THE BINARY CONNECTION

1T POSSIRLE TO  SUBRSTITOTE THE . DIGITS. O AND 1 FoR

THE. OFE. _ AND _ON _ STARTES OF A SUWITCH THE....TRUTH . TARLE S

FOR. ..THRE _GATES ON . THE. . PREVIOUS. PAGE  THEN BECOME

H fl ) " i

'AND"  GATE OR" _GATE "ot GATE
A g ouT. A B ouT IN OUT
0 o} O e o o Q 1
> 1 O o 4 1 1 )
vvvvvvv 1 o) o 1 o) 1
1 1 1 1 1. )

HE O AND L INPUT (A £.B) . COMEINATIONS. EORM. . NUMEER< LA

THE ... TWO.. DIGIT . LOR EBIT).  BINARY. NUMBER SYSTEM. IN._ ODI6ITAL
ELECTRONICS . BINARY. NUMBERS . SERVE _AS__ _CODES. THAT. REPRESENT

DECIMAL.. . NUMBERS, . LETTERS . OF THE ALPRAEET., VOLTAGES. . AND
MAMY...  .OTHER _KINDS _ OF  INFORMATIOA.

DECIMAL  BINARY BINARNY - CODED [\ e BINARY.  EACTS
DECIMAL (BcD) \
o 0 0.0.0.0.0000 ~ :
1 1 Co00. 0001 A_BINARY O 0% 1. IS.A BLT.
2 1.0 0000 . 0010 A PARTTERN oF M BITS. 1S A NIRBLE
E 1.1 0000 .00.11 A PATTERN OF 8 BITS IS A _BYTE.
4 10.0 0.0006.01006 -
5. 101 0000 0101 LBCD—  EACH_DECIMAL DIGIT IS
b 1.1.0 boeob 0110 ASSIGNEDR . . ITS BINARY.  EQUIVALENT, _
7 1.1.1 eope 0111 NOTE THAT. LEADING ZEROS ARE . |
g8 1000 CoO0L. .1.000. SEHOMWA e N DI GIT AL BLECTRONICS
9 1001 Q000 1001 BLL  BIT. LOCATIONS  ARE OCCUPIED,
10 1.010 0001 . 0000
1.1 1011 . .....0001 0001
1.2 1.1.0.0 0001 o0cl0 1213 14 185
13 1101 000l 0011 bbb
14 1110 000l 0100 I [l fa] Tl
15 1111 0001 0101 sl
| paraced [TL J71 11031
BINARY.. NUMBERS. _CAN. BE  SENT. THROUGH CeAsTY. L | i

i )
wiges. (BUSES) ALL AT . ONCE. (PARALLEL) .0 o J1l Ji]
i

OR A _BIT AT A _TIME CSERIAL. SHOWA i

HERE . ARE _SERIAL__AND PARALLEL SERIAL o T71 1o V1l
TRANS MISSiON._ OF  158...14...12... 12, /csz.ow) \\

< 17 S 12 - {4 N 15 = ~
Jrl il o o T2l W1 o Til [Tl 11l Il o J7L It] [T,




DIODE _GATES

OETEN. _AT's D

CCIRAE/ E  TD  COMTROL. B GATE B ECTRICALLY,

RATHER  THAMN

MECHANICALLY.

THE QIMPLEST. ELECTRICALLY

CoNTROLLED GATE NSES Pry TUMCTION DIDDE S . THAT _ARE

SMUTCHED QAI\’,\

(EoRwARD  BLAS). OR OFF (Rsyerse  RIAS) BY. AN

AR IRNPLT  HEAR

ALMBUT L SIENAL

OF  SEVERAL VOLTS

CRINARN. 1. OR. _HIGH)  OR
P

Of AT GREOUND

(BINBRY. O OR. LoD,

PLANEWEN
O Diose. “opl GATE Ol DIone " AND"  GATE
A =={TAE w— o T A =={iwai5g i > OUT
(tblm)E-S (wirn. RESFECT C’Dlnn§< CwWiTH  RESPECT
. TO. GROUND) 4 o GROUNDY
B e{Wan B g e={gme=l 7 N
o
— <>
RESISTOR. 5 AROUND RESISTOR o GRouND
(k) () =

T 4

WHE RL L TRE WNPUT  VOLTAGE AT

WHEN.  THE NPT MoLT.AGE AT

nRE POSITWE

A QA& B 1s...HK
THAN. . GROUND.,.

