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J
Problem Possible cause Repair action

Data not Bad RAM chip Replace and test.
staying in somewhere between
RAM U50 and U57
correctly

Characters Bad MK35000 at U33 Replace and test.
not Bad 7415166 at U32 Replace and test.
generated Bad 741508 at U13 Replace and test.
properly Bad 74L532 at U14 Replace and test.

Bad 741551 atU22 Replace and test.
Bad 74L532 at U23 Replace and test.
Bad 74153 at U9 Reolace and test.
Bad 74153 at U10 Replace and test.
Bad 745174 at UlOl Replace and test.

Trou bleshooting Procedure

TURN POWER OFF.
DISCONNECT POWER CORD.

WRITE DOWN WHAT
SYSTEM WAS DOINC
AT TIME OF FAILURE.

REMOVE TOP OF COMPUTER.
TOUCH TOP OF

POWER SUPPLY CASE.

DISCONN ECT COLOR/CRAPHICS
ADAPTER CARD AND

MONITOR CABLE.

REPLACE MK36OOO AT U33.

RECONNECT ADAPTER CARD
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

RETURN TO
FULL SERVICE.

TURN POWER OFF.
DISCONNECT POWER CORD

DISCONNECT ADAPTER CARD
AND MONITOR CABLE.

RECONNECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

l *o
TURN POWER OFF,

DISCONNECT POWER CORD.
DISCON NECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74LSO8 AT UI3.

RECONNECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

TURN POWER OFF
DISCONNECT POWER CORD.

DISCONNECT ADAPTER CARD
AND MONITOR CABLE.

REPLACE 74L5166 AT U32

REPLACE 74L532 AT U14.

RECONNECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST

,1,

{*o

+ RETURN TO
FULL SERVICE

+ RETURN To
FULL SERVICE.

RETURN TO
FULL SERVICE.

.1,

t,

.tJ

,1,
,1,

J

,1,
.1,

l *o
,1,

J*o
(Continued)
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TURN POWER OFF.
DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74L551 AT U22.

REPLACE 74L532 AT U23.

RECONNECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD
POWER UP AND TEST

l *o

+

RECONNECT ADAPTER CARD.
RECONNECT MONITOR

RECONNECT POWER CORD.
POWER UP AND TEST.

J*o
TURN POWER OFF.

DISCONNECI POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

.l

.1,

RETURN TO
FULL SERVICE.

+ RETURN To
FULL SERVICE

REPLACE 74L5273 AT U34.

RECONNECT ADAPTER CARD
RECONNECT MONITOR

RECONNECT POWER CORD.
POWER UP AND TEST.

RETURN TO
FULL SERVICE

.> RETURN TO
FU LL SERVICE

-> RETURN TO
FULL SERVICE.

RECONNECT POWER CORD
RECONNECT ADAPTER CARD.

RECONNECT MONITOR
POWER UP AND TEST.

J"o
.TURN 

POWER OFF.
DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

.1,

T

.1,
.1,

TURN POWER OFF.
DISCONNECT POWER CORD.
DISCON NECT ADAPTER CARD

AND MONITOR CABLE.

.1,

i ro
(Continued)

J*o
TURN POWER OFF.

DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74153 AT U9

RECONNECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

REPLACE 74L5273 AT U35.
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TURN POWER OFF.
DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74153 AT UlO.

RECONNECT ADAPTER CARD.
RECONNECT MONITOR,

RECONNECT POWER CORD,
POWER UP AND TEST.

l "o

J

{*o

TURN POWER OFF.
DISCONNECT POWER CORD.

DISCONNECT ADAPTER CARD.

CONCLUDE: Problem is l ikely to
be in the RAM section. Replace
each RAM chip starting at U50
and working through U57. Test

after each replacement. When the
problem is f ixed, the last chip

reolaced is bad.

RETURN TO
FULL SERVICE.

-> RETURN TO
FULL SERVICE.

TURN POWER OFF.
DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74L5244 AT U36

RECON N ECT ADAPTER CARD.
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

l *o
TURN POWER OFF.

DISCONNECT POWER CORD.
DISCONNECT ADAPTER CARD

AND MONITOR CABLE.

REPLACE 74L5374 AT U37

RECONNECT ADAPTER CARD
RECONNECT MONITOR.

RECONNECT POWER CORD.
POWER UP AND TEST.

,1,

,1,

RETURN TO
FULL SERVICE.

,1,

.t,1,

.t,

, -) RETuRN ro Circuitry Affected
YES FULL SERVICE.

l "o
TURN POWER OFF.

DISCONNECT POWER CORD.

CO TO "KEYBOARD PROBLEMS"
SECTION, "PRINTS WRONC

CHARACTER," p. 121.

Refer to Fig. 4-28 (page 109).

Chip
designation Description Location

.1,

741508 Quad 2-input AND gate u13
74L532 Quad 2-input NAND gate U23, U14
7415151 f- input mult iplexer U22
7415153 Dual 4-l ine to l- l ine mult iplexer U9, U10
74L5166 8-bit  serial/paral lel- in serial-out U32

shift register
74L5244 Tri-state octal buffer U36
74L5273 Octal-D flip-flop U35, U34
74L5374 Octal transoarent latch with U37

3-state output
MK36000 8K x 8-bit NMOS ROM
2114 RAM

u33
u50- u57
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Fig. 4-33. Chip location guide. This represents the IBM PC
color/graphics adapter card and is a guide to help you find the

chips of interest.

SYMPTOM: Bad or no color

Problem Possible cause Repair action

Troubleshooting Procedure

ADJUST COLOR CONTROLS ON
DISPLAY FOR OPTIMUM

COLOR SICNAL.

l *o
TURN POWER OFF.

REMOVE SYSTEM UNIT COVER
TOUCH TOP OF

POWER SUPPLY CASE.
DISCONNECT POWER CORD.

DISCONN ECT COLOR/CRAPHICS
ADAPTER CARD

REPLACE 74574 AT U43 ON
COLOR/CRAPHICS CARD

RECONN ECT COLOR/CRAPHICS
CARD. RECONNECT POWER

CORD. POWER UP

I ro
TURN OFF POWER.

DISCONNECT POWER CORD
DISCON NECT COLOR/CRAPHICS

CARD

REPLACE 74574 AT U44 ON
COLOR/CRAPHICS CARD.

RECON N ECT COLOR/CRAPHICS
CARD. RECONNECT POWER

CORD. POWER UP.

.l,

RETURN TO
FULL SERVICE

RETURN TO
FULL SERVICE

RETURN TO
FULL SERVICE.

.1,

0

,1,

Monitor
misadjusted

Color signal
rmproper

Adjust monitor

Bad 74574 at U43
Bad 74574 aL U44
Bad 745174 at  U101
Bad 74LS15l at U45
Bad 74L5244 at U67

Adjust monitor
color controls.
Replace and test.
Replace and test.
Replace and test.
Replace and test.
Replace and test.

J

l "o
(Continued)
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TURN OFF POWER.
DISCONNECT POWER CORD.

DISCON N ECT COLOR/CRAPHICS
CARD.

REPLACE 745174 AT UlOl ON
COLOR/CRAPHICS CARD.

RECONN ECT COLOR/CRAPH ICS
CARD. RECONNECT POWER

CORD. POWER UP.

l *o
TURN OFF POWER.

DISCONNECT POWER CORD.
DISCONNECT COLOR/CRAPHICS

CARD.

t

,1,

RETURN TO
FULL SERVICE.

RETURN TO
FULL SERVICE.

,l, REPLACE 74L5244 AT U57 ON
COLOR/CRAPHICS CARD.

RECONNECT COLOR/CRAPHICS
CARD. RECONNECT POWER

CORD. POWER UP.

RETURN TO
FULL SERVICE.

.1,

.1,

Circuitry Affected
Refer to Fig. 4-35.

'l,

l *o
TURN OFF POWER.

DISCONNECT POWER CORD.
DISCONNECT COLOR/CRAPHICS

CARD.

REPLACE 7415151 AT U45 ON
COLOR/CRAPHICS CARD.

RECONNECT COLORiCRAPHICS
CARD. RECONNECT POWER

CORD. POWER UP.

l *o
TURN OFF POWER.

DISCONNECT POWER CORD.

SERVICE CENTER ACTION
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E
u61u

t6 l
to l

L:I
t ig,4-34. Chip location guide. This represents the IBM PC
colorigraphics adapter card and is a guide to help you find the

chips of interest.
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_\

153

[1 s74
u101,

g'AA

153
f l I ln\

(u67)

4

ffi
1S151
(u4s)

+5

o1C.OA ja Eo t t lJ

s74
(u43)

LOW BU

+ 14 MHz

- 14 MHz

BLUE (u24)

,  RED

s74
(u44)

CYAN
MAGEN

GREEN

DATA

Chip
designation Description

74574 Dual-D f l ip-f lop

74L5151 8-input mult iplexer

745174 Hex-D f l ipJlop

74L5244 Tri-state octal buffer

SYMPTOM: No hi-res text, lo-res text,
or no graphics

Fig. 4-35. Circuitry for "bad or no color" problem.

Location

R OUT

G OUT

B OUT

I OUT

COMPOSITE
VIDEO
ouT

u43, U44
u45
u 101
u67

RECON N ECT COLOR/C RAPH ICS
CARD. RECONNECT POWER

CORD. POWER UP.

J

Problem Possible cause Repair action

No lo-res Bad 7415174 atU40 Replace and test.
text Bad 74L504 at Ul6 Replace and test.
selected or
oroduced

Trou bleshooting Proced ure

TURN POWER OFF.
REMOVE SYSTEM UNIT COVER.

TOUCH TOP OF
POWER SUPPLY CASE.

DISCONNECT POWER CORD.
DISCON NECT ADAPTER CARD.

REPLACE 74L5174 AT U4O ON
COLOR/CRAPHICS CARD.

J

+ RETURN To
FULL SERVICE.

+ RETURN To
FULL SERVICE.

.1,

+
.1,

.1, l *o
(Cont inued)

{*o

TURN OFF POWER.
DISCONNECT POWER CORD.

DISCONNECT COLOR/GRAPH ICS
CARD.

REPLACE 74LSO4 AT Ul6 ON
COLOR/CRAPHICS CARD.

RECONN ECT COLOR/CRAPHICS
CARD. RECONNECT POWER

CORD. POWER UP.
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TURN OFF POWER.
DISCONNECT POWER CORD.

SERVTCE CENTER ACTION

Circuitry Affected
See Fig.  4-37.

Fig. a-36. Chip location guide. This represents the IBM PC
color/graphics adapter card and is a guide to help you find the

chios of interest.

HI.RES, LO.RES, OR GRAPHICS

Fig. 4-37. Functional representation of high-resolution, low-
resolution, and graphics circuitry. Three unique output signals

are produced, each on its own line.

KEYBOARD PROBLEMS

The keyboard is your l ine of communicat ion with
the computer. lts operation is vital to your. successful
use of the machine. This section is devoted to the most
common key and keyboard problems.

Symptom Category Page

Keyboard won't respond at all
orpr intswrongcharacter . . . . .121

One or more keys won't work . . . . . 124
Keyboard stays in upper or lower case . . . . '124

SYMPTOM: Keyboard won't respond at
all or prints wrong character

Problem Possible cause Repair action

Chip
designation Description Location

74L504

74L5174

Hex inverter

Hex-D f l ipj lop

ul6
u40

Signal not
reaching
motherboard
No character
being
generated

No signal
getting to
data bus

Bad or loose cable

Bad video circuitry

Bad 8048 located
inside keyboard

Bad 74L5322 at
U24 on system
board
8ad 8255 at U36
on system board

Reseat or replace
cable.

Co to "Display
Problems" section,
"Bad characters
displayed."
Replace and test.

Replace and test.

Replace and test.
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Trou bleshooting Proced ure

TURN OFF POWER
ANDTURN BACK ON.

YES

DETERMINE SCOPE
OF PROBLEM.

lF THE ERROR lS 301, xx30l ,
THEN CONTINUE WITH

FLOW CHART, IF NOT, THEN
CO TO "SYSTEM ERRORS"

SECTION. p. 76.

CO TO "ONE OR MORE
KEYS WON'T RESPOND"

SECTION.

RETURN TO
FULL SERVICE.

RECONNECT POWER CORD.
POWER UP AND TEST KEYS.

J*o
TURN OFF POWER.

DISCONNECT POWER CORD.

REPLACE 8255 AT U36.

RECONNECT POWER CORD.
POWER UP AND TEST KEYS.

-+

TURN POWER OFF.
DISCONNECT POWER CORD.

DISCONNECT KEYBOARD.
DISASSEMBLE KEYBOARD

(See Appendix).

REPLACE 8048 IN THE
KEYBOARD ASSEMBLY.

RECONNECT POWER CORD.
POWER UP AND TEST KEYS.

l "o
TURN OFF POWER.

DISCONNECT POWER CORD.

REPLACE KEYBOARD CABLE.

J

l "o

J

l *o

RETURN TO
FULL SERVICE.

RETURN TO
FULL SERVICE

RETURN TO
FULL SERVICE.

.1,

JJ

J

+
.1,

.t

J

+J

,l, J
(Continued)

I ro
TURN POWER OFF

WRITE DOWN WHAT
SYSTEM WAS DOINC
AT TIME OF FAILURE

CHECK KEYEOARD CABLE
FOR COOD MATINC WITH

SOCKET ON MOTHERBOARD

TURN ON POWER AND CHECK
KEYS FOR PROPER OPERATION.

l *o
TURN POWER OFF.

DISCONNECT POWER CORD.
REMOVE SYSTEM UNIT COVER

REPLACE 74L5322 
^T 

U24.
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RECONNECT POWER CORD.
POWER UP AND TEST.

RETURN TO
FULL SERVICE.

J*o
REPLACE KEYBOARD.

Circuitry Affected
See Fig. 4-39.

Chip
designation Description Location

74L5322

8048

8255

KEYBOARD
CABLE
CONNECTOR

B-bit serial/paral lel  in register u24
with s ign extend

Single chip,  8-bi t  microcomputer ln
keyboard

Programmable per ipheral  U36
i nterface

Fig.  4-384. Chip locat ion guide. This is a
guide to help you find the B04B lC inside the keyboard

23.ROW BY 4.COLUMN
KEYBOARD MATRIX

ROW
D82- D86

Fig. 4-388. Chip location guide. This represents the IBM PC
system board and is a guide to help you find the chips of

I nterest.
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SYMPTOM: One or more keys
won't work

Problem Possible cause Repair action

Key not Bad key Replace key.
making
proper
contact
Keyboard Bad 8048 in Replace and test.
signal not keyboard
proper

Trou bleshooti ng Proced u re

TURN OFF POWER
AND TURN EACK ON

YES THEN CONTINUE WITH
FLOW CHART, IF NOT, TFIEN
CO TO "SYSTEM ERRORS"

SECTION, p. 76.

TURN POWER OFF
DISCONNECT POWER CORD.

DISCONNECT KEYBOARD.
DISASSEMBLE KEYBOARD

(See Appendix).

REPLACE KEY THAT IS NOT
WORKINC PROPERLY

REASSEMBLE KEYBOARD
RECONNECT KEYBOARD

RECONNECT POWER CORD
POWER UP AND TEST.

REASSEMBLE KEYBOARD
RECONNECT KEYBOARD.

RECONNECT POWER CORD.
POWER UP AND TEST.

+ RETURN TO
FULL SERVICE.

l *o
CONCLUDE: Problem not

chip or key fa i lure.
SERVICE CENTER ACTION

Location

8048 Single chip, 8-bit  microcomputer 
l l lyUo"ra

For chip location guide, refer to Fig. 4-38A.

SYMPTOM: Keyboard stays in upper or
lower case

Problem Possible cause Repair action

Key stuck Sticky key Dry key with
hairdryer.

Key not Bad Caps Lock key Replace key.
making
proper
contact

Keyboard Bad 8048 in Replace and test.
signal not keyboard
proper

Trou bleshooting Proced ure

TURN OFF POWER
AND TURN BACK ON

CO TO "SYSTEM ERRORS
YES DURINC START.UP"

SECTION, "SYSTEM
ERROR CODES," o.76

.t

.t

J

l "o

.1,

.1,

+ RETURN TO
FULL SERVICE.

a,

l *o
(Continued)

J

l *o
TURN POWER OFF.

DISCONNECT POWER CORD
DISCONNECT KEYBOARD.
DISASSEMELE KEYBOARD.

Circuitry Affected

Refer to Fig. 4-39.

Chip
+ tF THE ERROR tS 301, xx30l. designation Descript ion

REPLACE 8048 IN KEYBOARD.
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USINC A HAIRDRYER, RUN HOT
AIR OVER KEY THEN TEST ACAIN.

Circuitry Affected

Refer to Fig. 4-39.

Chip
designation Description

8048 Single chip, 8-bit  microcomputer 
l lyUo.rA

For chip locat ion guide, refer to Fig. a-38A.

OTHER I /O PROBLEMS

This sect ion treats the most common input/output
problems.

Symptom Category Page

Speakerwon' tworkproper ly . . . . .  125

Light pen won' t  work proper ly .  .  .  .  128

Cassettewon' t  load dara .  .  .  . . . . . .  130

Can't write data to cassette . . . . 132

SYMPTOM: Speaker won't work
properly

Problem Possible cause Repair action

Speaker Bad speaker Replace speaker.
cone won t
resoond

No signal Speaker wires Reconnect wires.
from disconnected
circuitry to Bad 75477 at U95 Replace and test.
speaker Bad 74LS3B at U63 Replace and test.

Bad 8255 at U36 Replace and test.
Bad 8253 at U34 Reolace and test.

Trou bleshooting Procedure

TURN POWER OFF

REMOVE SYSTEM UNIT COVER.
TOUCH TOP OF

POWER SUPPLY CASE

TURN ON POWER

,1,
Location

l *o
TURN POWER OFF.

DISCONNECT POWER CORD
DISCONNECT KEYBOARD.
DISASSEMBLE KEYBOARD.

(SEE APPENDIX).

REPLACE CAPS LOCK KEY.

REASSEMBLE KEYBOARD
RECONNECT KEYBOARD

RECONNECT POWER CORD.
POWER UP AND TEST

{"o

TURN POWER OFF.
DISCONNECT POWER CORD

DISCONNECT KEYBOARD.
DISASSEMBLE KEYBOARD.

REPLACE 8048 IN KEYBOARD.

REASSEMBLE KEYBOARD
RECONNECT KEYBOARD.

RECONNECT POWER CORD
POWER UP AND TEST,

l *o
CONCLUDE: Problem not

chip or key fai lure.
SERVICE CENTER ACTION

FULL SERVICE

+ RETURN To
FULL SERVICE

FULL SERVICE.

J

,1,

+

+

J

,1,.t

J

.1,
(Cont inuecl)
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l *o
TURN OFF POWER.

DISCONNECT POWER CORD.
TOUCH POWER SUPPLY.

REPLACE 741538 AT U63

RECONNECT POWER CORD.
TURN ON POWER AND TEST

+ CO TO "SYSTEM ERRORS
DURINC START.UP"

SECTION. p. 76.

+ RETURN TO
FULL SERVICE.

FULL SERVICE.

TURN OFF POWER.
DISCONNECT POWER CORD.

TOUCH POWER SUPPLY.

REPLACE 75477 AT U95

RECONNECT POWER CORD.
TURN ON POWER AND TEST.

l *o
TURN OFF POWER,

DISCONNECT POWER CORD.
TOUCH POWER SUPPLY.

REPLACE 8255 AT U36

RECONNECT POWER CORD.
TURN ON POWER AND TEST.

J*o
TURN OFF POWER.

DISCONNECT POWER CORD
TOUCH POWER SUPPLY.

REPLACE 8253 AT U34

RECONNECT POWER CORD.
TURN ON POWER AND TEST.

l *o

RETURN TO
FULL SERVICE.

+ RETURN TO
FULL SERVICE

FULL SERVICE,

NOJ

TURN OFF POWER.
TOUCH POWER SUPPLY CASE.
CHECK SPEAKER CONNECTOR

FOR FIRM,
COOD CONNECTION

TURN ON POWER AND TEST.

J"o

,1,

J

J

+

+

,1, TURN OFF POWER.
DISCONNECT POWER CORD.

TOUCH POWER SUPPLY

REPLACE SPEAKER.

RECONNECT POWER CORD.
TURN ON POWER AND TEST.

.t,1,

+
J

(Continued)
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RETURN TO
FULL SERVICE.

TURN OFF POWER.
DISCONNECT POWER CORD.

SERVICE CENTER ACTION

Circuitry Affected

See Fig. 4-40.

Chip
a"rig""tit" O"t.tl

,1,

J*o

J

6l i5

8255

75477

74L538

ut4
u36

u95
u63

Programmable interval  t imer

Programmable per ipheral
i nterface

Dual per ipheral  NAND dr iver

Quad 2- input NAND buffer

Fig.4-41. Location guide. This represents the IBM PC system
board and is a guide to help you find the components of

I nterest.

Fig. 4-40. Speaker output circuitry.
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SYMPTOM:
properly

Light pen won't work

Problem Possible cause Repair action

.t,

Light pen
won't
respond
No signal
from
circuitry to
data bus

Bad light pen
Bad or loose
connector
Bad74SQ4 at U29
Bad 74L574 at U11
Bad 74L5244 at U24
Bad 7415138 at  U18
Bad 7415138 atU"l7

Replace pen.
Check connector.

Replace and test.
Replace and test.
Replace and test.
Replace and test.
Replace and test.

REPLACE 74504 AT U29
ON COLOR/CRAPHICS

ADAPTER CARD.

RECONNECT ADAPTER CARD
RECONNECT POWER CORD.

TURN ON POWER AND TEST

,1,

Troubleshooting Procedure

TURN POWER OFF.

REMOVE SYSTEM UNIT COVER.
TOUCH TOP OF

POWER SUPPLY CASE.

TURN ON POWER.

TURN OFF POWER.
TOUCH POWER SUPPLY.

CHECK LICHT PEN CONNECTOR
FOR FIRM,

COOD CONNECTION.

TURN ON POWER AND TEST.

{*o

TURN OFF POWER.
DISCONNECT POWER CORD

TOUCH POWER SUPPLY.
DISCON NECT COLOR/CRAPHICS

ADAPTER CARD.

.1,

RETURN TO
FULL SERVICE.

RETURN TO
FULL SERVICE.

CO TO "SYSTEM ERRORS
DURINC START-UP"

SECTION, p. 76

RETURN TO
FULL SERVICE.

,1,

,1,

.1,

,1,
(Cont inued)

,,

Nol

i *o
TURN OFF POWER.

DISCONNECT POWER CORD.
TOUCH POWER SUPPLY.

DISCON N ECT COLOR/CRAPH ICS
ADAPTER CARD.

REPLACE 74L574 AT U11
ON COLOR/CRAPHICS

ADAPTER CARD

RECONNECT ADAPTER CARD
RECONNECT POWER CORD.

TURN ON POWER AND TEST,

+

l *o
TURN OFF POWER.

DISCONNECT POWER CORD.
TOUCH POWER SUPPLY.

DISCON NECT COLOR/CRAPHICS
ADAPTER CARD.

REPLACE 74L5244 AT U24
ON COLOR/CRAPHICS

ADAPTER CARD.

RECONNECT ADAPTER CARD,
RECONNECT POWER CORD.

TURN ON POWER AND TEST.
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J*o
TURN OFF POWER.

DISCONNECT POWER CORD.
TOUCH POWER SUPPLY.

DISCON N ECT COLOR/CRAPHICS
ADAPTER CARD.

REPLACE 7415138 AT U18
ON COLOR/CRAPHICS

ADAPTER CARD.

RECONNECT ADAPTER CARD.
RECONNECT POWER CORD.

TURN ON POWER AND TEST.

REPLACE 7415138 AT U17
ON COLOR/CRAPHICS

ADAPTER CARD.

RECONNECT ADAPTER CARD.
RECONNECT POWER CORD.

TURN ON POWER AND TEST.

l "o

RETURN TO
FULL SERVICE.

RETURN TO
FULL SERVICE

.t

+

,t RETURN TO
FULL SERVICE

RETURN TO
FULL SERVICE.

TURN OFF POWER.
DISCONNECT POWER CORD.

TOUCH POWER SUPPLY

REPLACE LICHT PEN.

RECONNECT POWER CORD.
TURN ON POWER AND TEST

J

+
J"o

TURN OFF POWER
DISCONNECT POWER CORD.

TOUCH POWER SUPPPLY
DISCON N ECT COLOR/CRAPHICS

ADAPTER CARD.

,t,

J*o
TURN OFF POWER.

DISCONNECT POWER CORD.

SERVICE CENTER ACTION

Ftg.4-42. Chip location guide. This represents the IBM PC color/
graphics adapter card and is a guide to help you f ind the chips of  interest .
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Circuitry Affected

Chip
designation Description

tig. 4-43. Light pen circuitry.

Location

74504

74L574

74L5138

74L5244

u29
ul1
u17, u18
u24

Hex inverter

Dual-D f l ip-f lop

1 /8 decoder/demult iplexer

Tri-state octal buffer

SYMPTOM: Cassette won't load data

Problem Possible cause Repair action

Signal not Bad cable
coming in
from cable Volume not set

properly

Replace cable.

Adjust tape
recorder volume.
Replace bad tape.

Replace and test.
Replace and test.
Replace and test.

Signal not
8efting to
data bus.

No signal on tape

Bad 1741 at Ul
Bad 741538 at U63
Bad 8255 at U36

Troubleshooting Procedure

TURN OFF POWER
AND TURN ON ACAIN

,1,
(Continued)

Nol

CHECK CABLE CONNECTIONS.

TRY KNOWN COOD TAPT.

Nol

TURN POWER OFF.
DISCONNECT POWER CORD.

REMOVE SYSTEM UNIT COVER.
TOUCH TOP OF

POWER SUPPLY CASE.

CO TO "SYSTEM ERRORS
DURINC START-UP"

SECTION, p. 76

RETURN TO
FULL SERVICE.
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DISCONNECT ALL PERIPHERAL
HARDWARE EXCEPT VIDEO

ADAPTER CARD
AND CASSETTE,

REPLACE 174'I AT U1 .

RECONNECT POWER CORD,
POWER UP AND TEST.

l "o
TURN POWER OFF.

DISCONNECT POWER CORD.

REPLACE 741538 AT U63.

RECONNECT POWER CORD.
POWER UP AND TEST.

l "o
TURN POWER OFF.

DISCONNECT POWER CORD.

REPLACE 8255 AT U36.

RECONNECT POWER CORD.
POWER UP AND TEST.

RETURN TO
FULL SERVICE,

RETURN TO
FULL SERVICE.

MOTOR CONTROL

MOTOR CONTROL

DATA IN

GROUND

DATA OUT

t
J

.1,
RETURN TO

FULL SERVICE.

t

,1,

Circuitry Affected

XDO-XD7 MOTOR
PB3

8255
(u36)

PC4

l "o
CONCLUDE: Problem is not

caused by chip fai lure.
SERVICE CENTER ACTION

RELAY K1

CASSETTE
OATA
IN

Fig.4-44. Cassette data input circuitry.
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Chip
designation Description Location

Troubleshooting Procedure

TURN OFF POWER
AND TURN ON ACAIN.

YES

CHECK CABLE CONNECTIONS.

TRY KNOWN COOD TAPE

TURN POWER OFF.
DISCONNECT POWER CORD

REMOVE SYSTEM UNIT COVER.
TOUCH TOP OF

POWER SUPPLY CASI.

DISCONNECT ALL PERIPHERAL
HARDWARE EXCEPT VIDEO

ADAPTER CARD
AND CASSETTE.

REPLACE 741538 AT U63.

RECONNECT POWER CORD
POWER UP AND TEST.

+

*ol

CO TO "SYSTEM
ERRORS" SECTION. p.  76.

RETURN TO
FULL SERVICE.

RETURN TO
FULL SERVICE,

1741

74L538

8255

Operational amplifier

Quad 2-input NAND gate

Programmable peri pheral
interface

UI

u63
u36

,1,

Nol

l *o
(Continued)

+

Fig. 4-45. Chip location guide. This represents the IBM PC
system board and is a guide to help you find the chips of

I nterest.

SYMPTOM: Can't write data to cassette

Problem Possible cause Repair action

tl,

.1,

Signal not
going out
the cable

Signal not
being sent
to tape.

Bad cable

Bad 741538 at U63
Bad 8253 at U34

Replace cable.

Replace and test.
Replace and test.
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TURN POWER OFF.
DISCONNECT POWER CORD.

REPLACE 8253 AT U34,

RECONNECT POWER CORD.
POWER UP AND TEST.

l *o

Circuitry Affected

,1,
TURN POWER OFF.

DISCONNECT POWER CORD.

CONCLUDE: Problem is not
caused by chip fai lure.

SERVICE CENTER ACTION

Chip
designation Description

.1,

.1, Location

RELAY
(K1)

Quad 2-input NAND gate

Programmable interval t imer

CASSETTE
PORT
(J6)

74L538

8253

u63
u34

RETURN TO
FULL SERVICE.

MOTOR
OFF

MOTOR CONTROL

MOTOR CONTROT

GROUND

DATAOUT

DATA IN

I
Fig,4-46, Cassette data output circuitry.
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SUMMARY

This detailed troubleshooting and repair chapter
has covered most of the general  problems experienced
by owners (and repairers) of  computer systems. l f
fol lowing one of the guides in this chapter doesn't  solve
the problem, you can take the final step (Service Center
Act ion) yourself  i f  you feel  qual i f ied. Chapter 6 wi l l  pro-
vide assistance i f  you decide to real ly dig into your
machine.
Caut ion: Only experienced technicians should work
on power supply and monitor problems.

Remember that the information in Chapter 5, "Rou-
tine Preventive Maintenance," can help prevent many
of the problems analyzed for repair in this chapter.

Fig.4-47. Chip location guide. This represents the IBM PC
system board and is a guide to help you find the chips of

rnterest.



