE — Z2 SOCKET PIN ASSIGNMENTS

Tape Unit
Cable Z2
(board end)!

See 230
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A1 Board (pin side)

Z2 Cable A1 Board Tape Control Z2 Cable A1 Board
Pin Pin Line Name Card Pin Pin Pin Line Name

D02 D6EO2 -EOT S02 U02 B02 D6EO4 +Tape Clock
D03 E6A02 -Erase Inactive S03 uo3 B03 E6A04 +5 Vdc

D04 E6B02 -BOT S04 UO4 B04 E6B04 -Forward
D05 E6C02 -Diagnostic Mode S05 UO5 B0O5 E6C04 -Run
D06 E6DO02 -5 Vdc S06 UO06 BO6 E6D04 -Write Enable
D07 EGEO02 -LED and Erase OK S07 UO07 BO7 EGEQ4 -Write Data
D08 F6A02 Ground S08 U08: BO8 F6A04 Ground
D09 F6B02 -Read Data S09 U09 BO9 F6B04 -Channel Select
D10 F6C02 -Read Clock $10 U110  B10 F6C04 -Channel O Erase
D11 F6D02 +12 Vdc S11 U B11 F6D04 -Channel 1 Erase
D12 F6E02 -Cartridge in Place  S$12 U112  B12 F6ED4 -Select Magnet Active
D13 G6A02 -12 Vdc §13 U13  B13 G6A04 +File Protect

! See 230 for tape unit end of cable Z2




Display

240 pispLAY REMOVAL
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Display PC Board

. Gnd
Signal Ground - External
External Vertical Sync — Horizontal N
Drive
Brightness —J &5,
L 412 Vde \ T8y

Removal R Ground Wire to AC Box
CAUTION
Display assembly voltages: 1. Power down.

Display PC board 340 V

CRT 9 KV 2. Remove the connector [} at the display PC board.

3. Remove the four mounting screws .

4, Remove the display assembly.
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241 BRIGHTNESS CONTROL 244 132.64-R32 SWITCH e

Service Check Service Check

When you press the bottom of the REVERSE DISPLAY 1.  Set the DISPLAY REGISTERS/NORMAL switch

switch, the BRIGHTNESS control adjusts the brightness to the DISPLAY REGISTERS position.

of the white background. When you press the top of the

REVERSE DISPLAY switch, the BRIGHTNESS control 2. Set the L32-64-R32 switch to the 64 position. Each

adjusts the brightness of the white characters on a dark display line should show 64 characters. L ,
background. s

3. Set the switch to the L32 position. Each display line
should show the left 32 characters with blanks between

42 REVERSE DISPLAY SWITCH each character.

Service Check 4.  Set the switch to the R32 position. Each display line o

should show the right 32 characters with blanks be-
1. With the BRIGHTNESS control set to the center of tween each character.
its range, press the bottom of the REVERSE DISPLAY
switch. The characters displayed should be black on 2 45 RESTART SWITCH AND LAMP TEST
a white background.
2. Press the top of the REVERSE DISPLAY switch. The  Service Check
characters displayed should be white on a black back-

ground. 1. The RESTART switch resets all circuits and initiates

the bring up program. When pressed, it supplies vol-
tage to test the lamps.
243 DISPLAY REGISTERS/NORMAL SWITCH

2. Press and hold the RESTART switch. The PROCESS

= -

Service Check CHECK and the IN PROCESS lights should be on.
1.  Switch the DISPLAY REGISTERS/NORMAL 3.  Release the RESTART switch. Both lights should go
switch to the NORMAL position. I off. After 25 seconds, LOADO or CLEAR WS
should appear on the display.

| 2. Press the RESTART switch. LOADO or CLEAR WS

should appear on the display after 25 seconds.
246 BASIC — APL SWITCH

3. Switch to the DISPLAY REGISTERS position. The

display shows the first 512 bytes of read/write stor- Service Check
age. All 16 lines should be filled with hex characters,
some of which will change rapidly. 1. The position of this switch is sensed only curing a

power up or restart operation.

2. Set the BASIC—APL switch to the BASIC position,
I press the RESTART switch. LOADO should appear
on the display within 25 seconds.

3. Set the BASIC—APL switch to the APL position, press

the RESTART switch. CLEAR WS should appear on ‘
the display within 25 seconds. o
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247 DisPLAY RASTER ADJUSTMENTS
(Page 1 of 3)

Note: The above illustration shows the 5-inch display and
control panel. With the REVERSE DISPLAY switch B
in the down position and the BASIC-APL switchn in the
BASIC position, all characters appear as black characters

on a white background (the white background is the raster).

With the REVERSE DISPLAY switch [KJ in the up posi-
tion, the characters are white and the background is dark.

For the following display raster adjustments, position the
L.32-64-R32 switch [BJ to the 64 or center position and
the DISPLAY REGISTERS/NORMAL switch B to the
DISPLAY REGISTERS position.

The potentiometers for making the raster adjustments are
on the display PC board (see 240). Labeling on the PC
board identifies the potentiometers.

One of the two types of video display cathode ray units
is supplied. One of the display units does not have the
horizontal linearity sleeve (see 247, part 2 of 3 item B )
or a horizontal linearity adjustment potentiometer. Both
units carry the same part number.

DANGER
The display unit contains high voltages; therefore, use
extreme caution when making internal adjustments.

[+ 4]
3]
c
©
=4
Y
-
c
2

Brightness

To adjust the contrast of the display screen, use the
BRIGHTNESS control n on the control panel. Brightness
is used instead of contrast because brightness better
describes what is happening to the display screen.

This adjustment ensures minimum adjustment of the
BRIGHTNESS control n when you are changing the
position of the REVERSE DISPLAY switch [EJ .

1. Center the BRIGHTNESS control,n on the control
panel.

2. Press the top of the REVERSE DISPLAY switch[E}}
for a dark background on the display screen.

3. Adjust the brightness potentiometer on the display
PC board until the white retrace lines just disappear.
Focus

The focus potentiometer on the PC board adjusts the sharp-
ness of the characters on the display screen.

Display 2-31



247 DisPLAY RASTER ADJUSTMENTS
(Page 2 of 3)

Centering
Ring magnets determine the horizontal and vertical position

of the 16 lines on the display screen. If the display is simply
tilted, do not adjust the ring magnets. Instead, rotate the

entire yoke B .
To correct positioning problems:
1. Press the bottom of the REVERSE DISPLAY switch.

2. Break the adhesive B that seals the ring magnets in
place.

3. Adjust the rear ring magnet B for horizontal center-
ing.

4, Adjust the front ring magnet n for vertical centering.

b. Place a small spot of light adhesive on each of the
ring magnets to seal them in place.

To correct a tilted display:

Note: If this adjustment is necessary, mark the position of
the horizontal linearity sleeve &J in case it moves’ while
you are adjusting the yoke.

1. Loosen the yoke collar n .

2. Adjust the yoke to correct the tilted display.

3. Tighten the yoke collar.

! Not all units are equipped with a horizontal linearity sleeve.
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247 DISPLAY RASTER ADJUSTMENTS Width Focus Height

(Page 3 of 3) Vertical Freq. Vertical Lin.
Brlghtness Z,/ \

\1\1L

Horizontal

The horizontal adjustment determines the overall width of
, the 16 lines on the display screen. Use the width coil on the
( display PC board for making this adjustment. Before adjust-
ing the width coil, be sure the display is centered properly.

Maintenance

Vertical
The vertical adjustments (height, linearity, and frequency)
- ( determine the overall height of the 16 lines of characters,

the height of the individual characters, and the stability of
the entire display screen. The vertical adjustment potentio-

‘ : meters are located on the display PC board.

1. If the linearity or height needs adjusting, and the
unit has a horizontal linearity sleeve, remove the Video display unit with horizontal linearity sleeve
front cover for easier access to the potentiometers,
(see 200). .

Horiz. Lin. Brightness Vertical Lin.
. j i i f . .
2 Adjust the vertical frequency potentiometer for a Width Height

stable display. Vertical Freq.

Focus

‘ 3. Adjust the height potentiometer until the desired

‘ overall height of the 16 lines is achieved. The vertical
frequency might have to be adjusted to keep the
display from rolling.

4, Adjust the vertical linearity potentiometer until all
characters in the display appear to be the same height.
This adjustment and the height adjustment are inter-
active and might require repeated adjustments.

( 5. Adjust the vertical frequency potentiometer until the
display begins to roll, then reverse the adjustment
until the rolling stops.
. (\i - 6. Recheck the height and the linearity. Video display unit without horizontal linearity sleeve
7. Replace the front cover if you removed it in step 1.
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248 DISPLAY — 23 SOCKET PIN ASSIGNMENTS

A1 Board (card side) See 204, 249
14 Y1 = Y2 U Y3 U Y4 L‘\
1 l Power l L BSCA l r?arallel 110 I [ | 1
A B Cc D E F G H J K L M N
) G
2 2 Display and
Control Panel D
Signal Cable Z3
| 3 3 \
:) T = 2 C
4 4
. X4
13
5 . 5
- C 4 e
o [Zaw] = 1 6 ' o4
N 2 N ne____— ToHE 44—l b4 o
A1 Board (pin side)
Z3 Cable A1 Board Z3 Cable A1 Board
Pin Pin Line Name Pin Pin Line Name
D02 H6A02 -Reverse Display B02 HB6A04 +Single Instruction Switch (common)
D03 H6B02 +5 Vdc BO3 H6B04 +APL Switch
D04 H6CO02 -Run Switch and Not IPL B0O4 H6C04 -Single Instruction Switch (N/C)
D05 H6D02 +Single Instruction Switch (N/O) BO5 H6D04 +In Process LED
D06 H6E02 -Display Reg BO6 H6E04 -Machine Video
DO7 J6A02 -Normal 64 BO7 J6A04 -1/0 Display Off
D08 J6B02 Ground BO8 J6B04 Ground
D09 J6C02 Ground B09 J6C04 - Machine Check LED
D10 J6D02 +Alarm On B10 JeD04 -Right Select 32 -
D11 J6EOD2 -External Horizontal Drive B11 JGEO4 +12 Vdc \\,\
D12 K6A02 -External Vertical Sync B12 K6A04 (not used)
D13 K6B02 -Power On Reset Switch B13 K6B04 +Monitor Video
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249 DisPLAY AND CONTROL PANEL CABLE

Z3 Connector to CRT Connector and Cantrol Panel Switches

—ofe

(sde view)

