- ARCHERS Cat. No. 276-5017

Schematic Symbols, Device Packages,
Design and Testing |

Forrest M. Mims III




CIRCUIT SYMBOLS

AN _.._f\v}\/\_.._ — ’t‘ié"'

CIXED VARIARBLE FIXED PoL ARVZED
QES\?&TO? LESTISTOR CAPACVTOR CTAPACITOR

RECTIFIER/ ZENER PRP NPN
DlcoE DIODE TRAMGISTOR TRANSISTOR
N )‘3}‘___
S S : é 4@
SpL AR pROTO — PrROTO-
LED CELL RESISTOR  TRANSISTOR

| ! o

COMNNECTED UNCONMECTED  POSITIVE

WWIRES WIRES SUPPLY GRounD
& }
B — — o—— —olo—
]
NORMALLY  NORMALLY
SPsST SPDT OPEN CLOSED
S wWiTCH SWITCH PUSHBRUTTON PUSRBUTTON
1:0
By ; E : + -
j«ﬂ? 51{;
Il
— A !
PIEZO~-

RELAN TRANSFORMER SPEAKER  SPEARER

O & Sl P

BATLTER LAME EATTERY OP-AMP



sC HEN\ATIC sm
DEVICE PACKAGES,
DESIGN AND TEST\;;

| "BY SERICEEE
FORREST M. MMS I

CONTRIBUTING ED\TQR
MODERN : ELECTRON\C$ \

SECOND PR.m‘rlNG 1%0,,f,
A S!L\CONCEPTSYM‘ Boo&

copwmawr © 1988 RY FORREST M. M\Ms,m
ALL R\GHTS RESERVED

'PARmeD lN THE UNITED STATES OF AMERlCA



THIS  Book INCLUDES STANDARD _APPLICATION
CARCUITS AND CIRQUITS DESiGNED BY THE .

 AUTHOR. EACH CIRCUIT . WRS ASSE.MBLE.D AND
. TESTED BY TE Aurﬂoa - AS THE BsOK wAs

DE\IELDPED.J AFTER THE BookK WAS COMPL.ETE,D

. THE  AUTHOR R.EASSE,MSL.ED EACH QIRGUIT TO. .
cuecx FOR. ERRORS.  WHILE REASONABLE . QAP.&ﬁ
. WRAs EXERCISED N THE PP»EPAR-ATLL)M OF . THIS
. Book., \/ARIA‘!’)DNS IN  COMPONENT TDLERAMC&S
" AAND  CONSTRUCTION. METHADS _MAY | CAUSE THE |

RESULTS YoU OBI’AIN T™ mPFER FROM THOSE
GIVEN H&R.&. TREREFORE THE AUTHBR AND -
RADIO SHACK Asswu& NGO RESPONSIBILITY FoR
THE Sm'rABu.rrY OF THIS Book'S CONTENTS

. FOR ANY APPLICATION. SINCE  WE HAUE NO
L CONTROL ovea THE ULSE  TD wmcﬂ TRE : i

,‘MFORHATION IN THIS BOOK 18 PU'r wE

_ ASSUME MO LIABILITY FOR AMY DAMAGES
; ‘RESULTING FROM ITS USE., OF COURSE 1T
IS YOUR REs Po»stem-rv T DETE-RH[NE IF

COmMRnERCIAL USE, SALE OR. MANUFACTURE
OF ANY DEVICE THAT iNCORPOﬂATES INFOR=
MATION In - THIS Book [INFRINGES . ANY :

. PATENTS, comnsms‘ OR OTHER RIGHTS

DUE T THE | MANY OQUIRIES. RECE\VE.D E’r :
. RADIO SHACK AND THE AUTHOR, (T IS NOT
_ PossiBLE TO  PROVIDE PERsoNﬁz_ RESPONSES

T REQUESTS FOR ADDITIONAL INFORMATION |
(Custom CIRQUIT DESIGN, TECHNICAL . ADVICE,
TROUBLESHOOTING onlCE ETC). IF You
WisH T LEARN MORE ABouT‘ ELEo_-rfzomcs,

SEE OTHER BooksS Imn THIS SERIES . AND

RADIO  SHACK'S "GETTING STARTED IN.
Ez.ecrawms. ALSO, READ MAGAZINES LIkE
MODERN ELEGTROMICS  AND ,5g:o~ LECTRONICS,
TME AUTHOR WRITES A MONTHLY CoLUMA,
"ELECTROMICS NOTEBOOK,  FOR _u_gegn ELE.CTROMCS,
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11l SYORE ComPonEnTS AT Room Tem PERATY

RN TN
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ELDOR SUBIECTS EVEN 'THE SMALLEST