CHAPTER 5

Routine Preventive Maintenance

Chapter 4 you went through a step-by-step
guide for detailed troubleshooting and corrective
maintenance of the IBM Personal Computer.
Chapter 5 discusses another type of maintenance,
one that is intended not to fix a problem but rather
to prevent a problem from ever happening.
Preventive maintenance is in every way as impor-
tant as corrective maintenance. ln this chapter
you'll learn what factors damage your computer
and cause it to fail and whatyou can do to prcvent
these failures.

Often, the pr ice you pay to buy your computer

system is actually only a small part of the overall system
cost. The life-cycle cost of the equipment can be much
larger than the in i t ia l  purchase investment.  This total
cost increases dramatically as the costs for software,

books, magazine subscriptions, extra interface boards,
disks, and service center repair charges are added in.
Service costs can grow to 10 to 50 percent of your

system cost.

Occasionally a repair expense can exceed the
value of the equipment that is broken. lt 's when we

look at  h igh repair  costs that  terms l ike "mean t ime be-
tween failures" (MTBF) and "mean time to repair"
(MTTR) become important. While your IBM PC has an
excellent reliabil i ty track record, the way you operate
your machine and the environment in which you place

it become important to the MTBF number. Another fac-
tor to consider is that those "bargain" interfaces and
peripherals that you bought at such a low cost probably
have a less than excellent reliability record. you get
what you pay for.

Your IBM computer is sturdy and fast,  and i t  per-
forms work easi ly and accurately.  Under most operat-
ing condit ions, PCs are indeed very rel iable machines.
But,  l ike other machines, they wear out and fai l .

As your experience with computers grows and the
computer becomes more and more essent ial  in your
home and business, your need for uninterrupted com-
puter power increases. lf you have to take your com-
puter to a repair  shop, you can expect your machine to
be gone for 1 to 3 weeks, although many problems can
be fixed within a day.

Most large companies take steps to protect their
huge computer and data processing investment.  Acci-
dents and unnecessary fai lures cost thousands of
dollars in lost business. A small business, with a single
microcomputer, two disk drives, and a printer, faces
just as catastrophic a loss by system failure; yet most
small businesses don't take steps to prevent such
failures.

Computers don't burn out. They wear out or are
forced out by human error or adverse operating condi-

135
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tions. l f  you misuse your computer or don' t  protect  i t

f rom the environmental  e lements,  vou can be the

cause for i ts fa i lure.
A few moments of  care can resul t  in many more

hours of  good, consistent performance. We cal l  th is

care preventive maintenance, ot just PM. Just as you

per iodical ly check the oi l  and water in your car 's

engine, lubr icate the car,  and wash and wax the body,

so you should care for  and protect  your computer.

Futurists today feel that there are three major kinds

of i tems each of  us wi l l  purchase in our l i fet ime-a

house, a car, and now a computer. Each is a major

investment. Each deserves to receive good care. You

can get good, reliable operation from your computer for

many months,  i f  not  years,  i f  you provide t imely and pro-

per maintenance to keep the system in peak condi t ion.

CONTRI BUTORS
TO SYSTEM FAITURE

Proper PM begins with an understanding of what
we are f ight ing. Six factors that can inf luence the per-
formance of your personal computer (not including the
disk-eat ing dog or the f loppy-bending baby) are:

o Excessive temDerature
o Dust bui ld-up
o Noise interference
e Power- l ine problems

o Corrosion
. Magnet ic f ie lds

Each acts to cause computer breakdown. This chapter
tel ls how to successful ly batt le these enemies of rel iable
performance.

HEAT

As you learned earl ier,  the chips and other devices
in your computer are sensit ive to high temperatures.
During normal operat ion, your PC generates heat that
is general ly tolerable to the circui try.  Usual ly,  leaving
your IBM PC on for long periods won't  hurt  i t ,  because
the slots and air  vents let  enough of the heat dissipate
to the outside of the case. The rest of the warm air is
drawn into the power supply by i ts bui l t - in fan and
exhausted out the rear of the chassis.

As long as the components on the system board are
not too hot to touch, the amount of heat being pro-

duced should not cause any damage. However,  heat
can become a problem when you begin adding adapter
interface boards. The power supply has plenty of
vol tage margin and is protected against overload, but
with an increased power demand i t  produces more
heat.  The design of the PC case, with the motherboard
lying f lat ,  provides an open space for hot air  to r ise, but
the air  has a tendency to hang over the board rather
than moving out the vents. Adding adapter boards that
connect to the motherboard, or per ipheral  connectors
that plug into the rear of the computer,  further restr icts
anv natural  convect ion or fan suct ion. This causes the
components to get even warmer. The power supply
heats up more as i t  pumps out more current to power
the piggyback boards or per ipherals that der ive power
from the computer. The piggyback boards, the power
supply,  and the motherboard al l  give off  heat,  and the
inside temperatures soar.

Excessive heat within a component causes prema-
ture aging and fai lure. The heat produced during opera-
tion is not uniform across the device, but peaks at speci-
f ic locat ions on the chip (general ly at the input/output
connectors where the leads meet the chip itselO. The
usual effects of heating and cooling are to break down
the contacts or junct ions in the chip or other device,
causing open-circui t  fai lure. When hot,  these devices
can produce intermittent "soft errors," with loss of or in-
correct data. This effect is known as "thermal wipeout,"
and i t 's a chronic problem in loaded systems that aren' t
suff ic ient ly cooled. The cont inual heat ing and cool ing
action during normal operation also causes the socketed
chips to work themselves out of their sockets.

Heat can also contribute to disk failure. Disks, those
inexpensive yet extremely valuable platters, act just the
way your stereo records do when exposed to heat, espe-
cial ly the heat of the sun. l f  you leave your disks sett ing
in a hot car, you can be sure some warpage will occur. lf
the thin disk warps too much, you wi l l  lose whatever
information you stored on that floppy. You could try to
set it flat in the sun and hope to "warp" it back into
shape, but the success rate for this "repair" isn't very
high.

Countering the Effects of Heat

The fol lowing act ions should help in prevent ing
heat-related fai lures:

o Reseat the socketed chips if intermittent failures
occur.

o Keep the cool ing vents clear.
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. Keep your system dust free inside and outside.

o Do your PMs (preventive maintenance actions)
regular ly.

o Keep disks in a cool,  dry locat ion.
o Install an external cooling fan if system opera-

t ion becomes intermit tent when the svstem
heats up.

Manv IBM PC users f ind the AIP PCoolfan a worth-
whi le investment when f ive cards or a piggyback
memory card have been instal led. This fan mounts just

behind the PC faceplate.
Whi le more and more users struggle with the inter-

nal heat problem, a quiet revolut ion is occuring in fan
technology. Brushless DC (direct current) fans are
being designed with thermal sensor interfaces that can
monitor the PC's system unit  temperature and cause
fan speed to change relat ive to the amount of heat
sensed. These "smart" fans are also much quieter than
the relat ively noisy AC (al ternat ing current) fans cur-
rent ly in use. As each new computer is born, another
potent ial  appl icat ion for a DC fan appears. These
thermal-sensing fans can yield more efficient, less
costly, and longer-operating computer systems.

COLD

The effect of cold on computers is an interesting
subject.  The U.S. government is current ly working on
superfast computers that operate in supercold environ-
ments. Electronic components operate quite well in
cold temperatures, but mechanical  components have
trouble funct ioning when the temperature drops. For
example, the operating range for a standard floppy disk
drive is approximately 40'F to 115oF. At the low end,
mechanical  s luggishness occurs increasing the possibi l -
ity of erratic data storage and retrieval. The floppy disk
itself can become brittle when it gets cold.

Countering the Effects of Cold
The rule of thumb for cold temperatures is to let

the system warm up to room temperature (stabilize)
before turning on the power. l f  the temperature is com-
fortable for you, it 's fine for the system.

DUST AND OTHER PARTICLES

Just l ike fl ies at a picnic, dust particles descend on

computer equipment.  Interest ingly,  the dust is

attracted to the display monitor in the same way it is to
a television screen. lf the dust is not cleaned from the
screen, i t  wi l l  bui ld up, and eventual ly someone wi l l
rub i t  and mar the screen surface.

The stat ic electr ic charge that bui lds up in the com-
puter and the display monitor at tracts dust and dir t .
That 's why large computer systems are kept in cool,
c lean computer rooms. They require special  air  condi-
tioning and dust-free spaces, because the large equip-
ment generates more heat and is just as suscept ible to
fai lures caused by dust bui ld-up.

Dust and dir t  bui ld-up insulate the circui t  devices
and prevent the release of the heat generated during
normal operat ion. l f  the devices can' t  dissipate this
heat,  the inside temperature r ises higher than normal,
causing the chips and other components to wear out
even faster. Dust is a major contributor to memory chip
failure. lt seems to be attracted to heat. Have you ever
not iced that dust bui lds up on l ight  bulbs in your lamps
or on the tops of stereos and televisions more than it
does on cooler objects? The dust particles are charged
and therefore are attracted to the magnetic field
around electr ical  equipment.

Mechanical  devices such as pr inters and disk dr ives
fail more often than solid-state electronic devices
because mechanical  and electromechanical  devices
have moving parts that get dir ty easi ly,  causing over-
heat ing and earl ier fai lure. Look inside your pr inter and
you' l l  see the kinds of dir t  and dust that are col lect ing.
Paper sheds t iny part ic les as i t  moves through the
printer. These particles become insulators to prevent
the heat generated during normal operation from
escaping off  the equipment and into the air .

Disk dr ives have more dust-related problems than
printers because they are designed with read/write
heads that operate on or slightly above the diskette.
The space between the head and the disk is smal l .
When the head r ides on the disk surface, dust and dir t
can cause major problems. Foreign particles such as
dirt, smoke, ash, and tiny fibers can also cause cata-
strophic problems in diskette jackets and in disk dr ives
themselves (see Fig. 5-1).

Fig.5-1. With a read head that r ides on the surface of the
disk, any small piece of foreign material can cause problems.
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The air  we breathe is ful l  of  airborne part ic les, but
most of these are too small even to be seen, let alone
become a problem. The larger particles in the air cause
computer system problems. Cigarette ash, for example,
can settle on a disk surface and move from track to
track inside the disk jacket,  causing loss of data.

Inside the vinyl  jacket surrounding each of your
disks is a special  l in ing that t raps dir t  and dust as the
disk spins in the dr ive (Fig. 5-2).  This doesn't  mean you

Fig. 5-2. A floppy disk, showing the
vinyl  jacket,  jacket l in ing,  and oxide-coated mylar disk.

can get careless about dust and dirt. Dirt on a disk can
be swept off by the drive read/write head and gouge
out a path on the disk surface, or i t  can st ick on the
head and cause other disks to be gouged. The dir t  can
also cause the head i tsel f  to corrode and wear out.

Smoke from cigarettes and cigars can coat the inter-
nal surfaces of the disk drive with a gummy soot that can
not only produce data transfer errors, but also interfere
with the mechanical operation, further increasing the
wear on the drive. Smoke is also believed to cause rapid
oxidat ion on pins and connectors, increasing the l ikel i -
hood of intermittent errors. Most computer centers and
computer rooms are off-limits for smoking.

Countering the Effects of Dust

Dust bui ld-up can be control led. Thoroughly clean-
ing your computer area every week will help keep your
system in top condition. Dirt and dust can be removed
from the equipment housings using a cloth slightly
dampened with a mild soap solution. Clean electrical

equipment with the power turned off. Be careful you
don't wet or moisten the electronic components.

After washing the surface, rewipe the outside of the
equipment with a soft cloth dampened with a mixture
of one part liquid fabric softener to three parts water.
The chemical make-up of some l iquid softeners is
almost the same as that of  ant istat ic chemical spray.
The chemicals in this inexpensive solut ion last longer
than some ant istat ic sprays and help make your screens
less suscept ible to scratching. Wiping the case and
screen with one of these liquids helps to keep static
charges from attracting dust to the screen and tops of
the hardware.

Another quite successful  technique is blowing dust
away from the screen with a pressurized can of ant i -
stat ic dust ing spray, as shown in Fig. 5-3. Using this
kind of product means you don't  have to wipe your
equipment off  f i rst .  Wiping a screen should be done
careful ly,  because you could scratch the screen i f  some
hard dust or dir t  part ic les are on the screen or your
cloth.

Fig. 5-3. An antistatic spray for computer equipment.
(Falcon Safety Products, Inc., Mountainside, New Jersey)

The following are some manufacturer-recommended
screen and cabinet cleaning methods:

c Use one part fabric softener to three parts water
to clean your screen.

o Use mild soap and water; use a soft cloth for
drying.

o Use a window cleaner spray.

DISK
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(Note: Al though the monitor l i terature from
several  manufacturers recommends this,  be
careful .  Common household aerosol sprays, sol-
vents, pol ishes, or c leaning agents may damage
your monitor cabinet and screen. The safest
cleaning solut ion is mi ld soap and water.)

o Use an ant istat ic spray.

Associated with cleaning advice, each manufac-
turer also included an important safety precaut ion:

Caution: Make sure the power is off and the plug(s)
pul led out of the power socket(s).  Use a damp cloth.
Don' t  let  any l iquid run or get into your equipment.

You can use a long plast ic nozzle on the end of
your vacuum hose to reach in and around everything
inside the hardware. Dust and smal l  part ic les can be
cleaned off  the circui t  board inside your PC using a soft
brush. Fig. 5-4 shows a hand tool to assist  in vacuuming
out electronic equipment.  Be careful  not to damage
any of the parts.  Brush l ight ly.

Fig. 5-4. A handy tool for cleaning dust off keyboards
and circuit components. (Mini-Vac, Inc., Clendale, California)

Another control  measure is the use of  dust covers.

You may not have an air-condi t ioned, air-pur i f ied room

in which to use your IBM PC, so dust covers become of
paramount importance. Plastic covers, made static-free
with an antistatic aerosol or by wiping the surface with

the fabric softener-water mixture, wil l provide good

dust protection for your system.
Here is a summary of  ways to counter dust in your

IBM computer system.

o Use dust covers.
o Keep windows closed.
o No smoking near your IBM PC system.
o No crumb-producing foods near your computer.
o No l iquids on any equipment.

.  Don't  touch the surface of any f loppy disk.
o Vacuum the system and the area weekly.
.  Clean your monitor screen with stat ic-reducing

mater ial .

NOISE INTERFERENCE

Your computer and i ts per ipherals are sensi t ive to

interference noise,  which can af fect  the proper opera-
t ion or t ransfer of  informat ion.  But what is noise,  and
where does i t  come from? How can you get r id of  i t?

Noise can be descr ibed as those unexpected or un-

desired random changes in vol tage, current,  data,  or
sound. Noise is somet imes cal led stat ic.  l t  can be a
sudden pulse of  energy,  a cont inuous hum in the
speaker,  or  a garbled display of  characters.

Three types of noise cause problems: acoustic
noise that affects you, the user, noise that affects your

computer system, and noise that af fects other elec-
tronic equipment.  Acoust ic noise includes, for  exam-
ple, the crying of a baby, the blare of an overpowered
stereo, and the loud, consistent tap-tapping of a com-
puter pr inter.  Noise that af fects the computer and other
equipment can be radiated, conducted, or received. l t

takes the form of electromagnetic radiation (EMR). EMR
noise can be further classified as low- or high-
frequency radiat ion.  Noise can be categor ized as
shown in Fig.  5-5.  l f  the noise occurs in the t  hertz to
10K hertz range, it is called electromagnetic inter-
ference (EMl). lf i t occurs at a frequency above 1O kHz,
it is called radio frequency interference (RFl). RFI can
occur in two forms: conducted RF/ and radiated RFI.

l f  the RFI is fed back from the PC through the
power cord to the high-voltage AC power l ine, it is
classified as conducted RFl. In this case, the power l ine
acts as an antenna, t ransmit t ing the noise interference

out.  When your computer system and i ts cabl ing
transmit  noise,  the noise source is cal led radiated RFl.

EMI has three pr imary components:

o Transient EMI

o Internal  EMI

o Electrostatic discharge (ESD)
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Fig. 5-5. The various forms of noise that affect computer equipment.

Transient EMI includes the undesirable response
in electr ical  equipment when simply turning on or off  a
device causes a large vol tage pulse, or splke, to occur
and go smashing through the circui try.  Power- l ine tran-
sients and electrostat ic discharge from the human body
are the two most severe forms of externally generated
EMI.

Internal EMI is the noise generated within the
system unit  by the chips and other motherboard
devices. With current microelectronic designs, internal
noise levels are very low. Other factors, such as con-
nections and the length of leads, have become the
main sources of noise in pr inted circui ts.  Internal noise
does becorne a problem when the components are
excessively heated or when the chipsbegin to fai l .

The last form of EMl, the electrostatic discharge
(ESD) is the same as the effect you get from walking
across a carpet and then getting shocked upon touch-
ing a metal  doorknob. ESD can cause the notor ious
"gl i tch" in electronic circui ts.

All these types of noise interference can produce
undesirable or damaging effects in your IBM systems.
They can cause programs to stop in the middle of an
operation, garbage to be read from or written to disks,
garble to appear on the screen, cursors to freeze,
diagonal lines to appear on the television or monitor
screen, paper to jam in the printer, data to disappear,
and motherboard chips to be destroyed. Noise inter-
ference must be prevented by reducing or eliminating
noise. This is not an insurmountable chal lenge, but i t  is a
substantial practical and analytical task.

Where Does lnterference Come From?

Noise in the computer system can or iginate in
many places, including power suppl ies, fans, the com-
puter itself, other equipment, connectors, cables,
f luorescent l ights,  l ightning, and electrostat ic dis-
charge. The use of high-powered components in
switching power supplies has led to widespread prob-
lems with noise being conducted back into the power
l ines. Switching power suppl ies have been found to
generate EMI in the 10 to 100 kHz frequency range.

Noise can even be passed or coupled to nearby
equipment that 's on a di f ferent circui t  and not physi-
cally connected to the noisy system. lf two wires lie
next to each other,  one can pick up signals coupled
across from the other. This is known as crossta/k. Just 10
volts of electr ic i ty on one wire wi l l  cause a measurable
voltage (0.25 vol ts) on the other wire. lmagine how
much crosstalk there could be if the voltage were
increased to 100 volts.  The induced voltage on the
other wire would be 2.5 vol ts,  which is enough to
change information in a stream of data being sent
through that second wire.

Everything has some capacitance associated with
i t .  Some typical  capacitance values are shown in Table
5-1. Engineers have found that even 0.1 pF of capaci-
tance can produce S-volt spikes in digital circuits such
as those found in the IBM personal computer.

Power-line noise can feed into the computer cir-
cui ts whenever i t  exceeds the blocking l imits of the
power supply.  Nearby high-voltage machinery such as
stamping mil ls,  saws, air-condit ioning units,  or c lothes
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dryers can produce strong magnetic f ie lds in the area
around them and in their  power cords.

Table 5-1. Typical Capacitance Values

Source Capacitance

People

%-watt resistor

Connector (pin-to-pin)

700.0 pF

1.5 pF

2.0 pF

Cables that v ibrate and move in a magnet ic f ie ld

can also cause problems. Relays and motors can pro-

duce high-vol tage transients when they are turned on

or off. And televisions and radios can be affected bv
noise coming from the computer system.

Any digi ta l  c i rcui t  that  uses a c lock s ignal  wi l l  emit ,

or radiate, interference off the cables connected to that

c i rcui t .  The IBM personal  computer CPU operates at  a

clock speed of over 4 MHz- inside the frequency range

of radio and television signals. (Recall that RFI covers all

noise that occurs at frequencies above 10 kHz.) lf the PC

system were not designed to correct for this type RFl, the
CPU transmissions would interfere with the normal

operation of nearby radios and televisions.

Note: Televisions on cable service would not be
affected because the shielded cable al lows only the

cable TV program signals to get into the TV antenna

input.
Final ly,  EMI can come from industr ia l ,  medical ,

and scient i f ic  equipment,  e lectr ic motors,  home ap-
pl iances, dr i l ls ,  saws, and tool  speed controls.

I t 's  important to understand noise and how i t  can
be generated. Our computer systems must be able to
operate wi thout causing interference with other nearby

electronic equipment.  They must be able to funct ion
without radiat ing noise;  and they must be able to func-
t ion even in an environment that  includes noise being
introduced from outside sources.

Noise Interference Countermeasures

The most effective approach to noise reduction is
prevent ion. l f  you can' t  prevent noise, you can at least
take steps to minimize i ts impact.

Five methods for deal ing with noise are:

r  Fi l ter ing
r Shielding
o Bonding or ig inals

Wir ing improvements

Component design improvements

Usual ly,  the approach taken is a combinat ion of these
methods, al though f i l ter ing and shielding are the most
widely used ways to protect electronic equipment. Fil-
ter ing involves the use of capacitors and inductors.
There are many kinds of filters that respond to voltage,
current,  or f requency. For example, one kind of f i l ter
prevents high-frequency voltage spikes from leaking
out of a switching power supply into the circui try being
supported.

The fol  lowi ng paragraphs present cou ntermeasu res
used to prevent the var ious forms of noise interference.

Audible Noise
Most microcomputer systems don't  generate

enough audible noise to require acoust ic shielding or
enclosure. The normal busy off ice can generate about
80 dB of noise. The noisiest part  of  a computer system
is the pr inter.  Most pr inters don' t  exceed 70 dB of
noise, but the type of noise ( taptap pr int ing) can
become so irr i tat ing that many companies purchase
insulated sound-trapping enclosures that f i t  over the
printers and cut the noise output in half .  The cool ing
fan in your PC's power supply can be another source of
audible computer system noise.

Some computer users place acoustic sound-absorb-
ing foam around their  computer system area to achieve
a quieter operating place. Acoustic pads placed under
disk dr ives and pr inters can signi f icant ly reduce noise.

Electromagnetic Interference (EMl)
EMI is an unplanned, extraneous electr ical  s ignal

that affects the performance of your computer system.
It  can cause memory errors and data f i le destruct ion. l t
can appear as power supply dr i f t ,  vol tage r ipple,
unplanned logic signals,  or c ircui t  crosstalk.

Whi le c i rcui t  designers t ry to minimize EMl,  i t  is  a
natural by-product of aging components, bad solder
joints, damaged or corroded connector contacts, and
loose connect ions. l t  is also produced when a burst of
electromagnetic or electrostatic energy is conducted or
induced through the circui try.  External ly produced EMI
enters the computer through the cabl ing or openings in
the case. Sometimes i t  enters by stat ic discharge
through the case of the disk dr ive.

The IBM PC case is made of metal .  l t  is l ightweight,
durable and general ly rustproof.  Whi le these are good
qual i t ies, the most important feature is that metal  con-
ducts electr ic i ty,  so i t  provides protect ion against
EMI/RFI and even ESD noise.

a

a
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The Federal  Communicat ions Commission (FCC)
has established specifications for the amount of
radiated noise allowed to exit the chassis of computer
equipment. The FCC places any devices that conduct
or radiate EMI of f requency above 10 kHz into one of
two categories:

Class A-lndustr ial  computing devices sold for use
in commercial ,  business, and industr ial
environments, and not sold to the
general  publ ic.

Class B-Consumer computing devices used in
commercial ,  business, and industr ial
applications plus personal computers
and their  associated peripherals.

The IBM PC is considered a Class B consumer com-
puting device, and the EMI emitted is strictly regulated
as shown in Table 5-2.

Table 5-2. EMI requirements for class B equipment

Frequency Distance Maximum EMI Field Strength
(MHz) (meters) (microvolts/meter)

r  Shield sensit ive circui ts.
o Reduce noise sources.
o Use fewer components.
.  Careful ly route wires.
o Use a shielded cabinet with as few openings as

pract icable.

How can you improve on IBM's efforts to counter-
act EMI? Since you won't  be changing the circui t  board
design, you can reduce EMI in two ways: (a) prevent i t
f rom reaching the motherboard and interface card cir-
cui ts,  and (b) keep i t  contained within shielded enclo-
sures. To do this,  use shielding, grounded cables,
f i l ters,  and transient absorbers.

Metal  enclosures make the best shields. The PC's
switching power supply,  a high source of EMl,  is
enclosed in a metal  can. The greater the shield thick-
ness, the better the shield effect. While the metal
computer case of your IBM PC does a decent job of
shielding against EMI and RFl,  you can improve on the
shielding by seal ing al l  openings that aren' t  being used.
Compressible gaskets can be used to close slot  holes.
At one t ime IBM shipped each PC with metal  gaskets
over each adapter-card access hole. This practice was
discont inued-apparent ly because the gaskets kept
fal l ing out dur ing shipping. Metal  honeycomb vent i la-
t ion screens can be used over cool ing vents.

Buy and use shielded cables. A shield is a conduc-
tive coat or envelope placed around a conductor wire or
group of wires to provide a barrier to electromagnetic
interference. Cround the shields. Have you hooked up
the ground wires that are attached to some of the peri-
pheral interface cables? lf not, you really should. A
shielded computer connected to a poorly shielded peri-
pheral will enable any interference generated inside the
computer to be conducted to and out through the shield
weaknesses. Fi l ter ing inside the cabl ing or connectors
wi l l  e l iminate conducted noise.

Some connectors can be purchased with built-in
f i l ter pins to reduce radiated EMI count around con-
nectors. Other EMI-reduct ion devices include the fer-
r i te "shield beads" that are placed on power supply
leads and connect ions to ground or between stages on
the circui t  board.

ldeal ly,  the shielded connectors should provide a
cont inuous shield from the device, through the con-
nector,  and into the shielded cable. Otherwise, the
weak shield ooint becomes a transmission hole for EMI
to get out and interfere with other devices or
appl iances in the area.

30-88 3

89-216 3

217-1000 l

100

150

200

Both conducted and radiated EMI are regulated.
Conducted EMI in frequencies between 450 kHz and
30 MHz must be reduced by aB dB for levels above 1
microvolt .  Radiated EMI must be reduced by 46 dB or
more, measured 3 meters away from the source.

To meet these requirements, IBM designed a metal
shield case for the PC. Whi le this brought the EMI within
l imits,  some EMI st i l l  leaks out of the computer,  s ince i t
gets out anywhere there is an opening on the chassis-
the connector slots on the front of the chassis, the vent
holes, around the power plug jack, and even the key
holes on top of the detachable keyboard case.

IBM PC design engineers have employed most of
the fol lowing techniques to reduce EMI and RFI:

.  Use decoupl ing capacitors (0.01 pF to 0.1 pF).

.  Lay out components careful ly.
o Keep traces as short  as possible.
o Minimize the use of t ransistor-transistor- logic

(TTL) chips since they tend to generate current
spikes when switching logic states.
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One excel lent countermeasure to EMI and RFI is
the use of f iber-opt ic cables and connectors. This
technology hasn' t  yet become popular with PC users
because the cost is st i l l  too high, but the day is coming
when f iber-opt ic data transmission wi l l  be the norm
rather than the except ion.

Electrostatic Discharge (ESD)

It sometimes appears that a secret program is loaded
into every computer to intermittently produce random
errors to dr ive users wi ld.  Chasing and catching the
elusive phantom "gl i tch" is a chal lenge even for experi-
enced repair  technicians using expensive and complex
troubleshoot ing equipment.  However,  you can learn
more about this intermittent problem and how to pre-
vent it from affecting your computer operation.

Cl i tches are electr ical  disturbances of short  dura-
t ion, but they are often are long enough to cause prob-
lems in digi tal  c ircui try.  They are usual ly the result  of  an
electrostat ic discharge (ESD), one of the most severe
sources of EMl.

People and objects such as chairs and desks can
accumulate a substant ial  electr ical  charge, or potent ial .
The human body can accumulate static charges up to
25,OOO volts.  l t  is not unusual to bui ld up and carry
charges of 500 to 15,000 volts. Charged objects or peo-
ple can then discharge the voltage to a grounded surface
through another object or person. Remember the times
you dragged your feet across the carpet and then shocked
someone nearby? This electrical charge is called static. lt
can discharge through your computer,  and when i t
does, al l  sorts of undesirable things can occur.  l f  a pro-
gram is running and a computer user carrying a large
electrical charge touches a key on the keyboard, the arc
of discharge will find the shortest route to ground, usu-
al ly through the RAM or CPU, and the program wi l l
bomb to a halt, data bits "falling away" everywhere. The
screen can go wild and display strange characters. Sen-
sitive components can be damaged or destroyed. Even a
charge of only 3 volts is enough to create an erroneous
bit  in most logic circui ts.

Electrostat ic charges can be of any vol tage. The fol-
lowing is a l ist  of  some of the sources of ESD gl i tches:

o Peoole in motion
o Overheated components
o lmproper grounding
o Poorly shielded cables
o lmproperly instal led shields
r Missing covers and gaskets

r Circui t  l ines too close
o Poor solder connect ions
o Low humidity

We know that static occurs when two objects are
rubbed together.  Your movement,  walking whi le wear-
ing wool or polyester slacks, can cause a tremendous
charge of electr ic i ty to bui ld up on your body. When
this charge reaches 10,000 volts,  i t  is l ikely to discharge
on any grounded metal  part .

Litton Systems, Inc. has developed the triboe/ectric
series chart shown in Table 5-3. Cotton is the reference
mater ial  s ince i t  absorbs moisture readi ly and can easi ly
become conduct ive. l f  any mater ial  on the l ist  above
cotton is rubbed with any mater ial  on the l ist  below
cotton, the i tem l isted above wi l l  g ive up electrons and
become positively charged. The item listed below cot-
ton wi l l  absorb electrons causing i t  to become nega-
t ively charged.

Table 5-3. litton Systems, lnc. Triboelectric Series

Reference mater ia l*

Atr
Your hand
Asbestos
Rabbit fur
Class
Your hair
Nylon
Wool
Fur
Lead
si lk
Aluminum
Paper

Cotton

Steel
Wood
Hard rubber
Nickel, copper
Brass, si lver
Cold,  p lat inum
Acetate, rayon
Polyester
Polyurethane
Polyvinyl  chlor ide
Si l icon
Teflon

wi | | become positivery charsed "".,??1:Xl "1 il1T:i3i::I.ff ii:;J".