2. Mount in machine
with spring up.

3. Switch contact positions. View éeé

from terminal sidé;

o o
4 5\ 6 4 5:6
00 )
12 3 Tt 2 3

L32

64

short

e ot _\—teo
minus pim\

5. Brightness control
connections.

23 Z3 Step Switch
A1 Board | Connector Connector Line Name (see note 6)
Card Pin A1 Board Pin| Cable Pin 2
+Single Instr 1 05’ v
H2D12 H6A04 BO2 Switch (Comm) [ 3
- o
Reverse Display Switch
{see note 1) 1
2
G2M03 HBA02 D02 ~Reverse Display A 3
H2504 H6B04 BO3 +APL Switch
- APL/BASIC Switch 1
(see note 1) - 2 BASIC
&35 apL
See 274 H6B02 Do3 | 5V
-Single Instr L_IProcess Check LED
J2D05 H6C04 B0O4 Switch (N/C) (see note 4)
Note: Terminal 2 (Com)  Ryn é Frame Ground
i;thﬂe Middle 'I:rminal\oin Switch_ 1 ~  Tied to DO8 Pin
R( Swi
-Run Switch e Run Switch) 5
J2B03 H6C02 D04 and Not IPL 3
- 12807 H6D04 BO5 | +In-Process LED =
+Single Instr L_I"in Process LED
J2D02 H6D02 D05 Switch (N/O) (see note 4)
G2B12 HBE04 B06 -Mach Video Display Registers
i Switch Di
G2B06 HEEQ2 D06 -Disp Reg (see note 1) 1 1splay
w Registers
G28B03 3
O 26 Normal
L2D07 J6A04 BO7 -1/0 Display Off
G2G11 J6A02 D07 | -Norm 64 '-352"’"_‘(‘0':32
Wi
(see note 3) l S
274
See J6B04 B08 Ground 4 5°\ 30 Sumper
See 274 J6B02 D08 Ground ° ?2 3
L2om J6C04 B09 -Machine Check LED
See 274 J6C02 D09 Ground
CRT
G2G08 J6D04 B10 -Right 32 Select Connector
(see .
G2P05 J6D02 D10 +Alarm On Audible 1
Alarm BN
See 274 JBE04 B11 +12V o ]
5
62809 JBE02 D11 +Ext Hor Drive Brightness e
Control 17
KB6A04 B12 Unused & |
9
G2Jo2 K6A02 D12 -Ext Vertical Sync [ 0 |
Restart Switch I
G2B13 K6804 B13 +Monitor Video (see notes 1 and 2) 3
2
H2G02 1 TV Monitor
L2D05 K6B02 D13 -Power On Reset Switch T Socket
—L Frame
Notes: ~ Ground
1. Top of switch when in machine. 4.

Display
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Keyboard

250 KeY copes ~ o

Note: All keyboard models provide the same code. If a key code is displayed during bring up and is not shown on this
page, the code is for more than one key.

‘ l Alphameric Keyboard Numeric Keyboard N\
- — 45 07 C7 A7 27 E7 67 77 F7 87 37 B7 14 94

96 D7 47 16
Shift—=4C OE CE AE 2E EE 6E 7E FE 8E 3E BE 74 F4 F6 DE 4E 76

No Shift—=4D OF CF AF 2F EF 6F 7F FF 8F 3F BF 34 B4 B6 DF 4F

aja]elalala]ala]alala]s)
* * * *
‘ ———05 C5 A5 25 E5 65 75 F5 8 35 B5 12 92 57 D5 17 97
=+ |Shift———=0C CC AC 2C EC 6C 7C FC 8C 3C BC 72 F2 5E DC 1E  OE
No Shift——=0D CD AD 2D ED 6D 7D FD 8D 3D BD 32 B2 5F DD 1F  OF

? w ¢ ~ t 4 2 o -
Q w € T Y u | o - 7

l—————— 03 C3 A3 23 E3 63 73 F3 83 33 B3 10 55 D3 15 95
Shift ————= 0A CA AA 2A EA 6A 7A FA 8A 3A BA 70 5C DA 1C  9C
No Shift— " 0B EB 6B 7B FB 8B 3B BB 30 5D DB 9D

00000000008 OO0

l————>01 ct1 A1 21 E1 61 71 F1 81 B1 43 53 D1 13 93
Shift——————» 08 C8 A8 28 E8 68 78 F8 88 B8 4A 5A D8 1A 9A

No Shift—————09 C9 A9 29 E9 69 79 F9 89 B9 4B Dg

LOULOLOLOUOO0E

31 51 11 91
Shift - 38 58 18 98 h
No Shift 39 19 99
* See the keyboard theory
*Typamatic Key
Example: C = Key Code A 9 AN
Key Code x—A—x x— 9 ——x
8 4 2 1 8 4 2 1
Keyboard Bits (see 255)
-Kbd0 -Kbd1 -Kbd2 -Kbd3 -Kbd4 -Kbd5 -Kbd6 -Kbd7 P \‘\
Level + - + - + - - + - i
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251 KeYBOARD

Removal

1.  Power down.

2. Remove the top cover and the front cover.

3. Remove the keyboard cable retainer n .

4. Remove the keyboard cable B .

b. If you plan to remove a key module n , pull the
keytop first [HJ .

6. Remove the two screws on each side of the keyboard.

7. Lift the keyboard out of the machine.

Disassembly

Important! Work cleanly. The keyboard assembly must
be kept free of dirt.

1.

e

Set the keyboard (upside down) on two books or
similar objects at least 1 inch (2.64 mm) thick, or
fasten it upside down in the machine.

T
7

-==-7

T
. |
l L

Check that there is no pressure on any of the keys.

CAUTION
Removing the keyboard PC board with a key pressed
allows the flyplate a to jump out of the module.

3. Remove six screws from the PC boardﬂ and lift it
from the all keys assembly.

4, To assemble, follow the removal procedure in reverse
order.

Cleaning

Clean the PC board ﬂ with water and a lint free cloth.
Check the flyplates [E8 for dirt; only clean the flyplates
that are dirty or causing failures.

Contamination Shield

(located directly
under keytop)

Keyboard 2-37
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252 sPACEBAR
Removal

1. Hold the ends of the spacebar and pull up to slide
the spacebar off the key stems.

2. If the pivots need to be removed, insert a screwdriver
tip in the slot in the side of the frame and twist the
screwdriver slightly until the pivot is removed.

Installation

1. Press the pivots n into place in the frame n .

2.  Place the spacebar in position over its key
modules.

3. Guide the stabilizer B into the slots in the pivots.

4, Press the spacebar down onto the key stems.

2-38

253 KEY MODULE
Removal
1. Remove the keyboard (251).

2. Use the keytop pulling tool (part 9900373) to lift
the keytop buttons from the keys to be removed.

3. Lift one edge of the all keys unit about 0.5 inch
(12.7 mm) and push and wiggle the failing key
modules down until they snap free.

Note: The module retaining ears must clear the
frame [} as shown.

4. CAUTION
Be sure that no keys are pressed.

Lift the all keys unit, leaving the loosened modules.

Installation
1. Set the key module upright and place the all keys unit
in position over it. Align the slot in the module with

the orientation lug in the mounting hole.

2. Press down on the ends of the all keys unit to snap
the module into place.

3. Position the contamination shield if required.

TN i



254 FLYPLATE REPLACEMENT 3. Tape the key stem down as shown.

o Replacing a dislodged flyplate in a key module is not recom-
mended. However, if replacement is necessary because a new
key module is not available, inspect the flyplate to make sure
the joint between the spring and flyplate is not loose or the

: flyplate is not cracked or damaged.

( ] 1. Form the spring on the flyplate so that there is 0.5

inch (12.7 mm) between the ends of the spring.

Maintenance

( 1
> Jlnl;_Ll[AJllJlllllllLl
4, Holding the key module and flyplate as shown, line
: up the ends of the flyplate spring n with the tips of
( the flat spring ﬂ attached to the key stem.

2. Remove the keybutton from the key module and re- 5. Insert a small stylus or straightened paper clip through
move the module from the keyboard. one of the access holes in the key module B

6. Push the tip of the flat spring up on the inside of the
flyplate spring.

7. Ease the flat spring down until the tab drops into the
( slot of the flyplate spring.

8. Attach the other end of the spring in the same way.
9. Carefully remove the tape holding the key stem.

10. Check the key stem ears for taper in the center slot and
form the ears if necessary.

( Right Wrong

11.  Install the key module in the all keys assembly.

( -

Keyboard 2-39




255 KEYBOARD — 24 SOCKET PIN ASSIGNMENTS

A1 Board (card side)

See 206 for
Keyboard end

K_r Yi U Y2 U Y3 U Y4 \———lﬁ
S = e e | Keyboard
A B [ D E F G H J K L N S|gna'
L e C Cable 24
2 2
3 3
5L fol c
4 N 4
13
5 ] N T I
> <IN WA i S
TRSR i"?
6_\ IZ‘—Sr_l/o ] IZ: Tn | 123c°n.,o, PWII]IZ“ f;i Ly 04
A1 Board (pin side)
Z4 Cable A1 Board Z4 Cable A1 Board
Pin Pin Line Name Pin Pin Line Name
D02 L6B02 (not used) B02 L6B04 (not used)
D03 L6C02 +5 Vdc BO3 L6CO4 (not used)
D04 L6D02 (not used) B04 L6D04 -Kbd P
D05 L6EO2 (not used) BO5 L6EO4 -Kbd O
D06 M6A02 -Kbd 1 B0O6 M6A04 (not used)
D07 M6B02 -Power On Reset BO7 M6B04 -Kbd Strobe
D08 M6C02 Ground B08 M6C04 -Kbd 3
D09 M6D02 +Typamatic B09 M6D04 -Kbd 4
D10 M6E02 (not used) B10 MG6E04 -Kbd 5
D11 N6A02 -Keyboard Lockout B11 N6A04 +8.5 Vdc
D12 N6B02 (not used) B12 N6B04 -Kbd 7
D13 N6C02 -Kbd 2 B13 N6C04 -Kbd 6
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Power
(/ 270 CE METER CALIBRATION CHECK

1. When measuring voltages, set the CE meter on the
15 Vdc scale and zero the meter.

‘ 2. Ground the CE meter at G2-D08 and measure the
© voltage at G2-S02. Your CE meter is measuring the
reference voltage (ref vol). A zener diode provides a
+6 Vdc reference (see logic 420).

) 3. If your meter does not read exactly +6 Vdc, it is not
( calibrated, and you must use the following formula
- to determine the actual voltage (act vol).
6 x Mea Vol
( Act Vol =
) Ref Vol

Mea Vol = measured voltage (reading on CE meter
of voltage being measured)

Example:

Ref Vol = 5.8 Vdc (value of reference voltage at G2-S02
‘ as measured by the CE meter)

When you measure the +5 Vdc, your meter reads
+4.8 Vdc.

6x4.8
ActVol = — =497 Vdc
5.8

Power
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271 POWER SUPPLY 1. Install the power supply (six screws). P
(Page 1 of 2) :

CAUTION _

Be sure to install the Y1 cable retainer. S’
Removal
1. Disconnect the mainline cord from the AC outlet. 2. Connect the Y1 connector to the A1 board.
2. Remove the power supply outer cover (eight screws). CAUTION

Do not pinch any cables.
3. Remove the 1/O interface port (three flathead screws).

‘i 4. Remove the 1/O cable driver (A2) card from the A1 )
board 3. Install the power supply cover on the end adjacent

to the fan. o

? 5. Remove the black cover from the underside of the

. “\ L
1/0 interface port (three screws). 4, Connect the J1 connector into the AC power box )

and clamp the cables (two clamps) to the base.

CAUTION

Observe the DC power cable from the 1/0 interface
port for folding and routing. The new power supply
cable needs to be folded and routed the same way to
allow maximum air flow.

5.  Install the DC power cable in the 1/0 interface port.
Do not tighten the two screws. \

6. Using the 1/0 cable assembly from the 5103 Printer,
5114 Diskette Unit, or the 5106 Auxiliary Tape Unit,
fasten the /O cable assembly to the /O interface
port to ensure proper DC power cable connector
alignment. Tighten the two screws holding the DC
power cable in the 1/0 interface port.