- DEVICE TO MANY TIMES THE FORCE OF Lo
- GRAVITY, A DROPPED bEVICE MRAY APPEAR .
~-UNDAMAGED, BUT THE ForcE OF |MpAcT

~MAY SEPARATE INTERNAL CONNECTI ONS
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- THEN  BEND THE LEAD WiITH A
FINGER.. THE RADIUS oF ThE
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- BENDING LEADS WiTHouT | /] S—Pliers

2. AUOD DROPPING COMPONENTS. A faLL TO THE

~CRACKS N THE FUNCTIONAL PART of THE DEVICE
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DR DEGRADE . (TS PERFORMANCE. (cRAcKksS IN THE
: Ef;AnNG WEAKEN THE DEvicE AND PERMIT THE

PR PLIERS. coer THESE N} Do /[~ bbgs
L PN THEM, BUT NoT The Tl

N/ Ny
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SN S O L SO D HEAT Sink

[ T BED A COMPONENT cemp, st E[E:
- GRASP. THE LEAD with LonG NosE 57 ,,//g:] —




,,,,,

S

 TMopERATELY .
WVWLNERABLE
Cl,aoo 10 S*ooo{)

,MOS T&ANS(S'IO&S
MosS L iCs . LS TIL B | SMAL
ﬂww&TRmssmgsy scaen&ynuc;;j S0ES AND | L
|'Tunc Tiom FETS . | SCHOTIKY DIODES | | TRANSISTORSY . .
| LASE R DODES LluE.A& chaw,w PIE2OELECTRICT
METAL FILM RESISTORS ] cRvysTA

_”“n-ns 15 atsn.‘zt T PARJ
fzx\sts, TP-E.&T Ssaseacr

SR e A ,~§~ L NN NSRS, W—




E NP\CAL Eso VOLTAéE GENER.ATE.D BY VARIDUS
MATER\ALS (7S°F eox RE.LAnvE_ Hummw)

MATER\AL B AchON o VOLT'AGE.

| rRuBgER COMB s STROKE DRY HAIR -2,500

,fDESK cuAuR o row ACROSS PLASTIC ~2.000
- T‘iFLooRMAT‘ L

;_Powﬁmneua BAG CRUMPLE N HAND - 300

‘,'ro—Rz TRHNS(STORS"S‘HAKE sre - 200
IN Pour BAG - SEVERAL T‘iMES :

PEMC;L ERASER | Rug AcRoss «:uzcm'r + 100
L S BOARDk

PLASTIC PARTS Box | RUB wiTH 100 % | +100]
L coeTTON FABRIC ‘ ;
CLEAN PLASTIC ; RAPIDLY unROLL | 4 500
TAPE. (2.” wme) | SEVERAL INcHES |
] mooet MALE | watk Across | 1,000
| [(RusEER soue SHeES) | cARPET B

, THESE, MEASUREMENTS MADE wm—i ,cfoMME—.RcML
- . | STATMC METER. ESD VoLTAGE IS FROM 10 T
|50 TJMES HIGHER WHEM RE.LATWE HUMIDJTY S

, s 1
FKAGmEN'rS/ MICRO~ ‘
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ESD HANDLING PRECAUTIONS

OBSERVE THE COLLOWING PRECAUTIONS WHEN
HANDLENG COMPONENTS SUSCEPTAELE TD DAMAG&
FrRom ESD: -

{. STORE COMPONENTS IN ORIGINAL PACKAGES,
ELECTRICALLY CONDUCTIVE CONTAINERS. oR :
conou CTIVE PLASTIC FODAM.

2. bO NOT T‘DUCH LEAD.S QR pws.k

3‘ DI SCHARGE THF_ STAT\C CHA&GE om You& Lo
BODY, BEFORE TOUCHING coMPouE_uTS,B’Y TOUCHING
A GROUNDED METAL SURFACE CCAELNET APPLg—z
ANCE 4 ETC.). - , o e

4., PLACE COMPONENTS o~ AN ALUM\NUM ch. F
SHEET OR TRAY DR ON. CONDUCTIVE FDAM AFTER .

REMOVING THEM FROM THEIR. coerwEB.S PRloR
TO LMSTALUMG THE_M_

B

5. DO NOT SLIDE CQMPONENTS Ac&oss A wnﬂ_g,

;BENCH oR OTHEK SuRFAcE.,

lo. K.EEP STATIC - GENERATING MATF_mALs (c
PLAST\C , CELLOPHANE, CANDY WRAPPERS, PAPER,
;cmnaomu ETC) AWAY  FROM, wORK AREA‘ ‘

7. NEVER ALLOW cwmwa ™ MAK& coumc:n :
w\TH COMPONENTS.

8. NEVER lNSTALL. £SO~ SENsmv& COMPONEMTS ~
IN A CIRCUIT WHEN POWER IS 'APPLIED, AND |
NEVER REMOVE COMPOMNENTS FROM A culc:urr
wHEN POWER IS APPLIED.