The two oppositely charged mater ials wi l l  tend to
cling together. lf they are separated, a static charge dif-
ference occurs. l f  Tef lon is rubbed in your hands, a
large electrostat ic charge is bui l t  up. The greater the
distance between the mater ials l isted in Table 5-3, the
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larger the charge that can bui ld up. Not ice that hair  is
listed above cotton, paper is listed just above cotton,
and hard rubber is below cotton. Have you ever pul led
a rubber or plast ic comb through your hair  and then
used the comb just l ike a magnet to pick up pieces of
paper? This is electrostat ic charge in act ion.

Our problem occurs when this charge bui lds and
becomes quite large. Just walking across a carpet can
generate over 1000 volts of charge. l f  the humidi ty is
low and i t  is qui te dry in the room, the charge can be
substant ial ly higher.  (When the relat ive humidi ty is 50
percent or higher,  stat ic charges general ly don' t  accu-
mulate.)  A bui l t -up stat ic charge wi l l  readi ly arc to any
grounded metal ,  such as a disk dr ive chassis.

An ESD release on your disk dr ive case won't  hurt
you, but it can be very damaging to your electronics.
The discharge pulse drives through the case to the read/
write head and then on to the analog card circuitry,
where i t  can burn out some of the chips. Even i f  no com-
ponents are "fried," the damage that is done by this
overvoltage spike accumulates and starts to degrade the
funct ioning of some circui t  board components. ESD
damage costs have been est imated at mi l l ions of dol lars
annual ly,  but this f igure is even higher when we include
components that are not totally destroyed, but are
degraded. Even so, sooner or later the chip(s) fai l
completely.

In low humidity,  walking across a synthet ic carpet
can charge your body to 35,000 volts.  Walking over a
vinyl  f loor can charge you with 12,OOO volts.  A clear
plast ic ("poly") bag picked up off  a table can develop
20,000 volts.  Even sl iding off  a urethane-foam padded
chair  can load you with 18,000 volts.  ls this a hazard to
your PC? Yes. As Table 5-4 descr ibes, some electronic
devices are very suscept ible to relat ively low ESD
voltages.

l f  your computer occasional ly gets the "shock
treatment" or pul ls the old "disappearing data" tr ick
on you, there are some things you can do. The fol low-
ing l ist  of fers some specif ic solut ions to ESD problems.

o Use antistatic spray on your rugs, carpets, and
computer equipment.  The ant istat ic spray,
applied with a soft cloth works both as a static
reducer and control  measure.

o Instal l  a stat ic-free carpet in your computer area.
o lnstal l  an ant istat ic f loor mat beneath your com-

puter chair .  (This is a popular solut ion.)
.  Mop hard f loors with an ant istat ic solut ion. The

ant istat ic f loor f in ish works wel l ,  but this is real lv

Table 5-4. Voltages that can damage electronic devices

Device
Damaging Voltage
(minimum)

CMOS chips

Diodes

EPROM memory

Operat ional  ampl i f ier

Resistors

Schottky (S, LS) chips

Transistors

VMOS chips

250- 3000 volts

300- 2500 volts

100 volts

190- 2500 volts

300- 3000 volts

1000-2500 volts

380- 7000 volts

30- 1800 volts

an exoensive solut ion and better sui ted for elec-
tronic manufactur ing faci l i t ies. Most ant istat ic
f loor f in ishes work for up to 6 months.

o Instal l  a conduct ive table top.
o Instal l  a humidi f ier to keep room humidity

above 50 percent.

o Use static-free table mats.
.  Keep chips in conduct ive foam (that black

styrofoam-looki ng mater ial) .
o Touch a grounded metal  object (power supply

case) before touching the computer.

You can defeat ESD gl i tches by paying attent ion to
stat ic charge in and about the computer system. By
making stat ic charge el iminat ion a part  of  your preven-
t ive maintenance program, you take one more step to
extending the l i fe of your computer system.

Radio Frequency Interference (RFl)

Radio frequency interference is much the same as
EMl, except that i t  occurs at higher frequencies ()10
kHz).  RFI is what causes f ive other garage doors on
your street to open when you operate your new auto-
matic garage door opener.

Although RFI isn' t  a health hazard, i t 's also con-
trol led by the FCC. FCC Rule, Part  15, Subpart  J states
that any digi tal  product that generates t iming signals or
pulses at rates greater than 10 kHz must comply with
FCC regulat ions. In fact,  Class B devices such as the
IBM personal computer are tested over a range of 30 to
1000 MHz to ensure that their  emissions fal l  below
maximum f ield-strength l imits.  The computer is also
l imited in the amount of emission that i t  can feed back
along the power l ines (no more than 250 microvolts).
The same standards that apply to EMI f ie ld-strength
radiat ion also apply to RFI (see Table 5-2).

The only sure way to completely block RFI emis-
sions is to completely enclose your computer system in
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a shield. This is impract ical ,  but there are other ways to
reduce the emission of RFl.

A smal ler component count in a computer reduces
the number of sources of RFI and improves system
operat ion. Rel iabi l i ty improves in direct proport ion to
RFI improvements.

There are some act ions that you can take yourself
to improve your system's RFI condit ion.

r Locate your computer system at least 6 feet
away from any television set.

o Reposition the outside TV antenna if inter-
ference occurs.

o Use a direct ional outdoor TV antenna.
.  Subscribe to cable TV.
.  Connect traps or l ine f i l ters on your TV.
r Replace the antenna twin- lead wire with

75-ohm coaxial  cable.

With current computer designs and FCC direct ion,
the RFI emissions from personal computers are so low
that interfering with your neighbor's TV set is no longer
a problem. However, they can stil l interfere with your
own TV set.

There have been reports of interference problems
with cordless telephones. The PC has been known to
cause low power telephones to dial  or l i f t  of f  hook.
High power telephones in the vic ini ty of the PC have
caused characters to appear on the monitor screen.
Usual ly the keyboard is the source of the problem. l f
you use a cordless telephone, you might consider
investing in a better shielded keyboard such as the Key-
tronics board.

POWER-LINE PROBLEMS

Probably the most important environmental  factor
for your computer system is good, clean power. l f  you
depend on your local ut i l i ty to supply this power with
steady, rel iable consistency, you may be disappointed.

Whi le room l ight ing systems can tolerate l ine
voltage problems that momentar i ly dim the l ights when
a large power-hungry machine is switched on, com-
puter systems cannot. Your IBM computer, like most
electronic computers today, is more sensitive to power-
l ine disturbances than other electr ical  equipment is.
Even wel l -designed machines such as your IBM PC are
affected by the qual i ty of power provided. Under-
voltage or overvoltage puts severe stress on computer
components. The effect accelerates the condit ions

under which a device gradually weakens, becomes
marginal,  and f inal ly wears out.

There are four types of power-line problems that
cause concern:

o Brownouts

o Blackouts
o Transients
o Noise (discussed previously)

Brownouts
Brownouts are those planned (and sometimes

unplanned) voltage sags, when less voltage is available
to dr ive your IBM PC power supply,  display CRT, and
printer motor.  Brownouts are far more common than
you may real ize. Voltage dips are common i f  you
operate your computer near some large electr ical
equipment such as air  condit ioners or arc welders.
Your l ine vol tage can be drawn down as much as 20
percent by the heavy momentary drain caused when
this equipment is turned on.

The PC should st i l l  work with l ine vol tages that
drop and remain as much as 20 percent below the 1 17
volt rating. But if the supply voltage gets too low, the
regulators in your power supply won't  be able to pump
adequate power into your motherboard, and data can
get garbled. During brownouts, computer systems can
operate intermit tent ly,  overheat,  or s imply shut down
and lock up.

By the way, your power supply can also handle a
voltage "brown-up," or increased l ine vol tage. The
power supply will provide proper power to your cir-
cuit, but its regulators will generate a lot more heat as
they handle the higher incoming voltage level.

Blackouts

Power- l ine blackout,  a total  loss of  l ine vol tage, can

be caused by storms and l ightning. l t  can be caused by
vehic les accidental ly knocking down power l ines or

even by improper switching act ion by a power stat ion

oDerator.
When power is lost, whatever you had in RAM is

gone. l f  you are wr i t ing to the disk when power fa i ls ,
you wi l l  have only a part ia l  save-the informat ion that
was sti l l  in RAM and not yet copied over to your disk is
lost. lf a scheduled power outage is planned, postpone

using your computer.  l f  the weather turns bad and
thunder is echoing across the sky,  don' t  turn your com-
puter on. l f  a blackout occurs or i f  you see l ightning,
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turn your machine off  and pul l  the plug(s) unt i l  the
storm passes.

And when the power goes out, be careful. While the
room lights are out and you're muftering under your
breath as you feel around for a flashlight, remember
what is sure to happen when power is restored-a
tremendous voltage spike will be produced as lights and
motors go back on all over the neighborhood. This
could damage the IBM PC system. Always unplug your
computer system when blackout occurs. Wait until
power has been restored for a few minutes, then turn
your system back on. Don't test your power supply
filters on these kinds of spikes.

Transients

Other than electrostatic discharge, powerJine tran-
sients are the most devastating form of noise inter-
ference in computer circuits. Transients are large, poten-
tially damaging spikes of voltage or current that are
generated in the power lines feeding electrical power to
your community. Spikes can be caused by lightning
striking a power line somewhere, util ity company equip-
ment fai lure, or the ON/OFF switching act ion common
to using any electrical tool or appliance.

Most of these spikes are small and are barely
not iceable, but some voltage spikes as large as 1700
volts have been measured in home wiring. Residential
areas experience more large spike transients than com-
mercial  areas. The l ine f i l ters in your IBM power supply
will protect your system from most high-voltage tran-
sients, but occasionally a spike overcomes the power
supply protect ion and gets to the logic circui try.  The
general effect is erased or altered data, but if the spike
is too large, sensitive circuit devices can be destroyed.

Your PC power supply is normally not affected by
the transients generated by ON or OFF switching
actions. These actions can produce a short-lived spike
that is f ive t imes normal l ine vol tage.

Not all spikes are generated outside the computer.
When you save a program or file you've developed,
act ivat ing the disk dr ive produces a vol tage spike inside
your computer. IBM engineers have placed capacitors
in strategic locations on the motherboard and in the
disk dr ive electronics to carry spikes harmlessly away to
ground, preventing component damage. lf any part of
the spike reaches the circui t  components, the devices
are stressed and can become marginal.

Preventing Power-Line Problems

l f  you l ive in an area where power outages or
brownouts are common, or where electrical storms fre-

quent ly occur or i f  your computer system occasional ly
hangs up, you need protection. There are two kinds of
approaches to preventing power-line problems. You
can condit ion the power being suppl ied, or you can
provide an auxi l iary,  or backup, power source.

Power-Line Conditioners
The various forms of power-line conditioners

include the isolator, the regulator, and the filter.
lsolators provide protection from voltage and cur-

rent surges and include transient suppressors, surge
protectors, and isolation devices. These devices can
keep line voltage at a proper level even when the line
supply is 25 percent over normal.  Some surge protec-
tors can filter out high-frequency spikes but cannot
respond to slow, low-frequency transients. One form of
surge protector is called a metal oxide varistor (MOV), a
form of diode that wi l l  c lamp the l ine vol tage at a cer-
tain level, preventing overvoltage spikes from getting
into your system. These devices are instal led across the
power- l ine wires leading into your computer.  The
December 1983 issue of Byte magazine has a good arti-
c le on the instal lat ion of MOV devices, should you be
interested in using them. lsolators cannot provide pro-
tection against brownouts or complete loss of electrical
power.

Regulators act to maintain the line voltage within
prescribed limits. They are essential if l ine voltage
varies more than 10 percent at the computer,  but they
don't provide protection against voltage spikes and
blackouts.

Fi l ters remove noise from the input power l ine.
They short  EMI and RFI signals to ground and remove
high-frequency signals from the low-frequency 60 Hz
power l ine. Power- l ine f i l ters work best when they are
located immediately next to or at the front end of the
power supply. Filters don't stop spikes. Nor are they
effect ive during low- or high-voltage condit ions.

Auxiliary Power Sources
When power avai labi l i ty is in quest ion, an auxi l iary

power source is a necessity. An uninterruptible power
supply (UPS) is used to store energy when line power is
present and then del iver power to the computer when
a blackout occurs. These power supplies cost between
$300 and $1 5,000, but they are a dependable source of
auxi l iary power. A UPS is composed of a motor,  a
generator, and a battery. The motor is driven by power
from the ut i l i ty l ine whi le local power is avai lable. The
motor turns a generator that produces electr ic i ty to
charge a battery. When the local line power is lost, the
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battery turns the generator to produce AC electricity
that can be used by the computer.

There are four types of UPS equipment that can be
used to power your computer system:

o Cont inuous-service UPS
. Motor generator

o Forward-transfer UPS
. Reverse-transfer UPS

A continuous-service UPS changes the AC line
voltage to DC to charge a set of batteries. When power is
lost, the batteries operate an inverter that changes the
DC battery power back to AC to run your computer.

Portable and fixed motor generators are powered
by electr ic i ty,  gasol ine, or diesel motors. The generator
is turned by the motor and suppl ies a regulated AC
voltage to operate your computer system (and prob-
ably many other appl iances and l ights in your house or
business). These devices are often used as emergency
backup power for hospitals,  pol ice departments, and
radio stations. Cenerators can be expensive, but thev
can provide backup power throughout the period l ine
power is not avai lable.

A forward-transfer UPS supplies power to your com-
puter system only when line power is lost. lt is the classic
UPS, in which the line power drives a motor that rotates a
generator that charges a battery (or set of batteries). When
line power is lost, the batteries take over and provide AC
power to the computer through an inverter.

A reverse-transfer U PS provides power to the com-
puter from a battery most of the time, and switches to
l ine power only i f  the UPS fai ls or is turned off .

Some UPS equipment provides much more than just
a power source. One company markets a UPS that pro-
vides protection not only against complete power loss,
but also against power transients, undervoltage and
overvoltage fluctuations, brownouts, and dirty (noisy)
lines. Most UPS devices can switch to battery power
very quickly.  One UPS makes the transfer from primary
power to battery power in about 4 milliseconds.

Once the transfer occurs, the next important con-
siderat ion is the length of t ime the backup wi l l  be able to
provide power. Some units wi l l  keep your computer
system running long enough to save what you had in
RAM and to conduct a normal system shutdown. A unit
from Topaz Inc. in San Diego, California can provide up
to an hour of reliable AC power. lt sells for about $800.

How important is a UPS and the length of t ime i t
can provide power? lf you are in an area that suffers fre-

quent power outages, consider this:  what effect would
losing power at the t ime you were updat ing your disk
directory have on your system? You'd probably lose
your directory and not be able to retrieve whatever you
had on your disk. The problem can be much worse
when you connect a hard disk into your system. l f  a
power outage occurs when the hard disk is activated or
even simply powered up, there is no way for you to
conduct a normal power-down sequence. l f  your hard
disk requires the read/wri te heads to be in a certain
posit ion, you can' t  achieve this unless you have a UPS
that switches in instantaneously.  Fai lure to properly
posit ion the heads can cause dr ive damage as wel l  as
loss of valuable data.

You have some choices. What level of  insurance
do you need? Can you manage adequately without
standby power- making backup copies of al l  your data
and saving to disk often during computer operat ion?
Power- l ine protect ion can prevent damage, expensive
data loss, and unnecessary down-t ime.

When selecting a power-line conditioner or a back-
up power supply, consider the following parameters:

For a power- l ine condit ioner

.  Speed of response in handl ing vol tage spikes
o Abi l i ty to f i l ter out highJrequency noise
o Abi l i ty to handle repeated transients
. Amount of l ine power i t  can handle
o Range of input vol tages from which i t  wi l l  pro-

duce clean power out
o Number of out lets ( to handle several  devices)

For a backup power supply

r Total backup power required
o Time to switch to standby power

o Length of t ime backup wi l l  provide power

o Avai labi l i ty of  bui l t - in l ine condit ioning
o Avai labi l i ty of  undervoltage and overvoltage

protection

o Battery life cycle

To determine how much backup power you may
require, add the amperage rat ings on the label plates of
al l  the computer system equipment (computer,  exter-
nal display monitor,  pr inter,  dr ives, plot ters,  etc.)  and
mult iply by 120. The result  is the approximate wattage,
or power, you wi l l  require to operate the ent ire system.
Since the larger the amount of power required, the
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higher your cost ,  you may want to consider only the
power required to operate the basic system (computer,

monitor,  and disk dr ives).  You can leave the other
per ipheral  equipment plugged into your standard wal l
socket and let these fail off when power is lost. lf you

do this,  don' t  forget to turn these machines of f  and
unplug the power cords before power is restored to
prevent a big t ransient f rom damaging them.

How much power protect ion to provide is up to
you. Many computer users are able to get along qui te

well with unprotected systems. Others prefer to

operate their  systems knowing that unseen environ-
mental  upheavals won' t  af fect  access to their  IBM PC.

CORROSION

The metal  connector pins on cables,  interface

cards,  and chip pins are subject  to corrosion, a

chemical  change in which the metal  p lat ing of  the pins

and sockets is gradual ly eaten away. Corrosion can be
very damaging.

There are three types of corrosion that can affect

the IBM PC system:

o Direct  oxidat ion by chemicals

.  Atmospher ic corrosion

r Calvanic electr ical  corrosion

Direct Oxidation

In direct  oxidat ion a chemical  corrosion occurs.  A

f i lm of  oxide forms on the metal  surface, reducing the
pin 's contact  wi th the socket.  At  h igh temperatures th is

oxidat ion process accelerates.  The metal  is  s lowly worn

away as the electr ical  contact  surface is converted to an

oxide and the oxide crumbles.

Atmospheric Corrosion

Chemicals in the air  at tack the metals in computer

system circui t ry,  causing pi t t ing and a "rust"  bui ld-up.

In the ear ly stages of  th is corrosion, sul fur  compounds

in the atmosphere are converted to t iny droplets of

sul fur ic acid that  l ie on the surface of  the conneclor
pins.  This acid eats away the metal ,  causing pi ts to

form.

When atmospher ic corrosion is just  forming, the

contacts can be wiped clean, restor ing the metal  br ight-

ness. But i f  the sul fur ic acid is al lowed to remain,  the

long exposure converts the acid to a sul fate layer that

can no longer be wiped away.

The effect is to reduce electrical contact between

the pins and their  sockets.  A layer of  d iscolored rust

that prevents any contact between the pins and their

sockets causes an open circui t  and is easy to locate.  l t 's

the in-between stage, when an "almost-open" condi-

t ion exists,  that  produces those horr ib le intermit tent

fa i lures that  can be so hard to f ind.

Near the ocean the presence of  sal t  spray or in-

creased levels of  chlor ides can cause severe pi t t ing of

some metals.

Galvanic Corrosion

In galvanic corrosion, a t iny crack or hole in the
metal  p lat ing on a pin or connector lets a moisture-
borne electrolyte such as sal t  (sodium chlor ide)
penetrate between the metal  p lat ing and the under ly-
ing base metal .

A k ind of  bat tery forms, wi th a t iny electr ic current
flowing between the two metals. The plating surface
becomes scaly and rough as the plating is slowly eroded
away and an oxide forms. The corrosive act ion is con-
centrated on the underlying metal exposed at the breaks
in the scale since this is where the galvanic battery exists.

The effect is the same as for the other forms of cor-
rosion-the amount of  e lectr ical  contact  between oin
and socket decreases, causing intermit tent  problems,

unt i l  the scale is so complete the electr ical  c i rcui t  is
broken and signals are blocked ent i re ly.

You can cause this corrosive act ion to start  i f  vou
handle your connectors and boards improper ly.  The
wrong way to handle pr inted circui t  boards is shown in
Fig.  5-6.

Fig.  5-6.  Handl ing a pr inted-circui t
board the WRONC way can cause corrosion.
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Note: Never touch contacts with your fingers. The
oi l  on your f ingers contains enough sodium chlor ide to
begin oxidat ion act ion on those pins.

Corrosion Prevention

While metal gates and cars can be spray painted to
prevent rust (oxidat ion),  this is not an opt ion for
prevent ing corrosion on circui t  pins and connectors.
The best prevent ive act ion is cleaning. By keeping the
contacts clean, you can deter oxidat ion bui ld-up.

You can clean the pins on some chips by reseat ing
the chips periodical ly.  Chips have a habit  of  working up
out of the sockets after extended use. Turning off all the
power and careful ly pushing these devices back down
into their sockets will act to clean the pin surface,
restor ing (or ensuring) good electr ical  contact.

Caution: Always turn off the power and touch a
grounded surface before touching anything inside the
IBM PC.

Oxidation of the contacts of connectors on the
motherboard and disk electronics boards can be
cleaned with a soft rubber eraset a solvent wipe, or a
contact cleaner spray.

Caution: When rubbing to clean contacts, always
rub along the pin ( lengthwise).  Rubbing lengthwise on
the pins prevents accidental ly pul l ing a pin contact up
off the board.

Do not use emery cloth or any abrasive cleaners to
clean the contacts. lf you use a rubber eraser, keep
eraser dust away from the computer.

Solvent wipes are available as part of cleaning kits
sold by many computer supply companies. These
wipes can clean and then lubricate the contact surface
with a f i lm that helps seal out atmospheric corrosion
without interfer ing with signalf low. Most solvent wipes
are individual ly wrapped in smal l  packages much l ike
the hand towelettes you get in some restaurants or on
some airplane flights.

Spraying the pins with a contact c leaner spray
(available at most electronic parts stores) is also an
effective corrosion preventive. Contact cleaner wipes
and spray are the best methods for removing an oxida-
t ion layer.

There is a trade-off between preventing corrosion
and preventing electrostatic discharge, because corro-
sive action is reduced with a reduction in the relative
humidity,  but ESD increases.

Manufacturers of electronic equipment are aware
of the effects of corrosion, and most connectors are

made of a combination of metals that resist corrosion
but are good conductors of electr ical  s ignals.  You can
choose the type of connectors to use for your cables.
You can buy cables and connectors with t in al loy plat-
ing on the pins or with a thin gold plat ing. Al though
you will pay more for the gold-plated connectors, they
provide superior contact rel iabi l i ty.  Cold-plated con-
tacts don't wear out as tin alloy surfaces do, but even
the t in surfaces take a long t ime to wear away; so a
sound, consistent c leaning program can real ly help.

One f inal  note on the subject of  corrosion: high
temperatures wi l l  increase the corrosive act ion in the
IBM PC system. l t  helps to keep your computer tuned
up and running cool .

MAGNETISM

The effects of magnetism are especially important
in disks and disk dr ives, s ince these two parts of the
computer system are designed to operate on magnetic
pr inciples.

Each f loppy disk is coated with a magnetic oxide
with mi l l ions of t iny pole magnets randomly posit ioned
on i ts surface. As the dr ive wri te head passes over the
disk surface, a magnetic force is induced in the head by
the disk dr ive electronics, causing the pole magnets on
the disk surface to l ine up according to the digi tal  infor-
mation being converted to voltage pulses in the head.
This is "good" magnetism.

Sources of Magnetism

The voltages used in monitors and television
receivers produce strong magnetic fields. These can be
bad. l f  you accidental ly place one of your disks in the
f ield,  the t iny pole magnets on your disk's tracks can
change their  al ignment.  Then, when your disk dr ive
tr ies to read the disk, the head cannot understand or
can misinterpret the information on the disk, and you
get garbage or BDOS read errors.

Magnetic flux is caused by the presence of a high
(115 V) vol tage in computer display monitors and
televisions. A color television produces the strongest
magnetic flux, but high-voltage areas of monitors,
pr inters, telephones, bal lasts in f luorescent l ights,  and
even power strips can be sources of offensive flux and
can cause intermittent data loss. The strength of the
flux field depends on the strength of the voltage, which
can f luctuate with the amount of power being required
by the equipment.



150 IBM PC TROUBLESHOOTING & REPAIR GUIDE

Preventing the
Damaging Effects of Magnetism

To avoid the damaging effects of magnetism, keep
your diskettes, and even your information cables, away
from power sources and magnets.

DISK MAINTENANCE

Two valuable components in any computer system
are the mass storage devices (disks) and the disk dr ives.
IBM PC systems use 5%-inch f loppy disks as the mass
storage medium. Technical ly they are cal led diskettes
to differentiate them from the disks used in 8-inch
drives, but the terms "f loppy" and "disk" are so com-
monly used with the 57n-inch diskettes that the term
"disk" wi l l  suff ice. Since disks and disk dr ives are such
cri t ical  components in computer systems, i t  makes
sense to do al l  you can to protect and maintain them.

The read/write head in an IBM PC disk drive rides
on the surface of the most vulnerable part of the mass
storage system, the floppy disk..Floppy disks are made
of Mylar or polyethylene terephthalate and coated with
a magnetic iron (ferric) oxide. The oxide-coated Mylar
disk or "cookie" is placed in a protective polyvinyl-
chloride jacket (refer to Fig. 5-2).

Disks make di f ferent sounds in the disk dr ive,
depending on the type of l iner used. Some types of
l iners provide more wiping act ion than others. The disk
may sound l ike coarse sandpaper when i t  spins in the
drive, but that doesn't  mean the disk surface or the
drive is being harmed. A louder disk may actual ly be
doing a better job than a quieter disk.

Harmful Substances

Disks are pretty sturdy things, but they are sensitive
to magnetic and electr ical  f ie lds, high temperature, low
temperature, pressure, bending, and dust. Dust and little
airborne f ibers are part icular ly bad for your disks. With
the drive read/write head riding on the surface of the
disk, any t iny piece of " junk" ly ing on your disk looks
l ike a huge boulder to the head. A piece of your own
hair is about 40 microns (.0015748 inch) thick. A hair  is
a huge obstruct ion to the disk dr ive head. Even dust
and fingerprints on the disk surface can be obstacles to
the even movement of the disk under the head. To pro-
tect the disk medium and the head, each disk jacket is
lined inside with a dust catching synthetic fiber. As the
disk is rotated inside the drive at a whopping 300 rpm,
dust and other particles that may have slipped inside

the jacket or settled on the disk are quickly swept off
the disk by the l iner mater ial .  But a bui ld-up of too
many particles can overload this protective system.

Another substance that is harmful to disks and disk
drives is tobacco smoke. The tars and nicotine that filter
up into the air from the ends of cigarettes and cigars (or
out of the lungs of smokers) can settle on your computer
system. These st icky chemicals form a gummy ash bui ld-
up on any exposed surface-including your disks and
your disk dr ives. This mater ial  gums up the dr ive, eats
into the read/write head, and scratches the surface of
your disks. The effect is similar to taking a metal file to
your favori te record album. Avoid smoking or al lowing
smoking in your computer area. l f  you can' t  do this,
then clean your system more often.

Disks are further protected by the paper storage
envelopes, or s leeves, into which the square disk
jackets are inserted. Use these envelopes. Don't let
your disks l ie around outside their  envelopes invi t ing
dust and dir t  t rouble.

Not al l  d isks are created equal.  Some disks are
manufactured to better standards and with thicker
magnetic oxide coatings. Naturally, these disks are
more expensive. Less expensive disks have thinner
oxide coatings and shed their oxide layers easily, fur-
ther reducing their effective life. Compare disk specifi-
cations before you buy.

Depending on the qual i ty of your disks, the cleanl i -
ness of your computer area, and the condit ion of your
disk dr ive, your disk l i fe could be as short  as a week or
as long as 17 years (70 mi l l ion revolut ions).  Assuming
the qual i ty,  c leanl iness, and condit ion factors are
favorable, disk life is estimated on actual rotations
whi le the disk read/wri te head is in contact with the
disk surface, rather than on total  t ime of existence.

As the dr ive head r ides on the disk's oxide surface,
i t  causes t iny bi ts of oxide to rub off  the disk. Most of
these loose oxide part ic les are caught and held by the
l iner,  but some of the oxide st icks to the head. Crad-
ual ly an oxide layer bui lds up. This oxide layer has two
effects on system operation: (a) it makes the head less
sensit ive to reading and wri t ing data, and (b) i t  causes
an abrasive act ion on the disk surface. As the oxide
layer builds up, it becomes ragged. This roughness
scratches even more oxide off  the disks, unt i l  the oxide
on the disk surface is too thin to support data storage.
When oxide is missing from the surface, ,,drop-outs,,,

or spots where data can no longer be stored, develop.
Then the disk fails to read or write properly, and it
becomes useless.

Keeping this oxide layer from building on the read/
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wri te head wi l l  help extend the l i fe of your disks. The
better disks are less likely to spin off oxide particles, so
the head stays cleaner longer,  and the disks last longer.

Extending Disk Life

Here is a summary of what you can do to help ex-
tend disk l i fe.

1. Buy name-brand disks. Avoid "bargain" disks.
The $7 disk should last 7 t imes as long as the
$1.50 disk.

2. Never touch the disk surface.

3. Never slam the disk drive door closed on a
disk. You could press the disk-center ing hard-
ware into the disk surface instead of the disk
hole.

4. Store disks in their  protect ive jackets.

5. Never write on a label that's already mounted
on a disk. Bal l -point pens and penci ls can
cause indentat ions in the disk surface. Mark
the label f i rst ,  and then put i t  on the disk
jacket.

6. Store disks in a cool, clean place.

7. Back up everything.

8. Store working disks and backup disks in di f-
ferent places.

9. Don't  lay disks in the sun. They warp just as
stereo records do.

10. Never al low smoking near your disks or your
drive. Smoke lets tars settle on the disk surface
(and inside your dr ive),  gumming up the
works.

1 1. Never set disks by monitors or televisions. The
magnetic fields can erase data.

12. Avoid placing disks near vacuum cleaners or
large motors. Even freezers and refrigerators
have compressor motors that can alter data on
your disks.

13. Don't  bend or fold disks.

14. Store disks vertically. Storing disks horizontally
can cause the disk to bind in the jacket,
preventing proper speed of rotation, causing
scratching of the disk surface, and result ing in
intermittent failure.

15. Don' t  put  d isks through airport  x-ray
machines. Hand them to the security guard for
inspection, so that they can bypass the x-ray in-
spection process.