6. Remove the DC power cable from the 1/0 interface a
port (two screws). 7.  Remove the 1/O cable assembly from the 1/0 interface
port. -
7. Remove the J1 connector from the AC power box
(see 207) and remove the cable from the two clamps 8. Install the black cover on the underside of the 1/0
holding it to the base. interface port.
8. Remove the power supply cover on the end adjacent 9. 'nsta" the I/O Cab'e drivef (AZ) Cal’d into the A1
to the fan; the tabs can be forced out with a screw- board.
driver.

10. Install the 1/O interface port {three screws).
9. Remove the Y1 cable retainer.

CAUTION
10. Disconnect the Y1 connector from the A1 board. The cables to the A2 card must be routed outside the
power supply outer cover as shown in reference 200.
11.  Remove the power supply (six screws). Improperly routed cables can cause unpredictable ’
errors.
Replacement
CAUTION
When replacing the power supply, refer to the following . S
illustration for the correct cable routing [} . Improper 11.  Install the power supply outer cover (eight screws).
routing can cause air flow blockage and result in an over-
heated power supply or damaged cables. 12. Connect the mainline cord to the AC outlet.
,"/’
N
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2771 POWER SUPPLY
(Page 2 of 2)

0— ’\i\)\l

B

n TV Monitor Socket

B Power Supply Cables
a Communications Adapter Socket

u Labe! indicating communications socket assignment (see table)
‘ B [/O Interface Port

ﬂ Machine Serial Number

Line Cord

EJ /0 cable Assembly

n PC Board Mounting Screws (6 screws)

Maintenance

To Board
Location A2

(8

Label Assignment
Serial 1/0
@ Parallel 1/0
‘ Async
emcorTT
gfvﬁﬁhig Il-'litwork
Nen SWAT PN
D3

Power 2-43



See 208

272 pOWER — Y1 SOCKET PIN ASSIGNMENTS

A1 Board (card side) Power -
| DC Cable Y1
; U Y3 U Y4 \—I'“
e e
AleJcloJe ]r o [nflalc]c]m]n N
? E o’
3 3 TN
> P C
4 | o I Y A 1 D - L :
| O O S P -
5 5
) C
o [ = ] ] [Ceee ] s A1 Board (pin side)
21 2z N z3 Nz T
Y1 Cable A1 Board Y1 Cable A1 Board s -
Pin Pin " Line Name Pin Pin Line Name :
N
D02 A1D11 +b Vdc B0O2 A1D13 +5 Vdc
D03 ATE1 +5 Vdc BO3 A1E13 +5 Vdc
D04 B1A11 +5 Vdc B0O4 B1A13 +5 Vdc
D05 B1B11 +5 Vdc BO5 B1B13 +5 Vdc
D06 B1C11 Ground BO6 B1C13 Ground
D07 B1D11 Ground BO7 B1D13 Ground -
D08 BIET1 Ground BO8 B1E13 Ground .
D09 CIAT1 Ground B09 C1A13 Ground \
D10 C1B11 Ground B10 CiB13 (not used) :
D11 Cc1C11 +8.5 Vdc B11 C1C13 +8.5 Vdc ~
D12 C1D11 +12 Vdc B12 C1D13 +12 Vdc
D13 C1E11 -5 Vdc B13 C1E13 -12 Vdc
Tolerance e
\\
Voltage Loaded Unloaded (Y1 disconnected)
+5 Vdc 46t05.5 5.5t0 6.5
+8.5 Vdc 7.9 to 9.35 7.4109.0 E
+12 Vdc 11.0to 13.2 9.810 12.2 L
-5 Vdc -4.6t0 -5.5 3710 -4.7 h
-12 Vdc -11.0 to -13.2 -9.0to-11.5

2-44



273 AC VOLTAGE DISTRIBUTION

AC Voltage Distribution

e ——————— e e e ey
i

Primary AC
Power Box

5110-X1X

Black

Green/yellow

Black

Black'

Power Supply

|
i
§ Line ! 2 Black
Cord L o ¥ Green/Yeflow
- Green Yellow “ l Black
L :E‘ﬂ—_l_ | P2
I - %\\ = |
. s c2 | DC
( ' White
| J I __J1 Black
l l Green/Yellow
— Black
l ) I N
S ——fe e e e d
I c2  c3

-— - -
A =
:. 2 = 2 l Frame
Ground
I | L2200l 1
| 205 03— '
g s " ' Swi I
witc
‘ Box ”' Power On/Off Switch '

[ O |

1 Brown on 220V and 235V machines L1 Line Filter
2Blue on 220V and 235V machines J1,2,3,4 Connectors
Cc1,2 Capacitors
Notes: F1 Fuse (see note 1)
F1is 5A, 125V on both the 100V and SWi1 Power ON/OFF switch

1
( 115V machines.
2. Resistor installed on 220V and 235V
machines only.

/

D?\

~D
D3 O

!

@
Q-

A2

[——A3

" Power On/Off
Switch Wiring
Detail. (rear
view of switch)

Power
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27 4 DC VOLTAGE DISTRIBUTION

(Page 1 of 2)

! The 1/0 interface cable does not have wires connected to this pin.

2-46

280 1/0 Interface Cable

DC
Power
Supply
Ground (9 Lines)
©
S
(@]
. N
- oy (8 Lines) R
) =
5 . 3
2 -5V (1 Line) 2
2 >
e (2 Lines) %
g, +8‘5Vf ines E
°
> . N
(2Lines) | §
S(J Hav T External 1/O Interface Port
™
& 12V (1 Line) A1 Power Conn
Pin Line Name
01 +5V
02 +5V
03 +5V
04 +5V
05 +5V
06 Ground!
07 Ground®
: 08 Ground®
09 Ground1
10 Ground'!
1" Ground1
12 +8.5V
13 +12V
14 -12V
15 -5V
A2 Signal Cable
Pin Line Name
Voltage Specifications
01 Ground
14 Ground
. No Load Ripple A3 Signal Cable
Voltage With Load
ag (Y1 removed) P-P Pin Line Name
+5V 46t05.5 5.5 t0 6.5 01 Ground
-5V 4.6 to 5.5 -3.7to 4.7 13 Ground
+8.5V 7.9 1t09.35 7.4109.0 A7 14 Ground
+12V 110 to 13.2 9.8 to 12.2 24
-12V 11.0t0 13.2 -9.0to~11.5 24



274 bc VOLTAGE DISTRIBUTION

272 Power Y1 Socket

(Page 2 of 2)

A1 Board
Card Socket Pins
F1A11 Ground ~ g
Ground  BIC13 >R
Ground B1D13 ﬁ IHD" 8.5V
Ground B1E13 F1A11 o)
Ground _ C1A13 J1B11 J1B11 Ground |, =
Ground B1C11 M1C11 > =
Ground B1D11 &’6
Ground B1E11 All D08, J0O8, P08, and UO08 Pins
Ground C1A11 c
Ground C1811 B6£02 Ground _§ o
+5V A1D13 N § %
+5V A1E13 2%
+5V B1A13
+5V B1B13 All D03, J03, P03, and UO3 Pins
+5V A1D11
+5V A1E11 FB6A04 Ground
+5V B1A11 FBA02 Ground
+5V B1B11 E6A04 +5V
-5V C1EN E6DO2 -5V ~ 8
F6D02 v | e
C2G06, E2B06 GBA02 -12V
E4B06, F2B06
F2M06, B2M06
M2B06, M2G06 J6B04 Ground
M4B06, M4GO06, N2B06 16802 Ground | L ®
N2G06, N4B06, N4G06 16002 Ground o § &
+8.5V cici3 HeBo2 v | 3 2
B2M11, C2B11 J6EO4 112V § S
C2G11,C4B11, L2B11
E2B11, E4B11, F2B11
F2M11, G2J11, K4B11
L2M11, M2B11, M2G11 M6C02 Ground =
tM4B11,M4G11,N2B11 L6C02 +5V vE
+8.5V cicit N2G11, N4B11, N4G11 NGA04 +85v N3
D2P11, B2S11 =
+12V Cc1D13 |
+12V C1D11
D2U02, C2D07
-12v C1E13 j—
o~
Power 2-47
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 Features

280 1/0 INTERFACE CABLE PIN ASSIGNMENTS
(Page 1 of 2)

r |

1 |

! A3 A3 ! A1 Board A3 A3

! | —— &

1 | A2 I

! nl

! l[;fi)v(:: o A2 A2 : ':%n B i? | A2 A2

1 | A2 ! i

' | A4B A3 _

i — g B

: Power | AT A1l : | A1 Al

| Supply :

: 5110 ] . 5106 Au?(iliary "

L Computer __ __ ) il ]
r—-———"~""~>"~>™""™"""""g& ] r—-—-—=--—-=-=-"=-=-"—"=-- 1
! o O ! !
|
: A1 Board A3 A3 : B1 Board A1 Board? :
1 | |
! ! B4 A3

L Al n n D1 1 B3 I
| A3l |EgD3 A2 A2 : Bzg :
1A2! a Al B5 A4 !
| ARl : |
\ F—E A1 A1 | | |
I 1 1
: Power _J | |
15114 Supply 1 | . I
I~ . | 1 5103 Printer 1
(Diskette Unit 4 e e e e e a2
anterface Connector (On Rear of Tape Unit) e 1/0 Cable Assembly Connector
f -A1 Power Connector A1 Power Connector
1 Pin 1 n Pin 8
" Pin 1 Pin 14
in Pin 14 Pin 14
!.ocating Pin

Pin 13 Pin 1
L A2 Signal Connector A3 Signal Connector

7
Locating Pin Hole

1 The 5110 +5 Vdc stops here. The 5114 provides its own
+5 Vdc and +5 Vdc for attaching devices.

2The cable terminator is permanently wired to the 5103
printer adapter card. If the printer is not in the system,
a terminator must be installed on the last 1/0 device.
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Pin 1

A3 Signal Connector

Pin 13()
A2 Signal Connector

Pin 25
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280 1/0 INTERFACE CABLE PIN ASSIGNMENTS

II Power Connector

(Page 2 of 2)

Pin Line Name Pin
1 +5 Vdc 1
2 +5 Vdc 2
3 +5 Vdc 3
4 +5 Vdc 4
5 +5 Vdc 5
6 Unused 6
7 Unused 7
8 Unused 8
9 Unused 9

10 Unused 10

11 Unused 11

12 +8.5 Vdc 12

13 +12 Vdc 13

14 -12 Vdc 14

15 -5 Vdc 15

16
17
18
19
20
21
22
23
24
25
n Signal Cable

Pin Line Name

B02 Unused

BO3 -Bus Out 7

BO4 -Bus Out 6

BOS -Bus Out 5

BO6 -Bus Out 4

BO7 -Bus Out 3

B08 -Bus Out 2

B09 -Bus Out 1

B10 -Bus Out 0

B11 +Bus Out P

B12 -Interrupt Req 2

B13 +0sc/4

D02 -Power On Reset (see note 2)

D03 Unused (see note 1)