Q. WJIHEN POSSIBLE, USE A BATTEP.Y PowERaa :
{RON TD MAKE sowea CQNNE.CTIONS “TD f.so*
SENSITIVE COMPONENTS. AN AC—PQWERED '
 IRON. MAY BE USED iF THE TIP DOES NOT .
CARR'Y STRAY vau‘Aea.;

34




i R
Esuurs ARE osrmu
wawrs NaT merLED FLND A
rSuGGES‘FED ME.’THODS lthuoa.f {

RE—&LSTDRS}-—?MEAS“R& RﬁSISTANCE_ wn‘n A

To "“blSLHARGE CAPAC[TQK BY Co
,fwstoaTms LEADS. THEN CDNNEQT AN AMAwG
uar:aem& SET . To HIGHEST | RESISTAMCE Logoe
RAMG& Ac&oss CAPACITOR. (BE SWRE | masssnus f
j; ?om&m OF ELECTROLYTIC. nAPAcwoks,) METER
b NEEM.E SI-\OULED MDVE TO RIGHT | AnD THfM FALL

; L$Ac& To. mmA/. Pown NEEDL.E WILL: MOVE! MoﬂE
W G.ARGE. VALUE CAPACITORS. . 1t ‘MAY NoT
_ MOVE WHEN VALVE 1§ BELow ioto_l % N TT -
‘.«NEEDLE Ra;uams AT R NEAR . Rte;—rr SiDE oF
j,.f,rﬁﬁ _THE | cApAr_n‘roR 1S SHORTED. IF NEEDLE
M.FHJLS TDMDUE VALUE oF CAPAC.J'TOR ls;&&mwf
,,p m,‘F‘ofz CAPACITDR ;s OPEN N

,,Dmm:s u‘ss A Mw.frmz;reau RESISTANC&

ESHouz.D BE Low. . IN FORWARD | D!REcnom ANQDXN
.HlGH .\Ju REVSRSE DIRECTIDNI.;_ Lo

e

TRAnstsroas—i
iTHIS. Q\E.culr
- PROVIDES A |

_g,,,,,“Go/Mo -Go
__TEST FoR

o ﬁsww\‘rcm.NG
... TRANS (STORS.

L. ReEseecTwve |
.LED . GEows I‘F‘f,‘,, S S
TRAMSLSTAR, | leneg

- TRANSISTOR

:2‘:&? S



. |RCUIT DESIGN TIPS |

1. USE EXISTING CIRCULTS As BUILDING BLOCKS .

TO FORM ENTIRELY NEW CIRCUITS.

2. ALWAYS REVIEW THE MANUFACTURER'S SPECI-
FICATIONS FOR ACTIVE DEVICES (TRAMSISTORS,
INTEGRATED CIRCUITS , ETC.) BEFORE USING. THEM -

IN A <IRCUIT. PAY "PARTICULAR ATTENTION TO.

OPERATING VOLTAGES, INPUT AND OUTPUT RE= L

QUIREMMENTS AND POTENTIAL PROBLEMS (SUCH AS

pscitL ATION , NOISE , LATCHUP, gTC.).
3. BYPASS CAPACITORS, WHILE NOT ALWAYS .
REQUI RED, CAN PREVENT NOISE AND OSCILLATION
1N ANALOG CIRCULITS AND FALSE TRIGGERING...
AND MEMORY. LOSS IN DIGITAL CIRCVITS. IN. |
ANALOG CIRCUITS PLACE A 0.1 MF AND L1.OmF .
CAPAC\TOR ACROSS BATTERY LEADS WHERE . L
THEY ENTER THE CIRCUIT BOARD-. Use 0.1 uF .
CAPAC. ITORS FROM POWER SUPPLY PINS OF . . .
OPER A TIONAL AMPLIFIERS TO. GROUND. |N DIGITAL.

CIRCUITS PLACE A 0.1 mF CAPACITOR ACRDSS . &
THE POWER SuPPLY PINS OF EACH CHIP.

4. COMPONENT SUBSTITUTION 1S GENERALLY.
OKAY. HERE ARE SOME GENERAL GUIDELINESI . . .

o, RESISTORS~USE NEXT CLOSEST VALUE. USE
EQUAL. OR HIGHER POWER RATING. ClRculT
PERFO RMANCE MAY BE ALTERED. FOR EXAMPLE,
A SMALLER THAN SPECIFIED RESISTOR IN SERIES |
WITH AN LED wiLL INCREASE CURRENT THROVGH
THE LED. ; ; S PSS |

b, CAPACITORS— USE NEXT CLOSEST VALUE. VSE
EQUAL OR MGHER VOLTAGE RATING. CIRCUIT -
PERFORMANCE MAY BE ALTERED. FOR EXAMPLE !
USING A  SMALLER THAM SPECIFIED CAPACITOR |
IN A TIMER CIRCUIT wiLL REDUCE THE TIMIMG CYCLE,

c.', R{POLAR TRANQ\STORS‘T" Su&sn-rummmm} :
SAME EAMILY. OBSERVE POLARITY AND. POWER. ... . -
2 , ; o o



E

b CIRCUIT LAYOUT TIPS o

1. CONNECTIONS BETWEEN COMPONENTS SROULD |
BE AS SHDRT AS POSSIBLE IN RIGH-SPEED DIGITAL
CIRCULTS AND HIGH-FREQUENCY ANALOG CiRCUITS.