Flipping the Floppy

Before we get into PM for disk drives, for those of
you with single-sided drives, let's clear up a few
misconcept ions about disk use in a single-sided disk
drive system. Many people believe that you can flip
your disk over, cut an additional write-protect slot into
the jacket,  and then use the f l ip side of the disk to store
more programs and data. They contend that using the
back side of a disk in a single-sided dr ive system won,t
cause any problems with ei ther the disk or the dr ive.
Some reputable magazines and IBM users groups sup-
port this idea. Disk drive manufacturers strongly
disagree. Who is correct?

When the door is closed on a single-sided disk
drive, a pressure pad comes in contact with the disk,
pushing i t  against the dr ive read/wri te head, which
r ides on the surface of the inserted disk. The dr ive
motor rotates the disk in only one direct ion, at  a speed
of 300 rpm. As the disk wears, tiny bits of oxide come
off  the disk and are swept up and held by the l iner in-
side the disk jackeu or they bui ld up on the dr ive
read/wri te head. Some oxide even bui lds up on the
pressure pads.

Disk manufacturers test both sides of a disk, and i f
one side fails they often place the defective side in the
disk jacket so that only the good side is exposed when
the platter is marketed as a single-sided disk.

The disk jacket liner, catching up most of the oxides,
dust, and dirt that gets on the disk surface, functions the
same way as a lint brush being used on a dark wool suit.
Brushing in one direction removes the lint and hair, but
brushing in the opposite direction, wipes the collected
l int  back onto the sui t .  The same thing happens with
disks in lined jackets. As the drive spins the disk in one
direction, the lint, dust, and whatever else is on the disk
surface is wiped up by the liner. lf the disk is turned over
and rotated in the opposite direction, the "junk" col-
lected by the liner gets wiped offand back onto the disk.
The excess dirt in the liner scratches more oxide off the
disk. You begin to experience "drop-outs" in the areas
of the disk that no longer have enough oxide left to store
digital information. The read/write head gets dirty even
faster; even the pressure pad build-up increases.

Even the act of cutting an additional write-protect
notch in the disk jacket causes problems. The polyvinyl
chloride jacket material shafters when cut, producing
tiny shards of polyvinyl chloride that can scratch the
disk surface and add to the material collected by the
l iner.

Another problem occurs with the pressure pads
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themselves. When you f l ip your disk, you are placing
the "good" side of your disk in contact with the rough,
oxide layers bui l t  up on the pads. Rotat ion of the disk
now causes scratches on that s ide of your disk.

One last additional hazard caused by writing data
on both sides of a disk is the potent ial  for magnet ic f ie ld
"bleed-through." Wri t ing on one side of the disk
creates a magnetic field which affects the data stored
on the opposite side of the disk. Bleed-through is one
indicat ion that a disk is wearing out.  Disks that are
manufactured for two-sided storage have slightly
thicker magnetic oxide coat ing, reducing the r isk of
bleed-th rough.

The evidence seems clear. You can use both sides
of a disk, but you do so at a certain r isk.

DISK DRIVE MAINTENANCE

What kinds of PM are there for disk dr ives? l f  you
owned a $100-mil l ion-a-year company using hundreds
of disk dr ives, you could plan for and purchase a

$50,000 disk drive tester that tests four drives at a time
using dual microprocessers. But you probably don' t
own a $100-mil l ion company. So how can you test and
maintain your own disk dr ive(s) without this expensive
equipment?

Disk drive manufacturers' representatives insist that
"officially" there isn't any PM required for disk drives.
They describe head cleaning as the only routine
maintenance that can be done by a novice, al though
even this is not officially recommended. Why not? Sup-
pose you were a disk drive manufacturer with lots of
repair  and test ing faci l i t ies. Would you be incl ined to
recommend owner-conducted maintenance that would
make your drives last years longer before repair was
required? The repair business is big business. The less
maintenance you do, the sooner your system will start
giving read/write errors and the more work you will pro-
vide for repair companies.

Here are some facts about disk maintenance pro-
cedures:

1. Heads need cleaning to remove the oxides from
your disks that bui ld up on the leading edge of
the head (the side facing the direct ion of disk
rotation), as shown in Fig. 5-7.

2. Head cleaning is a PM procedure you can do.
Head-cleaning diskettes of var ious kinds are
available. The "wet" diskette kind works with a
cleaning solvent.

MAGNETlC
OXIDE
DEBRIS

DIRECTION OF ROTATION

Fig. 5-7. Oxides are wiped off the
disk surface and bui ld uo on the head surface.

3. Some head cleaners are abrasive and can
damage the head if they are used for too long. lf
you buy this type of c leaner,  you must use the
cleaner just long enough to remove the oxide
bui ld-up but not long enough to damage the
head.

4. New nonabrasive head cleaners are being
marketed. Two examples are Verbatim's Data-
l i fe head-cleaning ki t ,  and Innovat ive Computer
Products' Perfect Data head-cleaning kit. Both
products use fabr ic-covered disks which are
dampened with a cleaning solvent.  With the
one ki t ,  you spr inkle cleaning solvent on the
disk fabr ic and then insert  the disk into your
dr ive for spinning act ion head cleaning. The
head-cleaning disk can be used as many as 13
t imes. The other ki t  has cleaning disks that are
predampened and individual ly sealed. With this
kind of system, you use a cleaning disk once and
then throw i t  away, using another the next t ime.
Both of these products work wel l .

Since any cleaning disk works by rubbing
act ion and chemical act ion between the disk
fabric and the drive head, there is potential for
abrasion to occur. So you must be careful not to
leave the disk spinning in the dr ive for too long,
A cleaning disk can be al lowed to spin in a disk
drive for 30 seconds with no apparent damage.
With most cleaning disk kits, 45 seconds is too
long to keep the cleaning solvent in contact with
the dr ive head.

5. Drive heads can also be cleaned with alcohol and
a cotton swab wrapped in a lint-free material (see
Fig. 5-8). With manual alcohol-and-swab clean-
ing, you could accidentally scrub the pressure
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pads by mistake, causing more problems than
you're preventing. But if you're careful, manual
cleaning can be effective.

Fig. 5-8. Drive read heads can be
cleaned using isopropyl alcohol and a lint-free swab.

Special  c leaning mater ial  such as cel lular-
foam swabs and chamois leather cloth are good
materials to use for manual head cleaning. Or
you can use a piece of bed sheet wrapped
around the cotton swab. Uncovered cotton
swabs are dangerous because the cotton fibers
can catch or pul l  away and l ie in the dr ive or on
the head, becoming cotton logs on a disk-
surface highway, waiting to get swept into the
drive head that r ides on the surface of the disk.
These f ibers can also catch on the ferr i te chip in
the middle of the ceramic head, loosening i t
f rom i ts mounting and ruining the head.

Surgical isopropyl alcohol or methanol can
be used as the cleaning solvent. The solvent us-
ed must not leave a residue when it evaporates,
so most other alcohol solvents should be avoid-
ed. You can also use typewri ter c leaner or
tr ichloroethane. In al l  cases use plenty of ven-
t i lat ion and make sure the solvent has
evaporated before you operate the drive.

6. How often the head must be cleaned depends
on how much the drive is used and what types
of diskettes are used. A high-quality diskette is
good for about 3 million passes, or rotations,
against a read/write head before enough oxide is
worn off so that the head needs cleaning. The

"bargain" disks are good for one tenth the rota-
t ional l i fe.  This means that instead of 167 hours
of access time, you might get 16 hours or less
before the head gets caked with oxide or your
disk surface gets too worn to write to or read
from. Now you know why your bargain disks
don't  seem to last very long.

A useful  rule of thumb for head cleaning is
to clean the read/write head every 40 hours of
disk operation. This means clean after 40 hours
of rotational life if you're using standard disks.
You could clean more often or even wait  unt i l
you start getting readiwrite errors and then
replace or clean the head.

7. Keeping the dr ive door closed unless you are in-
sert ing or removing a disk wi l l  help keep dust
and dir t  out.  l t  a lso keeps unwelcome visi tors
(such as insects) f rom cl imbing into the dr ive.

Cleaning the Disk Drive Head

To clean the dr ive head using a cleaning disk:

1. Turn the computer power on.

2. Dampen the cleaning disk with the solvent
suppl ied.

3. Insert  the dampened cleaning disk in the dr ive.

4. Close the dr ive ooor.

5. lf you are working in BASIC, reset the system
(Ctr l -Al t ,  Del) .  With the cleaning disk inside the
drive, the disk wi l l  s imply spin, c leaning as i t
whirs along.

6. After 20 or 30 seconds, open the drive door, and
remove the disk.

7. f  urn off  the computer.

B. Let the drive read/write head dry thoroughly
before operating the system.

To Clean the Drive Head Manually
Tools required: Flat-head screwdriver

Phi l l ips screwdriver
Protective pad
Adequate l ight ing
Tray to hold loose screws

'1 . Turn off power to the computer.

2. Disassemble the computer using the pro-
cedures found in the Appendix.

3. Disconnect the disk dr ive cable from the back
of the dr ive.
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4. Remove the two si lver f lat-head screws holding
the dr ive t ight  to the chassis as shown in Fig.
5-9.

Fig. 5-9. Remove the two silver-colored
flat-head screws holding the disk drive to the chassis.

5. Cent ly pul l  the dr ive forward approximately 2
inches from the front of  the chassis.

6. Disconnect the power supply cable from back
of the analog card.

7. Cent ly remove the dr ive from the chassis.

8. Carefully remove head cable(s) from the con-
nector (located in the front right corner).

9.  Careful ly remove the two Phi l l ips screws
holding the analog card on the dr ive ( located
in the front on both sides) as shown in Fig.
5-10.

10. Sl ide the analog card toward the back of the
drive until the card is free of the grooves in the
drive mechanism. (You may have to wiggle the
card gent ly to get i t  to sl ide.)

Lift up the analog card from the front.

Carefully lift the black head-load arm as shdwn
in Fig.  5-11, and look for discolorat ion (bui ld-
up) on the surface of the pad, or on the
read/write head below.

Using a special foam or wrapped cotton swab
dampened with cleaning solvent,  gent ly rub
the head and the pad (refer to Fig. 5-8).

Let the surfaces dry completely before
reassem bl i ng.

Fig. 5-10. Remove the two Phil l ips screws
holding the analog card on the dr ive mechanism.

Fig.  5-11. Careful ly l i f t  the
head load arm to expose the read head below.

15. When the head and pressure pad are dry,
careful ly s l ide the analog card back into the
grooves in the dr ive mechanism.

16. Reinstal l  the two Phi l l ips screws into the analog
card (in the front on both sides.)

17. Reconnect the head cable(s),  being very
careful  not to break or short  connector oins.

18. Careful ly push the dr ive mechanism back into
the chassis unt i l  approximately 2 inches of the
drive housing is st i l l  exposed.

11.

12.

13.

14.
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19. Connect the power supply cable to the back
underside of the analog card.

20, Push the dr ive al l  the way into the chassis
housing.

21. Replace the two si lver f lat-head screws on the
sides of the drive (refer to Fig. 5-9).

22. Reconnect the ribbon cable to the drive.

23. Power up the computer.

24. Place a copy of a program disk in the cleaned
drive. (Have you waited unt i l  a l l  the surfaces
are dry?)

25. Close the dr ive door.

26. Load and run a program.

27. Reassemble the computer.

28. Restore the system to full operation.

Note: lf you have any problems, refer to Chapter 4
in this book.

Disk Drive Head-Cleaning Interval
Cleaning your dr ive head is l ike changing the oi l  in

your car, which you do when you feel you've driven
enough miles or when the oil looks dirty. Some soft-
ware manufacturers recommend cleaning heads every
other week. Some repair  technicians say clean every 6
months. Others suggest you don't  c lean your heads un-
t i l  the disk dr ive makes mistakes try ing to read or wri te
data. Since no hard and fast rule has been offered, I
defer to experience as shown in Table 5-5.

Table 5-5. Disk drive head-cleaning interval

System Usage Cleaning Interval

could do, a somewhat more detailed, yet handy, pro-
cess is adjust ing the disk dr ive speed. Variat ion in
speed is caused by normal mechanical  dr ive wear or by
excessive moving and reconnect ing of the dr ives.

Just as automobi le engines need periodic checkup
and engine retuning, disk dr ives benef i t  f rom correct ly
adjust ing the dr ive motor speed. Your IBM PC disk
drives rotate at 300 rpm and work with soft-sectored
disks; the computer software identifies the beginning
and end ofeach ofthe sectors on each ofthe tracks. No
t iming holes are used, as they are with hard-sectored
disks. This makes the speed of rotat ion cr i t ical  to the
accurate synchronization of the software with the
signals stored on the disk. l f  the speed is off  by only 10
rpm, the drive may not be able to correctly read the
disk.

Should the speed be incorrect, the data will be
wri t ten in the wrong locat ion on the disk. The next t ime
you access that area on the track again, the computer
wi l l  hang up and give you a disk error.  Whi le disk
speeds between 291 rpm and 309 rpm should be
acceptable for read/write operation, speeds outside
this range cause intermit tent or disastrous results.  l f  the
speed becomes slower than 27O rpm or faster than 309
rpm, any wri te act ion wi l l  erase the synchronizat ion
t iming marks on the disk, making the disk useless
unless you reini t ia l ize i t  (wiping out the data you had
already stored).

There are two ways to tune up your dr ive speed.
You can adjust the speed using a disk speed test pro-
gram or a standard room lamp. Both techniques
require your removing the disk cover.

Disk Drive Disassembly

Tools Required: Phi l l ips screwdriver
Flat-head screwdriver
Jeweler's flat-head screwd river
Protective pad
Tray to hold loose screws

Note: lf any of this seems difficult, have a repair
service shop do the speed adjustment.

1. Turn power off  to your computer.

2. Ground yourself to remove any electrostatic
charge by touching a grounded surface, such
as the metal switch on a nearby lamp.

3. Disassemble computer as shown in the Appen-
dix.

4. Disconnect the dr ive cable from the rear of the
drive.

Over 6 hours each day

Daily

Light to moderate

Occasional ly

Weekly

Monthly

Twice monthly

Every 6 months

lf you live in an area that gets a lot of smog, you
may want to clean the heads more often. In any case, it
won't hurt for you to clean at least annually. Keep an
operational time log, so if you begin to get read/write
errors, you can check i t  to see whether the dr ive head
is due to be cleaned. Some recommended operational
log sheets are included in the Appendix.

Disk Speed Tests and Adjustments
Although this isn' t  ment ioned by disk dr ive

manufacturers as one of the PM operations you and I
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Remove the two silver flat-head screws holding
the dr ive t ight (refer to Fig. 5-9).

Gent ly pul l  the dr ive forward approximately 2
inches out of the chassrs.

Disconnect the power supply cable in the back
of the analog card.

Pul l  the dr ive completely out of  the chassis.

Set the dr ive mechanism on i ts side crosswavs
on the top of the power supply.

Reconnect the drive cable and the power sup-
ply cable to the dr ive.

Locate the speed adjustment control poten-
t iometer in the back middle of the dr ive as
shown in Fig.  5-12.

Fig. 5-12. The screwdriver is inserted
in the speed adjustment potentiometer (R23).

You are now ready to conduct drive speed adjusr
ment.

Method 1 - Disk Speed Program

1. Reconnect the power cord to the computer.

Caut ion: Be careful  not to touch inside the dr ive
mechanism or the electronics with power on.

2. Turn on the power to your computer.

3. Insert  the disk containing a disk speed test pro-
gram in the drive to be adjusted.

4. Close the disk dr ive door.

5. Boot the disk in the dr ive.

6. Follow the test procedures.

7. Most speed test programs display a graduated
scale of some sort  as shown by the example in
Fig. 5-13. Using a jeweler 's screwdriver or a
"tweaker" (small screwdriver), slowly turn the
speed control adjustment pot screw until the
speed display shows the actual rotat ion t ime to
be as close to 300 rpm as possible-within t6
mil l iseconds.

5.

6.

-7

8.

9.

11.

. t0.
DISX SPEED TEST

CURRENT 5PEED SETTING = -4

.1O
I

-------- - -< '1OO
I

I

""'^;.;-;: 
,"r0," disk-speed test screen disptay.

8. Remove the disk.

9. Turn off  the Dower to the IBM PC.

10. Disconnect the disk dr ive cable and power
supply cable from the dr ive mechanism.

1 1 .  Push the dr ive mechanism into the front of  the
chassis unt i l  about 2 inches of the mechanism
is left exposed.

12. Reconnect the power supply cable to the back
of the analog card.

13. Push the dr ive al l  the way into the chassis.

14. Reinstal l  the two f lat-head screws on the side of
the dr ive.

15. Reconnect the disk dr ive cable to the dr ive.

16. Turn on the computer and test operate the
drive.

17. Restore the system to full operation.

Method 2-Tuning tamp

1. Disassemble the dr ive and set on i ts side as
shown in Fig.  5-14.

2. Place a fluorescent light near the drive so it i l lu-
minates the speed strobe wheel on the bottom
of the dr ive mechanism. An ordinary incandes-
cent room lamp will work, but a fluorescent
light is easier to use.
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60 HZ

3.

Fig.  5-14. The disk dr ive set  on i ts
side with the strobe wheel facing you.

Locate the t iming marks on the strobe disk (see

Fig.  5-1a).  The outer c i rc le of  markings is used
for 60 Hz electr ical  systems such as that com-
mon in the United States.  The inner c i rc le of
strobe markings is used with 50 Hz l ine power

such as that found in Europe. This concept of
speed adjustment is amazingly s imple,  and
qui te accurate.  When you place the strobe
disk in the l ight  of  a f luorescent lamp and
cause the disk to spin,  you wi l l  not ice that  the
strobe disk marks s lowly rotate in one direct ion

or another,  depending on whether the disk
speed is fast  or  s low. This act ion is much l ike
the effect seen with movie fi lm when stage-
coach wheels seem to be rotat ing in the direc-
t ion opposi te the movement of  the coach. The
wheels are rotating at a different speed than
the f i lm is moving through the projector so you

see this strange effect. The marks on the strobe
disk are spaced so they appear stat ionary when
the speed is exact ly 300 rpm.

With a l ighted lamp near the dr ive,  reconnect

the disk interface cable to your computer.

Reconnect the power supply cable to the dr ive
in back of  the analog card.

Power up your computer.

Insert  a blank, unini t ia l ized disk in the dr ive
and close the dr ive door.

After the computer goes into BASIC, reset the
system (Ctr l -Al t ,  Del) .

9. Observe the strobe wheel as the disk soins in
the dr ive.

10. Using a jeweler 's screwdriver or a " tweaker"
(small screwdriver), adjust the speed control
pot unt i l the strobe disk seems to be si t t ing st i l l .

Open the dr ive door and remove the disk.

Turn off  the computer power.

Disconnect the disk dr ive cable from your
dr ive.

14. Disconnect the power supply cable from the
back of the dr ive.

15. Cent ly push the dr ive mechanism into the
front of  the chassis unt i l  about 2 inches of the
drive remains exoosed.

16. Connect the power supply cable to the back of
the dr ive analog card.

17. Cent ly push the dr ive mechanism al l  the way
into the chassis.

18. Reinstal l  the two screws holding the dr ive into
the chassis.

Reconnect the dr ive cable to the IBM PC dr ive.

Turn on the computer and test  operate the
dr ive.

21. Restore the system to ful l  operat ion.

Disk Drive Alignment

This procedure is not recommended for the
novice.  The al ignment adjustments in the IBM dr ives
set the positioning of the read/write head correctly over
the tracks on the disk,  adjust  the disk stop guide, or ad-
just  the col let  hub that f i ts  in the hole in your disks.
These procedures require special  equipment,  including
a dual- t race osci l loscope, special  a l ignment disks,  and
var ious disk al ignment tools usual ly avai lable only to
IBM repair  technic ians. l f  speed adjustment and clean-
ing don' t  c lear up any read/wri te problems you may
have had, take your dr ive into a service center for
maintenance.

The most cr i t ical  a l ignment adjustment is adjust-
ment of  the read/wri te head al ignment,  or  t racking.
Some programs require very accurate al ignment of  the
head over the t rack.  l f  the program loads f ine but won' t
read data and the disk just  spins,  you may have a t rack
al ignment problem.

l f  you have to replace the electronics analog card
in the dr ive,  you should have the tracking checked.
Each card is tuned for the dr ive,  and a new card could
affect the head tracking.

11.

12.

13.

19.

20.

4.

5.

6.
7

8.
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Alignment should be checked every year.  The
easiest way to accomplish this is to format two disks on
two different drives whose speeds have been verified to
be correct.  Save some programs on each disk, using the
same drive on which formatting was done. Read and
wri te each disk with i ts own dr ive to make sure the indi-
vidual dr ives work sat isfactor i ly.  Then switch disks and
see if each disk works properly in the alternate drive. lf
one dr ive reads correct ly whi le the other can' t  f ind the
data or reads out "garbage," you know you have align-
ment oroblems.

Hard Disk Maintenance

Since hard disks are sealed in dust-tight enclosures,
the only PM you can do on these devices is exterior
cleaning and proper locat ion to minimize noise interfer-
ence problems. lmproperly connecting peripheral inter-
face cables has been known to generate so much RFI
that some hard disk units over 6 feet awav have failed to
operate correctly.

USING HEAT TO
SPOT POTENTIAL TROUBLES

There are two techniques you can use that employ
heat detect ion to diagnose fai l ing components inside
your PC before they fai l 'completely.

Thermal lmaging

A new troubleshoot ing and prevent ive main-
tenance technique uses the temperature of the compo-
nents to determine the condit ion of the system much as
a mother takes the temperature of her child to see if the
chi ld is i l l .  This technique is cal led thermal imaging, or
thermography, and is proving to be a remarkably accu-
rate prevent ive maintenance tool.

lmagine having an infrared picture taken of your
personal computer system board, new and shiny, and
operat ing on a certain program. Comparing this to a
second photo taken a year later, when the system has
started acting "flaky," shows you a new "hot spot"
r ight in the middle of the board's RAM indicat ing that
one of the memory chips is about to give out.  Replac-
ing this one chip wi l l  br ing the system back up to peak
operat ing potent ial .

Standard photography produces images or pictures
from visible l ight;  thermal imaging produces pictures
from the invisible heat coming up off  the surface of
objects. lt 's a cost-effective maintenance procedure in
many large industr ial  plants.

Several companies sell expensive thermograph
machines that produce heat images, or "heat maps,"
in vivid color on high-resolution red-green-blue (RCB)
monitors.  These units can measure temperatures al l
over a printed-circuit board with a sensitivity of 0.1" C
over a temperature range of 0-200 degrees. lf any
board has an area on it with a temperature outside
specific limits, a computer comparison of the suspected
board temperature image with normal board basel ine
temperatures will immediately point out the fault.
Faults can be shorts, opens, and even marginally defec-
tive components. These thermograph units can even
diagnose fai lures in high-density circui t  boards-al l
without touching the board. Unfortunately,  these
machines cost thousands of dol lars.  But there's an
alternat ive.

lf you own a 35mm camera, you could try your
own thermal imaging using infrared ( lR),  heat-sensit ive
f i lm. Either color or black and white should work. A
good black-and-white candidate is Kodak HIE-135-36,
ASA-25 lR f i lm. Color lR f i lm is about 50 percent more
expensive. A special filter (Wratten number 87, 88A, or
89B) makes the picture more effective.

With the PC open, and running a simple program
that cont inuously repeats, let  the computer warm up
for about 2 minutes so that the components reach their
usual operating temperatures. Then take a picture of
the motherboard. Background l ight won't  matter,  be-
cause the film is sensitive to heat, not light. Take several
shots.

Then periodical ly,  every 6 months for example, or
when the system starts acting up, take another series of
pictures with the same program running in the com-
puter. A comparison of the before and after pictures
wi l l  qui te l ikely point out where your system is wearing
out or has failed already.

Heat-Sensitive Liquid Crystal

Another useful technique for finding potential or
actual troublespots in your computer is the use of liquid
crystals (LCs). These organic compounds, derived from
cholesterol, react to changes in temperatures by chang-
ing color. They provide a visual method for testing and
evaluating the IBM PC circuit boards.

Liquid crystal is available as a laminated (pressed
layer) f i lm or as a l iquid solut ion. The l iquid solut ion is
recommended for circuit boards. The temperature range
for measurement can be specified in increments of 1 to
50o C within an operat ing range up to 150o C.

Two types of these liquid crystals are available
today-the temperatureJimited liquid crysta/ (TL-LC),
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which returns to i ts or iginal  shade upon cool ing, and
the recording temperature limit liquid crystal (RTL-LC),
which remains an ash-gray color unt i l  you brush or rub
i t ,  causing the or iginal  shade to return.

The nondrying opaque l iquid is appl ied by brushing
it directly on the surface of solder joints, chips, other cir-
cui t  board components, and connectors. The solut ion
has a very high resistance, so it won't short out anything
on the board.

When the PC is energized, the heat generated as
the circui ts funct ion causes the l iquid crystal  solut ion to
change color according to the temperature sensed by
the solut ion. Hot spots turn indigo blue, cool ing to
blue, turquoise, green, through yel low and orange, to
red and f inal ly gray.

This LC solut ion is useful  for test ing pr inted-circui t
components for fai l ing chips, solder shorts,  and even
solder connect ion bonds that are breaking apart .  The
completeness of a bond can be detected by the color
changes during normal operat ion; air  in the bond cools
more slowly than the surrounding metal .  A dark surface
shows the color changes best so the manufacturer adds
black dye to the LC solut ion.

Typically the surface to be tested is first cleaned of
al l  oi ls and dir t ,  s ince these contaminants wi l l  g ive
incorrect color readings. Then i t  is dr ied, and the LC
solut ion is brushed or sprayed onto the components
and board, leaving a thin,  even coat.  When the circui t
is powered up, the rainbows of colors pinpoint the hot
spots on the board or components. l f  the heat gener-
ated at one place on the board doesn't follow the nor-
mal circui t  heat-up pattern, a fai lure in that component
area can be predicted. Excessive heat generat ion from
connectors indicates a poor connect ion.

When the test is complete, the solution can be
wioed off with a lint-free cloth. The solution won't short
out or contaminate the circui t  board or the components.

A test ing ki t  including sheets of f i lm, di f ferent tem-
perature-range liquid solutions, an aerosol can of black
paint, applicator brushes, a sprayer, and solvent for sur-
face and sprayer cleaning is available from Liquid Crystal
Applications, Inc. in Clark, New Jersey for about $250.

DISPTAY SCREENS
AND HEATTH PROBLEMS

This subject has been bantered about for 15 years
as hobbyists,  mi l i tary and civi l ian radar operators, and,
current ly,  word processing operators struggle for
answers to some nagging quest ions. Wil l  long periods
of staring at the face of a CRT screen damage the eyes?

ls the radiation emitted by the CRT tube dangerous to
the user? Let's take these questions in reverse order.

CRT Radiation

A CRT that makes characters and shapes on its
screen by sending streams of electrons toward a
phosphor-coated surface (the back or inside of the
screen) does produce radiation. Two types of radiation
are produced. Light radiat ion, which becomes the
characters we look at,  and low-level x-radiat ion.

The U.S. government has placed l imits on the
amount of x-radiation that can be allowed to escape
from the face of a CRT. This l imit  is 0.5 mi l l i roentgens
per hour,  measured about 2 inches out from the
screen. Manufacturers of CRTs added stront ium and
lead to the glass panels in televisions and monitors to
el iminate almost al lescape of x-radiat ion. Many intense
tests were conducted by government and civi l ian
organizat ions to determine how much radiat ion is
emit ted by video display terminals.  The results were
very encouraging. There was no evidence of damaging
radiat ion coming out of any of the displays tested.
Measuring instruments recorded more radiat ion in the
sunl ight than in the CRT display l ight.  The overwhelm-
ing conclusion of these researchers is that radiat ion
from video displays doesn't  threaten our vis ion.

Eyestrain and Neck and Back Strains

Eyestrain and neck and back strains can be related
to how we use our computer systems. Eyestrain can
also be caused by what type display we use. Older
screens display harsh white let ters.  Looking at a high-
contrast screen of let ters and numbers for a long t ime
can cause eye fatigue, headaches, and neck and back
strain. The development of new CRT phosphors has
made green and now amber displays possible, s igni f i -
cant ly reducing eyestrain problems.

Room light reflections were also linked to eye-
strain. Display terminal users should work in a wel l -
l ighted room and use nonref lect ive surfaces on their
CRT display screens.

There is a feeling among some optometrists that
many computer operators do not naturally point both
eyes so the eyes focus on the screen surface. Their eyes
actually point (converge) a few inches in front of, or
behind, the screen. The brain compensates for this and
makes the eye muscles work to focus the eyes at the
screen. Since this is an unnatural  condit ion for the eye
muscles, strain occurs and can cause headaches. Special
glasses for computer use can correct this problem.
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Eyestrain can also occur when you set your display
monitor to one side of your keyboard so that you view
the screen at a slight angle. The distance from eye to
screen is slightly different for each eye, causing the eyes
to focus separately.  This places strain on eye muscles. l f
the user works for an extended period of t ime in this
position, the eye muscles become fatigued. You can
also get neck and back strain from working like this. lt 's
best to posit ion the CRT so that you look straight ahead
to view the display screen.

Neck and back strain, and even some emotional
problems, have been related to long periods of using a
display screen. These issues are being resolved by
redesigning the operator station, the desk, or even the
room itself. Poorly designed desks and poor working
environments affect the qual i ty of the work done by
display terminal operators. In addit ion, managers
sometimes failto apply good work practices for people
"stuck" on a console for hours on end. Since most
managers use computer screens a l imited part  of  each
day, they don't appreciate the problems that full-time
computer operators experience. This may explain why
many managers don't  understand how display screens
affect workers and why they may be unsympathetic to
comolaints.

To solve workers'  problems, new displays are be-
ing designed and work concepts are being revised.
There are more display monitors that can t i l t  and swivel
to improve user comfort. More computers are being
introduced with detachable keyboards. Monitor height
positions are becoming adjustable. Clare-reducing
screens have become standard in new displays. Room
light ing is being redesigned for opt imum display-screen
viewing. Work condit ions are being modif ied to
include frequent rest breaks, t raining classes are being
conducted to educate management and employees in
the proper use of v ideo terminals,  and company-
provided computer-use glasses are being offered. Busi-
ness has made great str ides in reducing user problems.