T PASSES. THROVEH
MUE  FORWARD  RIASED. . DIODE (35)

A BMD..B 18 MORE POSITIVE
T AN GRODMDi CURRBENMT. . ELOWS

EROM. . THE BATIERY. . THROUGH THE

AnD . APPEARS . AT THE QLT LPUT.

RESISTOR. T THE oUTPUT. 1E

OTRESWILISE TH

il OWT PYUT 1%

EITHER A ok R 1S AT 0R

AT OR..NEAR

GROUMD., THE

~RUTH.  TABLE 15 VALD. . EOR

NEAR GROUMD.} ONE 0OR._EOTH
DIoDES.  BEcoME  EoRWARD BIASED

NOUTS  OF O VoLT (0 08 LOW)

ARD  CURGENT  FLowS . AWAY

AND 46 VOLTS (1 or RIGH).

FROM  THE  OUTPUT,

N e . e A B | ouT A oKy A B |ouT
LN ov. ov | ov L2 \ ov._ovl. ov
B o—I>H % ouT OV 6V IS .4y g o—K— ji oy ov. LVl .SV
/ bV OV &4y ) = l eV _ov| .SY
° L LY VIS HY o eV oVl S.4v

——

THE OUTPUT. . DoES.  NOT...REACE

AS . CARCUITS L BECOME . MORE

B EuLb o, VOooT

S AL ELE A HlGH

RECAUSE. . THE

DIinDES. REQUIRE

COMPLIGATED,. . PACTORIAL. . VIEWS
ARE . NOT.. 2RACTICAL THAT!S

A FORUWARD UBMLTAGE. OF . G

WHY THUS, PAGE. L INTRODUCES

(V110 THIS Yol TAGE 1%, Sul-

TRACTED  EROM._THE . _OUTPUT

CARCULT . DIAGRAMS EnR EACH
Ak THE  TWD. PICTORLALS. .. SEOWN

VorTAGE , (N B4

ECcTROMICS. TARGON .

D SILICoOM..DIODE

BEOUE WEY L FIND . OUT. . MORE

CAUSES. A

AROUT . CIRCUIT. DIAGRAMS. LATER.

Wt AGE  DROFK

OE Ol VOLT.)

IN.THE _MEANTIME, THE NEXT
PAGE  SHOWS. MORE . OF THEM...
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TRANSISTOR  GATES

THE VOLTAGE M QF . DIODE _GATES. MEANS.  AMPLICICATION

IS REMILRED N OEDER T L COMMEDT TOGETHER A SERIE<

AOFE GATES. WML E TEARSIAZTORS CAN.. PROVIDE THE

NELESSARY _AMPummﬂomﬁ TEAKSIZETORES CAN  EUNCTION

AS  GATES!  moTH BIPOLAR  AND. . EIELD~EEEECT TRANSISTORS

CAN.  RE USED.. Oy THLS PAGE ARE S EHOMW N ClRculT

P NN W

DIA GRAMS FOR SOME... OF . THRE . .SIMPLEST. _BIPOLAER
e

TRANSISTOR DIGITAL LOGIC  EAMIUL Y. . YOO CAN _ACTUALLY

TRANSISTOR. . GATES... . TOGETHER . TREY .FORM THE RESISTOR-. . .