20 TRE INPUT AND OUTPUT SECTIONS OF HIGH-
- GAIN AMPLIFIERS SHOuLD BE PRYSICALLY ISOLATED
FROM ‘oNE ANOTHER. OTHERWISE INDUCTANCE.

- BETWEEN THE INPUT AND OUTPUT WIRING MAY
 CAUSE. A PPRTION ofF THE OUTPUT SIGNAL TO
- BE FED BACK TD THE INnPUT. THE RESULT witt

- BE SEVERE OsciLLATION. . o

- 3. POWER TRANSISTORS, ICS AND SOME OTHER

- COMPO NENTS THAT BECOME WARM DURING OPERA-

i TION OFTEN PERFORM BETTER wiTH A HEAT sINK.
. THEREFORE, LEAVE SPACE ARDUND . SucH comPo-

NENTS FOR A HEAT SINK. AvVoldb PLACING HEAT

1. SENSITWE COMPONENTS NEAR COMPONENTS THAT
- MAY REecomE HoOT. ; B o

H. USE INSULATED WIRE FoR INTERCONMECTIONS,
INSULATE EXPOSED COMPONENT LEADS MOUNTED
;CLosegi TO OTHER EXPOSED LEADS OR HARDPDWRARE.

5. ALL LEADS THAT CARRY HOUSEMOLD LInE
URRE_NT MUST BE IMNSULATED. L

-

b, CIRCUITS 1N WHICH A CURRENT FLOW IS
. .. SUDDENILY SWITCHED OFF oR ON MAY EmMIT
 RADIO. FREQUENCY RADIATION THAT CAN  CAUSE °
SSIGNIFICANT INTERFERENCE Iy NEARBY
RADIOS  AND TELEVISIONS. RADIO FREQUENCY
EMISS1ON CAN BE REDUCED RY ENCLOSING THE
ENTIRE CI1RCcuIT IN A;GROUNDED,METALZ EN-
CLOSURE. EXTERNAL CONNECTIONS TO OR
FROM  THE ENCLOSURE SHOULD ERE MADE WITH
SHIELD ED CABLES. R - ,

'7 ,US'E’ STRANDED \MR;E” FOR ALL CONMNECTIONS
- THAT PRE NOT EIXED Iny POSITION (BATTERY e
. LEADS, ETC). USE SOLID WIRE FOR FIXED CONN ECTIONS,



| CURRENT FLOWS THROUGH A COMPONENT. ORA
x,cownuc.roa, MOST mueousurs ARF. SPECJPI&D

 RANGE. A HEATSINK Wil HELP REMOVE EXCESS.

ﬂ,gommuaur .

7 HEATS\NK NG

WEAT 1S PRODUCED \m-\an AN Et_s,c.mxcmh

FOR. OPERATION. WITRIN A GWEN TEMPEMTL&&&

 MEAT . FROM A COMPONENT. THERE. ARE mgﬁa
. PRIMARY MEANS - BY WHICH. HEAT LEAVES.. A

\H

RA DlArsQNw4 ”couuuc.r\ou
. MEAT IS RADIATED f"fiﬂem IS . f:,;j”],;,,,aem 15 CONDYCTED |
. INTO SPACE AS ,;CQNDU;TED; ~ . INTO. SURRWHDI&EWE,
| ELECTROMAGNETIC AWAY THROUGH . AIR . AND unm D
Lol ;,‘R,Aso;lfAﬂoN., _,,nsu\,;&;,t.gagps;.wg AwA\r;

HE.ATS\NKS A&e ME.‘T‘AL STRULWRE.S
_IMPROVE THE EFPIC‘E.NCY WITH. wwcH; HE,AT.‘,,
LE.AVES A . CDMPONF.NT. THY; 'D-h‘.&MAL £Qmpuc ,
T\vnv OF VAmcus MATERLALS IS CDMPARED BE.Low.'