D04 +Printer Clock

D05 +External Horz Drive

D06 -Machine Check

D07 +Start Execute Bit

D08 Ground

D09 Unused

D10 Unused

D11 Unused

D12 Unused

D13 Unused

Notes:

n Signal Connector

Signal Connector

Line Name Pin
Ground 1
-Put Strobe 2
-Control Strobe 3
-Get Strobe 4
+DA Y3 5
+DA Y2 6
+DA Y1 7
+DA YO 8
+DA X3 9
+DA X2 10
+DA X1 1
+DA X0 12
Unused 13
Ground 14
+0p Code E 15
+Bus In P 16
+Bus In 7 17
+Bus In 6 18
+Bus In 5 19
+Bus In 4 20
+Bus In 3 21
+Bus In 2 22
+Bus In 1 23
Unused 24
+Bus In 0 25
E Signal Cable
Pin Line Name
B02 Unused
BO3 +DA X0
B0O4 +DA X1
BO5 +DA X2
B06 +DA X3
BO7 +DA Y0
BO8 +DA Y1
B09 +DA Y2
B10 +DA Y3
B11 -Get Strobe
B12 -Control Strobe
B13 -Put Strobe
D02 +Bus In 0
D03 Unused
D04 +Bus In 1
D05 +Bus In 2
D06 +Bus In 3
D07 +Bus In 4
D08 Ground
D09 +Bus In 5
D10 +Bus In 6
D11 +Bus In 7
D12 +Bus In P
D13 +0p Code E

Line Name

Ground

+0sc/4
-Interrupt Req 2
+Bus Out P
-Bus Out O
-Bus Out 1
-Bus Out 2
-Bus Out 3
-Bus Out 4
-Bus Out 5
-Bus Out 6
-Bus Out 7
Ground

Ground

Unused

Unused

Unused

Unused

Unused

+Start Execute Bit
-Machine Check

+External Horz Drive

+Printer Clock
Unused

Device
Address
Lines Device

X1Y1 =5103 Printer
X3Y1 =5114 Diskette Unit
X3Y2 =5106 Auxiliary Tape Unit

Maintenance

|

-Power On Reset (see note 2)

ﬂ Power Cable

Pin

B02
B0O3
B04
B0O5
BO6
BO7
B08
B09
B10
B11
B12
B13

D02
D03
Do4
D05
D06
DO7
D08
D09
D10
D11
D12
D13

Line Name

+5 Vdc
+5 Vdc
Unused
Unused
Unused
Unused
Unused
Unused
Unused
+8.5 Vdc
+12 Vdc
Unused

+5 Vdc
+5 Vdc
+5 Vdc
Unused
Unused
Unused
Unused
Unused
Unused
-5 Vdc
-12 Vdc
Unused

1. This line is grounded at the 5114 Diskette Unit A1-D1 socket. A second 5114 Diskette Unit uses this signal to recognize
its subdevice address.
2. The 5114 Diskette Unit generates a power on reset for use by the 5103 Printer and a second 5114 Diskette Unit.
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282 AsyNC COMM/SERIAL 1/0 ADAPTERS—
Z1 SOCKET PIN ASSIGNMENTS
(Page 1 of 2)
Async Comm/Serial 1/0
Signal Cable Z1

A1 Board (card side)

/—, Y1 U Y2 U Y3 J Y4 L

1 [ Power J i BSCA ] l Parallel 1/0 ] ] J 1
A B C D E F G H J K L m N
) 53 -
2 . . 2
|
3 3
_’:) - B D - C
4 i 4
4

I e YIS PN S U —
5 Y/ A A
o -
6 I T e

— 21 m Z2 n Z3 024 r

A1 Board (pin side)

Async Comm Adapter Wrap Connector

Label

[~/
131211109 8 7‘6“&%&2 1
O 0000060
(X X X N ) 000000
2524 2322212019 18 17 16 15 1

Serial 1/0 Adapter Wrap Connector *
Label

=7/ ‘

\Ld%lﬂﬂziwvuﬁu

41516 17 18 19 20 21 22 23 24 25

! See IBM 5110 Logic Manua!l logic 450 for wrap connector pin assignments.
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282 ASYNC COMM/SERIAL 1/0 ADAPTERS—
Z1 SOCKET PIN ASSIGNMENTS
(Page 2 of 2)

A1 Board 21 Cable D2 Card Async Comm Serial 1/0
Pin Pin Line Name Pin Connector Pin  Connector Pin
A6D02 D02 (not used) - — —
AGEQ2 D03 (not used) - - -
B6A02 D04 +Comm Transmit Data Mo3 2 -
B6B02 D05 +Comm Request to Send P13 4 -
B6C02 D06 +Comm Data Set Ready S03 6 -
B6D02 D07 +Receive Mode P04 11 -
B6EO2 D08 Ground - 7 7
C6A02 D09 +S10 Transmit Data G02 - 3
C6B02 D10 +S10 Request to Send Jo2 - 5
C6C02 D11 +S10 Data Terminal Ready B13 - 6
C6D02 D12 +S10 Receive Line Signal

Detector B12 - 8
C6E02 D13 (not used) — — -
A6D04 B02 (not used) - - -
AGE04 BO3 (not used) - — -
B6A04 B0O4 (not used) - — -
B6B04 BO5 +Comm Received Data M12 3 -
B6C0O4 B0O6 +Comm Clear to Send S02 5 -
B6D04 BO7 +Comm Data Terminal Ready P12 20 -
B6EO4 BO8 (not used) - — -
C6A04  BO09 +S10 Received Data D11 - 2
C6B04 B10 +S10 Clear to Send B10 — 4
C6C04 B11 +S10 Data Set Ready B11 - 20
Cc6D04 B12 (not used) — - —
C6E04 B13 (not used) — - -

Frame Ground

Features
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283 5106 AUXILIARY TAPE I/O INTERFACE CONNECTOR

2-52

(See 280 for cable pin assignments)

Auxiliary Tape Unit A1 Board

(plug side)
_—Hinge End
O O O Auxiliary Tape A1 Board
78 D rIB D] (J—B ) Socket List
s Socket
‘A B c Location Cable Or Card
e 1 1
s A1 A2 Signal Cable Entry Point
. . A2 A3 Signal Cable Entry Point
]‘ ° ] A3 A1 Power Cable Exit Point
B D 8D JG_ J A4 A1 Power Cable Entry Point
B1 A2 Signal Cabie Exit Point
B2 A3 Signal Cable Exit Point
A g c B3 Unused
2 2 B4 Tape Drive Cable
C1 Adapter Card
bB D :B D JYM P
A B C
3 3 3
1/0 Cable Assembly Connector
p :I : A1 Power Connector
B D B D Su
Pm 8
Pin 25 m 15 Pin 1
A 8 c Pin 1 Pin 14
4 4 4 Pin 14 @)
Locating
L Pin 13 Pin
Pi
o O o) Pin 1 in 25 Pin 13()
A3 Signal Connector A2 Signal Connector

Interface Connector (on rear of tape unit)

A1 Power Connector

Pm 1
Pin 15 p,n 9 Pin 25

Pin 1
Pin 25 Pin 14
Pin 1 Pin 13
Pin 13 Pin 1

/% Signal Connector A3 Signal Connector
\

7
Locating Pin Hole




284 5106 AUXILIARY TAPE AC VOLTAGE DISTRIBUTION

Green/Yellow

Green/Yellow

—L—  Chassis
=  Ground 8
. , ( Switch g
Cc2 Box c
. [ 2
£
e p-—%=1 3
1 |
Black (see note 1) A o o 0
‘-‘[\‘\ Green/Yellow ]—_OLQZ ’e) '
White (see note 2) 3
up oo il
Line Cord 4 ] '
h__Black ] ) '
; 5 9 swi ' Fan Frame
___Black L----J Ground ‘
81 Power On/Off Switch :
(, (Rear View) i
) ( Fan ;
i
|
White | (see note 3) “
1
Green/Yellow
Black
Motor
I Red - Ground
. T
Notes: £ ape
. Blue Motor
1. Brown on 220V and 235V machines

2. Blue on 220V and 235V machines
3. Resistor installed on 220V and 235V machines only

Features 2-53



285 BSCA—Y2 SOCKET AND WRAP CONNECTOR PIN ASSIGNMENTS

(Page 1 of 2)

A1 Board (card side)

BSCA
Y3 U Y4 Iﬁ
l Parallel 1/0 J l l 1
A B c D E F G H J K L M N
5 ) -
2 2
3 3
») : R -
4 . 4
4 4
13

5 5
) C

-___LZ‘I n Z3

Async Comm Display and
6 | Serial 1/0 l Tape I l Control Panel l Keyboard 6

Signal Cable Y2

02\

Ao

I

Z4 f——J
—F Wb 4]
A1 Board (pin side)
DDSA Wrap Connector
BY )

/

EIA/CCITT Wrap Connector!

/

o)

[4)]

\
131211109L Iﬁlrff
00000
(XXX xXxxxxrxrxx’
25 24 23 22 21 20 19 18 17 16 15

ik

! This is the only wrap connector that can be used with BSCA MDI 821 for an

EIA/CCITT communications facility.
2-54



285 BSCA—Y2 SOCKET PIN ASSIGNMENTS

(Page 2 of 2)
A1 Board Y2 Cable C2Card BSCA
Pin Pin Line Name Pin Connector Pin
D1E11 D02 Receive Data Go4 3
E1A11 D03 Clear to Send G10 5
E1B11 D04 (not used) - —
E1C11 D05 Transmit Line (DR) Jos 9
E1D11 D06 Select Standby G05 11
E1E11 D07 Receive Line (DR 1) J13 13
F1A11 D08 Signal Ground D08 7
F1B11 D09 Receive Clock (DCE) J10 17
F1C11 D10 (not used) — —
F1D11 D11 +8.5 volts G11 21
F1E11 D12 Data Rate Selector JOo6 23
G1A11 D13 (not used) - —
D1E13 B0O2 Transmit Data G07 2
E1A13 BO3 Request to Send G03 4
E1B13 B0O4 Data Set Ready Jo9 6
E1C13 B05 Carrier Detected J12 8
E1D13 B06 Transmit Line (DT) G02 10
E1E13 BO7 Receive Line (DT1) G09 12
F1A13 BO8 Transmit Clock (DCE) Jo4 15
F1B13 B09 Data Tip D06,D05 16
F1C13 B10 Test Control Jo7 18
F1D13 B11 Data Terminal Ready Jo2 20
F1E13 B12 Ring Indicate G13 22
G1A13 B13 (not used) - —
Note:

See IBM 5110 Logic Manual logic 460 for DDSA wrap connector pin assignments.

See /BM 5110 Logic Manual logic 465 for EIA/CCITT wrap connector pin assignments.