You can learn from the long-term experiences of
computer users and act to reduce the probability of
your own eyestrain or neck or back strain:

o Use a hard-back chair instead of a soft, "cushy,,,
s louch-inducing recl iner.

o Look straight ahead at the screen ( l ine of s ight
perpendicular to screen).

o Take frequent, short rest breaks.
o Take a moment to stretch. Develop some simple

physical exercises to move unused muscles.

o Move away from your computer system for a
few minutes each hour.  This gives the eyes a rest
and can often clear the brain for the arr ival  of
another great idea.

o Keep the room wel l  l ighted but not harshly
br ight.  Try a desk lamp with an incandescent
bulb shining on your work and keyboard area
from the side. You can also keeo an overhead
l ight on for background l ight ing and to cut glare.

o Set your display unit at a height that feels com-
fortable for viewing. You'll know if it 's correct
after a few hours at the keyboard. Adjust the dis-
play height as necessary.

o Have your eyes examined at least annual ly
(every 6 months is better) .  l f  you wear glasses,
the doctor can prescr ibe l ight ly t inted lenses
(l ight blue or l ight green),  which help to reduce
eyestrar n.

o Increase your intake of foods high in vi tamin A
(carrots and squash, for example-the "yel low"
foods).

o Keep your equipment clean and in good operat-
ing condi t ion.

There are over 10 mi l l ion v ideo display uni ts in use
today, and twice this many are expected to be in use
within 2 years. As pr ices come down, perhaps i t 's t ime
to consider trading in that old,  c lunky black-and-white
display for a new $100 green or amber unit  that wi l l
serve you better.

SUMMARY

This chapter has covered aspects of routine preven-
tive maintenance that can be used to keep the IBM PC
system in peak operating condition. lt discussed six
major contributors to computer system failures: exces-
sive temperature, dust bui ld-up, noise interference,
power-line problems, corrosion, and magnetic fields.
For each of these factors, one or more preventive coun-
termeasures was presented. You learned that floppy
disks are uniquely constructed to be protected from dust
and dirt, discovered how disks and disk drive read heads
can be damaged, and, most important, learned how to
extend the life of disks and disk drive systems. You also
learned two interesting ways to use heat for locating
potent ial  or exist ing circui t  fai lures. Final ly,  you learned
that display-screen-caused eye, neck, and back prob-
lems can be prevented.



CHAPTER 6

Advanced
Troubleshooting Techniques

I
ln Chapter 6 you will learn advanced trouble-

shooting techniques. You'll be introduced to the
repair technician's "tools of the trade." Like other
parts of this guide, Chapter 6 is full of "meat and
potatoes" information to help you keep your PC
system in peak operating condition.

In ear l ier  chapters you learned the basic techni-
ques for t roubleshoot ing most IBM PC fai lures.  You
learned how to recognize the var ious components of
your computer,  and you discovered three ways to f ind
failu res.

o The hardware approach

o The software approach

. The IBM-Easy approach

In the hardware approach, you use troubleshoot-
ing tools such as logic probes and logic pulsers to step
through a c i rcui t .  This requires test  equipment and
some knowledge of digital electronics.

The software approach is a troubleshooting
method used widely by IBM PC repair  technic ians As
long as the disk dr ive boots up proper ly,  d iagnost ic
software is ef fect ive at  f inding chip fa i lures.

The IBM-Easy approach is to use the troubleshoot-

ing guides in Chapter 4 to quickly pinpoint what might
be chip fai lures. l f  you conclude that the problem is not
a chip and you st i l l  want to locate the fai led part ,  you
can use the techniques discussed in this chapter to test
the rest of  the components in the suspected fai lure
area.

TOOLS OF THE TRADE

When the problem can't be solved using flow-
charts and pictures, repair  technicians reach for help-
they reach for their "tools." These tools are not only
the t iny screwdrivers ( tweakers),  the diagonal cutters
(dykes),  and the soldering penci l .  They also include
electronic test equipment-var ious meters (VOM,
DVM, DMM), logic probes, logic pulsers, current
tracers, clips, oscilloscopes, and logic and signature
analyzers.

Meters

Electronic measurement equipment has improved a
great deal over the years, markedly improving your abil-
ity to test and to locate circuit troubles. Twenty years
ago, a meter cal led a VOM (volt-ohm-mil l iammeter)was
used to measure the three parameters of an electric cir-
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cuit-vol tage, resistance, and current (Fig.  6-1A) '  Then

came the VTVM (vacuum-tube-voltmeter)' l t wasn't long

before electric circuits made room for electronic circuits.

Digi ta l  c i rcui ts replaced analog circui ts in many appl ica-

tions, and new meters appeared for troubleshooting,

using some of the new digi ta l  capabi l i ty  in their  design.

The DVM (digital voltmeter) and DMM (digital

mult imeter)  (FiS. 6-18) quickly became the preferred

measurement devices for many technicians because

they offered capabil it ies better suited for electronic cir-

cui t  test ing,  including increased accuracy.  These meters

have character ist ical ly high input impedances (resis-

tances), so they don't load down or draw down a digital

circuit, in which the voltages and currents are far lower

than those found in analog circui ts.

Two kinds of changes affected the types of tools

used in t roubleshoot ing and repair .  First ,  vacuum tubes

were replaced by solid-state devices such as transistors

and the integrated circui t  ( lC),  or  chip.  Second, c i rcui ts

themselves became smal ler ,  wi th more components

packed compact ly into less board area. One needs

only compare the ear ly radios and televis ions (standing

4 feet ta l l  and weighing 40 pounds) wi th the wr ist  radios

and now the wrist televisions of today to recognize that

electronic c i rcui ts are smal ler ,  more complex,  and

more diff icult for test-probe access.

Electronic advances always lead to electronic

opportuni t ies,  and clever test  equipment designers

soon came up with devices that al lowed digi ta l  c i rcui t

testing without fear of inaccurate readings caused by

circui t  over load, or c i rcui t  fa i lure caused by bulky test

i'::,y.s' 
r, '
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Volt-ohm-mi I l iammeter (VOM);

Fig. 6-1. Two types of meters commonly used

B. Digi ta l  mult imeter (DMM).

in t roubleshoot ing.

A.
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probes short ing two pins or wires on a packed pr inted-
circui t  board.

The Logic Clip

The logic cl ip,  a digi tal  c ircui t  test ing device, is
shown in Fig. 6-2. This handy tool  f i ts over an lC and
has exposed pins at the top. Measuring or monitor ing
probes or t iny cl ips can be attached to the pins to deter-
mine the logic level on any pin of the device under test.

Another type of logic cl ip has a bui l t - in monitor ing
capabi l i ty (Fig. 6-3).  Instead of exposed pins, the top of
the cl ip is l ined with two rows of l ight-emit t ing diodes
(LEDs), which cont inuously display the logic condit ion
of each pin on the chip.  The LEDs are turned on ( indi-
cat ing a logic 1) by power from the circui t  under test.
Al l  the pins are electr ical ly buffered so the cl ip doesn't
load down the circui t  being tested.

Caut ion: When using a logic cl ip,  turn power to
the circui t  of f ,  at tach the cl ip,  and then turn power on.
(This helps prevent accidental ly short ing out the chip.)

Logic cl ips can be obtained in several  var iet ies-to
work with almost al l  logic famil ies, including TTL and
CMOS-and in vol tages up to 30 vol ts DC.

To use the cl ip,  squeeze the top (LED) end to
spread the pin contacts,  and sl ip the cl ip over the top of
the chip to be tested. When power is appl ied to the cir-
cui t ,  the LEQs wi l l  indicate the logic level at  each pin on
the chip.

Logic cl ips can be used on lCs with up to . l  6 pins,
or 80 percent of the lCs on your IBM PC system board.

Fig. 6-2. A popular type of logic cl ip. (pomona Electronics
Division of International Telephone and Telegraph Corporation)

Fig.  6-3.  This logic c l ip gives v isual  indicat ion
of the logic condit ion at each pin. (Hewlett-packard)

The Logic Probe

When you want to real ly "get into" your c i rcui t ,
you can use a logic probe. A blown chip can' t  be
repaired, but the logic probe can tel l  you which chip
has fai led so you can replace i t .

The logic probe shown in Fig.  6-4 is the most widely
used tool  for  th is k ind of  analysis.  l t  can' t  do many of  the
things complex test  equipment such as logic analyzers
can do. However,  the high frequency of  chip fa i lures in
electronic c i rcui ts,  the s impl ic i ty of  the probe, and the
abi l i ty  to rapidly t roubleshoot in an energized circui t
make this tool ideal for 90 percent of your fault-isolation
needs.

When the t iny t ip of  the probe is placed against  a
pin on a suspected bad chip,  a test  point ,  or  even a
trace on a c i rcui t  board,  an indicator l ight  near the t ip
of  the probe tel ls you the logic state ( level)  at  that  point .
The metal t ip on most logic probes sold today is pro-
tected against  damage from accidental ly touching a
source of higher voltage (up to 120 volts AC for 30
seconds) than that of  logic gates (+5 vol ts) .

Some probes have two l ights bui l t  in near their
t ip-one for logic HICH and the other for  logic LOW.
The better probes can also te l l  vou whether the test
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Fig. 6-a. The logic probe is the most
widely used tool for circuit-board analysis.

point  has a puls ing s ignal  present.  They can also store a

short  pulse burst  to te l l  you i f  a gl i tch or spike has
occurred at  that  point .  l f  you're planning to buy a logic
probe, be sure i t  wi l l  work wi th the logic fami l ies of  the
chips you plan to analyze.

The abi l i ty  to touch a point  wi th the probe t ip and
direct ly determine the condi t ion at  that  point  for  d iag-
nost ic analysis,  and the abi l i ty  to store pulses make this
device easy to use and universal ly accepted as the pro-
per diagnost ic tool  for  a l l  but  the most complex digi ta l
troubleshooting. Other tools force you to attach the
measurement probe and then look away at  some dis-
play to read the condi t ion.  The logic probe displays the
condi t ion near the t io of  the orobe i tsel f .

The logic probe in Fig. 6-4 provides four indica-

trons:

o Lamp OFF for logic LOW (logic 0)
o Lamp ON br ight  for  logic HICH ( logic '1)

o Lamp DIM for floating or tri-state
o Lamp f lashing for pulsing signals

Power for the probe comes from a cl ip attached to
a vol tage point on the circui t  under test.  Another cl ip
attaches to ground, providing improved sensit iv i ty and
noise immunity.

Probes are ideal for finding short-duration, low-fre-
quency pulses di f f icul t  to see on an osci l loscope, but
more often they're used to quickly locate gates whose
output is hung, or locked, in a HICH or LOW condit ion.

A useful  method of c ircui t  analysis with the probe is

to start  at  the center of  the suspected circui t  and check
for the presence of a signal. (This of course assumes
you have and can use a schematic of the circuit.) Move

backward or forward toward the failed output as

shown in Fig.  6-5.  l t  doesn' t  take long to f ind the faul ty

chip whose output isn ' t  changing.

The only l imi tat ion of  logic probes is their  inabi l i ty

to monitor more than one l ine.

NOT GOOD
MOVE

GOOD
MOVE

Fig.  6-5.  Circui t  analysis start ing

at the center of  a suspected circui t .

The logic Pulser

l f  the c i rcui t  under test  doesn' t  have a puls ing or
changing signal,  you can inject control led pulses into
the circui t  using a logic pulser (Fig. 6-6).  These handy
devices are portable logic generators.

When act ivated by a pushbutton or sl ide switch,
the pulser wi l l  sense the logic level at  the point touched
by the t ip and automatical ly generate a pulse or ser ies
of pulses of the opposite logic level.  The pulses can be
seen on an LED lamp bui l t  into the handle of the pulser.

The abi l i ty to introduce a changing signal into a cir-
cui t  without unsoldering or cutt ing wires makes the
logic pulser an ideal companion to the logic probe.
These two tools used together permit step-by-step
st imulus/response evaluat ion of sect ions of a circui t .

Fig.6-7 shows several ways to test logic gates using
the probe and pulser.  Assume the output of the NAND
gate remains HICH. Test ing inputs 1,2,  and 3,  you f ind
them al l  HICH. This condi t ion should cause the AND
gate output to go HIGH, producing a LOW out of the
NAND gate. Something is wrong. Placing a probe at the
AND gate output,  you discover the level is LOW. l t
should.  be HICH. Now, which gate is bad?

To f ind out,  place the probe on the NAND (gate B)
output and the pulser on the AND (gate A) output
(NAND gate input) as shown in Fig. 6-8. Pulse this l ine.
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Fig. 6-6. A logic pulser
can be used to inject a signal into a circuit.

(ouTPuT
wRoNG)

Fig.6-7. There are several ways to test logic gates like these.

Fig. 6-8. Place the probe on the NAND
gate output and the pulser on the AND Sate output.

The probe should bl ink,  indicat ing a change at  the in-

put to the NAND. l f  i t  doesn' t  b l ink a change, the

NAND may be bad. But what i f  the LOW was caused

by a short  to ground at  the AND output or the NAND

input?
Place both the probe and the pulser on the AND

output t race as shown in Fig.  6-9,  and pulse th is l ine.  l f

the probe bl inks,  the NAND is bad; i ts input changed

state, so its output should have changed state also.

l f  the probe doesn' t  b l ink,  you know this l ine is

shorted to ground. One way you can determine which

chip is shorted is by touching the chip case. A shorted

chip gets pretty hot, while a chip hung at one level

seems to be normal but just won't change state.

Fig. 5-9. Place the probe and
the pulser on the AND gate output.

The Current Tracer

A fourth handy troubleshoot ing aid is the current
tracer probe. This portable device lets you precisely

locate shorts on your computer's motherboard (or on a
peripheral card). The current tracer senses the magne-

t ic f ie ld produced by the f low of electr ical  current in
the circui try.  The logic pulser can be used to Senerate a
pulsing signal that wi l l  make the current tracer LED
bl ink, indicat ing the presence of current.

l f  you set the t ip of the tracer on a pr inted circui t
l ine and sl ide the tracer along the l ine, an LED in the t ip
end of the tracer wi l l  pulse as long as there is a current
present. When you slide past a shorted point, the lamp
wil l  d im or go out,  and you've found the short .

Fig. 6-10 shows an easy way to determine which
gate has the short  to ground in a logic circui t .  Assume
gate B has a shorted input.  Place the pulser and the
tracer midway between the two gates. Adjust the LED
in the current tracer so that i t  just l iShts. Pulse the l ine
as you place the tracer on the output of A and then on
the input to B. The gate with the short  to ground wi l l
pulse brightly because most of the current is going to
ground here. Therefore, if the input to B is shorted, it

causes the tracer lamp to pulse br ight ly,  whi le the A

side of the l ine doesn't  cause the LED to l ight.

Fig. 6-10. Fol lowing the LED l ight

with your tracer wil l  lead you to the short.



L66 IBM PC TROUBLESHOOTING & REPAIR GUIDE

lC Testers

Advanced troubleshoot ing equipment is becoming
very sophisticated (and expensive). Today, for between
$1,000 and $2,000, you can buy equipment that tests
almost every chip in your system. For $10,000 you can
even conduct your tests from a remote location.

Micro Sciences, Inc. in Dal las, Texas makes an lC
tester that can test over 100 T4OOTT L and 4000 CMOS
series devices. Oot ions for this tester include RAM and
ROM tests.

Microtek Lab in Cardena, Cal i fornia makes a tester
that can do complete funct ional pin tests of al l  900
devices in the 54174 ffL series chips. This test tool
displays the condit ion of the chip under test on a l iquid
crystal  display (LCD). l t  uses LEDs to signal CO/NO CO
test results.

VuData Corporat ion in San Diego, Cal i fornia mar-
kets an in-circui t  component tester that 's actual ly a 50
MHz CRT to display the voltage-versus-current
character ist ics for v ir tual ly al l  c i rcui t  components,
including capaci tors,  d iodes, integrated circui ts,
resistors, and transistors. With this tester,  the shape
displayed on the CRT indicates the condit ion of the
component under test.  Using this test machine, you
can easi ly pick out open circui ts,  shorts,  leaky diodes,
leaky transistors, and marginal lCs. The tool is valuable
because i t  can test a wide select ion of comDonents
whi le they're st i l l  mounted in the circui t .

The Oscilloscope

The osci l loscope has been with us for years,
al though recent advances in the state of the art  have
added a great many capabi l i t ies to the instrument.

Simply put,  an osci l loscope (Fig. 6-11) is an elec-
tronic display device that draws a graph of signal
vol tage ampl i tude versus t ime or frequency on a CRT
screen. A scope is used to analyze the qual i ty and
character ist ic of  an electronic signal sensed by a probe
that touches a test point in a circui t .  l t  is also used as a
measuring device to determine the voltage level of cer-
tain signals.

Scopes come in al l  s izes, shapes, and capabi l i t ies.
Prices vary between $500 and $20,000. Some scopes
use a single test probe for displaying and analyzing a
single trace signal. Others have two probes and display
two different signals (dual trace) at the same time. As
many as eight t races can be analyzed at the same t ime
on some osci l loscopes. The November 17, 1983 issue
of Electronic Products magazine described the newest
in oscilloscope technology, a seven-color digital scope

Fig. 6-1 1. A digital oscilloscope.
(Nicolet Oscilloscope Division)

from Test & Measurement Systems Company. Colors
make i t  possible to compare signals at di f ferent loca-
t ions in the circui try very rapidly.  Some scopes even
have bui l t - in memories to let  the machine store a signal
of interest for future evaluat ion.

Besides sensit iv i ty and trace display, one of the
major dist inguishing character ist ics of osci l loscopes is
that they allow a great range of frequencies to be
observed on the CRT screen as frozen images. We call
the range of f requencies bandwidth. Bandwidths vary
between 5 MHz and 300 MHz, and pr ice is propor-
t ional to frequency range.

Oscilloscopes are useful tools for freezing an ana-
log or varying signal and displaying this static waveform
on the face of a CRT screen covered with a measure-
ment gr id.  Whi le i t  is t ime consuming to learn how to
use an osci l loscope, the analyt ical  rewards are substan-
t ial .  Not only can you measure vol tage ampl i tudes and
frequencies of test signals, you can also measure delay
t imes and signal r ise and fal l  t imes, and even locate the
intermit tent gl i tch.

lf you're not trying to set the world on fire as a
system designer, you can probably get along fine with a
dual-trace, 25-30 MHz scope. Investment in an oscillo-
scope is not cost effective if you intend to use it only for
analyzing your PC system board during troubleshooting
a component failure. You'd be better off saving the
money and spending a comparatively small portion of it
to have a service center fix your machine.

The nice thing about dual-trace, quad-trace, and
even eight-trace capability is the ability to look at dif-
ferent signal paths or di f ferent signals simultaneously.
For example, you could look at the input and output of
a gate and actually see and be able to measure the
delay time for the signal passing from input to output of
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the chip. Another useful  technique is simultaneously
displaying al l  or parts of the data bus or part  of  the
address bus to see what the logic level (HICH : + 5 V,
LOW - O V) is and what binary number i t  represents.

Logic Analyzers

The logic analyzer is a mult ichannel osci l loscope
with a memory. lt captures and stores a number of
digi tal  s ignals,  let t ing you view the signals simul-
taneously. lf each signal is a bit on the data bus, you
can see the ent ire data bus at one t ime. This means you
can analyze the logic level for each bit on the bus for
any instant in t ime. The bus signals are frozen for your
display and analysis.  The abi l i ty to freeze a single event
or data pattern so you can determine the information
present on a digi tal  bus at any moment is a dist inct
advantage for troubleshooti ng.

Logic analyzers, like oscilloscopes, cost between
$500 and $20,000. And, again like the scopes, logic
analyzers come in a range of bandwidths, between 2
MHz and 2OO MHz.

These analyzers can display many signals (channels
of input) simultaneously. Arium Corporation in Ana-
heim, California recently announced an analyzer that
handles 32 channels of input data at frequencies up to
100 MHz. Nicolet offers a 48-channel, 2OO MHz ana-
lyzer with built-in microcomputer and dual, double-
density floppy disk drives. Each channel has associated
with it a probe clip for connecting to some test point in
the circui try.  The cl ip probes are t iny and easy to instal l .

A sampl ing of the capabi l i t ies current ly avai lable in
logic analyzers reveals one conf igurat ion that provides
104 channels at 25 MHz, another with 32 channels at
100 MHz, and yet another with 16 channels at 330
MHz. Another conf igurat ion has 8 channels of input
and can operate at 600 MHz! (Recall that your IBM PC
clock is 4.77 MHz.)

Where would logic analyzers be useful? One place
is in debugging software. You can read the data in
machine code and trace its flow through the circuit.
You could analyze the input and output of memory
simultaneously for locating a bad RAM chip. Or you
could uncover intermit tent gl i tches, those phantom
spikes that can cause havoc in your system. There are
many more uses for logic analyzers, including analysis
of disk l/O operation.

The logic analyzer has been called the oscilloscope
of the digital domain. lt can be a valuable tool for the
software or hardware designer. But for the home or
small business computer owner who simply wants to

f ix his or her own computer when i t  fai ls,  the logic
analyzer is expensive overki l l .

The Signature Analyzer

Logic probes can be effective in detecting logic
levels and pulses at s ingle points.  Osci l loscopes can
extend the number of points to be monitored even
though the data pulses al l  tend to look al ike. And logic
analyzers extend the number of test points even further
to include buses the size of the data and address buses.
However, as the sophistication and capability of the
measurement device increases, so does the expert ise
required to operate the test tool. Logic analyzers, in
part icular,  can be very capable but they can also be
difficult to understand and operate. The signature ana-
lyzer was developed to allow easy detection of hard-
ware failures.

Signature analysis is a comparison method of t rou-
bleshooting. lt works by running a diagnostic program
in the system being tested and evaluating a coded
signalat specif ic test points in the circui try.  l f  the coded
signal matches the code observed when the system was
running properly,  the malfunct ion is not in that part  of
the circuitry. When a test point signature fails to match
the basel ine correct code, this indicates that you have
located the faulty area. Then you can probe backward
or forward from this point to locate the component that
has failed.

The key to the success of this test technique is in
the signature code. The first codes were developed by
Hewlett-Packard and with sl ight modif icat ion are st i l l
being used today. A test code is a 16- or 24-bit repeat-
able value that represents a stream of data passing a test
point during an interval of time. This known stream of
data, when sampled at different places on a good cir-
cuit board by a signature analyzer, produces a unique
16- or 24-bi t  code at each test point.

These codes can be documented or stored in a pro-
grammable read-only memory (PROM) and recalled
later for comparison during troubleshoot ing. The
PROM then becomes a custom memory module con-
taining every signature sampled from a properly work-
ing system that was being stimulated or pulsed with a
known data stream.

Signature analysis has not been a popular trouble-
shooting tool because it takes lots of time to identify the
test points, or nodes, probe the nodes, produce a
signature, and then document the code. Once this task
is completed, however, the task of locating a failure
becomes easy. And the introduction of PROM modules
has made the setup task much easier.
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More improvements in this analysis technique can
be expected in the near future. One analyzer already
on the market uses a mode called "backtrace" to
prompt the troubleshooter through a series of test
points, guiding the tester to trace bad signatures back
to the failed part.

The investment for a signature analyzer is between
$400 and $10,000. Signature analysis uses a simple,
nontechnical  approach to troubleshoot ing, so even
untrained people can use the equipment and the
technique.

COMPONENTS AND HOW THEY FAII

While the use of t roubleshoot ing equipment makes
the analysis and isolat ion of computer problems much
easier,  many fai lures can be found without expensive
equipment.  In fact,  an understanding of how electronic
components fai l  can make troubleshoot ing and repair
relat ively simple.

Now that you understand what kinds of tools are
avai lable, let 's look at the kinds of components you' l l
be analyzing in your troubleshooting efforts and how
these components can fai l .  Other than those that result
from operator error, failures generally occur in the cir-
cuits that are used or stressed the most. These include
the RAM and ROM chips, the B0BB CPU, and the l /O
chips between the motherboard and the disk dr ive.
The CPU is a highly rel iable device and doesn't  fai l  very
often. Most fai lures involve the other chips. Except for
the ROMs, which are preprogrammed by lBM, these
other chips are standard off- the-shelf  devices and are so
common they're cal led "plain vani l las" or " je l ly
beans" - inexpensive easy-to-replace products. There
are other components on your computer 's mother-
board that may someday require replacement.  These
require soldering and are not as easy to replace.

I ntegrated Circuits - Chips
A chip or integrated circuit is constructed out of sili-

con with some other tiny particles of metal (impurities)
embedded in specific positions in the silicon. By posi-
tioning the metals in certain ways, the manufacturing
process forms tiny transistors. Applying a voltage to cer-
tain places on the chip allows the device to invert a
voltage level (+ 5 volts, logic 1, to 0 volts, logic 0) and to
enable all sorts of logic gates (AND, NAND, OR, NOR,
etc.) to function. These chips can be made with silicon/
metal junctions so tiny that today thousands of transis-

tors can be placed on one chip. A memory chip the size
of a fingernail can hold over 47O,OO0 transistors.

The problem for chip manufacturers is how to get
vol tages and signals into and out of such a t iny chip.
Very thin wires are used as inputs and outputs to the
chip. These wires are glued or bonded to t iny pads on
the chip. The other end of each wire is bonded to a
larger pad on a supporting material (the big part of
what we cal l  the integrated circui t ,  as shown in Fig.
6-12).  This support ing structure includes the pins we
plug into the sockets on our pr inted-circ-ui t  boards.

These t iny si l icon and metal  chips are placed in
environments that real ly put them under a lot  of  stress.
First  they heat up when you use your computer.  Then
they cool down when you turn off  your machine. Then
they heat up again. This hot-cold-hot effect is cal led
"thermal stress." l t  af fects those t iny strands of wire, or
leads, going between the chip and the support ing
structure that includes the large pins that are inserted
into sockets. After a period of t ime, the thermal stress
can cause the bonding of the wire lead to break away
from the pad on the chip. This disconnect causes an
input or output to become an "open" circui t ,  and chip
replacement is required.

Another fai lure in these chips is caused by a pheno-
menon cal led "metal  migrat ion." The chip can be
compared to an ocean of atoms. Some tiny particles of
metal  f loat about in this sea, migrat ing in direct ions per-
pendicular to electr ical  current f lowing through the
chip. Problems occur when these metal  part ic les begin
to col lect in parts of the chip. l f  they concentrate in the

Fig. 6-12. The tiny leads from the chip to
the pins of the chip package are clearly seen in this photo.
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middle of one of those microelectronic transistors, they
cause the transistor to operate differently or not at all. lf
the resistance of these collected metals gets high
enough, i t  causes the device to operate intermit tent ly
or to simply refuse to work. Since the fai l ing transistor is
part of a logic gate, the gate malfunctions and the out-
put may become "stuck at l "  or "stuck at 0,"  no
matter what the input signal is. Theoretically, a wear-
out fai lure won't  occur unt i l  af ter several  hundred
years of use. However,  we shorten the l i fe span of our
chips by placing them in high-temperature, high-
voltage, or power-cycling environments. These cause
the devices to fai l  sooner.

Other problems occur outside the chip, between
the chip leads and the support  structure pin leads, the
inputs and outputs of the device. These types of fai lures
include inputs or outputs shorted to ground, pins
shorted to the +5-volt supply, pins shorted together,
open pins, and connectors with intermit tent defects.
The most common trouble (assuming power is avai l -
able) are opens or shorts to ground. Under normal use,
chips f inal ly fai l  wi th an input or output shorted to
ground.

Capacitors

An understanding of the way a standard capacitor
is constructed will aid in your understanding of how
these devices fai l .

ln Chapter 3 you discovered that there are several
types of capacitors on the PC system board and adapter
cards. The capacitor is constructed of two separated
plates. A voltage is placed across the plates, and for an
instant current flows across the gap. But electrons im-
mediately bui ld up on one plate and cause the current
flow to stop, leaving the capacitor charged to some
voltage potential. In addition to storing a charge,
capacitors are used to filter unwanted signal spikes
(sharp, quick peaks of vol tage) to ground.

The electrolytic capacitor is constructed as shown
in Fig. 6-13. Two aluminum foi ls or plates are separated
by a layer of porous paper soaked with electrolyte solu-
tion, a conductive liquid. On one plate (the positive
plate) a thin layer of aluminum oxide is deposited. This
layer is called the dielectric. A capacitor has an anode
(the positive plate), and a cathode (the electrolyte).
Electrons build up on one plate, causing it to become
so negative that it prevents further current flow
(remember that electrons have a negative charge).

Another type of capacitor is the film capacitor. lt is
constructed of al ternat ing layers of aluminum foi l  and a

ALUMINUM
POStTTVE

//,PLATE 
(ANODE)

DIELECTRIC ELECTROLYTE
tN POROUS
PAPER
(cATHODg

ALUMINUM
NEGATIVE
PLATE

Fig. 6-13. The electrolytic capacitor.

plast ic (usual ly polystyrene) insulat ion. The pieces of
metal foil act as the plates, and the plastic insulation
acts as the dielectric between the plates. A film
capacitor is shown in Fig. 6-14. Fi lm capacitors are
coated with epoxy and have tinned copper leads.

Capacitors fail open or shorted depending on the
operat ing condit ions and on their  age. Electrolyt ic
capacitors are especially susceptible to the aging pro-
cess. One effect of aging is drying out of the electrolyte
insulator.  As the insulator dr ies out,  the capacitance
value increases and circuit performance decreases.
Final ly,  the capacitance value drops dramatical ly as the
plates fold toward each other, and shorting of the
plates can occur.

Another kind of failure occurs when some of the
dielectr ic oxide dissolves into the moist electrolyte,
causing the thickness of the dielectr ic to shr ink. This
deforming usually occurs when the electrolytic capaci-
tor s i ts for a long t ime without vol tage appl ied. In this
case, the capacitance value increases but a large leak-
age of electrons occurs across the plates, making the
capacitor useless.