,,,;Mmemag CQNDUCT\V!JY (RELArwr: ™ sn.ve&) i
. DIAMOND m 0 SHe. L
© WNTER . . L4 ~
CSILVER o .o oo b0 o ;‘,Awmuum 1S THE | .
. COPPER: ¢ . oo W43 MOST. CGMMGMHEAJJ,;,Q
 Goad .4 SINK_MATERIAL. .l . ..
 ALLUMINUM . .Sb. . . NOTE THAT. COPPER | . .
CMCKEC o oo.21 0 s NEARLY AS. 6942& S
. 1Kcm C .18 . As SILVER.
thA L. ,0014.
AR s ,Mg,m;«QQQQﬁlS\'

'f 3,3




A HEATSINK . wiL PERMIT A DEVICE Sucn As A
POWER SEMICONDUCTOR TO DISSIPATE AS MUCH AS
TEN TIMES DR MORE HEAT THAN OTHERWISE. A
REATSI1OK WILL ALSo INCREASE A DEVICE'S

RELIARILITY AmD LIFETIME. 1

THE INTERFACE BeTWEEN A HEATSINK AND A
COMPONENT IS NOT PERFECTLY FLAT. THEREFORE
A THERMALLY  conNpDucT IvE PAD OR FILM OF
SILICONE GREASE MyusT ge PLACED BETWEEN
THE  HEATSINK AND THE pe VICE:

DEVICE —> AIR SPACE
(THERMAL

CONDUCTIVITY
OF ALUMINUM
, IS ~( S00 TIMES
I THAT of AIR.)

. CONTACT POINT —

REATSINK —>

—~—— SCREW .

s:.‘\ A ) .
;,”',:.;,,f ez :.é__._ T0-220
i n’6"; . DEWCE

N THERMAL
PAD or-
GREASE.

~—— HEATSINK

TYP'CAL ’6 "“;““WASHEE;
- HEATSINK o |

- INSTALLATION q
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5. LEAVE ™E woT TIP OF THE IRON IN pLAcE |

iFmeaEFoP.E WHEN SOLDERING . COMPONENTS
1O A SQA&D ALWAYS USE A LOW- WATTAéE
_SOLDE RING IR ON (1s T© 40 WATTS). SURE

| 2. ALwAYs use ‘SMALL DIAMETER RDSIN CORE .
© SOLDER  WHEN Sot.pemrd@ ELECTRONIC PARTS.
 NEVER USE AcCID CORE. SOLPER. IT. ww. L

3. ALWAYS PREPARE THE SURFACES TO ge
. SOLPE RED. SOLPER wiLL NOT ADHE,&E TO PRINT,

| STEEL wooL OR FINE SANDPAPER. ALWAYS.
L BuFFE THE COPPER  FoiL OF A CIRCUIT. BOARD .
_ WITH  STEEL WpoL. BE SURE THERE IS A Good

4. TO SoLDER, MEAT THE CONNECTION FIRST
.- NQT . THE . SDLDER.. - AFTER A SECOND OR TWO |

me. CONNEcnoM, ‘

‘8 S OLDER\ NG

FOLLaw THESE_ STEPS TO PRODUCE SuCCESSFuL
SOLDER CDMNECTIDMS- . . . R

1. ELECTRON\C COMPONENTS AND cnacun' Ll
BOARD.S CAN BE DAMAGED BY EXCESSIVE HEAT.

To Tin THE TIP ACCORDING TO THE msrﬁucmnsi_‘”
SuPPL.lE-,D WITH THE m.oN. o e ;

coakc::oa SOLD&RED LE.ADS

OIL, WAX, GREASE OR MELTED INSULATION..
REMOVE THESE MATERIALS WITH A SOLVENT, .

cowoic*nom BETwEEN SuaFA&ES sr:uue SDLDER-ED.

TOUCH THE ' END DF A L&Né‘m oF soapsﬂ Ib

 LNTIL MOLTEN SDLDER FLOWS THROUGH AND

1< SHINTY.  WIPE AWAY EXCESS 'SOLDER. AND
;DEBMS WITH. A DAMP SPoNéE OR CLoTA.

AROUND THE com&ﬁc.TloN. THEN REMOVE TI—\E
mohh " IMPORTANT & Do NOT APPLY TOO MUCR .
SOLPER = OR Allow TAE. caNNECTmMTDAonE .
BEFO RE 1T CDQLS. :

b, WEEP THE TIP OF THE IRON CLEAN  AND

‘-lO



THE.. LE.Aus UNTILTHE
UMLF_SS SPEC.IALIZ&D
USED THES METE\&D
w,owmum, wm&s OR

A DESOLDERING |RON OR Tool -
L:sem.,@ Fau.o,w THESE STE.PS‘

;,Z‘MDE.SOLDERJMG tRON*SQUEEZE ‘tuis sesozaf'ff}
~HEATING | commﬁm'nmd ReLﬁAs& BuLR WH&NM -
SOLDER. MELTS: .