Features
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286 PARALLEL 1/0—Y3 SOCKET AND WRAP CONNECTOR PIN ASSIGNMENTS

(Page 1 of 2)

A1 Board (card side)

Parallel 1/0

P

Signal Cable Y3

/13

::.."’
lJ
N

g N

6 Async Comm
Serial 1/O

__LZ1 ( \ Z2

Display and
Tape I LCOnlrolPaneI ] L Keyboard I 6

ﬂ Z3

('124

2-56
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| 286 PARALLEL 1/0-Y3 SOCKET PIN ASSIGNMENTS
( (Page 2 of 2)
A1 Board Y3 Cable K2 Card  Parallel 1/0
Pin Pin Line Name Pin Connector Pin
- .} H1A11 D02 Data 1/0 1 BO5 1 8
( H1B11  DO3 Data 1/0 5 D11 13 §
H1C11 D04 Data1/O 6 B0O9 14 =
H1D11  DO5 Data I/0 7 D13 15 5
. H1E11 D06 (not used) - - =
J1A11 D07 (not used) - —
o J1B11 D08 Signal Ground D08 24
, ( J1C1 DQ9 End or Identify Jo4 5
J1D11 D10 Data Valid G038 6
J1E11 D11 Not Ready for Data G0o4 7
: K1A11 D12 Interface Clear J02
( K1B11 D13 Attention B13 11
H1A13 B02 (not used) - -
H1B13 BO3 (not used) — —
H1C13 B0O4 Data 1/0 2 D05 2
H1D13 BO5 Data 1/0 3 D09 3
H1E13 BO6 Data 1/0 4 D06 4
J1IA13 BQ7 (not used) -
J1B13 B08 (not used) - -
J1C13 B09 Datal/O 8 B12 16
‘ J1D13 B10 Remote Enable G02 17
1 JIE13 B11 (not used) — —
K1A13 B12 Not Data Accepted GO06 8
K1B13 B13 Service Request GO03 10
Note: See IBM 5110 Logic Manual logic 445 for wrap connector pin assignments.
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IBM 5103 PRINTER

Printer reference numbers that support the printer MAPs
| are 300 numbers and are located in the /BM 5103 Printer
Maintenance Information Manual, SY31-0414.
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IBM 5114 DISKETTE UNIT

Diskette reference numbers that support the diskette
MAPs and MDls are 100 numbers and are located in the
1BM 5114 Diskette Unit Maintenance Information Manual,
SY31-0551.

Features

2-59

[+
(%
c
©
c
]
2
£




Y

.

e BN

2-60



¢

INTRODUCTION
1/0 Devices ..
The 5103 Prmter .

The 5106 Auxiliary Tape Unlt
The 5114 Diskette Unit .
Features .
The Serial 1/0 Adapter Feature

The Parallel 1/O Adapter Feature .

The Asynchronous Communications Feature .

The Binary Synchronous Communications
Feature . .
The Diskette Sort Feature .
The Audible Alarm Feaure .
Functional Units
Keyboard - .
Display Adapter Card .
Processor .
Storage .
Base 1/0 e
1/0 Cable Driver . .
Microprogramming . .
INTERNAL OPERATION OF THE 5110
Keyboard and Control Panel
Switches and Controls
Lights .
Keyboard Data Flow
Keyboard Operation
Keyboard Code Translation
Key Functions
Keyboard Error Checkmg
Microprogramming .
5110 Processor Data Flow
5110 Processor . . .
Storage R/W Bus
Data Bus In
Data Bus Out
Storage Address Bus .
Internal Processor Orgamzatnon
Machine Cycles
Interrupts
Error Checking . .
1/0 Data Flow Control
Read Only Storage .
Read/Write Storage
Storage Data Flow .
Storage Address Register (SAR)
Storage Read P
Storage Write
Storage Error Checking
Base I/O Card . . . .
1/0 Cable Driver Card
Tape Unit -
Tape Data Flow
Tape Drive Components
Tape Cartridge
Tape Writing and Formattmg
Tracks

3-2

3-2
3-2
3-2
3-3
3-3
3-3
3-3

3-3
3-3
3-3
3-3

3-3
3-3
3-3
3-4
3-4
3-4
3-b

3-9

3-10

3-1
3-11
3-14
3-15
3-16
3-15
3-15
3-15
3-15
3-16
3-16
3-17
3-18
3-18
3-19
3-20
3-20
3-23
3-23
3-23
3-23
3-23
3-24
3-25
3-25
3-27
3-28
3-29

Files
Format Record
Header Record .
Data Record . ..
Tape Positioning Markers
Tape Operations
Tape Status .
Display
Display Adapter
TV Monitor
Power . R
AC Power Box . -
Power Supply PC Board .
DC Power Distribution
Power Supply Protection
Reference Voltage
5110 OPERATIONS .
Power On Procedure, Inmallzatlon and
Bring-Up Diagnostic

Contents

1/0O Operation and Data Transfer From Keyboard

to Display and Printer .

Contents

3-29
3-30
3-31
3-32
3-33
3-33
3-34
3-35
3-35
3-39
3-41
3-41
3-42
3-42
3-42
3-42
3-43 |

3-43

343

3-1



Introduction

Diskette Drive

. . Y
Processing Unit “Ill|||IHIIIIIH!II!I(H‘
‘ Q

iy

Display
Screen

Keyboard

Built In Auxiliary Diskette Unit Printer
Tape Unit Tape Unit

The 5110 computer is composed of a keyboard, a 1/0 DEVICES
display unit, a processor, storage, and an integral power
supply. The keyboard and the 5" screen are the

interface between the user and the processor. The The 5103 Printer

display adapter connects the display unit (or an attached

TV monitor) to the processor. The base 1/0 connects The 5103 printer is a wire matrix printer used by the

the processor to the keyboard and the internal tape unit, 5110 computing system. The 5103 printer provides a

and to the attached 1/0 devices and features. hard copy of the data at a rate of 80 characters per sec-
ond or 120 characters per second. For additional details

The programming languages used by the computer are on the 5103 printer, see the /BM 5103 Printer Mainte-

APL and BASIC. Microprograms within read only nance Information Manual, SY31-0414.

storage and programs that are loaded into read/write
storage are used to control the 5110 computing system.
The 5106 Auxiliary Tape Unit

The input/output devices include an internal tape unit )
(within the Model 1 only), a 5103 printer, a 5106 The 5106 auxiliary tape unit attaches to the IBM 5110

auxiliary tape unit, and a 5114 diskette unit. Computer Model 1 through the 1/O channel. One 5106
auxiliary tape unit can be attached to a 5110 computing
The features include the Serial 1/0O Adapter feature, the system. The 5106 auxiliary tape unit stores up to 204K
Parallel 1/0 Adapter feature, the Asynchronous bytes of data. It uses the same data cartridge and data
Communications feature, the Binary Synchronous format as the internal tape unit of the 5110 computer.

Communications feature, the Diskette Sort feature, and

the Audible Alarm feature.
The 5114 Diskette Unit

The 5114 diskette unit attaches to the 5110 computer
through the 1/O channel; up to two 5114 units can be
attached to a 5110 computing system. Each unit stores
up to 1.1 megabytes of data on each diskette drive. Each
5114 unit may contain two drives. See the /BM 5114
Diskette Unit Maintenance Information Manual,
SY31-0551 for additional information.



FEATURES

The Serial 1/0 Adapter Feature

The Serial |/0O Adapter feature allows the 5110
computing system to communicate with other devices
via a serial 1/0 bus. The user must load the controlling
microprogram into R/W storage.

The Parallel 1/0 Adapter Feature

The Parallel |/O Adapter feature allows the 5110
computing system to communicate with control devices
via a 16-line bus.

The APL or BASIC language directly controls the
feature. The user must load the controlling
microprogram into R/W storage.

The Asynchronous Communications Feature

The Asynchronous Communications feature allows the
5110 computing system to act as a 2740 terminal and
to communicate with remote systems. During
communications, the 5110 computer is dedicated and
cannot perform APL or BASIC operations. The user
must load the controlling microprogram into R/W
storage.

The Binary Synchronous Communications Adapter Feature

The Binary Synchronous Communications Adapter feature
(BSCA) allows the 5110 to communicate with remote sys-
tems. The 5110 acts as a 2770 or 3741 terminal. The
feature is attached to the line through an integrated modem,
a Digital Data Service Adapter (DDSA), or an external
modem using EIA RS232C or CCITT V.24 V.28 interface
standard. The user must load the feature microprogram
into R/W storage.

The Diskette Sort Feature

The Diskette Sort feature sorts the records in a file into
an increasing or decreasing sequence.

Trademark of the American Telephone & Telegraph Co.

The Katakana Feature

This feature provides the special Katakana graphics for
the display and the printer, in place of the normal country
select graphics.

The Audible Alarm Feature

The Audible Alarm feature allows the user to enter
language statements that activate the alarm when they
are executed.

FUNCTIONAL UNITS

Theory

Keyboard

The 5110 keyboard consists of a standard typewriter
keyboard and a 10-key pad. There are additional control
keys used to communicate with the computer and to
modify the input.

Display Adapter Card

The display data register located in the display adapter
card receives data from the display buffer in read/write
storage. The data from the display data register is used
to select a dot pattern on the display card. The display
adapter card generates all signals required for the
synchronization of the display.

Processor

The processor card (J2) controls the data flow
throughout the 5110. The processor communicates
directly with read/write storage, executable ROS, the
base 1/0 adapter, and the display adapter.

Storage

Read Only Storage (ROS)

ROS contains the code used to develop the APL and
BASIC language functions, the microprograms used to
control the operation of the various features, and the
microprograms used to direct the overall operation of
the 5110 computing system.

Introduction 3-3



Read /Write Storage

R/W storage is used to temporarily store data and
programs. R/W storage is also used to store status
information.

Base 1/0 Card

The base /O card is a distribution point between 1/0
units and the computer. This card provides repowered
signals to more remotely located components. It also con-
tains the adapter for the keyboard and the internal tape
drive.

1/0 Cable Driver
The 1/0 cable driver card (A2) repowers the signal lines

for the 'bus in’ line, the 'bus out’ line, and the control
lines to the external 1/0 devices.

Microprogramming
Most 5110 operations are controlled by microprograms

located in ROS. Some feature microprograms (such as
microprograms for the Parallel 1/0O Adapter feature) are

loaded into read/write storage from the tape or diskette.

™



Internal Operation of the 5110

The 5110 computer uses both IBM programs and user
written programs. These programs are loaded into
read/write storage, usually from tape or diskette. These
programs are processed by microprograms to control all
the computing and input/output operations of the 5110
( computing system. An overview of the 5110 computing
system is shown on the following page.

Internal Operation of the 5110 3-5



APL ROS

LD 410
A1E4

Data Bits

3

Common and
Language ROS

Basic ROS
A1F2

» Executable ROS

ROS Control Lines

Storage R/W Bus

36

Feature ROS ]/

LD 415

> LD 415 | .
. A1L2 < Storage Address Bits _ ATKA
A
Interrupt ROS .| R/W Storage
Controls Control LD 415
Address Bits Lines ATM2/M4,
and Controls /o ATN2/N4 o
1/0 ) Control I
Control Lines Lines >
Bus In Bits Base 1/0 Bus In Bits rocessor P
Bus Out Bits Bus Out Bits :
Device LD 410 Device LD 415 .
Address Bits ‘A1H2‘ Address Bits A1J2
! \
Keyboard
LD 425 .
Data and Controls
[ Tape
Cycle LD 425
. Steal
Storage Address Bits Controls
Bus Out Bits Display Adapter
Device Address Bits
LD 420
A1G2 N
Parallel 1/0 i
I Snmm—
LD 445 !
> A1K2 |
|
|
1
e e —
S /e] -
> CEB“Z 3'3(;""” External Cable | 5106 | s114 | 5103 |~
435 or ’440 LD 435 LD 440 LD 430
A1A2
Internal
Modem
LD 455
A1C2
] BSCA1 BSCA 2 DDSA
- > OR LD 460
A1C2
EIA/CCITT| _
L»|Asynchronous LD 465 '
_|Communications A1C2
Serial 1/0
LD 450
A1D2




The Common and Language ROS areas contain
translation tables, |/0 diagnostics, and the APL and
BASIC interpreters.