The leads of the capacitor can physical ly detach
from its plate, causing an open in the circuit. Also, the
plates can short together when a large area of one plate
is str ipped of i ts dielectr ic oxide layer by the appl icat ion
of too much voltage.

Despite the potential for several kinds of failure,
capacitors in our PC digi tal  logic circui try wi l l  seldom
fail. A momentary power surge through the power sup-

Eig.6-14. The fi lm capacitor.
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ply can "fry" a capacitor on your PC system board.
Excessive temperatures can also damage capacitors.

Resistors

These current- l imit ing, vol tage-dropping devices
are quite reliable and should function properly for the
life of your computer. However, the same factors that
shorten the usefu I life of the chips also act to reduce the
operational life of these resistors. High temperatures,
high voltage, and power cycling all affect the materials
of which the resistors are made. These stresses cause
breaks in the carbon, resistive paste, or resistive layers,
producing an open conduct ion path in the circui t .
Excessively high voltages can produce electrical cur-
rent so large that i t  actual ly chars resistors to burnt ash.
This is rare, especial ly in a digi tal  c ircui t ,  in which the
highest voltage seen is 12 volts (usually 5 volts) and the
currents are very t iny indeed (mi l l iamps).

Resistor failures are almost always associated with
catastrophic failure of some other circuit component.
Resistor failures, when they occur, are usually located
in pr inter electronics rather than in the system unit .

Diodes and Transistors

The diodes and transistors on your computer 's
system board and adapter cards are made of solid
material and act much alike. In fact, the transistor can
be considered to be made up, in part, of two diodes.

Diodes are one-way valves for electric current,
al lowing current f low in only one direct ion. Diodes are
usual ly made of ei ther si l icon or germanium. They are
used in power suppl ies as rect i f iers and in some circui ts
to maintain a constant vol tage level.  Other diodes are
made of gal l ium arsenide and react by giving off  l ight
when biased in a certain way. These are called light-
emit t ing diodes, or LEDs.

Transistors are used in var ious places in your com-
puter circuitry as amplifiers or electronic switches.

Diodes and transistors fail in the same ways and for
the same reasons as chips, but chips fai l  far more often
than diodes or transistors. One reason is that there are
many more tiny transistors on a chip the same size as a
single (discrete) diode or transistor. This produces more
heat and hence more thermal wear in the chio.

USING TOOLS
TO FIND FAILED COMPONENTS

Most chips on the IBM PC motherboard are TTL
(transistor-transistor-logic) chips. lf you know the logic

gates in a chip to be tested (NAND, NOR, OR, AND,
etc.) you can test for opens or shorts by applying a
known logic level to the inputs whi le monitor ing the
output.  For example, i f  you were to place a slowly puls-
ing +5-volt  to O-volt  s ignal on the input to the AND
gate in Fig. 6-15, with both inputs shorted, you should
see the output voltage level change (pulse) along with
the input.  Whenever the input is a logic 1,  the output
becomes a logic 1 (between +5 volts and +2.4 vol ts).
The tool you use on the input is a logic pulser.  The
monitor tool  on the output is a logic probe. The pulser
places a cycl ical  logic level on the input to the device
and the probe measures the presence or absence of a
logic signal on the output of the chip.

Fig. 6-15. Pulsing the input should cause
a change in the output as indicated by the logic probe.

lf the input to the AND gate becomes shorted to
ground, the pulser cannot cause the gate to react to its
signal and the output remains at a logic O, or LOW
(about O volts).  Even i f  just one of the inputs shorts to
ground, the output cannot change and remains at a
logic 0.

A short  to the gate supply vol tage (+5 volts) wi l l
have the effect of qualifying or enabling one input to
the gate al l  the t ime. This means that each t ime the
other input receives a logic 1, the input set is correct
and causes the output to change to a logic 1 even
though only one input signal was actual ly correct.  This
produces incorrect circuit operation and strange
results.  This is the kind of problem that shows up in
memory circui ts:  only one of the inputs to a part icular
gate is shorted or opened; whenever this gate is used,
the result ing output may or may not be correct-a di f f i -
cul t  problem to trace down.

Shorting an input pin to + 5 volts can have poten-
tially disastrous results. When the previous gate tries to
del iver a logic 0, or LOW, a huge current is produced
which usual ly causes catastrophic fai lure of the dr iv ing
chip. The same result  occurs when the input pin is
shorted to ground and the previous gate tries to deliver



ADVANCED TROUBLESHOOTING TECHNIQUES 171

a logic 1, or HICH. The +S-volt  logic HICH is shorted
direct ly to ground, producing an unusual ly high cur-
rent with equal ly disastrous results.

Open connections prevent logic levels from being
transferred and prevent the affected gate from being
able to respond. lf one input of a two-input NAND gate
is open at the input as shown in Fig. 6-16, all but one of
the four possible input combinations will be correct.
This means that with this type of failure, the system
could operate correctly most of the time with only some
of the inputs good. The failure would be intermittent.

As shown in Fig. 6-17, i f  the device being tested is a
NOR logic gate, the output would be a logic 1 only
when both inputs are at logic 0. Should one of the
inputs become open, i t  would f loat to logic 1 and cause
none of the input condit ions to produce a logic 1 out-
put.  Thus, the output would be LOW al l  the t ime -. iust
as though the output were shorted to ground.

l f  the chip has an open pin at i ts output,  i t  cannot
deliver any logic 1 or 0 to the next gate. You can
measure a voltage at the input to the next gate since it is
providing the potential, a logic 1, or HIGH level (some-
thing around + 4 vol ts).  The key here is that any t ime an
input to a TTL gate opens (a condition we call floating),
the gate will act as though a logic I were constantly ap-
plied to that input. The voltage on this floating input will
drift between the high supply voltage of + 5 volts and a
level (about 1.5 volts) somewhere between a valid
HICH and a val id LOW. (A val id HICH is usual ly above
+2.4 volts; a valid LOW is below +0.4 volts.)

A vol tmeter reading of about + 1.7 vol ts at the out-
put pin of a gate on a chip is a clue that the output is
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Fig. 6-16. An open at the input to a NAND
gate is only a problem in one of four logic-state cases.
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Fig.6-17. An open at the input to a NOR gate wil l
prevent the output from ever changing state or going HICH.
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floating open and the voltage is actually being provided
by the next chip or the following gate.

Al l  these kinds of fai lures can be located using a
logic pulser and a logic probe with backup from a
VTVM for voltage measurement.

Since the PC system board is flexible at certain
points,  replacing chips or depressing the board without
support ing i t  f rom beneath could cause a break to
occur,  opening a trace on the circui t  board. A hair l ine
crack such as this is of ten di f f icul t  to f ind, but looking at
the board with a magnify ing glass and a strong l ight (or
a magnifying lamp) can sometimes reveal a suspected
fai lure. A resistance test can be conducted with a VOM
or WVM by placing a probe at ei ther side of the sus-
pected bad trace, as shown in Fig. 6-18, and observing
whether a O-ohm reading is measured. Another way to
ascertain whether a trace is open is to compare the
logic states at both ends of the trace.

Fig. 6-18. A trace can be tested for an open
using an ohmmeter to test the electrical resistance from

one end to the other.

An important fact to keep in mind when testing for
individual shorted or open gates in the IBM PC system
board circuitry is that more than one gate may use the
same input or output l ines to or from another gate. This
is caf led fan-in or fan-out. When studying the gate cir-
cui try,  remember, the fai lure could be located at the
other end of the board. One long trace from the end of
the board to the chip you are looking at may be shorted
or open at the distant end. Use of the schematics in the
IBM PC technical  reference manual wi l l  be of value
here.

OPEN
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OTH ER
TROUBLESHOOTTNG TECH NTQUES

There are some interesting tricks you can use to aid
in f inding chip fa i lures.

Use Your Senses

Look, smel l ,  and feel .  Sometimes fai led components
become discolored or develoo bubbles or charred spots.
Blown devices can produce some distinctive smells-the
smell of a ruptured electrolytic capacitor, for example.
Final ly,  shorted chips can get real ly hot.  By using a
"calibrated finger," you can pick out the hot spots on
your board.

Heat lt, Cool lt

Heating and then cool ing is a fast technique for
locat ing the cause of intermit tent fai lures. Frequent ly,
as an aging device warms up under normal operat ion,
i t  becomes marginal and then intermit tent ly quits work-
ing. l f  you heat the energized area where a suspected
bad chip is located unt i l  the intermit tent fai lures begin,
and then methodical ly cool each device with a short
blast of  canned coolant spray, you can quickly cause a
marginal ly defect ive chip to funct ion again. By al ter-
nately heat ing, cool ing, heat ing, and cool ing, you can
pinpoint the trouble in short  order.

You can heat the area with a hair dryer or a focused
warm-air blower designed for electronic testing. Be
careful using this technique, because the thermal stress
you place on the chips being tested can shorten the life
of good components. A 1- or 2-second spray of freeze
coolant is all you should ever need to get a heat-sensitive
component working again.

Most coolant sprays come with a focus appl icator
tube. Use this to pinpoint the spray. And avoid spraying
electrolytic capacitors, because the spray soaks into the
cap, destroying the electrolyte in some aluminum
capacitors.  Also be careful  not to spray your own skin.
You could Bet a severe frost burn.

Piggybacking

Fig. 6-19 shows another way you can chase down
intermittents caused by a break in a chip bond (wire)
inside the chip housing that al lows good contact only
when the chip is cool.  Place a good chip over the top of
a suspected chip and energize the circui try.  You may
need to squeeze the pins of the good chip in sl ight ly so
they make good contact with the pins of the suspected
device.

Fig.  6-19. Some lC fai lures can be found by
piggybacking a good device on a suspect device.

l f  the intermit tent fai lure is caused by an open con-
nect ion, the new chip wi l l  react to input data and cause
its output to work properly. Use your stock of spare
parts as your piggyback source.

The Easter Egg Approach

Quite often we can quickly locate a faul t  to a cou-
ple of chips but need further test ing to determine
which chip is the culpr i t .  When t ime is of essence, take
an "Easter egg" approach. Just as a youngster used to
pick up and examine Easter eggs one at a t ime to see
whether his or her name was marked on i t ,  you can try
replacing the chips one at a t ime to determine whether
the chip replaced was causing the problem. You have a
fifty-fifty chance of selecting the right chip the first time.
l f  i t  doesn't  work, replace the other chip.

l f  the chips involved are inexpensive " jel ly beans"
(7400 series TTL), why not replace them both? For 30
cents more, go ahead and splurge. l f  the problem's
gone, but you're st i l l  cur ious, you can always go back
later and test  each chip indiv idual ly.

Microvolt Measuring a Piece of Wire

l f  you have a meter with microvolt  sensit iv i ty and
have isolated a "stuck LOW" problem to two chips,
you can try the technique shown in Fig. 6-20. Measure
the voltage drop between input pin 1 of gate B and out-
put pin 3 of gate A. This means measuring the opposite
ends of the same trace or piece of wire! You're in-
terested in determining which end of that t race is the
more negat ive. The end nearest a bad chip wi l l  be
more negative because the defective chip will short the
trace voltage to ground, causing this point to be more
negat ive than at pin 3.

Testing Capacitors
How do you check out a capacitor that you bel ieve

has failed? lf the device has shorted, resulting in severe
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Fig.  6-20. A short  c i rcui t  that  is  s inking current
can be found using a meter wi th microvol t  sensi t iv i ty.

leakage of  current,  you can spot th is easi ly by placing

an ohmmeter across the capaci tor  and reading the

resistance. At f irst you'l l  notice a low reading, because

the capaci tor  acts as a short  unt i l  i t  charges; but then, i f

the capaci tor  is  working proper ly,  i t  wi l l  charge and the

resistance wi l l  r ise to a nominal ly high value. l f  the

device is shorted, the in i t ia l  low resistance reading con-

t inues and the capaci tor  won' t  charge.

Should the component be open, you' l l  not  see the

instantaneous short at To, the moment charge starts to

bui ld.  An open circui t  has inf in i te resistance. An in-

c i rcui t  caoaci tance tester is helpful  here.

Total  fa i lure as a short  or  open is pret ty easy to f ind.

But how about the device whose leakage depends on

temperature or whose dielectr ic has weakened, chang-

ing the capaci tance value? To test  th is capaci tor

requires a di f ferent level  of  analysis.

Capacitance Measuring

l f  you have an ohmmeter whose face has the

number 10 in the middle of  the scale,  vou can easi ly

use i t  to approximate the capaci tance of  a device.

Using the t ime-constant formula,  T:RC, where f

equals the t ime in seconds for a capaci tor  to charge to

63.2 percent of  supply vol tage, R equals resistance in

ohms, and C equals capaci tance in farads. Using a

22-pF capacitor and a ' l  megohm (1,000,000 ohm) resis-

tor ,  the charge t ime for one t ime constant is .000022 x

1,000,000 :  22 seconds.
Transposing the formula to read

C :  TIR,

we can determine the value of  capaci tance by knowing

the resistance and count ing the seconds required for

the charge to cause the ohmmeter needle to reach 63.2
percent of  fu l l  scale ( inf in i te resistance).  This point  is  at

about 17 on the meter 's scale.

To do this,  disconnect one end of a capacitor f rom
the circui t ,  turn on your meter,  and let  i t  warm up for a
minute. Zero adjust the ohms scale reading. Then est i -
mate the ohms scale mult ipl ier needed to let  the capac-
i tor charge in some acceptable t ime period. For micro-
farad caoacitors use the "x 100K" scale because this
wi l l  let  the capacitor charge in less than a minute. The
17 on the scale represents 1.7 megohms on the x 100K
scale.

Short a low-ohm-value resistor across the two
capacitor leads for several seconds to thoroughly drain
off  any charge. Then connect the meter 's ground lead
to the negat ive side of the capacitor (ei ther side i f  the
capacitor is not electrolyt ic),  and touch the posit ive
meter probe to the other side of the capacitor.  Using a
stopwatch to count seconds and tenths of a second,
watch the face of the ohmmeter as the capacitor
charges, moving the resistance needle up. When the
needle gets to 17 on the scale, stop the clock and read
the t ime. This wi l l  g ive you the capaci tance value in
microfarads.

This technique wi l l  g ive you a c lose enough
approximation of the capacitance value to determine
whether the device is good or should be replaced.

Replacing Capacitors

Always try to use the same type and value

capaci tor  as the one being replaced. Keep the leads as

short  as possible and solder the capaci tor  into the sol-

der connector holes wi th the proper i ron.  The solder-

ing process should not take longer than 1 .5 seconds per

lead; otherwise, heat damage to the component may

resu l t .
A good technique to use is to t in the capaci tor

leads just  before poking them through the ci rcui t -board

holes.  This speeds the solder bond process.

Testing Diodes

l f  you have a digi ta l  mult imeter (DMM) with a

diode test  capabi l i ty ,  you can quickly determine

whether a suspected diode is bad or good. Placing the

meter on the ohmmeter set t ing and posi t ioning the
probes across the diode causes the meter to apply a

smal l  amount of  current through the diode i f  the diode

is forward biased. The voltage drop across a diode is

normal ly 0.2-0.3 vol ts for  germanium diodes and

O.6-O.7 vol ts for  s i l icon diodes. Reversing the leads

should resul t  in no current f low, so a higher resistance

reading should be observed. A low resistance reading

when the diode is biased in ei ther direct ion indicates
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that the device is leaking or shorted. A high resistance
reading in both direct ions indicates the diode bond has
opened. In ei ther case, replace the diode immediately.

Diodes can also be tested in circuit, using the ohm-
meter to check the resistance across a diode in both
direct ions. With one polar i ty of the meter probes, you
should get a reading di f ferent from that obtained when
the probes are reversed - not just a few ohms different
but several  hundred ohms di f ferent.  For example, in
the forward-biased direction, you could read 50-80
ohms; in the reverse-biased direction, 300K ohms. This
difference in readings is called DE for "diode effect"
and is useful  for evaluat ing transistors. When diode
readings in both direct ions show low resistance, you
can be sure the leaky short  is present.

Testing Transistors

It 's no fun to unsolder a transistor to test it for
fai lure, and then, f inding i t  good, solder i t  or a new
device back into the circui t  board. Fortunately,  there is
a way to determine the qual i ty of s i l icon transistors
without removing them from the circui t .  In 90 percent
of the tests,  this procedure wi l l  accurately determine
whether a device is bad.

A transistor acts like a configuration of diodes (Fig.
6-21).  PNP and NPN transistors have opposite-facing
diodes. The transistor funct ions by biasing certain pins
and applying a signal to one of the leads (usual ly base)
whi le taking an output off  the col lector or emit ter.

The following tests apply to both PNP and NPN
transistors. lf an ohmmeter is placed between the col-
lector (C) and the emit ter (E) as shown in Fig. 6-22, i t
ef fect ively br idges a two-diode combinat ion in which
the diodes are opposing. You should get a high resis-
tance reading with the leads appl ied both ways. ( l t 's
possible to wire the transistor in a circui t  that makes the
transistor col lector-emit ter junct ion act l ike a single
diode. In this case you could get a DE. Both results are
o.K.)

OHMMETER

Fig. 6-22. A transistor can be tested using an
ohmmeter placed across the collector-to-emitter iunction.

Typical C-E resistance readings for germanium tran-
sistors are as follows:

Forward biased : 80 ohms

Reverse biased : 8000 ohms (8K)

For si l icon transistors you might read

Forward biased : 22 megohms

Reverse biased : 190 megohms

The high/ low rat io is evident and is about the same for
both types.

Place the probes across the collector-to-base junc-

t ion leads. Reverse the probes. You should observe a
low reading in one case and a high reading with the test
probe leads reversed (the diode effect).

Try the same technique on the base-to-emitter (B-E)
junct ion leads (Fig. 6-23).  Look for the DE. l f  the DE is
not present in al l  the above steps, you can be certain
the transistor is bad and needs replacing.

Another way to evaluate a transistor is to measure
the bias voltage from base to emitter on an energized
circuit. Confirm the correct supply voltage first; power
supply problems have been known to tr ick trouble-
shooters into thinking.a certain component has fai led.

The B-E forward bias for s i l icon transistors should
be between 0.6 and 0.7 vol ts DC. l f  the reading is
below 0.5 vol ts,  replace the diode-the diode junct ion
is leaking too much current.  l f  the reading is almost a
volt ,  the junct ion is probably open, and again the
device should be reolaced:

B-E Voltage (forward biased)

0.5
0.6-0.7

0.9

Action

Replace
Cood, keep

Replace

NPN PNP

t ig. 6-21. A transistor acts l ike a pair of diodes.
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f ig. 6-23. Check the base-to-
emitter junction for diode effect (DE).

Although in some isolated cases some other fa i lure

could cause the low reading, the most common cause

of low bias vol tage is fa i lure in the t ransistor i tsel f .

l f  the previous tests are inconclusive,  there is

something else you can try.  Measure the vol tage across

the col lector- to-emit ter  (C-E) junct ion.  l f  the reading is

the same as the source supply (+5 vol ts for  Q1 on the

color/graphics adapter)  and you not ice on the sche-
mat ic that  there's plenty of  resistance in the col lector-

base circui t ,  the junct ion is probably open. Replace the

device.
l f  your reading is c lose to 0 vol ts,  take a smal l

length of  wire and short  the base to the emit ter ,  remov-

ing al l  the t ransistor bias.  The C-E meter reading should

instant ly r ise.  l f  i t  doesn' t ,  the t ransistor is short ing

internal ly and should be replaced. l f  C-E vol tage does

r ise,  i t  suggests a fa i lure in the bias c i rcui t ry,  perhaps a

leaky coupl ing capaci tor .

SOLDERING AND UNSOTDERING

Removing Solder

One wav to remove residual  solder is to use a

"solder sucker"-a hand held vacuum pump with a

spr ing-dr iven plunger to pul l  the hot,  melted solder of f

a connector (Fig.  6-2q. The process involves heat ing

the old solder unt i l  i t  mel ts,  p lacing the spr ing-
propel led vacuum pump in the hot solder,  and then

quickly removing the soldering i ron whi le releasing the
vacuum pump's spr ing,  sucking the solder up into a
storage chamber in the pump. This technique works
f ine unt i l  you try to use i t  around CMOS chips. Some
vacuum pumps produce stat ic electr ic i ty,  and by now
you know what that can do to an MOS or CMOS chip.

A safer way to remove solder is to touch the solder
with the end of a str ip of braided copper.  Then heat the
braid just a short  distance from the solder (Fig. 6-25).
The copper braid heats quickly,  t ransferr ing the heat to
the solder,  which melts and is drawn into the braid by
capi l lary act ion. Then, cut of f  the solder-soaked part  of
the braid and throw i t  away.

l f  any solder remains in the circui t-board hole, heat
the solder and push a toothpick into the hole as the
solder cools.  The toothpick wi l l  keep the hole open so
you can easi ly insert  another wire lead for resoldering.

Another wav to remove the residual solder block-
ing a hole is to dr i l l  out  the hole wi th a t iny dr i l l  b i t .  Be
sure to remove any debris,  f i l ings, or pieces of solder
before energizing the circui t  board. Use a magnify ing
glass to conf irm that nothing unwanted remains on the
board.

Be careful  not to overheat the board during the
solder-removal process. Excessive heat can cause part
of the circui try to come away from the board. l t  can
also damage good components nearby.

l f  you remove the solder from a component and a
lead is st i l l  stuck on some residual solder,  pinch the

Frg. 6-24. The spring-driven plunger in the solder
vacuum pump is used to pul l  hot  solder of f  a connect ion.

OHMMETER
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Fig. 6-25. Use of a solder wick is
another way to remove solder from a connection.

lead with a pair  of  needle-nose pl iers as you gent ly wig-
gle i t  to break i t  loose from the solder bond.

The pins of  some chips are bonded to the c i rcui t

board by a process cal led wave solder ing.  Wave solder-
ing produces an except ional ly good bond without the
added manufactur ing expense of  a socket.  This process

helps keep the fabr icat ion costs down, but i t  makes i t
more di f f icul t  for  you to replace the chip.

One effective way to remove wave-soldered chips
is to cut  the chip leads or pins on the sides of  the com-
ponent and remove the bad chip.  Then remove the
pieces of  p in st icking through the board using a solder-
ing i ron and solder braid or a vacuum pump.

Some special  tools are avai lable to help you in
removing soldered components.  Fig.  6-26 shows a
desolder ing t ip that  f i ts  over al l  the leads of  a chip soc-
ket or dual  in- l ine package (DlP) device.  Fig.  6-27 is a
photograph of  a spr ing- loaded DIP extractor tool .  By
attaching this device to the chip and then apply ing the
DIP t ip shown in Fig.6-26 to the soldered connect ions
on the opposi te s ide of  the board,  you can easi ly
remove the chip.  Press the load button downward and
engage the cl ips,  causing the extractor to place an
upward spr ing pressure on the chip.  When the solder
on the reverse side melts enough, the chip wi l l  pop up
and of f  the board.

When you replace a chip that  was soldered to the
pr inted-circui t  board,  a lways solder in a socket and
then plug the replacement chip into, th is socket.  This
wi l l  make future replacements a lot  easier.  Be careful  to
maintain the correct  p in 1 al ignment.

tig.6-26.
removing chips that

A desolder ing t ip for
are soldered to the circuit board.

t ig.6-27. A spr ing- loaded dual- in- l ine extractor tool '

Soldering Tips

No pun intended. Hand solder ing is the most
misunderstood and most of ten abused funct ion in elec-
tronics repair .  Not only do many people use poor sol-
der ing techniques, but they also use the wrong solder-
In8 rrons.

Solder isn ' t  s imply an adhesive making two metals
st ick together.  l t  actual ly melts and combines with the
metals to form a consistent electr ical  as wel l  as
mechanical  connect ion.  Time and temperature are cr i t -
ical  in th is process. The typical  hand-solder ing job can
be accompl ished in 1.5 seconds or less i f  the solder ing
iron and t ip are proper ly selected and then proper ly
maintained.

The nominal  solder melt ing temperature is 361'  F.
Metal  combinat ion between the solder and the metals
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being joined occurs at temperatures between 500 and

6000 F.
Most soldering jobs join the metals copper and t in,

but both of these metals are easily oxidized. Poor or no

solder connect ions are made i f  the surfaces to be con-

nected are covered by contaminants such as oi ls,  dir t ,

or even smog, so be sure to use solder with a good

cleaning flux. The flux prepares the surfaces for best

solder metal izat ion. The f lux melts f i rst  and f lows over

the metal  surfaces, removing oxidat ion and other con-

taminants. Then the metal heats so that the solder melts

and f lows, producing a good, shal low bond.
The key to successful  soldering is in the soldering

iron t ip.  Most people select ing their  f i rst  soldering i ron

buy a low-wattage iron, but this is a mistake'  Instead,
pick an iron whose t ip operat ing temperature is sui ted

for the circui t  board you're to repair .  l f  the t ip tempera-
ture is too low, the tip sticks to the surface being

soldered. l f  i t 's too high, i t  damages the board surface.
The ideal working temperature for soldering on your

computer's circuit board is between 600" and 700o F.

The soldering i ron t ip is used to transfer the heat
generated in the i ron out to the soldering surface. The
iron should heat the t ip quickly,  and the t ip should be
as large as possible, yet s l ight ly smal ler than any solder-
ing pad on the board.

Tips are made of copper. Copper conducts heat
quickly,  but i t  d issolves in contact with t in.  Solder is
made of t in and lead. To keep the t in from destroying
the copper t ip,  manufacturers plate a thin layer of i ron
over the soldering tip. The hot iron (now you know
where the term " iron" came from) st i l l  melts the
solder,  but now the t ip lasts longer.  The iron melts
above 820" F, so if the heat produced by the iron stays
befow 7OO" F, the solder melts,  but not the i ron plat ing.

The disadvantages of the i ron plat ing are that i t

doesn't  conduct heat as wel l  as copper,  and i t  oxidizes
rapidly.  To counteract this,  you can melt  a thin coat of
solder over the t ip.  This is cal led " t inning."  This solder
layer helps the soldering i ron heat quickly and also
prevents oxidation.

The t ip of an old soldering i ron is usual ly black or

dir ty brown with oxidat ion. And i t  doesn't  conduct heat

very well. These "burned-out" tips can be cleaned with

fine emery cloth and then can be retinned and used.
Wiping the hot tip with a wet sponge just before

returning the i ron to i ts holder is a mistake. This

removes the protective coating, exposing the tip sur-
face to atmospheric oxidat ion. l t 's much better to add
some fresh solder to the t ip instead. Keep your i ron
wel l  t inned.

Fig. 6-28 shows the proper way to solder a socket
or connector lead. Place the t ip of the i ron on one side
of the lead and the solder on the other side.

As the solder pad heats, the tin-lead solder melts

and flows evenly over the wire and the pad. Keep the
solder shal low and relat ively even. When you think
your soldering job is complete, carefully inspect your

work. Sometimes, if you aren't careful, you can put too
much solder on the joint ,  so that there's not enough
solder on the top or bottom of the connect ion. l t 's also
possible to get internal voids or hollow places inside
the solder joint .  Large solder bal ls or mounds invi te
"cold solder joints" where only part ial  contact is made.
Fig. 6-29 shows some examples of inadequate solder-
ing. These kinds of solder joints can be a source for
intermit tent fai lure.

Good soldering takes patience, knowledge, and
the r ight tools-a temperature-control led soldering
iron whose t ip temperature is maintained in the 500-
600' F range for optimal soldering effect.

Fig. 5-28. Place the soldering iron on

the opposite side of the lead from the solder.

(B) (c)
NOT ENOUGH SOLDER HOLLOW VOID INSIDE

ON TOP

Fig. 6-29. ExamPles of inadequate
soldering on a printed-circuit  board.
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Before You Solder lt In

A usefulthing to do before you solder in a replace-
ment part  is to test the device in the circui t .  Simply
insert the chip or other device into the solder holes and
wedge each lead in i ts hole with a toothpick. Then
energize the circuit and test. After proper function is
assured, remove the toothpicks and solder the compo-
nent into the board.

CIRCUIT BOARD REPAIR

Repairing damaged circuit boards is a lucrative
business, and several companies have developed
around this activity. For some board failures, you can
repair  your own circui try and save money.

Before soldering in new components, check over
the board for broken traces or pads lifting off the board.
lf a trace is open and is starting to lift away from the
board surface, jumper across the broken spot from one
component solder pad to another pad. Use sol id #18 or
#20 wire tinned at both ends before soldering.

lf a pad or trace lifts free, replace it with an adhesive-
backed pad or trace overlapping the damaged area.
Scrape the coating off the pad or both ends of the trace
so the new pad or trace can be soldered firmly to the
existing pad or trace. Remove all excess solder and
redrill any lead hole that has become covered or plug-
ged with residual solder.

RECOMMEN DE D TROUBIESHOOTI NG
AND REPAIR EQUIPMENT

l f  you're planning to tackle fai lures that usual ly
require service center support ,  you can minimize your
investment costs and yet opt imize your chance of suc-
cess by careful ly select ing your equipment and tools.

First ,  get a set of  good screwdrivers-both Phi l l ips
and flat-head. Cet a broad range of sizes-from the
t iny "tweakers" to an 8- inch f lat-head. You might also
find a set of jeweler's screwdrivers quite helpful.

Then get several sizes of long-nose or needle-nose
pliers. Cet several sizes of diagonal cutters, or "dykes,"
for cutt ing wire and pins. A good soldering i ron whose
t ip temperature is automatical ly control led is a must i f
you intend to replace nonsocketed components. A sim-
ple 3/r-digit DVM or DMM is useful for test measure-
ments. Another handy tool is the logic probe.

l f  you can afford i t ,  get a 15-25 MHz osci l loscope
with dual trace and a time-base range of '200 nano-

seconds to a half second. Select a scope with a vertical
sensit iv i ty of 10 mi l l ivol ts per divis ion or better.

Table 6-1 shows an approximate price list for trou-
bleshoot ing and repair  equipment.