o : g.,,.,.,,,~,g“,
- DE.SOLPERING TooL — saues.z&. BuLB oa I
. ACTUuATE PLUNGER . [WHEN  SOLDER MELTS | s
S L TOUCH' TIP OF TooL ro SOLDER AND. RELEAS& !
Lot BULB  OR . PLUNG&R. REPEAT IF NECESSAQY.f
DE.S'OLDERuuG s&Am- PLACE RRAID OVER SOLDER
:oum&cr«ou PRESS BRAID AGAINST CONNECTION wn-H
TlP OF JRON um-n. SDLDER MELTS AND FLows uum BRAID,

;,'3 RE.PA!R BROKEN AND sspnamso FoIL. PATTERH
Pucas CAN BE MADE g ‘

; Y SOLDERING S’HDRT
: Leuc—m-\s of WIRE Acaoss BREAks., o

TSOLDERING PRECAUTIONS

1- A t—\o‘r SOLDERING IRON
OR BURN A FINGER.
sowe&me m.o&'

CAN CAUSE A meE
UNPLUG AN UNUSED

2 A\lotb SKEATHNG

SMOKE AND VAPoa FP.oM
i-\cT SOLDER..'

SOLDER tN A WELL"VEMT!LATED AREA

,3 SUPE.RVLSE CHJ:LDB.EN WRO USE. soz.oep.wa IRONSS,



. BOARD

CLsP SDLDERED
EXCESS CONNECTION

LEAD™ , o
L %\ / , ;
\\% ;

CIRCUIT .
& Sec.uae. 1
_VPOS‘T\QN; "[Hf_

. | SUREACES TD sf.
5m.nen.ea mﬁc-,me.&.

5.

2. HEAT THE SU asmta

© wiIT A REATED .
SOLDERING. IRON.

k.umucu THE. Emoff

, I\JNCTLDN‘

L?RE.PARE. n—\s_x

. SURFACES | TO..
. BE. sm_uaas.n,f -

. BY. REMOVING .. . -

. Alk OXIDATION,

. .GREASE, ADHESWE ..

,ANDEP‘A&TLCLES hede

FJ KED B

vy
fomn

TO BE. SQLDER&D gt
FOR A FEW SECONDS;.\, .

oD THE IRON IN,
PL&CE. AND" L

OF A LENGTH OF | ..
ROSIN CORE SOLDER

TO THE HEATED . .. .
TUNCTION . :ALLO\}U,,W;

SOLBER TD MELT
AND FLOW THROUGH .
AND OVER ma ‘

REMOVE THE mmﬁ .
AND SOLDER ANDL

 ALlow THE ;mucno&g

T ¢oob BEFO@E

,Movm@ THE. &oARD,g,



|
L
[
f .
|

j,M&Lrs OR L.y

% s « HEAT THE

HEAT THe. Juu‘cnou
fo 8 ociouoered

L WYTH A MEATED |
f\.VSQLDﬁER\NG IRON |

LUNTIL THE SDLDE.R“‘

J’mCTmu wmﬁ Aé

lRON UNTIL 'FHE

,.SDLDER MELTS

. saueeze T™E E:ULEVﬁ
 OF A DESOLDERING

Took Loa mo»)

 PLACE TIP oF Taoi.y :

(oR | mon) N CLOSE

AS PossIRLE To
SOLDER . AND P~E.LEASE

BULB. SoLDER Wikl
BE SLvRPED UP |~To

: ;‘rom_ comPONﬁ NT’

LEAY  can NOW ; BE. |
REMOVED‘; Noré. ,
THAT LEAD CAN | BE
REMOVED BY puLLING
ON 1T WHEMN scaoea
Is MOLTEM

CLEAN TEKMINAL .

REPAuz EROKEM FotL :

PATTERN. wiTH

WIRE BRIDGE. |SOLDER
IN PLACE. .

| NEATED DESOLDERING

§

?
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s eans Cnn D S S

r\«

_fWTRQuEL.E.S»\QoTxNQ s 'tm’-_,;,:?&or.ass _OF_\PENTIEY-
" ANG T HE PROBLEM THAT . CAUSES. A chs:t.m: TQu |
i M&quwmznou‘ WITH THE. exc.epnon OF  MINOR
A;_,PB.D&LEMS, Reuxl..&saocn‘we SQPHJSTmArf.Q
SYST&MS LAKE QOMPUTERS ANQ Vcﬁs Avs;_ BES:LL
. LEFT 1O QUAL,!FIED TECH.NL c&Aus. - THE  PROCE-
puﬂﬁsg usrau RELOW CAN BE. USE.D 1’9 lTQQUBLE
. suoon oo 1T \/auasﬂ.; PROIEC.‘[ﬁL ;

1, e SuRe vou. e umaasrmjz THE fumcs
~ TIoN. OF THE CIRGUIT AS. .DESCRIBED LM IAEE INT
;_srg.uc.rnob:s FQB. TS cousmuumiw | )