Read/write storage is used to temporarily store data
and diagnostics that are loaded from ROS and customer
and IBM supplied programs that are loaded from tape or
( diskette. Data in the display buffer portion of read/write
storage is available to the display adapter card via cycle
steal and to the processor card via data transfers that
are controlled by the processor. Output data is
transferred to the processor from storage via the
‘read/write bus’ lines. It is then sent via the 'data bus
( out’ lines to the base |/0 card. Input data is sent to the
base 1/0 card and is sent via the "data bus in’ lines to
the processor card. This data is then transferred to
read/write storage via the ‘read/write storage bus’

( lines.

ROS Control Lines
»| Executable ROS -~ Feature ROS
Storage R/W Bus
» LD 415 . LD 415
- A1L2 - Storage Address Bits ATK4
APL ROS \ t
LD 410 Interrupt ROS .| R/W Storage
‘ A1E4 Controls Cf)ntrol LD 415
b Address Bits Lines ATM2/M4,
Data Bits and Controls /o A1TN2/N4 |-}
! 1/0 ) Control I
Control Lines Lines
Common and - Base 1/0 - Processor
Language ROS Bus In Bits Bus In Bits
Bus Out Bits _Bus Out Bits
Basic ROS Device LD 410 Device LD 415
» A1F2 Address Bits | ATH2 Address Bits A1J2
( A common bidirectional bus is used to transfer data to

or from read/write storage. During a read operation, the
two bytes of data addressed by the microinstruction of
the controlling microprogram are transferred via the
read/write storage bus’ lines to the processor. During a
write operation, either one or two bytes of data are

( . transferred into storage via this same bus. The
processor checks for odd parity of all data read from
storage and gives a process check when it detects
incorrect parity.
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KEYBOARD AND CONTROL PANEL

AN
( )
( BRIGHTNESS 132 64 R32 IN PROCESS REVERSE DISPLAY BASIC RESTART DISPLAY REGISTERS
PROCESS CHECK APL NORMAL ™
POWER ON y
J
L POWER OFF
J\ _J J TN
Comm  (Cma cra) ((Ean ) (Gre eierd (Smite cnar) (Tab set) (oo Resed) ([ Pomt J(Home ) (e J(C__ ) Comn (5 Ter) B Toee)
asic (Croao ) (save ) (Rron J(C oo J(Cust J(Cumc JrAUTO)Cm{mm DC:slvav Delete Insert Operations 5“ iﬁm *
st (Oroan ] (Dsave J [Deont ) (O [@ (Ovars J (icory Y (Owsio ) (outseJ (Omark ) [ ITabl
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Switches and Controls POWER ON-OFF Switch: This switch controls the
power to the 5110. The 5110 is ready to use about 25
The switches and controls of the 5110 allow the user to seconds after the switch is turned on. If the 5110 has
control the operation of the 5110 and to manipulate the been turned off, wait five seconds before you restore
information on the display screen. the power.
BRIGHTNESS Control: This controls the brightness of REVERSE DISPLAY Switch: This switch changes the
the display. display screen to show white characters on a dark -
background or dark characters on a white background.
The BRIGHTNESS control may require adjusting after y
L32-64-R32 Switch: This controls whether the left you have changed the REVERSE DISPLAY switch N

half, the right half, or all of the positions of the screen
will be displayed. When the switch is in the L32 setting,
the 32 leftmost positions of the screen are expanded
with blanks between the characters. The 64 setting is
the normal display setting; all 64 positions are displayed.
When the switch is in the R32 position, the 32
rightmost positions of the screen are expanded with
blanks between characters.

setting.

BASIC-APL Switch: This switch is present only on )
APL-BASIC machines. The switch is used to select the

programming language that will be in operation after the *\

RESTART switch is pressed or when the power is

turned on. To change languages after the machine

power has been turned on, change the BASIC-APL

switch setting and then press the RESTART switch. -
p
\\\;



RESTART Switch: This momentary switch sends the
power on reset (POR) signal to the system that resets

all logic circuits and starts the bring up diagnostic.

When pressed and held down, this switch is also used
as a lamp test switch for the PROCESS CHECK and IN
PROCESS lights.

DISPLAY REGISTERS Switch: This switch has two
" positions, DISPLAY REGISTERS and NORMAL. When

this switch is in the DISPLAY REGISTERS position, the
first 512 bytes of storage are displayed in hexadecimal
code on the display screen (see Display Registers in the
Diagnostic Aids section). When this switch is in the
NORMAL position, bring up diagnostic data or
APL/BASIC data that is stored in read/write storage
locations X'0200’ through X‘O5FF’ is displayed. (See

the Diagnostic Aids section for more information about
the bring up diagnostic.)

Lights

PROCESS CHECK Light: This light indicates that a parity
error exists in the system. All data processing stops and
further operation cannot be attempted.

IN PROCESS Light: This light indicates that the
processor is processing data and that the cycle steal
controls are disabled. When this light is on, the display
is blank.

KEYBOARD DATA FLOW

Keyboard Operation

When a key is pressed, a flyplate in the key module
moves away from the printed circuit pads on the keyboard
PC board and decreases the capacitance at that key
position. (A pressed key is sensed when a sample pulse
is not transmitted. That is, the absence of the sample
pulse indicates that a key is pressed.) Releasing the key
restores the flyplate to its normal position.

When a key is pressed its code is detected. This code or
key data is created from the number in the scan counter
and from other data, such as a shift or command key
being pressed. This key data is placed into a character
register on the keyboard PC board. The key data, which
includes an odd parity check bit, remains in the char-
acter register until the key is released.

The keyboard interfaces with the processor card (J2)
through the base 1/0 card keyboard adapter. The
keyboard adapter receives the key data, including the
parity check bit, from the keyboard PC board. The data
is stored in the keyboard data latch. The keyboard PC
board strobe indicates to the processor that data is
available. The strobe also gates the data from the
keyboard latch to the data select register and requests a
program level 3 interrupt. The level 3 interrupt initiates
the transfer of data to the processor. The '-keyboard
strobe’ line signals the keyboard adapter that the
keyboard has data ready for transfer. The data is set in
the keyboard data latch.

The strobe pulse that accompanies the data performs
three functions:

1. It generates the ‘key pending status’ line and
signals the processor that keyboard data is
available in the adapter.

2. It gates the data out of the keyboard data latch
and into the data select register. The selection of
a device address then makes the data available on
the ‘bus in bits’ line.

3. It drives a program level interrupt from the
keyboard adapter after keyboard interrupts have
been enabled.

Keyboard Code Translation

When a key or combination of keys are pressed, a level
3 microprogram converts the key code to the 5110
internal code through a translation table located in
Common and Language ROS (F2). The program looks
up the character and stores the character code in a
register in read/write storage. The interrupt associated
with the keystroke is then reset, and the character is
processed by the level O microprogram.
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Typamatic Keys: Certain keys of the 5110 keyboard are
assigned as typamatic keys, such as the space bar, the

scroll up, the scroll down, the backspace, and the for-

ward space keys. When the microprogram recognizes a
typamatic key code, the interrupt generated by the key

is reset and a ‘~keyboard strobe’ pulse is repeated every
100 ms (after an initial 700 ms delay) for as long as the

key is held down. The repetition of the ‘~keyboard

strobe’ pulse causes the reentry of the key code for as

long as the key is held down.

Key Functions

In addition to the alphabetic and numeric data keys,
there are keys used to control the operation of the 5110
and to manipulate the information on the display screen.

"EXECUTE Key: This key starts the user program and

passes control of previously entered data to the user -
program. The user program then acts upon this data.

HOLD Key: This key stops the computing system upon
completion of the current 1/0 function. The system is
restarted when the key is pressed again.

HOLD/CMD Key: When the HOLD key and the CMD
key are pressed simultaneously, the system immediately
stops, all 1/0 operations are reset, and the display is
forced on. There is no predictable operational recovery
from the CMD HOLD action during 1/O operations; a
system RESTART must be performed.

Attention (ATTN) Key: This key causes the display to
blank all data from the cursor (including the cursor
position) to above the status line (the bottom line).
Pressing the key during the execution of an APL user
defined function causes the function to stop when it is
completed. Pressing the ATTN key during the execution
of a BASIC user defined function causes the program to
stop at the end of an instruction. To continue the
interrupted operation, enter the GO command.

3-10

Scroll Keys: The scroll up, the scroll down, the back-
space, and the forward space keys are used to position
the cursor. Each key appears to move the cursor in the
indicated direction, even though the up and down move-
ment is performed by the content of the display. During
BASIC operations, only the top 15 lines of the display
are moved. The status line at the bottom of the display
does not move.

character to the left.

one position to the right.

Scroll Up (up arrow key)—Moves each line on the
display up one line. (See the note in the scroll
down description.)

the display down one line.

Note: If the machine is processing in BASIC, only

the top 15 lines move; the bottom line is the
status line and does not move.

Insert (combination of the CMD key and the

Backspace (left arrow key)-Moves the cursor one

Forward Space (right arrow key)-Moves the curso‘/

Scroll Down (down arrow key)—Moves each line on

TN

\
.

forward space key)—Inserts a blank into the cursor-

position you select and shifts all the characters to

the right of the cursor one position to the right.
This creates a space for inserting a character as
shown in the following illustration.

[ flashing
123467 »

1234 67
L————————flashing

1234567
L flashing

~



Delete (combination of the CMD key and the
backspace key)-Deletes the character above the
cursor and shifts all the characters to the right of
the cursor one position to the left.

flashing
12344586
123456
L flashing

Keyboard Error Checking

The keyboard adapter checks for odd parity on the 'bus
out’ and 'keyboard data’ lines. The base 1/0 card
checks for even parity on the ‘device address’ lines. An
error in either set causes a process check, which stops
all data processing. For more information on errors that
cause process checks, see Process Check Chart in |BM
5110 Logic Manual, 1ogic 405.

MICROPROGRAMMING

An internal machine program controls the 5110. This
internal machine program consists of several
microprograms, which the 5110 processor uses to
accomplish given tasks. Because the 5110 processor
cannot process an APL or BASIC user program directly,
it must emulate the APL or BASIC program to the
internal machine microcode by means of the APL or
BASIC emulators on the executable ROS card (L2).

When an APL or BASIC language statement is decoded
by the 5110 computer, the machine microcode performs
a series of microinstructions that accomplish the
required emulation of the user language.

Note: Because the 5110 cannot operate directly from a
user language, the system emulates or appears to have
the attributes of the user's language, while each
instruction is translated into a language that the system
can use.

Microprograms completely control the I/O hardware.
There are several separate microprograms that perform
specific functions within the 5110 computer.

The various microprograms that are used on the 5110
are the emulators (APL and BASIC), the Diskette Sort
feature, the 1/0 controller interface (tape |/0, printer
1/0, diskette 1/0, and keyboard 1/0), the diagnostic
control program (DCP), and the 1PL and I/O supervisor
microprograms.