MAKE  THESE CATES. %u‘r_ THEMF}JM REASON _THEYRE WERE

1S GIVE  You. AN APPRECIATION. FOR THE INTEGEATED

CIROUNT  GATE< We'LL BE  LOOKING AT SHORTLY cune

i A0INeT GATE . (nveRTER) N LouT V(BT
o JWHEN. NS AT AV (BINARY..1. OR_MIGH), S O N
e TRANSISTOR . QL SWITCHES _ON. AND  CONNECTS .\
QUT. DIRECTIY. TO. . GROUND. {RINARY. O OR e N e
et QW WHEN. AN LS LOW, QL. SWITCHES %,ék_ 10K ) OUT ...
om: AND  OUT. .BECOMES (THROUGH R1) + Y.
Mo'r GATES LikE. THIS MAKE. POSSIE/E _ nee BN A
IMPORTANT. NEW.._ LOGCIC. GATES .. _ & BC_
3. "AND" GATE o O NAND" (NoT-AND) GATE
A AR ouT 1ok 9 A B lovT
AL A Latow. b Lol 2 A S
10K \ U\ﬁ Bz HIGH A Lo H ouT LM -
e A G| o A saal TN | HoL W
AAA /? Ko . 1 H 10K \ H H L
10k \U’ﬁ/ OUT  USE. 2N2272 OR P THE "NoT FUNCTION
AR COMMOMN. MNEAL B _AAA (, LS Mroer-an" CNo
10K é TRAMSISTOR. EOR 10K EXTRA _TRANMSISTOR
-+ Akt THESE. GATES = REQUIRED),
O"orR"  &GATE DLUNoR" (moT-or). GATE
P\ A B LOUT i B L OUT,
DYV A% I N 1ok TR
1ok Nl B | e | LKL
R | I B U W YV A 2 W Aehed T N I
AM B.H ‘ H 10K, \ U\5L . N . N

1C¥k \}_%Z—« LOUT

Lm: THE. I NAND"

: < +V FOR. AL.L THESE...B J\/\L/ n)T _ GATE , THE 'NoT"
10k i GATES.  CAN.BE \M EUMCTION. IS
= +3 1D +9 VOLTS. = "BUILT - it




GATE SYMROLS -
REFORE _ MOVING. _ON._.TO.. DIGITAL INTESRATED CIRCUITS, LETS
LOOK AT  THE  SYMBoLS.  EOR . THE .  VARIOUS. KINDS  OF GATES
THLS 1S KLsD A apob PLACE  TD.L L IKWT.RODUCE SEVEEAL
GATES wWelvE NPT NET . PNCOUNTERED
1"ANMD" GATE OUNAND" L GATE
AB.LOUT A BILOUT.
—_— [ L . Lo L o)
A N ouT N A N\a_ ouT LW H
B _J ER L g— J Boob .8
A H.L H HoR L L
O"oRr" cATE DYNOR"  GATE
AR L ouT A B L OUT
o [ A . Lo i H
A VTN ouUT LR LR AN, our LRl
g — 7 ot B B — Wobop b
Bon LB MH L
O "ExcuSIiVE~QR " GATE O VExciuSivE - NoR"  GATE ..
A BILOUT ALBLOUT
i Lok b ; ORI S S W <
T ouT IO O I AN, o OUT LR L
2 . B LB &~ Mol b
HoB Lo HoH.H
7 LOGEIC . GATES  WITH. MORE . THAN.  TWO. JNPUTS — THE
SATES BOWN._ AROVE.  ARE. . CALLED. . LOSIC GIREUITS  BECAUSE
THEY. . MARE. LOGICAL.. RECISIONS LOGIC.. ATES  OETEN. HAVE
MORE THAR TwWe INPUT.S, DADDITIOMAL INPUT S AINCREACE :
THE  DECILSLOMN . MAKIMNG..  POWER. . OF. . A GATE.. TREY. . ALSO
INCREASE TRE NUMBRBER OF.  WAYS... .GCATE S AN EE
COMMNECTED . TD.  ONE . ANOIHER o FORM..CADVARNCED
DGITAL LOoGILC CIRCITS. HELE ARE L TAD EXAMPLE S
S-INPUT AR CILOUT Z-INPOT AR _C.LOUT
"AND" GATE Lot bbb "NAND" GATE L L LR
[ = W0 L LA H
R Lo b pa— [ H
5 N LoBonlL e L W H| K
e —1 MG L] L c—»l /. AL | H
Hi RI L | T = O I
HoH Lo HoR L H
HRtl K H HRI L