2 lF YHE. cmc_un po&s NQT chrm»,; BE. ...
 GURE. IT 1S RECEWING. POWER. | ARE THE BAT=,
" TERIES FRESH AND INSTALLED. CORRECTLY 7.
~ ARE. THE BATTERY HOLDER'S TERM\NALS c‘.LE.AbL
AARS A BATTERY, CLIP LEAD BECOME. BROKEN .
CINSIDE ITS msuuuma TACKET ? IS THE POwE‘Rt,
- CORD INSERTED IN AN omu&r? 1S A FUSE.L
. gLOWN 7 DOES THE CIRCUIT'S PDWEB. Raamaﬁmm

,;,EXQEE.D THE AVAILABLE PO\UE&;

: 3. CAREFULL‘! COMPARE, TBE clacmr W!TH THE
SCHEMATIC. HAS EVERY CONNECTION, ssau MADE 7 .|
ARE RANY CONNECTIONS Iucoﬁﬁﬁc‘.T ARE AN‘(
SQLDE.R C.QMNECT!OMS DEFec.nve.._

4. ARE POLAR\TY se:\ssmve C.OMPONE.MTS ugs
CELECTROLYTIC. C.APAClTORS, DIODES A.ND TRANS!S&; :
TORS INSTALLED CORRECTLY 2 A&E tmeae.mau;, oL
C\RC\: ITS INSTALLED COR&ECTLY

'S5, ARE UNUSED INPUTS oF DIGITAL LOGIC cH;P{‘
CONRNIECTED TO GROUND oR QNE SIDE oF THE ‘
Powsk supPLY ?

b F~op. BEST RESULTS FOLLOW AN oRsAstED,
LOGIsCAL APPRDACH TO. TROUBLESHOOTING. THE. .

 TROUMWLESHOOTING TREE ON THE. FALING PAQE. B
WWLUSTRATES THIS.. AP&&QA.;\:\, it

HY .




START [

canun' ,
OPERATE.S?

s

" OPERATES™
AN TERMITTENTLYZ

o FAtLS AFTERQ ‘¢
‘;tr “wARMS UP"?

P macun—
EMH‘S ouog”

[no]

CONSWLT ALL
L)TE&ATUR& AsauT
lewreoiT T

, lDE.N‘i‘lFY PDSSIBLE
ORlGI ‘N OF PROBLEM.

[VEs

—INEs]

| { OVERHEATED.
—{Veés]

5fRouaLESHoomc TREE

SATTERY PoweRED
1. cueck BATTERY.

2. CHECK BATT‘E.R‘( :
COmrAcTS CLEAN SAME
3. CHECK Pows& SWITCH.

AC LinE Powergp:
LIS PLUG IN OUTLET? |
2. TRY ANOTHER OUTLET,
3.CHECK FUSE. A

4. CHECK POWER SWITCH,

1. CHECK FOR Loose

CONNELTIONS AND
CONTALTS. ‘
2. CHECK Fo& COMPONﬁNT
THAT FALLS WHEN ‘WARM
ANID RESUMES oPE.RATmN
WHEN CDDL :

CHECK FOR COMPONENT
THAT FAILS WHEN WARM
OR HOT. ‘ ,

A COMPONENT s
¢ DO MDT
OPERATE CIRCUIT =
UNTIL. SOURCE oF THE
PROBLEM I1DENT) FIED

AND CORRECTED.

THIS TREE
BASIC.
REQUIRE ADDITIONAL

IS VERY
MANY CIRCUITS

DECISION NODES AND

ACTIOM BRANC. HES

HS



D‘GTT/—\LTROUBLESHOOT‘\NG[
THESE SIMPLE CIRCUITS PERMIT DIGITAL LoGic

CIRCUSTS TO BE TESTED. BOTH CIRCNTS CAN BE
ASSEMBLED USING SAME 4044. L

ROUNCELESS SWITCH

GRO 4ND UNUSED
4oyl INPUTS.
Rl

Voo

PULSE ouT.

EOR TTL AND CMOS.
CIRCUITS. .

CONMNECT Vop AND GROUND TO, RESPECTIVELY, |
POSITWE SUPPLY AND GROUND OF THE CQIRCUIT & .
BEING TESTED. TDGGLE S1 TO PRODUCE CLEAN,
NO\SE— FREE PULSE. SR DU

LOGIC PRORE

'V”'

GROUND UNUSED 4049 INPUTS.