The following special function microprograms are also
loaded into R/W storage:

— Asynchronous communications
— Serial 1/0

— Parallel 1/0

—~ BSCA

— Print/Plot

— All loadable diagnostic MDls
— Customer utilities

The languages or applications (such as asynchronous
communications or a customer utility) for all 1/0
functions interface with a common system entry point
(10S). This interface is defined by an input/output
control block (IOCB), that is 20 bytes long and is set

up in R/W storage. The IOCB has the following format:

Byte Content

0 Device address

1 Sub-device address

2 Command code

3 Function flags

4,5 Buffer start address
6,7 Buffer size

8,9 Control information
10,11 1/0 work area address
12,13 Return code from 1/0 support
14,15 Control information
16,17 Device status

18,19 Device status

Internal Operation of the 5110 3-11
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The first three bytes of the IOCB contain the following

information: devices) :
Byte 0: Device Address Tape ' Printer Diskette
00 Video display and processor oo Sense Sense Sense
o1 Common and language ROS 01 Read Invalid Read
02 Not used 02 Write Print Write
03 Diskette sort 03 Write last Print Write last
04 Keyboard 04 Find Invalid Find
05 Printer 05 Mark Invalid Mark
06 BSCA 06 Initialize and Invalid Invalid
07 Parallel 1/0 mark
08 Not used 07 Rewind Invalid Invalid
09 Not used 08 Forward space Invalid Invalid
0A Serial 1/0 record
0B Not used 09 Backspace Invalid Invalid
(0]04 Print plot record
oD Diskette drive OA Find next Invalid Invalid
OE Tape drive header
OF Not used OB Write header Invalid Write header
oC Invalid Invalid Scan
Byte 1: Address for Diskette and Tape oD Invalid Plot function Invalid
OE Invalid Invalid Invalid
Diskette Tape OF Invalid Invalid Invalid
10 Invalid Invalid Find ID
80 Subdevice 1 1 Internal 1 Invalid Invalid Initialize head
40 Subdevice 2 2 External FD Translate only  Diagnostic  Invalid
20 Subdevice 3 3 Not used FF Invalid Invalid Invalid
10 Subdevice 4 4 Not used
08 Subdevice 5 Not used Not used A diskette read operation consists of the following
04 Subdevice 6 Not used Not used I0CBs and commands:
02 Subdevice 7 Not used Not used
01 Subdevice 8 Not used Not used 10CB Bytes
Command 012 Action
Sense OD 80 00 Checks the VOL ID and
ensures that the diskette
is on the specified drive
Find OD 80 04 Reads the diskette header
to locate the specified
file
Read OD 80 01 Reads the data by sector

Byte 2: Command Code (controls the various 1/0

(Multiple sectors can be

read.)

The diskette read operation reads one sector of data
from a diskette. If successive sectors are to be read

from the same file, the IOCB can be coded to read more
than one sector without the need for another read I0CB.

312



A diskette write operation consists of the following

|I0CBs and commands:

I0CB Bytes
Command 012
Sense OD 80 00
Find OD 80 04
Write OD 80 02
Write OD 80 03
last
Find OD 80 04
Write OD 80 OB
header

Action

Checks the VOL ID and
ensures that the diskette
is on the specified drive

Reads the diskette header
to locate the specified
file

Writes the data by sector
(Multiple sectors can be
written.)

Writes the last sector
of data

Locates the file header
so the diskette file
can be used

Updates the end of data
(EOD) and completes the
closing of the file

Internal Operation of the 5110 3-13
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- 5110 PROCESSOR

The processor Data Flow diagram in the /BM 5110 Logic
Manual, logic 400, shows the organization of the
processor.

The 5110 processor card (J2) controls the data flow
throughout the computing system. The processor
communicates with executable ROS, feature ROS, base
1/0, read/write storage, and the display adapter.
Control pulses and clock pulses are also generated on
the processor card.

Storage R/W Bus

The storage R/W bus is an18-bit bus used to transfer 2

bytes of data having even parity. The storage R/W bus

is used during the following operations:

« Reading from executable ROS

« Reading from R/W storage

- Writing into R/W storage

« Sending information from R/W storage to the display
unit

Data Bus In

The Data Bus In is a 9-bit bus used to transfer 1 byte

of data plus parity from the base 1/0 card to the

processor.

Data Bus Out

The Data Bus Out is a 9-bit bus used to transfer 1 byte

of data plus parity from the processor to the base 1/0

card.

Storage Address Bus

The Storage Address Bus is a 16-bit bus used to supply

addresses to read/write storage or executable ROS.

The display adapter sends storage addresses to the

processor via the storage address bus by cycle steal
transfers.

Internal Processor Organization

(Refer to the /BM 5110 Logic Manual, logic 400.)

Read Data Register: The RDR registers receive two
bytes of data on each storage read operation via the
Storage R/W Bus.

From the read data register, operands can be transferred
to the storage address register (SAR), the operations
register (Op Reg), the storage data register (SDR), or the
arithmetic logic unit register (ALU Reg).

Storage Address Register (SAR): The storage address
register is a 16-bit register used to address storage.

Operation Register (Op Reg): The operation register is a
16-bit register used to decode the Op code.

Storage Data Register (SDR): The storage data register
is an 8-bit (1 byte) register used to receive data through
the Data Bus In. The register also provides the second
operand input to the ALU.

Arithmetic and Logic Unit Register (ALU Reg): The
arithmetic and logic unit register is an 8-bit register that
receives 1 byte operands from the read data register.
The output of the ALU register provides the first
operand input to ALU and also provides data for the
Data Bus Out.

Arithmetic and Logic Unit (ALU): The arithmetic and
logic unit is an 8-bit (1 byte) binary unit. When two 8-bit
operands are presented to its inputs, the ALU produces
an 8-bit arithemtic or logical result at its output.

Control ROS Unit: The control ROS unit generates the
necessary control lines and gating signals for the
instruction being executed.

Registers: The registers on the processor card are
addressed as the first 128 bytes of R/W storage and
are associated with the four interrupt levels in which
processing occurs.
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Oscillators/Clocks: The processor uses a 15.1 MHz
oscillator to generate 66.2 nanosecond clock pulses.
These multiclock cycle (MCC) pulses are used to con-
trol data throughout the computing system. MICC
pulses make up the | phase (instruction) and E phase
(execute) machine cycles.

Machine Cycles

Every machine cycle consists of an |-phase (instruction)
and an E-phase (execute). Each |-phase consists of
three | cycles. | cycles 1 and 3 consist of 3 MCC pulses.
Icycle 2 consists of 8 MCC pulses. Every I-phase is
followed by an E-phase. Each E-phase consists of one
through five E cycles. E cycles can be either 3 MCC

or 8 MCC pulses, depending on the instruction being
executed. The relationship is shown in the following
chart.

T

MCC Pulses
| Cycle-1 _l,_.L
toyde2  — Lol

| | Cycle-3 r:‘

|-Phase _.I

E Cycle (3 MCC) r_l

[.L

E Cycle (8 MCC)

E-Phase
5 E cycles (3 MCC to 40 MCC), de-
pending on the OP code.

3-16

___l_SNote: The E-phase can be 1 throt.sg-hl

/-Phase: Each |-phase consists of three | cycles for
each microinstruction.

I cycle 1 The contents of program level register O are
loaded into SAR.

lcycle 2 SAR addresses either R/W storage or
executable ROS and transfers the
microinstruction located at that address into
the operation register.

lcycle3 The address in the SAR is incremented by
two and read back into register O of the
current program level.

E Phase: During the E phase, the processor performs
the operation specified in the Op register. E cycles
continue until the operation is completed. Only R/W
storage can be addressed during execute cycles.

Interrupts

The 5110 can interrupt microprograms being processed
by the 1/0 devices. There are four program levels in
which processing occurs. The program levels and their
associated |/O devices are as follows:

« Level 0—Normal operation level

« Level 1-BSCA and asynchronous communications
adapter

« Level 2-Tape, diskette, printer, and serial 1/O adapter

Level 3—Keyboard

Each of these levels has 16 two-byte registers. These
registers are addressable as the lowest 128 bytes of
read/write storage and are located on the processor
card. Register O of each level acts as an instruction
address register. (See Microinstruction Processing in this
section.) The remaining 15 registers in each program
level can be used as general purpose registers.

N
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The bring up diagnostic initializes the precessor and
begins program execution in level 0. Switching between
program levels is controlled by the 1/0 devices through
the interrupt request lines. The 1/0 devices are
assumed by the processor to be connected in a priority
sequence. The highest priority is connected to the
highest numbered line. When two or more interrupt
requests are active simuitaneously, the processor
responds first to the one with the highest number. The
system is designed to prevent more than one active
request on each level.

After completing each microinstruction, the processor
inspects the interrupt request lines for a higher
numbered interrupt. For example, if the processor is
operating in level 0 and, upon completion of the current
microinstruction, finds that interrupt request lines 1 and
3 are active, three levels (0, 1, and 3) are in contention
for the processor. The processor selects level 3 because
it is the highest number; it then uses the registers
associated with level 3 to execute the next
microinstruction.

Error Checking

All errors that cause process checks, that stop the

machine with the PROCESS CHECK light on, are
funneled through the processor card. A process check
can be caused by any of the following errors or checks:

« Rd data error-This indicates that a parity error exists
on data in the read data register of the processor.

Note: Read data errors can be caused if you attempt
to read from a read/write storage address in which
the read/write storage cards were not installed.

« -Bus in error-This indicates that a parity error exists
on data received via the ‘bus in bits’ lines. In
addition, this error can be caused by the following
1/0 devices: tape unit, printer, auxiliary tape unit, or
diskette.

« +Address check, base |/0 card—This indicates that a
device address check occurred on the base 1/0 card
(H2).

+ +Address check, common and language ROS
adapter—This indicates that a device address check
occurred on the common and language ROS card
(F2).

+Address check, async comm/serial 1/0-This
indicates that a device address check occurred on the
async comm/serial 1/0 card (D2).

+Address check, printer—This indicates that a device g
address check occurred on the printer adapter card ]
within the 5103 printer.

+Address check, auxiliary tape—This indicates that a
device address check occurred on the auxiliary tape
adapter card within the auxiliary tape unit.

+Address check, executable ROS—This indicates that
a device address check occurred on the executable
ROS card (L2).

Device address check—This indicates that an odd
number of all eight device address lines are active
when a device is being addressed. Only one of the
device address lines X0, X1, X2, or X3 and only one
of the device address lines YO, Y1, Y2, or Y3 are
supposed to be active when a device is being
addressed.

|
|
!
|

+Bus out parity check, base 1/0 card-This indicates
that a parity check occurred on the bus out on the
base 1/0 card (H2). The processor card (J2) or the
base 1/0 card (H2) can cause this error.

+Bus out parity check, common and language ROS
card-This indicates that a parity check occurred on
the bus out of the common and language ROS card
(F2).

+Bus out parity check, async comm/serial 1/0
card-This indicates that a parity check occurred on
the bus out of the async comm/serial 1/0 card (D2).

+Bus out parity check, printer—This indicates that a
parity check ocurred on the bus out of the printer
adapter card.

+Bus out parity check, auxiliary tape—This indicates
that a parity check occurred on the bus out of the
auxiliary tape adapter card.

+Bus out parity check, executable ROS-This indicates

that a parity check occurred on the bus out of the
executable ROS card (L2).
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Data Bits,

1/0 Data Flow Control

The processor receives data from the 1/0 devices on
the 9-bit (8 data, 1 parity) bus in from the base I/0
card. Data is sent to the 1/0 devices on the 9-bit bus
out to the base 1/0 card. The control, put, and get
strobe pulses and the ‘op code E tag’ line signal the 1/0
devices when |/0 microinstructions are executed.

The control strobe has two purposes. It identifies the
data on the Data Bus Out as control data. The strobe
also serves as a timing pulse to indicate to the 1/O
device exactly when the Bus Out data is valid.

The put strobe also has two purposes. Besides serving
as a timing pulse, it indicates that the Data Bus Out
contains data for a put instruction.

The get strobe signals the 1/0 device that the data
placed on the Data Bus In by the device was sampled
by the processor.