Table 6-1. Approximate prices for
troubleshooting and repair equipment

Price ($)

Screwdrivers - 1 2

Pliers
4Yz-inch short-nose
53/q-inch long-nose

Diagonal cufters
4%-inch f lush
4%-inch midget

DMM (3% digit)

Logic probe

Logic pulser

Current tracer

Logic cl ip

Oscilloscope

Logic analyzer

15

t )

10

80

85

85

200

80

1 200

l  100

You can get by quite nicely for less than $500 using
the probe, pulser, tracer, and DMM as your primary
equipment.  Pr ices vary from one manufacturer to
another.

SPARE PARTS

Because of the cost involved you will probably
want to maintain only a minimal stock of repair  parts;
yet you want to be able to fix your machine quickly
when i t  breaks down.

The opt imal backup bi t  would include one each of
every type of chip on your PC's system board and
adapter cards, This represents an investment of $100 to
$200 in 150 or more chips. Current ly,  IBM PC custom
chips-the ROMs-are avai lable from authorized IBM
service centers. The total number of chips in the PC is
higher than the number of chips you need as spares
because many of the same types of chips are used in
different places on the system board. ln addition, you
only need one of the RAM chips as a spare. Your largest
expense in chips will probably be for the ROMs (unless
you are using a $140 8087 coprocessor chip).

Several companies market spare-parts packages
with schenrat ics, diagnost ic tests,  and one each of the
chips for the IBM PC.

Tool
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In the Appendix you' l l  f ind a l ist ing of each chip in
your computer including its designation, name, and
location.

SUMMARY

There are four possible ways to optimize your com-
puter system's operational life:

1. Buy a highly rel iable computer with a good per-
formance track record.

2. Buy a good on-site repair contract.

3.  Buy a second ident ical  computer to use as a
backup during repair  of  the f i rst .

4. Become a knowledgeable repair technician
yourself.

Armed with the knowledge in this manual,  you' l l
be able to spot downright poor troubleshoot ing-the
"tech" using a bare cotton swab with low-grade alco-
hol, to "clean" a disk drive read head, the repair per-
son wiping his or her soldering iron on a wet sponge
just before putting it in its holder. These are mistakes of
poorly trained (or poorly motivated) people working
on someone else's machine. You' l l  a lso be able to
recognize the sharp, highly trained technician who
uses the right tools and the right procedures to trouble-
shoot and repair  in minimum t ime. Then you' l l  smi le to
yourself ,  knowing that you were smart enough to buy
this book and do your own repair  the r ight way-the
IBM-Easy way.
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IBM PC DATA SHEET

Computer: IBM Personal Computer

Manufacturer: I BM Corooration
Armonk, New York

Size: ' f  9.6 "  x "16.1" x 5.5"

Weight: 20.9 lb without disk drive installed

Power Required: 63.5 watts (maximum)
1 10/220 volts

CPU: 8088 microDrocessor

Data Word Size: 8 bits

CPU Cfock Speed: 4.77 MHz

Memory Size:40K ROM
16K-256K bytes on system board
I Mbyte directly addressable memory

Mass Storage Capability: Two disk drives internally
Two disk drives externally

1 60K bytes-single density
320K bytes-double density

Keyboard Size:83 keys
256 character codes

Display: 25 l ines of 40 characters, 16 colors
25 lines of B0 characters, 16 colors

Graphics Capability: 1OO rows of 160 picture elements
(pixels), 16 colors

200 rows of 320 pixels, 4 colors
200 rows of 640 pixels, black and white
32 special graphics characters

181
182
184
184
184
185
185
185
185
185
185
186
186

186
186
186
187
187
187
188
189
190
190

181
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Input/Output: Five 62-pin expansion slots
Cassette connector
2%-inch speaker
Auxil iary power connection
Detachable keyboard

Standard Software: Cassette BASIC

Optional Software: PC-DOS
Cassette BASIC
M5-DOS
Advanced BASIC

IBM PC CHIP INFORMATION CHART
(Refer to Fig. A-1)

Integrated
Circuit

MC1741

8259

8088

8087

74L530

8288

74L5373

74L5245

74L5373

74L5373

8284

74L5245

74L5245

74L5245

74L5244

74L5244

74L5244

74L5373

74L5670

RN1

SW1

RN2

74L5244

74L5322

SW2

74LS17s

74LSO2

empty

Description

Ceneral-pu rpose opera-
tional amplif ier

Programmable i nterrupt
controller

Microprocessor

Numeric data processor

8-input NAND gate

Bus controller

Octal transparent latch

Tri-state octal transceiver

Octal transparent latch

Octal transparent latch

Clock generator

Tri-state octal transceiver

Tri-state octal transceiver

Tri-state octal transceiver

Tri-state octal buffer

Tri-state octal buffer

Tri-state octal buffer

Octal transparent latch

Tri-state 4 x 4 register file

4.7K ohm DIP resistor
network

DIP switch

2K-ohm DIP resistor
network

Tri-state octal buffer

8-bit serial/parallel-i n
register with sign extend

DIP switch

Quad-D fl ip-flop

Quad 2-input NOR gate

Spare ROM socket

lntegrated
Circuit

9264 ROM

9264 ROM

9264 ROM
(MK36A70N-4)

9264 ROM

9264 ROM

8253

8237

8255

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

74L5138

74L5138

74L5138

74LSO8

74LSO2

74LSO4

741500

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

74151 58

74L538

74L520

74151 38

74L5138

74L574

RN3

Description

8K x 8-bit static ROM

BK x 8-bit static ROM

8K x 8-bit static ROM

8K x 8-bit static ROM

8K x 8-bit static ROM

Programmable interval
t imer

DMA controller

Programmable peri pheral
interface

64K x 1-bit dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bi t  dvnamic RAM

64K x 1-bit dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dvnamic RAM

64K x 1-bit dynamic MM

1 /8 decoder/demultiplexer

1 /8 decoder/demu lt i olexer

1 /8 decoder/demu lti plexer

Quad 2-input AND gate

Quad 2-input NOR gate

Hex inverter

Quad 2-input NAND gate

64K x 1-bit dynamic RAM

64K x 1-bi tdynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

Quad 2-input data
selector/multiplexer

Quad 2- input NAND
buffer

Dual 4-input NAND gate

1 /8 decoder/demultiplexer

1 /8 decoder/demu lt i plexer

Dual-D fl ip-flop

4.7K ohm DIP resistor
network

[abel

u29
u30
u31

u32
u33
u34

u35
u36

u37
u38
u39
u40
u41
u42
u43
u44
u45
u46
u47
u48
u49
u50
u51
u52
u53
u54
uss
us6
u57
u58
u59
u60
u61
u62

u63

Iabel

U1

U2

U3
U4
U5
U6
U7
U8
U9
u10
ul1
u12
u13
u14
u15
u16
u17
u18
u19
u20

u21
u22

u23
u24

u25
u26
u27
u28

UU
u6s
u66
u67
u68
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Label

u69
u70
u71
u72
u73
u74
u75
u76
u77
u78

u79

u80
UB1

u82
u83
u84
u85
u86

Integrated
Circuit

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4154 RAM

4154 RAM

4164 RAM

4164 RAM

4164 RAM

RN4

74LS158

74L5125

74SOO

74574

74LSO4

74L510

4164 RAM

4164 RAM

Description

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

54K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

64K x 1-bit dynamic RAM

30-ohm DIP resistor
network

Quad 2-input data
selector/m ultiplexer

Quad tri-state buffer

Quad 2-input NAND gate

Dual-D fl ipJlop

Hex inverter

Tr ip le 3- input NAND gate

64K x 1-bit dynamic RAM

64K x 1-bi t  dynamic RAM

Other Components

Device

Type FC

Crystal

Description

64K x 1-bi t  dynamic RAM

64K x 1-bit dynamic RAM

64K x l -b i t  dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bi t  dynamic RAM

64K x 1-bit dynamic RAM

Hex inverter

Relay driver

Dual-D fl ip-flop

Quad 2-input AND gate

Quad-D fl ip-flop

Hex inverter

Description

Si l icon diode

14.31818 MHz crystal  osci l lator

l-abel

u87
u88
u89
u90
u91
u92
u93
u94
u9s
u96
u97
U98

u99

Integrated
Circuit

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

4164 RAM

74LSO4

75477

74L574

74508

74L'175

74L504

Location

D1

X1

l-;l ;t-;l E I-4,",l E I- .*l E T;";l E

l- 4'6lgl-1'615 F;lF [.";'lE [--,.*'ls
l ' . 'o,lql'. '6, ISJ .".15 TfilE
tTfilFFs4lSI-4i61 16 F;15 | ** lE

f, I-* ter,';tFt 4161€ F'lE t-1.
a4r61-lEf4r64lF l-4161lE l-4is1lS I 

MK36A70N-4 
le

oFs. lqf l ,o i ; [ .* ; lE f4 i64' lE L,*  lso
! ' f ,af nf.* t5t rrer lg I rrsr l ;

| .,*lFF,,;lsF;lE I .,'.1F | ** lE
t-Lsoi FfRM I S l-Lffil F f Lsdl g

rqu%*

Fig. A-l . IBM Personal Computer motherboard chip location map.
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IBM PC SYSTEM UNIT
DISASSEMBLY I  NSTRUCTIONS

These procedures apply to those repairs that require ac-
cess to the internal subassemblies of the IBM PC svstem unit.

System Board Removal

Tools and Equipment Required

o #2 flat-head screwdriver
e Unclutteredworkspace
o Container to hold screws unti l reassembly

Procedure for System Board Access

1. Turn power off.

2.  Unplug the power cord and any per ipherals f rom the
rear of  the comouter.

3. Position the system unit so the rear is facing you.

4. Using a flat-head screwdriver, remove the five screws
from the rear plate. (Refer to Fig. A-2.)

Note: The older model IBM PC's have onlv three
screws on the back plate.

5. Position the system unit so that the front is facing you.

6. Place your hands on either side of the cover and slide
the cover off the main unit, pull ing toward you as
shown in Fig.  A-3.

Procedure for Removing System Board

1. Follow steps 1 through 6 in the procedure for system
board access.

2. Remove all peripheral cards from the system board.

3. Remove the power connector from the system board.

Note: The power connector is located in the back
on the right side (looking from the front).

4. Remove the speaker cable from the connector on the
lower middle section of the system board.

5. Remove the system board mounting screws as shown
in Fig. A-4.

6. Slide the system unit board away from the power sup-
ply approximately 2 inches unti l the stand-offs can be
lifted from their mounting slots.

7. Lift the system board from the system unit.

Power Supply Removal

This section describes the steps required to remove the
power supply from the chassis.

Fig. A-2. Remove these screws to disassemble the IBM PC.

Fig. A-3. Cently slide the system unit cover forward.

Fig. A-4. Remove the system-board mounting screws.
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Tools and Equipment Required

o #2 flat-head screwdriver

o Unclutteredworkspace

o Container to hold screws unti l reassembrv

Procedure

1. Turn the power off.

2. Unplug the power cord and any peripherals from the
rear of the computer.

3. Position the system unit so the rear is facing you.

4. Remove the system unit cover.

Note: See "Procedure for system board access."

5. Remove the power connector from the system board.
Note: This is located in the back on the right side

looking from the front.

6. lf you have drives hooked to your system, disconnect
the power cables going to the drive analog cards.

7. Remove the four power supply screws on the back of
the chassis.

8. Push the power supply fonvard about l/z-inch.

9. To remove the supply, l i ft up and pull the power sup-
ply away from the motherboard.

IBM PC SYSTEM UNIT
REASSEMBLY I NSTRUCTIONS

After the repair is complete, follow these steps to put your
system back together.

Reinstalling the System Board

Tools and Equipment Required

r #2 flat-head screwdriver
o Uncluttered workspace
r Container to hold screws unti l reassemblv

Procedure for Replacing the System Board

1. Position all the stand-offs hooked to the system board
above the mounting holes.

2. Gently push the system board toward the power sup-
ply unti l you can see that the mounting screw holes
l ine up.

3. Reinstall the mounting screws in the system board.
4. Reconnect the signal wires to the speaker.

5. Install the adapter cards.

6. Reconnect the system board power supply connectors.

Power Supply Installation

This section describes the steps needed to reinstall a
power supply in the chassis.

Tools and Equipment Required

o #2 flat-head screwdriver

o Uncluttered workspace

r Container to hold screws unti l reassembly

Procedure

1. Hold the power supply unit approximately th-inch
from the rear of the chassis, and push the supply
toward the motherboard and then back to align the
screw holes in the chassis.

2. Replace the four mounting screws for the power
supply.

3. Reconnect the disk drive power supply connectors.

4. Reconnect the motherboard power supply connec-
tors.

5. Reconnect the power cord.

6. Power uo and test.

Reassembling the System Unit Case

1. Cently slide the system unit case forward over the
system unit.

2. Reinstall the five flat-head screws on the back of the
chassis.

Note: The older model IBM PC
screws on the back plate.

3. Reconnect all peripherals and the

has only three

power cord.

KEYBOARD DISASSEMBLY
AND REASSEMBLY INSTRUCTIONS

Keyboard Disassembly

This section explains the proper procedures for
disassembling the keyboard.

Tools and Equipment Required

o Small Phil l ips screwdriver
e Uncluttered worksoace
o Container to hold screws until reassembly

Disassembly Procedure

1. Turn the system unit off.

2. Remove the keyboard from the connector in the back
of the system unit,
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3. Turn the keyboard upside down.

4. Remove the two Phillips screws from the bottom of
the keyboard plate.

5. Lift the top of the plate up and out of the retaining slots
in the chassis of the keyboard.

6. Disconnect the cable from the keyboard assembly.

7. Lift the rear of the keyboard out of the chassis.

Keyboard Reassembly

This section explains the proper procedures for putting
the keyboard back together after repairs have been made.

Tools and Equipment Required

. Small Phil l ips screwdriver
o Uncluttered workspace
r Container to hold screws unti l reassemblv

Reassembly Procedure

1. Position the front of the keyboard assembly into the
front of the keyboard chassis.

2. Lower the back of the keyboard down into the chassis.

3. Reconnect the cable to the keyboard assembly.

4. Put the tabs on the front of the base into the slots on
the front of the keyboard chassis.

5. Slowly lower the back down -don't forget to include
the adjustable legs on the bottom of the keyboard.

6. Install the two Phil l ips screws into the mounting holes
on the bottom of the kevboard.

7. Reconnect the cable to the system unit assembly.

8. Power up and test.

DISK DRIVE DISASSEMBLY
AND REASSEMBLY INSTRUCTIONS

These procedures are covered in Chapter 5, "Routine
Preventive Maintenance," page 1B'5.

RE PLACI NG SU RFACE.MOUNTED
COMPONENTS ON
THE SYSTEM BOARD

Desoldering and soldering on the IBM PC system board is
not easy-the board construction is such that damage to the
board traces and solder points can easily occur if you aren't
extremely careful.

Caution: Proceed at your own risk.

1. Reread the section on soldering techniques found in
Chapter 6.

Be sure you're using a temperature-controlled iron.

Disassemble the machine and remove the system
board.

4. Place the board on its edse and locate the comoo-
nent to be replaced.

5. lf possible, during chip removal, attach an extractor
tool to the component to be replaced and use a DIP
t ip on your solder ing i ron to heat the pins and
remove the chip. Or use a vacuum "solder sucker,"
or braided-copper wick and the temperature-con-
trolled iron to heat the pins (start at the corners first,
then desolder every other pin to avoid overheating
one area of the board trace) unti l the component
comes free.

6. Clean the solder holes using the techniques described
in Chapter 6.

7. lf a chip was removed, install an lC socket in its place
on the system board. This lets you install a replace-
ment chip into an already soldered connection,
eliminating the need to solder directly to the chip
oins themselves.

8. lf a transistor is being replaced, install a transistor
socket in the system board connection holes.

9. lf a resistor, diode, or capacitor is being replaced,
solder the leads directly in the opened holes in the
board.

Reinstall the system board in the computer's housing.

Reassemble the computer.

Reconnect the power cord.

Power uo and test.

Return the computer to service (or break back down
again to replace another possibly faulty component).

Reminder: lf your efforts didn't solve the prob-
lem, and you've replaced all the suspected compo-
nents with good components, you have litt le
recourse-pack it up, and take the system to a repair
service center.

r0.
11.

12.

13.

14.

USEFUT RECORDKEEPINC FORMS

Equipment History Record

EQUTPMENT HTSTORY RECORD
(Repair Action [og)

Name of Unit

Manufacturer

Date Installed

Cause of failure,
description of Name of Circuit

Date Nature of trouble work done part symbol

Serial
Number

Card
Number

2.
3.
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(SAMPTE) EQUIPMENT HISTORY RECORD
(Repair Action Log)

System Description

SYSTEM DESCRIPTION

Name of Unit Model

Cause of failure,
description of

Nature of trouble work done
Name of Circuit

part symbol

Hardware:

Syslem:

Memory Size:

Type

Disk Drives:

Printer:

Display:

Modem:

Software:

System
Utilities Languages

Communications software:

Sedal Number

Data Management Applications
Tools Software

Serial
Number

Card
Number

IBM PC

Manufacturer

Date Installed

Date

July 15,1982

51 50

IBM

93739851 50
Serial
Number:

1982
09122 Keys won't work Bad keyboard

cable Cable None
12125 PM Cleaned

I 983
03/01 PM Cleaned
06/01 PM Cleaned
09/01 PM Cleaned
11123 Read error Disk speed off.

Readjusted speed. Drive A Speed

I 984
01/03 PM Cleaned, checked

speed of disk
drives.

Record of Configuration Changes

RECORD OF
CONFIGURATION CHANGES

(SAMPtE) SYSTEM DESCRIPTION

Hardware:

Serial
System: IBM PC Model:5150 Number:9373985150

Memory Size: 256K

Type

Disk Drives: Tandon
Tandon

Name of
Equipment

Serial
Number

Date
lnstalled

Card
Number

Printer:

Display:

Modem:

Softwarc:

Okidata Microl ine 92

Typtintet 221

AMDEK Video 300

Hayes SMARTMODEM 1200

Serial Number

5306553
5306554

840040
I 90r

3285340

162124063

Model

Number Kind of Change Date of Change

System
Utilities LanguaSes

rc-DOS Adv BASIC

Quickcode PASCAL/MT
cPlM 86

Communications softwate:
Modem 7
Smartcom ll

Data Management Applications
Tools Software

SuperCalc Wordstar
dBase ll Stock Base

Serial Number:

(SAMPIE) RECORD OF
CONFICURATION CHANCES

Name of
Equipment

Serial
Number Model

93739851s0 5150 07115182

Kind of Change

Operational Log Sheet
OPERATIONAT LOG SHEET

Name of Equipment:

Configuration:

DATE ON OFF DATE ON OFF

Date Card
lnstal led Number

IBM PC

Number Date of Change

1

2

Filled on-board RAM to 256K

Added CP/M interface adaprer

02120183

04to5t84

DATE ON OFF
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ROUTINE PREVENTIVE MAINTENANCE

Preventive maintenance, or PM, is one of the least used

techniques for operational cost reduction. yet the savings that

results can be substantial.  l f  the equipment doesn't  fai l ,  you

can't evaluate the bottom-l ine savings in conducting proper

PM. But af ter  your f i rst  mind-boggl ing repair  b i l l ,  the fact  wi l l

s ink in:  you might have prevented this fa i lure by doing some

easy, rout ine maintenance.

Someone once said "Time is money "  Fai lure to take the

time to do routine preventive maintenance can indeed cost

money. Do your PMs!
Many manufacturers are not sure what an optimum PM

schedule should be. Some companies prefer you don't  do any

PMs. (The effect is to cause more equipment repair business

for their service people.) Among those who recommend PMs,

there is great var iat ion in recommended schedules for  s imi lar

hardware (e.9. ,  d isk dr ives).
The l ist ing that fol lows is a consensus of recommenda-

t ions from manufacturers, dealers, and users and the author's

own expenence.

Optimum PM Schedule

Note: Modify the schedule below if intermittents occur

frequently.

Daily

Log operational t ime.
Est imate disk dr ive "run- l ight-ON" t ime; est imate pr inter

"pr int ing" t ime; est imate computer "power-ON" t ime'

Monitor humidity (a measure of stat ic electr ici ty).

Weekly

Clean computer system work area.
Pick uo all loose trash; reshelve scattered books; restore
magazines; toss out old printed paper; toss those "bad"

disks you've been saving; wipe down hardware with anti-

static, dust-absorbing cloth; wipe desk and bench space
with antistatic cloth; vacuum shelves, desk, and floor.

Clean equipment housings and cases.
Wipe chassis with antistatic cloth; "wash" with l ightly

soaped damp cloth.
Clean display screens.

Use antistatic "dust-off" type spray or damp cloth of anti-
static solution.

Clean drive read head (after 40 hours of "run-light-ON" use)'

Monthly

Clean inside computer.
Disassemble according to the procedures in this Appendix;
use soft brush and long narrow vacuum cleaner hose
nozzle (it helps to spray the nozzle with antistatic
solution first).

Clean inside pr inter.

Use same technique as for  c leaning inside computer.

Check vent i lat ion f i l ters in equipment.

Replace i f  cleaning is not practical (f i l ter becomes worn or

badly soi led).
Check connector contacts.

Look for signs of corrosion, pit t ing, or discolorat ion; clean

if necessary; the corrosion-removing wipes that also coat

the surface with a lubricating coating to protect i t  from

atmospher ic corrosion are strongly recommended.

Some manufacturers recommend that you also demagnetize

the drive read head (after 40 hours of "run-l ight-ON" use)'

Every Other Month

Reseat socketed chips on the motherboard.

Disassemble according to the procedures in this Appendix

Disconnect and reconnect cable and connector plugs.

This removes corrosion bui lduP.

Apply antistat ic treatment to computer work area.

See Chapter 6 for detai ls.

Clean inside pr inter.

Use nonmagnetic, plast ic vacuum hose nozzle and soft

camel hair  brush; spray or wipe nozzle wi th ant istat ic

spray or solut ion f i rst .

Every Six Months

Replace vent f i l ters.
Do this onlv i f  vou have f i l ters;  none are standard in the

IBM PC.
Check disk dr ive speed.

Speed test programs are advertised in computer publica-

tions; remember the fluorescent l ight, strobe mark test
(see ChaPter 6).

Check head alignment.
Do this only i f  you suspect a disk problem.

Clean connector contacts.
l f  you haven' t  done this dur ing ear l ier  inspect ion checks,

conduct this PM now; do this PM more often if your com-
puter system is used in a smoggy part of the country or

near sal t  a i r .
Clean disk drive read head.

lf you use your system daily, your drive heads may need

cleaning about now, but this depends very much on the

kind and qual i ty of  d isks You use'
Conduct rout ine inspect ion of  pr inter.

Do this every 6 months or 500,000 lines of print; check

the tightness of the screws and connectors; conduct a
printer self test as described in the printer owner's
manual.

Annual ly

Take routine maintenance infrared photo (optional)'
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SUMMARY OF CAUTIONS AND NOTES

The following is a l isting of the Caution and Note
statements used in this troubleshooting and repair guide. They
are repeated here so you can review them quickly. lt 's a good
idea to review them periodically.

Never insert or remove a peripheral connector with-
out f irst turning off the power to the computer,
grounding yourself, and then reaching around in back
of the computer and pull ing the power plug out.

Any t ime you open the computer,  ensure that the
power is off and that you have grounded any stray
static electricity you might have been carrying.

For any procedures conducted with the IBM PC open
and with the computer operating, be careful not to short
out any connectors or pin leads. Use only a nonmetall ic
or wooden object inside an energized computer.

Keep out of  the display chassis.

Stay out of the power supply.

Use a power str ip.  Plug the IBM PC and al l  per ipherals
(except a hard disk drive) into a switch-controlled
str lp.

Keep liquids away from the computer.

Handle comoonents wi th care.

When cleaning, make sure that the power is off and
that all plugs are pulled out of the power sockets. Use
a damp cloth.  Don' t  let  any l iquid run or get into your
equipment.

When rubbing to clean contacts, always rub length-
wise along the pin.

When using a logic c l ip,  turn the power to the c i rcui t
of f ,  at tach the cl ip,  and then turn the power on. This
helps prevent accidental ly short ing out a chip.

In the event of  a l ightning storm, unplug your ent i re
svstem.

Don't use power tools near your computer while it 's
operat ing.

IBM PC-Easy steps to success:

1.  Don' t  oanic.

z.

3.
4.

5.

6.

7.

tt-

Observe the condi t ions.

Use your senses.

Retry.

Document.

Assume one problem.

Diagnose to a section (fault identif ication).

Consult the symptom index (error code inter-
pretation and problem matching).

9. Local ize to a stage.

10. lsolate to a fai led part.

1 1.  Repair .

12. Test and verify.

o Keep cables clear and away from power cords,
especially coiled power cords.

Be careful not to flex the svstem board or other boaros
too much.

It 's a good idea to log the repair action in a record
book to develop a history of the maintenance con-
ducted on the machine (see pages 186-187 for
"Equipment History Records").

Don't wait for lightning to strike before you protect
your computer system investment from electrical
su r8es.

Always unplug your computer system when blackout
occurs.

Never touch contacts with your fingers.

Keep your diskettes, and even your information
cables, away from power sources.

You can damage the disk drive electronics if you at-
tach the cable incorrectly (see your disk drive owner's
manual) .

Handle diskettes carefully. Don't leave the disks lying
around. Keep the disks in protective jackets. Don't
touch the disk surface with your fingers. Keep the
disks out of the hot sun.

Don't use both sides of your disks in a single-sided
dr ive.

To extend disk l ife

-  Buy name brand disks.

- Never touch the disk surface.

-  Never s lam the disk dr ive door c losed on a disk.

- Store disks in their protective jackets.

-  Never wr i te on a label  that 's already on a disk.

- Store disks in a cool, clean place.

-  Back up al l  data disks.

- Store working disks and backup disks in different
olaces.

- Never allow smoking near your disks or your drive.

- Never set disks near monitors or televisions.

- Avoid placing disks near vacuum cleaners and
large motors.

- Don't bend or fold disks.

-  Don' t  put  d isks through airport  X-ray machines.

Clean the read/write heads after every 40 hours of disk
ooeratron.

Provide adequate ventilation when cleaning read
heads with solvent.

Make sure the solvent evaporates before you operate
the dr ive.

lf disk drive speed adjustment seems diff icult (see
Chapter 5), have a repair service shop do it.

a

a

a

a

a

a

a

a
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ASCII  CODE CHART

The fol lowing table l is ts al l  the ASCII  codes ( in decimal)
and their associated characters. These characters can be dis-
played using PRINT CHR$(n). where n is the ASCII code. The
column headed "Control Character" l ists the standard inter-
pretations of ASCII codes 0 to 31 (usually used for control
funct ions or communicat ions).

Each of these characters may be entered from the key-
board by pressing and holding the Alt key, then pressing the
digits for the ASCII code on the numeric keypad. Note, how-
ever, that some of the codes have special meaning to the
BASIC program editor-the program editor uses its own inter-
pretation for the codes and may not display the special
character l isted here.

ASC|I
value

000
001
ao2
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
o20
021
o22
023
o24
025
026
o27
028
029
030
031

Control
chersstsl

NUL

soH
STX
ETX
EOT
ENO
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
sl
DLE
DCI
oc2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
RS
US

ASC!I
value

m2
033
034
035
036
037
038
039
040
04r
u2
043
u4
045
046
u7
048
049
050
051
o52
053
054
055
056
057
058
059
060
061
062
063

Charactor

(space)

: ,

#
$
otto

:

(

I
*

+

ASC|I
valuc

064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
o92
093
094
095

Character

@
A
B

c
D
E

F
G

H
I

J
K

L
M

N

o
P

o
R

s
T
U
V
W
X
Y
z
t

1

ASC|I
value

096
097
098
099
100
101
102
103
104
105
106
107
108
109
1r0
111
112
113
114
115
116
117
118
r19
120
121
122
123
124
125
126
127

CharacterCharacter

(nul l l
/:\\:/

o
?
o
I
t
(beepl

E
(tabl
( l ine feed)
(homel
(form feed)
(carriage returnl
=

a-
*

I
! !
qr

5
-I
I-

t
I

(cursor right)
(cursor left)
(cursor up)
(cursor downl

I
0
1
2
3
4
6

6
7
I
I

;

7

a
b
c

d
e
a

s
h

I

I
k
I

m
n

o
p
q

I

s
t
u
v

w

x

v
z

I
I

I
I

o
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ASCil ASCII ASCII
value Character value Character value Character

H EXADECIMAL.TO-DECIMAL
CONVERSION CHART

tlsl--a$ rcL-qe! lllr---qsc Usr--qes Usr--Ass
$00 00 $34 52 $6S 104 $9C 1s6 $D0 208
$01 01 $3s 53 $69 105 $9D 157 $Dl 209
s02 02 $36 s4 $On 106 $9E 158 $D2 210
$03 03 s37 ss $68 107 $9F 1 s9 $D3 211

$04 04 $3S s6 $6C 108 $A0 160 $D4 212

$05 0s $39 s7 $6D 109 $Al 16l  $os 213

$06 06 $3A s8 $6E I l0 $nz 162 $D6 214

$07 07 $38 s9 $6F I 1 1 $A3 163 $D7 21s

$0s 08 $3c 60 $70 112 $A4 164 $D8 216
$09 09 $3D 61 $71 I  l3 $As l6s $D9 217

tOA r0 $3E 62 $72 114 $46 166 $DA 218

$08 1 r $3F 63 $73 I 1 5 $A7 167 $DB 219

$0c 12 $40 64 $74 116 $A8 168 $DC 220

$oo 13 $41 6s $75 1' t7 $A9 169 $DD 221

$0E 14 $42 66 $76 118 $AA 17O $DE 222
$0F t5 $43 67 $77 r  19 $AB 171 $DF 223

128 A
129 u
130 6
131 a
132 d
133 e
134 a
135 I
136 a
137 d
138 i
139 ' i

140 i
141 i
142 A
143 A
't44 E
145 e
146 n
147 a
148 it
149 d
150 0
151 i r
152 'i
153 0
1i lu
155 c
156 f .
157 T
158 Pt
159 f
160 e
161 i
162 6
163 n
164 n
165 N
166 I
167 o
168 c
169
170
171 1/,

172 %

173 i

174 (

175 )
176 ::::: ::

177 :;i;r;r;:

178 i.ffi

179 |
180 -t

181 {
182 1l
183 1r

184 =r

185 +l
186 l l
187 d

1gg 
r)

189 JJ

190 .