ForR TTL
AND CMOS
CIRCULTS.

q

1

Tl TRy |
0 1112 AAA
LoGIC : 720 I R
SIGNAL - FRep 7 Voo |*RY
IN T | eps W | Svjeso: .
. Jd 1 1ov] tsk
0 18V 2.2k

&

CONNECT Vo, AND GROUND TO, RESPECTIWELY, . L
POSIT IVE SUPPLY AND GROUND OF THE CIRCUIT ... | .
BEING TESTED. TOUCH INPUT PROBE TO TERMINAL L
 oF CRRCUIT BEING TESTED. LEDs INDICATE LOGIC, . .
STATLIS (L=LOw; H=*HIGH). R1~ TABLE GIVES VALUES . -
_FOR ~ § mA CURRENT. OKAY TD USE 22K FOR. ALL . . .

VALUES OF Vop IF LEDs ARE SUPER=EBRIGHT LN.ITS. .
Hip o ‘ S




WTS cAN V&E uSED 'rb mousz.E.i;HooT

IERS AND |TO DETERMINE | THE towj

}rmuu‘v oc MULT‘

cououc.'ron WIRE AMD CAEL&

(SE.E. SAF‘-ETY PREC.AUT!OMS ON r—oz.aowme PAGE)

u(

EONNECF mxecmk ourPuT ;
TO\MPUT OF. (‘.lRCun‘ &ElNG ‘

. TESTED.. use TRACER TO
,FoLLouj :snsmu. THROUGH f
. ERCH | STAGE OF mp.c.wr.j
o p\smanow IN. SOUNID OF
L . INTECTRD, SIGNAL mm—
|3 CATES A PROBLEM, R

;,,,CONTRQLS FREQUE.NE\(

' r3. S\GMAL R3 comacgs; B

« ,10!4 our é AMPLITUDE.




10. SAFETY PRECAUTIONS

ELECTRONIC CIRCUITS POWERED 8Y HouseHoz.q
LINE CURRENT AND SOME BATTERY~ POWERED . :
ClRCunTS CAN CAUSE DAMGEROUS ELECTR\CAL
noCcKS. AN ELECTRICAL SHOCK CAN CAUSE .
HEART FAILURE. A SHOCK CAN ALSO. CAUSE .

A WOLENT MUSCLE REFLEX THAT MAY tNJ’URE
AN ARM OR LEG OR EVEN THROW vou TO me
,FLooR. DBRSERVE, mase PRE.CAUT\OMS :

1 HOUSEHROLD LINE cuaaem- CAN KILL.‘ omu

2. E)(PER\ENCE.D TECHN\CIANS NE.VE.R woRK
ALONE. AND ALWAYS KEEP ONE HAND IN A
POCKET TO HELP PREVENT AN ELE.C.TR!CAL
D\$CHARGE PATH THROUGH THElR goov, '

3. LARGE FILTER AND ENF_Rey STORA&E CAPA-
CITORS CAN STORE A DANGERDUS CHARGE FOR =
SEVERAL DAYS OR MORE! NEVER TOULH THE | |
TERM INALS OF SUCH CAPACITORS! cA?Acrre&;
_CAN BE DISCHARGED Y CAREFULLY TOUCHING . |
THE METAL TIP OF A SCREWDRIVER: WITH ANf
INSULATED RANDLE ACROSS THE.IB TERM{NALS
SEVERAL TlME.S.

4, CHILDREN AND THOSE w&xpemauqc—.b AN
WORKING  WITH ELEC TRONIC CIRCU\TS SHOULJD
NoT ATTE.MPT T0 SERV\CE Ljuﬁ PowERED
c\p.cuws. ‘

5 N EVER PLAY wm-\ ELECTR_\UTY‘
b. AETER SERVICING LINE- POWERED eamp-'h

MENWT, REPLACE ALL PANELS AND SCREWS.
BEFOR E APPLYING POWER , SO

'7 \.uEAR Rus&&@. SOLED SHOES AND ¢ STAND oN
A oY RURRER MAT OR wWaeD SuRFAc.E.. WHEJ\L i .
, wORk\NG WITH LlNE-PawERSD ch;ulrs‘
48




RESISTOR COLOR CODE

BLACK o O ¥ i

BROWN I 1 %10

RED 22 %100

ORANGE 32 3 ¥ [ 0oo
YELLOW 94 4 10,000
GREEN 5 5 ¥ 100,000
BLuE € & X 1,000,000
VIOLET 707 X 16,000,000
GRAY & B X 100,000,000
WH1TE 9 9 —

FOURTH BAND INDICATES TDLERAncE (Accuracy):
GOLDTI5 % SiLVERTI 0% NONE = £ 20%

OHM'S LAW: vezr R=V/T

I=V/R P=yr=1°g

ABBREVIATIONS

A= AMPERE R = RESISTANCE
F = Fagap V(o EY = yoLT
I = CuRrenT W= wATT

P = power L= odm

M TMEG-) = X 1 500 soo

K CKRILO=) = « 1 060

wm O ML=y = .001

MO CMICRO-) = | coo oot

nCNANSGSY = | 500 coo ool

p CPico=) = L 000 000 500 ot
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