The op code signal is a decode of the get byte
microinstruction. The get byte microinstruction (op code
E) occurs well before the get strobe and is used to
transfer data. The logical get microinstruction (op code
0) is used to transfer status. The timing relative to the
strobe identifies the type of information that has been
requested.

Read Only Storage

Read Only Storage (ROS) contains programs and data
used to control the 5110 computing system.

Executable ROS

Executable ROS on the L2 card provides microprograms
to the processor. These microprograms are directly
executed by the processor; they control the operation of
the 5110. Executable ROS contains the bring up
diagnostic, the I/0 control microprograms for tape, disk,
and printer, and the language emulator microprograms.

The language emulator microprograms in executable
ROS are executed by the processor. These
microprograms analyze the input data from the language
interpreter so the processor can perform the APL or
BASIC operations requested by the user.

The 1/0 control microprogram in executable ROS
controls all 1/0 functions. When an 1/0 function is
specified, the language sets up an input/output control
block (IOCB) to request an 1/0 function and passes
control to the 1/0 supervisor. The 1/0 supervisor
checks the I0CB to determine which 1/0 device has
been requested and passes control to the device 1/0
microprogram that performs the requested 1/0O function.

Executable ROS is divided into ROS 1 and ROS 2.
During the power up sequence, the power on reset
(POR) activates ROS 1 mode, and the processor begins
executing instructions from executable ROS. The
processor begins executing the bring up diagnostic at
the address contained at location 000A, ending with the
IPL routine. POR also latches the '+ APL switch’ line to
select the language in which the 5110 will operate. The
selection of ROS 1 or ROS 2 is controlled by bus out
bits O or 1 and a control strobe (microprogram
instruction). :

M,

ROS Control Lines

—> Feature ROS

3-18

Executable ROS
Storage R/W Bus
> LD 415 . LD 415
- A1L2 B Storage Address Bits R A1KA
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Executable ROS is activated by the "-select ROS’ line.

“ When the ROS control signals "MCC4’ and "'memory

select’ are active, executable ROS transfers a
microinstruction from ROS at the address on the storage
address bus to the storage read/write bus.

Processor clock signal ‘MCC4’ is used to reset the ROS
array. The ROS ‘memory select’ line is the product of

" clocks ‘MCC2’ and ‘MCC3’, that are gated to access
.~ the data in the ROS array.

A three byte status word is available from the
executable ROS card. It is gated to the ‘bus in" line by
the ‘op code E’ line and the ‘device address 02 line.
Bus out bits O, 1, and 2 determine which status byte is
to be sent back to the microprogram.

Feature ROS is an extension of Executable ROS. To
select feature ROS, storage address bit 0 must be
active; it gates the '~select ROS’ line with either the
‘+memory select 5° line or the "+memory select 6’ line.

Common ROS and Language ROS

Common ROS contains tables used in all system
configurations; it also contains the disk or tape read
diagnostic microprograms. Diagnostic microprograms
are loaded into read/write storage for execution by the
processor when they are selected by the diagnostic
control program (DCP).

Language ROS (APL or BASIC) interpreter functions are
accessed and placed into R/W storage when they are
needed to control the APL or the BASIC microprogram
executed by the processor.

BASIC and common ROS are located on the F2 card
and APL ROS is located on both the F2 and E4 cards.
APL, BASIC and common ROS share a common

L address bus. To select one of the three ROS spaces,
~ the processor must execute a control instruction using

device address 01. The data byte of the control instruc-
tion is put on the bus out and stored in the bus out
register on the F2 card. During control strobe, device
address 01 and active data bit 4, 5, or 6 will select

- BASIC, APL, or common ROS respectively.

Next the microprogram must develop the 16-bit address
from which data is requested in ROS. This is
accomplished by two put instructions that are sent to
device address 01. The high order address byte is
provided by the first put instruction, and the low order
address byte is provided by the second put instruction.
The 16-bit ROS address register must be loaded a byte
at a time. This loading is accomplished by two load
lines. One load line is pulsed during the first put strobe,
and the second load line is pulsed during the second put
strobe. The highest six bits (bits 0-5) of the address
are used to decode an address range line (30K bytes per
range).

At the end of the second put strobe, the entire address
is defined, and the ‘C1 powered’ line increments a three
bit counter. The three outputs of this counter are
decoded to make up the three ROS access control lines.
The three ROS access control lines are "-restart’, ‘-set’,
and ‘-sample and reset’. The ‘restart’ line initializes the
ROS array, the ‘set’ line accesses the data within the
ROS array, and the ‘'sample and reset’ line gates the
data onto the data bus lines.

The 16 ROS bits are transferred 8 bits at a time to the
‘bus in’ line. This transfer is accomplished by two get
instructions. The first get instruction transfers the high
order byte, and the second get instruction transfers the
low order byte. The second strobe signal caused by the
get instruction also increments the address register by 1
and restarts the address control sequence. This is done
to eliminate the need for reloading the address register
if sequential addresses in ROS are to be accessed.

Read/Write Storage

Read/write storage is located on four cards: M2, M4,
N2, and N4. The following configurations are available:

Storage Cards

16K M2

32K M2, M4

48K M2, M4, N2
64K M2, M4, N2, N4
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Data is not reset or changed when it is read out of
read/write storage. When the power is turned on, the
storage contents will be invalid and may have incorrect
parity. However, the bring up diagnostic writes valid
data into every read/write storage location.

Read/ Write Storage

0000
Registers
007F
Common Language
Control Area
0200
Display Adapter
Buffer Area
0600
System Control Area
(Special microcode
instructions are
stored here.)
0800
User Area
N‘M‘WN

Note: The first 128 bytes
(0000 through 007F) of
storage are located on the
processor card. These bytes
are used as registers.

Storage Data Flow

During the cycle steal time, storage read data is made
available to the display card (G2) via the Storage R/W
Bus. Data is also available to the processor card (J2)
where the microprogram examines the data or
instructions and controls the system operation.

During input operations, |/0 data is sent to the base
1/0 card. This data is then transferred to the processor
via the Bus In Bits and then to R/W storage via the
Storage R/W Bus.

Card Layout
Each R/W storage card consists of eighteen 8K bytes

storage modules. These 8K bytes modules are further
broken down into eight 1K bytes storage chips.
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Storage Address Register (SAR)

The storage address register (SAR) is a 16-bit register
used to address storage. It is located on the processor
card (J2). The microprogram selects executable ROS,
control ROS, or R/W storage addresses to be read into
SAR. The 16 bits in SAR are labeled 0 through F. If the
first nine SAR bits (0-8) contain logical zeros, an address
of 0000-0127 is decoded from the remaining six SAR

bits (9-E). SAR bit F is used only during a write micro-
instruction.

If SAR bits 0-8 are not active (each bit contains a 0), the
SAR will use the remaining SAR bits (9 through E) to
address the 128-bytes of storage located on the J2 proces-
sor card.

J2 Processor Card M2 Storage Card

Not

SAR (16 bit reg) | used

Storage Registers
Bytes 00-127

Functions of Address Lines

Storage
Select Only used
I l during a
Card CSX and CSY write micro-
Select| Select instruction

1 l L

0123456789ABCDEFTF

SAR Bits

Example: The SAR contains an address of X'004A’.

SARBits 0123456789 ABCDETF

0000000001001 010

NI I i I [ I~
0 0 4 A

This SAR will address storage position X'004A" in the
storage on the processor card.

We do not address the first 128 bytes of R/W storage

on the M2 card. These 128 bytes of read/write storage
are located on the prbcessor card (J2) and are used as

registers.
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Card Select

( SAR bits 0 and 1 are used to select a specific storage card
as follows:

SAR Bit Card Select Storage

01 Line Card
( 00 0 M2

01 1 M4

10 2 N2

11 3 N4
{ Chip Select

SAR bits 3, 4, and 5 are used to select a specific chip
(— on the addressed storage card as follows:

SAR Bit CSX/CSY Line
345 (Chip Select)

000 CSX 1/CSY 1
001 CSX 2/CSY 1
010 CSX 1/CSY 2
011 CSX 2/CSY 2
100 CSX 3/CSY 1
( 110 CSX 3/CSY 2
101 CSX 4/CSY 1
111 CSX 4/CSY 2
Bit Select

SAR bits 2,6, 7,8, 9, A, B, C, D, and E are used to
select an individual bit in each of the 1K bytes chips
selected by the CSX and CSY lines.
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0123456789 ABCDEF
T7TTT
Write
0 = odd
1=even
3 &
4 Storage Address Bits
0=CsY1 csz LS
1=8CY2
N I i N I Iy i I O Y
| X1 X1 I . I X1 X1 I | X1,
' 1 .
o A e Y1j4 | %+ T2 Yij«p [ H L2
l | L] —
| > X2 X2 = X2 | | X2 | ' | X2
i 1A Y2 Y1 Lo v2 | Y1 ( -~ v2
oo=csx1_J» 1T MERRAERI TR
01=CSX2 l || I
10 = CSX3 -—l | l I | : -
11=CSX4 g 32‘ ﬁf —1 1 >Y<3 X3 |- T /SAR and Card \_|
- | | 2 Y1 1 Select :
1k 01T ] | exan_|
CSY
: ~[xa ] X4 : { X4 I L \
A *>1 Y2 Y1 ' Y2 | Read Data  «
> I L 1 | e
+——t—t—t—
I S 200 ns 400 ns
P Bits 0 Bits Storage Cycle
01 Card Select n 0 1 2 3 4 5 6 7 P 0
00 = CS1 A oS Bit S SA W SA SA SA SA SA SA W
01 =CS2 '_"Lr-b Driver |//BD| BD BD BD BD BD BD BD D BD
— 10 =CS3 | H—— M4 (32K) \ b A A b A m L4 4 ] YY) ¥ ]
11=Cs4 N2 (48K) Read/Write
N4 (64K) Bus ¥ ¥ \ y i
Data Strobe
? Write odd byte
Write even byte
‘Card select’ line selects 1 of 4 possible storage cards.
CSX and CSY select 1 of 8 groups of 1024-byte chips on a card.
Storage address bits select 1 9-bit byte of 1024 bytes in a group.
n Bit driver drives the selected byte on the R/W bus.
Note: The dotted lines enclose an 8K bytes module
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Storage Read

The Storage R/W Bus is a bidirectional bus that uses
common lines to read from or write to storage. The bus
is under the control of the ‘+data strobe’ line when
reading from R/W storage. During a read operation (the
‘write even’ or ‘write odd’ lines are inactive), the two
bytes (18 bits) of data addressed by the microinstruction
are transferred to the processor card (J2) or the display
card (G2).

Storage Write

During a write operation. the ‘write even’ and ‘write
odd’ lines are controlled by the microinstructions. All 18
bits of R/W storage (even byte) can be written by
activating the ‘write even’ line, or the second 9 bits (odd
byte) can be written by activating the ‘write odd’ line.

Storage Error Checking

The processor card checks the parity of the Storage
R/W Bus. If the parity is not odd, the ‘-RDR check’ line
is activated. This line activates the ‘machine check’ line
and the PROCESS CHECK light on the display panel.

BASE 1/0 CARD

The base 1/0 card contains drivers and receivers; it acts
as a distributor of data, control information, and device
addresses for the 5110 computing system. The power
on reset signal is generated on the base 1/0 card and is
distributed to all devices.

The adapter for the internal tape unit is located on the
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