191 
-

192 L

193 J-

194 T

r95 F
196
197 +
198 F
tee ll-
2W r!

2O1 n
2O2 JL

203 
-F204 lF

205 :

206 iF
207 +

209 -!-

2Og =
21O r

211 u-

212 E

213 F
214 rr

215 +
21e +
217 r

218 r
219 I
220 r
221 I
222 I
223 

-224 a
225 p

226 r
227 7l

228 t
229 o
230 u
231 r
232 0
233 +
234 O
235 6
236 @
237 a
238 (
239 n
240 =
241 I
242 t 

tro 16 $44 6B $zs 120 $AC 172 $80 224
243 t $r t 17 $4s 6s $7g 121 $AD 173 $El 225
244 f $l 2 18 $46 70 $zn 122 $AE 174 $E2 226
245 J $13 19 $47 71 $78 123 $AF 175 $E3 227

246 = $14 20 $48 72 $7C 124 $80 176 $E4 228

^A1 $15 21 s49 73 $7D 125 $Bl 177 $E5 229
:": : $16 22 $4A 74 $7E 126 $B2 178 $E6 23o
248 - 

i l7 23 $48 75 $7F 127 $83 17g $Ez 231
249 ' $18 24 $4c 76 $s0 128 $84 180 $E8 232
250 $19 2s $4D 77 $S1 129 $Bs 181 $E9 233

251 v $1A 26 $4E 78 $S2 130 $86 182 $EA 234

252 n $lB 27 $+r 79 $S3 13i  $BZ 183 $EB 23s

:-: " $lC 28 $s0 80 $S4 132 $88 184 $EC 236
z'r  

s lD 2s $st  8 l  $s5 133 $89 185 $ED 237
2i l  I  

$tr  30 $52 82 $s6 134 $BA 186 $EE 238
255 (blank 'FF')  $ lF 31 $s3 83 $87 135 $BB 187 $EF 239

$20 32 $s4 84 $88 136 $8C 188 $F0 240
$21 33 $ss Bs $89 137 $BD 189 $Fl 241
$22 34 $s6 86 $8A 138 $BE 190 SF2 242
$23 3s $s7 87 $88 139 $BF r9r $F3 243
s24 36 $s8 BB $8C '.t40 $C0 192 $F4 244
$2s 37 $s9 89 $8D 141 $Cl 193 $Fs 24s
$26 38 $sn 90 $8E 142 $C2 194 $F6 246
$27 39 $sB 91 $8F 143 $C3 195 $F7 247
$zo 40 $sc 92 $90 144 $C4 196 $FS 248
$zg 41 $sD e3 $91 145 $Cs 197 $F9 249
$2A 42 $sE 94 $gZ 146 $C6 198 $FA 2s0
$28 43 $sF 9s $93 147 $C7 199 $FB 2s1
$2C 44 $60 96 $94 148 $C8 2OO $FC 2s2
$2D 4s $61 97 $9s 149 $C9 2O1 $FD 2s3
$2E 46 562 98 $96 150 $CA 2O2 $FE 254
$zr 47 $63 99 597 lsl $CB 2O3 $FF 2s5
$30 48 $64 100 $98 1s2 $CC 2O4
$3r 49 $6s 101 $99 ls3 $CD 205
$32 s0 $66 102 $eA 154 $CE 206
$33 sr $67 lO3 $98 155 $CF 207





Glossary

A

Adapter A printed-circuit card or board used to connect
per ipheral  equipment such as disk dr ives and display
monitors to the IBM PC.

Address A number that represents a unique location in IBM
PC memorv.

Address bus The collection of 16 wires that carry the
memory address from the CPU to the memory or to an
external storage device.

Alphanumeric A character set containing letters and digits.
AtU Ar i thmet ic logic uni t .
American Standard Code for Information Interchange A

code representing the character symbols possible for
specific hexadecimal codes.

Analog An electrical signal in which information is
represented by the level of voltage (e.g., 0 volts, . l .5 volts,
and 3.7 volts all carry information). This is the opposite of
binary, a digital system that has only two levels-0 volts
for logic 0 and + 5 volts for logic 1.

AND A logic gate used in the IBM PC computer; the output
is HICH, or logic 1,  i f  ,  and only i f ,  a l l  inputs are also logic
HICH.

Arithmetic logic unit The portion of the CPU that performs
arithmetic and logical operations.

ASCII American Standard Code for Information Interchanee.

B

BASIC Beginner's All-purpose Symbolic Instruction Code;
an easy-to-learn high-level language.

Easic input/output system The part of the operating system
that controls the input and output functions other than
those involv ing the disk dr ive.

Baud A unit of measurement for the speed of digital com-
munications; 1 baud equals 1 bit  per second.

Binary A condit ion in which only two states can exist.
Binary numbers are 0and 1. These can be related to OFF
(0) and ON (1) or FALSE (0) and TRUE (1).

BIOS Basic input/output system.
Bit Bit  is a contraction of binary digit .  l t  is the smallest unit

of information storage and is combined with other bits to
form the address and data words in your IBM PC.

Blackout The complete loss of electr ical power.
Boot (bootstrap) A technique for loading a routine into main

rnemory by loading several instruct ions that then bring
the entire routine into main memory. The program, in ef-
fect, pul ls i tself  up to completion by i ts "bootstrap."

Brownout A del iberate reduction in the electr ical l ine
voltage; usually caused by excessive electr ical demand or
insuff icient power generation capabil i ty.

Buffer A storage location in an electronic chip that is used
to temporari ly hold data during electronic communica-
t ion between two devices that are operating at dif ferent
speeds. l t  may also be used to temporari ly hold data unti l
a data path is clear.

Bus The main communicat ion c i rcui t  in a computer.  Each
register and location in memory is connected to the bus.
The bus needs to consist of as many wires as there are bits
in the computer words. For instance, there are 16 wires in
the address bus to carrv l6 bits of information.

r93
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Eyte The size of the data word in your computer. A byte is 8
bits wide and represents a numerical value between 0
and 255 (decimal) .

c

Cathode ray tube The display screen used in computer
systems for viewing data and graphics.

Central processing unit The 8088 microprocessor, which is
the heart of your computer. This portion of the computer
is composed of the ALU and the control unit. l t fetches,
decodes, and executes instructions and controls the
overall activity of the computer is controlled.

Channel A pathway for input or output of information' The
expansion slots are called the PC's l/O channel'

Chip An integrated circuit created on a small si l icon flake' lt
consists of a large number of gates and the paths connect-
ing them, formed by very thin fi lms of metal acting as
wires. The term "chip" includes the sil icon flake as well
as the plastic support Package.

Clock A circuit that sends a consistent, periodic signal that
is used to step logic information through a computer
c i rcui t .

Cold boot In i t ia l iz ing the start-up condi t ions in your IBM
PC computer. The cold boot process assumes no pre-
vious activity in the computer and sets all the registers in
the machine to in i t ia l  condi t ions.

Control bus The circuit along which control signals are
transmitted.

Control unit The part of the IBM PC that receives and
decodes instructions from a program in main memory,
and then signals the appropriate units to execute the
i nstructions.

CPU Central processing unit.
CRT Cathode ray tube.
Cursor The symbol on the display screen that indicates the

posi t ion in which the next character wi l l  appear.

D

Data Computer information such as numbers, letters, or
special symbols.

Data bus The collection of wires or traces that carry the
8-bit data word from one location to another in your IBM
PC computer.

Diagnostic An action or program that detects and isolates
malfunctions or failures in computer hardware or soft-
ware.

DIN A standard for computer equpmenu the Deutsche
lndustr ie Norm.

DIP Dual in- l ine package
Direct memory access A method for transferring data

directly to and from main memory, bypassing the CPU.
Disk The magnet ic medium on which computer data is

stored.
Disk operating system A disk drive controller program.

Display The device on which visual information is
displayed on a screen. The monitor in your IBM PC.

DMA Direct memory access.
DOS Disk operating system.
Driver A short subroutine or program that controls the l/O

interaction between two devices (e.9., between the disk
drives and the computer's CPU).

Dual in-l ine package The most common type of integrated
circuit chip package, having two parallel rows of seven
pins each.

E

Erasable programmable readonly memory A type of ROM
that can be erased and reprogrammed by applying a
specified voltage to a certain pin on the chip'

EPROM Erasable programmable read-only memory.

F

Firmware Programs that are stored in hardware, such as
ROM.

Flip-flop An electronic device that maintains a value of 1 or
0 unt i l  acted on by a s ignal  on a certain input pin '

H

Hardware The physical components of a computer system.
The computer i tsel f ,  the pr inter,  the monitor display uni t ,
and so on.

Head The electromagnetic device that transfers data to and
from your disks.

Hertz A unit of frequency; one cycle per second.
Hexadecimal The numbering system based on 16 digits, in

which the values above 9 become A, B, C, D, E, and F.
Each hexadecimal number can be represented as a 4-bit
cooe.

I

tC Integrated circuit, see chiP.
Init ialize To set a storage location, counter, or variable, for

example, to a starting value.
lnpuUoutput The process of entering information into the

computer or of transferring data from the computer to the

outside world; for example, disk drives, keyboard, and
display unit are input/output devices.

Interface A boundary shared by two or more devices.
l lo Input/output.

K

K Stands for kilo, and in computer jargon is equal ro'1024. K
is the symbol used to represent the size of memory in
your computer. The term 64K actually means 65,536.
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I

Location A place in memory where information may be
stored.

M

Main storage The storage located in the computer for pro-
grams, along with their data, while they are executing.
The main storage in the PC is the RAM memory.

Memory The hardware in or on which programs are stored.
Memory can be RAM or ROM chips, magnetic disks,
magnetic tape, or magnetic bubbles (in bubble memory).

MHz Megahertz; a frequency of 1 mill ion cycles per
second.

Microprocessor An integrated circuit device that executes
coded instructions that are entered, integrated, or stored
within the device.

Modem A device (Modulator-Demodulator) that converts
digital information into tones so it can be transmitted and
received over communications l ines such as telephone
l ines.

Monitor 1.  A high-resolut ion display uni t  that  produces
sharper images than a standard television display. 2. A
special program that is stored permanently in ROM; it
enables interaction between you and the computer.

Motherboard The large printed-circuit board (system board)
in the computer on which most of the electronic devices
are mounted. The motherboard is the pr imary or main
board in the computer. All other interfaces receive con-
trol signals or information from the motherboard.

N

Noise The electrical interference that distorts the transmis-
sion of data and results in errors in the data. Noise can be
caused by the presence of an electrical f ield such as that
generated by data busses or TV/radio in the vicinity of
electrical signals.

NOR A logic gate whose output is a logic 0 if any input is a
logic 1,  and a logic 1 only i f  a l l  inputs are logic 0.

o

Operating system A collection of system programs that
controls the operation of a computer system. lt can also
handle the interaction between parts of the computer
system.

P

Peripheral A device, often sold as part of the computer,

that is connected to the computer to enhance its opera-
t ion.  Examples of  per ipherals include disk dr ives,  monitor
display units, printers, and modems.

Pin Any of the leads on a device, such as a chip, that plug
into a socket and connect it to a system.

Pixel A picture element. The smallest unit in a display.
Usual ly,  th is is a dot on the screen.

Port A connection between the CPU and another device,
such as main memory or an l/O device, which allows
data to enter or leave the computer or to be transferred
between the CPU and memorv.

R

RAM Random-access memory.
Random-access memory Memory that can be directly read

from or written to by your IBM PC's CPU. This memory is
lost once the computer is turned off.

Read-only memory A type of memory chip that can be
read from but cannot be written to or altered. ROM pro-
vides permanent storage for program instructions.

Resolution The measure of sharpness of a display image.
ROM Read-only memory.

s

Serial One after the other; sequential.
Software The programs that determine or control the

actions of your computer.
Spike A short, high-energy burst of electrical energy that, if

not bypassed (or shorted) to ground, can cause damage
to electronic components.

Surge A temporary increase in electrical voltage lasting long
enough for its effect to be noticed on a meter.

T

Transient Brief f luctuations in voltage.
Troubleshoot To systematically locate a computer hard-

ware failure. Software failures are found by systematic
debugging.

w

Warm boot The process of restarting the computer without
reloading the operating system.

Word A grouping of binary information that represents a
unique value or character.  A word in the IBM PC can be
an 8-bit data word, or byte, or it can be a 16-bit address
word.
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A

Ari themet ic logic uni t  (ALU),  25,  191
ASCII character set, 18, 40, 50, 191

code chart,  190

B

BASIC. See Cassette BASIC
Boot-up routine, 54-55, 191

cold boot, 54-55, 192
failures. See Start-up failures
warm boot, 55, 193

Bus structure, 36-39, 191
address bus, 37, 38-39, 391
control bus, 38,39,192
data bus, 37, 38, 39, 192
PC bus, 39
62-pin system bus, 39
system bus, 39

c

Cable connection fai lures, 65
Capacitor fai lures, 63, 169-170

aging process, 169
capacitance measuring, 1 73
dielectr ic oxide, dissolving, 169
electrolye insulator, 1 59
open circuit ,  169
plate short, 169
power sur8e, 169-170
replacing capacitors, 63, 173
temperature changes, I 70
testing capacitors, 1 7 2-1 7 3

Capacitors, 6l -62
anode, 169
capaci tor  (cap) value ident i f icat ion,  61-62
cathode,169
ceramic f i lm, 6 ' l
color-band values, 62
descr ipt ion,  169
dielectr ic layer,  169
electrolyt ic,  61 ,  169
fai lures.  See Capaci tor  fa i lures
farads,61
f i lm, '159
funct ion,  6 l
polarity markings, 62
tantalum, 61
temperature-dependence values, 62
tolerence values, 62
var iable,  61

Cassette BASIC, 18, 21, 55
dynamical ly relocatable program, 29
interpreted language, 55
ROM address al locat ion,  33

Cassette recorder, 44-45
circular cable connect ion.  44
computer connect ion,  19
jumper pin set t ing,  44
programmable per ipheral  interface, 45

Cassette recorder failures, 1 30-l 34
data, can't wtite, 132-134
data,  won' t  read. 130-132

Cassette tape storage, 22-23
archival storage, 23

Cathode ray tube. See CRT
Centraf processing unit, 20, 27-32, 192

address l ines,  29
bus control ler ,  29
data transfer. 29

functions, 26-27
lntel 8088, 21, 26, 28-29
replacement pafts,  71
support chips,29-32

Chapter summaries,  14-1 5
Chip fa i lures.  53

asyphyxiat ion,  65
bent/broken pins,  54
cleaning, l49
corrosion prevention, 148, 1 49
dust,137
Easter egg test approach, 1 72
fan- in i fan-out,  171
floating, 17'l
heat ing/cool ing,  l  72
high-vol tage stress,  63, 169
loose chips, 68
metal  mi8rat ion,  1 58-1 69
microvol t  measur ing, ' l  72
open connect ions,  63, 168
open connect ions test ing,  I  71
piggybacking, 172
power-cycl ing environments,  63,  169
proper handl ing,  64,73
removing chips,  69
replacing chips,  69-70
shorts,  63,  169
sho(s test ing,  170-171
solder splashes, 64
thermal stress.  63. 168
wear-out fa i lure,  63,  159

Chips, 20, 59-61 , 192
descr ipt ion,  168
fai lures.  See Chip fa i lures
informat ion chart ,  182-183
locat ion scheme, 27
manufacturer's device code markings,

20r
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60-61
manufacturer i  s logo markings, 59-60
manufacturer 's type number markings,

60-61
pin numbering system, 59
pin 1,  ident i f icat ion,  59
sizes,  21. 59
special  chips,  21
transistor- t ransistor- logic (TTL) chips,  1 70

Circuit board. See Motherboard
Clcrck generator (82841, 21 , 29-30, 192

basic c lock s ignals,  30
clock t iming signal ,  29
osci l lator s ignal ,  29
power ready signals,  29

Color/graphics adapter card, 22, 42-44
ASCII  character set ,42
attr ibute code,42
character oroduct ion,  42
composi te v ideo output,  42
high-resolut ion graphics,  22,  42
l ight  pen connect ion,  42
low-resolut ion graphics,  22,  42, 43
medium-resolut ion graphics,  22,  42, 43
radio-frequency (RF) modulator output,  42
RAM, 42
red-green-blue (RCB) output,  42
ROM,42
synchronizat ion s ignals,  42

Color/graphics monitor fa i lures,  106-121

bad characters displayed, 1 I  4-1 1 I
bad color,  l  1B-120
no color,  1 18-120
no display,  106-109
no graphics,  12O-121
no hi-res text ,  120-121
no hor izontal  synchronizat ion,  1 1 2-1 1 3
no lo-res text ,  120-121
no text ,  graphics work,  1 13-1 14
no vert ical  synchronizat ion,  1 1O-1 12

Compi led- language programs, 55
Component fa i lures,  63
Component recogni t ion,  58
Components,  See speci f ic  components
Conf igurat ion changes record sheet,  '187

Connector slots See Expansion slots
Control  uni t ,  25,  26, 192
Corrosion, 148-149

atmospher ic corrosion, 148
direct  oxidat ion,  ' l  48
galvanic corrosion, 1 48-1 49
gold-plated connectors, 1 49
high temperatures,  149
prevent ion,  149

CPU. See Central  processing uni t
cRT,64,192

body strain,  16
eyestrain,159-160
l ight  radiat ion,  159
x-radiat ion,  159
See a/so Display monitor

Crystals, 62
funct ion,52
oscillation frequency, 52

D
Diodes, 62

descr ipt ion,  170
digital multimeter (DMM) testing, 173-174
diode effect (DE), 174
fai lures,  63. 170
funct ion,  52

ident i fy ing,62
reolacement, 63

DlP,32,61 ,176
Disk drive, 17, 18,23, 45-48

computer connection, 20, 23
data transfer, 46-47
direct memory access (DMA) control ler,

46-47
disassembly,  l55-156
disk controller card, 45-46
hard disk maintenance, 158
modif icat ion, 47
mult i function boards, 47 -48
preventive maintenance, I  52-1 58

Disk drive fai lures, 53-64
alignment, 157-158
disk drive speed tests, 1 55
disk speed program, 156
drive rotat ion speed, 64
dr ives can' t  be accessed,9l-93
head-cleaning, I  52-l  55
head-cleaning t imesheet, 1 55
maSnetism, 149
neither drive wil l  read, 84-87
neither drive wil l  wri te, B9-91
one dr ive won' t  read,81-84
one drive won't write, 87-89
read/write head al ignment, 64, 157
tracking check, 157
tuning lamp, 156-157

Diskette. See Disks
Disk fai lures, 149-152

disk l i fe extension checkl ist,  151
dust,  138, 150
magnetic oxide coating, 150
magnetism, 149
oxide layer bui ld-up, 150-151
proper handling, 72
smoke, 150
storage envelopes, l5C
thermal stress, 136

Disks, 23, 45-46, 192
descript ion, 46, 152
orsK i lre, t5u
preventive maintenance, I  50-1 52
sounds, 152
using second side, l5 l -152

Display monitor,  17,  19, '192
cleaning, 1 38-1 39
color/graphics adapter. See Color/graphics

adaoter card
color signal adjustment, 62
computer connection, 19, 20
monochrome adaoter. See Monochrome

adapter card
radio frequency (RF) modulator, 19, 22,

42
Display monitor failures, 54

dust,  137
repair ing, 64, 134
safety precautions, 72
See a/so Monochrome monitor fai lures;

Color/graphics monitor fai lUres
Dynamically relocatable programs, 29

E

Equipment history record sheet, 185-187
Error codes,77
Expansion slots, 20-21 , 26

adapter card,20,26
open architecture, 20

F

Fai lures.  See speci f ic  componeng speci f ic
problem; repair-generated failures

Firmware. See ROM
Floppy disks.  See Disks
FORTRAN, 55

c

Came control adapter, 51-52
circui t ry,5l-52
HICH output check, 52
ioystick connection, 51
loop pol l ing, 52
pushbutton connection, 51
value of resistance, 52

H

Hardware troubleshooting approach, 65, 161
Hexadecimal{o-decimal conversion chart,

190

I

IBM-Easy troubleshooting approach, 58,
67-71, 161

tBM PC, 17-24
binary operations, 57, 59
connections, 19
data sheet,181-182
digital machine, 57
interrupt-driven machine, 21, 30
life-cycle cost, l 35
operational l i fe, 179
structure, 18-19
system configu I ation, 23 -24
third-party components, 1 7-18

Input uni t ,  25,  26
expansion slots, 18
Input/Output devices, 26
memory-mapped l lo, 39

Integrated circuits. See Chips
lnterference. See Noise i nterference

K

Keyboard, 18-19,48-50
ASCII character set, 50
automatic repeat, 19
character storage space, 19
computer connection, 1 9
chord keying, 48
DIN specif icat ion, 19
disassembly, 185-186
electronic circuits, 19, 48
function keys, l8
key redefinit ion, l9
keys, 19, 48
numeric key pad, 18
phantom switch condit ion, 49
posit ion adjustment, 19
reassembly, 185
scan code, 48-49
special keys, 18-19,48
switch matrix, 48
system interrupt, 49-50

Keyboard failures, 121 -125
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computer locks up, keyboard entr ies
won't work, 93-95

keyboard stays in lower case,124-125
keyboard stays in upper case,124-125
keyboard won't respond, 121-123
keys won't work, 124
l iquid spi l lage, 64, 73
wrong character printed, 121-123

t

Light pen connecting, 42
Light pen fai lure,  128-130
Liquid crystals (LC),  158-159

recording-temperatu re-l imit l iquid crystal
(RTL-LO, 159

temperature-l imited l iquid crystal (TL-LC),
1 58-1 59

M

Magnetism, 149-150
magnetic f lux, 149
preventing harmful effects of, 150
sources, l49

Main logic board. See Motherboard
Main memory. See RAM
Mass storage, 22-23, 26

See a/so specific storage units
Memory, 20,25, 193

address space, 32
dual in- l ine package switches (DlP), 32
expansion, 20, 32
memory design, 32
See a/so RAM, ROM

Metal oxide semiconductor (MOS) chip
handl ing,  73

Microprocessor. See Central processing unit
Minidiskettes See Disks
Modem. 26, 193
Monitor. See Display monitor
Monochrome adapter card, 22, 39-42

ASCII character set, 40
character production, 39
computer connection, 40
CRT controller (6845), 40
functions, 39
operating description, 40-42

Monochrome monitor fai lures, 95-106
bad characters displayed, 101-104
no display, 95-98
no hi-res display, '104-106
no horizontal synchronization, l@-101
no lo-res display, 104-106
no vert ical synchronization, 98-99

Motherboard, 18, 20, 193
chips, 20
disassembly, 184
hair l ine cracks, 1 71
hot soots, 1 72
mounted devices, 58-59
mounted devices, replacement, 186
RAM location, 36
reassembly, 185
repair ing, 178

N

Noise interference, 69, I  39-145, 193
acoustic noise, 139

capacitance values, 1 40
conducted RFl, 139
crosstalk, 140
descript ion, 139
electromagnetic interference (EMl), 139
electromagnetic radiat ion (EMR), 1 39
electrostat ic discharge (ESD), 1 39, 140, 149
gf i tches, 140, 143
high-voltage transients, 1 41
internal EMl, 139, 140
maSnetic f ields, t41
power-l ine noise, 140
radiated RFl, 139
radio frequency interference (RFl),1 39
sources/ 14O-141
spikes, 140
transient EMl,  139, 140
triboelectric series chart, 1 43-1 44

Noise interference countermeasures, 69,
141-145

acoustic pads, 141
audible noise,  141
bonding originals, 141
component design improvements, 141
conducted EMl, '142
electromagnetic i  nterference (EMl),

1 41 -143
electrostatic discharge (ESD), 1 43-1 44
FCC EMI requirements, 142
ferr i te-shield beads, 142
fiber-optic cables/connectors, 143
f i l ter ing,  141
fi l ter pins, 142
intermittent failures repair, 69
metal enclosures, 142
radiated EMl, 142
radio frequency interference (RFl), 144-145
shielded cables, l42
shielding, 141 , 145
wir ing improvements, 141

Numeric data processor chip (8087), 21

o

Operat ing system, 17, 56, 193
Operat ional  log sheet,  187
Output uni t ,  25,  26

P

PC-DOS operat ing system, 56
Peripherals.  See Input/Output devices;

specific device
Power-line problems, 1 45-148

blackouts,  145
brownouts,  145
brown-up, 145
transients, "146, 193

Power-line problems, prevention of,
146-148

auxi l iary power source, 145
backup power supply select ion checkl ist ,

147-148
continuous-service UPS, "l 47
f i l ters,145
forward-transfer UPS, 1 47
isolators,  146
metal oxide varistor (Mov), .146

motor generators, 147
power- l ine condi t ioners,  146, 147
regu lators, 1 46

reverse-transfer UPS, 1 47
uninterrupt ib le power supply (UPS),

1 46-1 47
Power supply.  See Switching power supply
Prevent ive maintenance, 1 35-1 60

annual  rout ines,  188
cold temperatures,  137
dai ly rout ines,  188
dust,137-138
dust countermeasures,  ' l  38-139
IANS, IJ, /

heat countermeasures,  136- ' l  37
monthly rout ines,  lBB
stat ic electr ic i ty,  1 37
thermal stress,  ' l  36
thermal wipeout,  136
weekly rout ines,  188

Wif iet ,^17, '19
audible noise,  141
dust problems, ' l  37

Processor -See Central  processing uni t
Programmable interrupt control ler  (8259),

21 ,  30-31
hardware- interrupt,  3 1
interrupt control ler ,  31
interrupt- [equest- l ine inputs,  3 1
interrupt s ignals,  30

Programmable interval  t imer (8253 Pf i ) ,  21 ,
32

Programmable per ipheral  i  nterface (8255
PPD, 21 ,  31 -32
cassette operat ing,  45
funct ions,32
handshaking l ines,  31

R

RAM, 21-22,25,34, 193
addressing error,  66
bank addressing scheme, 34-35
expansion, 22, 34
motherboard address locat ion,  36
par i ty checking, 32, 35-36
storage error, 66

Random access memory See RAM
Read-only memory See ROM
Relays,  62
Repair-generated fai lures,  64
Repair  parts,  71

electronic parts stores,  7.
IBM service center,  71
spare parts checkl ist ,  178-179
trade magazines, 71

Repair  service checkl ist ,  72
Resistors,6l

color-band values, 61
cyl indr ical  wire-wound device,  61
DIP resistor networks,  61
fai lures,  63, 170
funct ions,  6 l
ohms, 6l
replacement,  63
resrstor network,  61
SIP resistor networks,  61

ROM, 2r,  25-26, 193
address al locat ions,  32-33
basic input/output system (BIOS),  21,  33
direct  memory access control ler  (8237

DMA), 2I
self-tests, 33

RUN fai lures.  See Disk dr ive fa i lures;
Keyboard fa i lures
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Rust. See Corrosion

s

Safety precautions, 72-73
component handling, 73
disk handling, T2
display monitor chassis, 72
l iquids, 73
logic cl ip, 163
oxidation, 149
power cycling, T2-73
power off,  58,68,72, 149
power strip, 73
soldering, 76
summary l ist,  189
switching power supply, 72

Software, 17, 193
debugging, 167
See a/so specific type

Software troubleshooting approach, 65-67,
161
Butterfield test, 67
diagnostic software tests, 65-65
duaf -address test, 66-67
memory diagnostic tests, 66-67
rotating-bit test, 66
self-diagnostic capabi I ity, 67
sequential numbers test, 66
simple store-and-read test, 66
sum test, 67
walking-bit  test, 66

Soldering, l75-178
capacitors, 1 73
chips, 70-71, 176
circuit  test ing, 178
DIP extractor, 176
flux, 177
melting temperature, 1 76
motherboards, 178,186

removing solder, 175-'176
safety precautions, 76
soldering t ip, 177
solder sucker, 1 75
technique, 176-177
tinning, 177
t ip c leaning, 177
wave soldering, 176

Solid-state components, 63
Speaker, 22,50-51

fai lures,125-127
Start-up failures, 76-81

beep indicators, 76
error displays, 78
f/O error codes,77-78
no power l ight, nothing works, nothing

on screen. 78-79
power light on, nothing works, nothing

on screen, 79-81
system error codes,77

Static. See Noise interference
Switching power supply, 18, 22, 52-53

descr ipt ion,53
disassembly, 184-185
reassembly, 185
repair ing, 53, 134
satety precautions, 72
voltages, 52-53

System board. See Motherboard
System description record sheet, 187
System monitor, 55
System unit, 18, 19-22

disassembly, l9-20
reassembly, 185

T

Telephone interference, 1 45
Television interference. I 41
Thermal imaging, 158

Tools,161-168
advancements, l62-163
current tracer, 165
digital mult imeter (DMM), 162, 173
digital voltmeter (DVM), 71, 162
DIP extractor, 176
lC tester, 155
fogic analyzers, 71, '167

logic c l ip,  71,  163
logic probe, 71, 163-164, '171
logic pulser, 163-164, 171
ohmmeter.  173. 174
oscif loscope, 71, 166-167
osci l loscope bandwidth, 1 66
recommended equipment, 1 78
resistance test, 7l
signature analyzer, 71, 167-168
vacuum-tube-voltmeter (VTVM), ' l  62, 1 7 1
voltage test, 7l
volt-ohm-mil l iammeter (VOM), 1 61 -1 62,

171
Transistors, 62

failures, 63, 170
funct ions,  62,17O,174
identifying, 62
ohmmeter testing, 1 7 4-1 7 5
replacement, 63

Troubleshooting, basic, 57-58
hardware approach, 65
IBM-Easy approach, 65-57
safety precautions, 72-73
software approach, 67 -7 1
steps, 58

Troubleshooti n g index, 7 6

v

Video display. See Display monitor
Von Neumann machine, 59