=4




D SINGLE = INPUT. GATES —  THE. "NOT" GATE 08 INVE RTEE

1S, MERY. . IMPORTANT. .. SINCE 1T CAM .. INVERT. CREVERSE). THE

OUTPIT  EROM AMOTHER SATE STRICTLY SPEAMIM@E

How&vez.] THE INVERTER IS oNeT A DECISION.  MAKIMNG

CIREVIT. . (LIKE  GATES WILTH T .OR MODRE . INPUTSY. A

CLOSE RELOATIVE oE. L THE IMVERTER 15 THE BUFFER .
P U i e G Vo S

kB NON= NVERTING CLRCULT THAT. .. ISOLATES GATES. . .FROM
OTHER CLRCUITS OB DLL OIS THEM T DRIVE.  HIGH ER

LTRAN. . NORMAL . LOADS .  THREE—STATE. IMUERTER S  AND

BUEEER.S HAVE AN QUTP LT TMAT AN BE ELECTRONICALLY

DISCONMMECTED EFROM.  THE BEMABIMDER . OF THE Gl RCULT

THE..QUTPUT. S THER. _ NEITHER  HIGH. .NOR _LOW..  INSTEAD
IT ELoATS  AND. . APPEARS AS A VERY . HIGH  RESISTANCE.

L BUOEERR | o CUINVERTER. . ("MNoT" cATE)
LI OuT _ IN_LOoUuT
N N auT T T ouT L H
A H [ oL
TATE . BUFFER. . QL 2-sTATE. INVERTER
Con 1; RFoL COMTROLIIN [ .OUT CONT “@5 & ) CONTROLIIN L ouT
b L Ll | ) Ly
AN oUT [ H H 1N ouT L. H L
H X LHi-Z _ H. ol X {H-z

X MERNS. "DOESNT. MATTER. RI-Z. MEANS. HIGH OUTPUT RESIETANCE

DATA "HiGHWAY S

JOETEN  CIRCUITS . MADE _FROM.  GATES. EXCHANGE JNEORMATION
ACBINARY DS CAND. 1S EACODED AS._ Low AMD  HIGH  VOLTAGE
LEVELS). THE o INEORMATION IS USLUALLY. SENT. OVER  WIRES

CALLED . BUSES . A BUS S LIKE A DATA RISHWAY . IT_MAY
ABEONE L WIRE  THROUGH... WELCH INEORMATION 1S SEMT SERIALLY

CeIT BY. B)T). QR _IT MAY.. BE UP TD ElEAT. (0R MORE) WIRES

TRROUEH . WRICH INFORMATION . 1S _SENT N PARAILEL ( A RYTE

~|OR MORE AT A TIME). _IN_BOTH .CASES. . OF COURSE, A _GROUAD
1S REQUURED . TO. .COMPLETE THE. . CIRCULT,

I 2-STATE TRALELC . COPS—  2-STATE.  GATES CAN STap

j'.fﬂgﬁﬁ.ﬁi.&w TamMs) oM. BUSES.  FOR INSTA MNCE *

BUS.Y, _
2 QALY DATA . ENTERING
CONTROL ConTRot comTROL | TRE.  SELECTED. BUEEER. .
LN i "\%K T CeontROL = LY. GETS

| . ON_THE RUS.
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LOW  GATES ARE HSED

GATES. CAN.. BE. USED _INDWIDUALLY. . OR  CONNECTED TOGETHER

o o A VNETWORK ' OF GATES CALLED . A LQGIC. . CIRCUIT.
PRIl e PN e

L MDAT Al LOGIC CHRCULTS  CAN. . BRE  PIACED N ONE. ..OQF

TWO CATEGCORIE S & W OR. __SEAUENTIAL

COMBINATIONAL  LOGIC CIRCUATS

COMELNATIONAL  LOGIC. . CIRCUITS.  RESPOND . To. INCOMIMNG.. . DATA

(O's. AND _1'8) ALMOST _ IMMEDLATELY AND . WITHOUT. REGARD
—rn EARLIER  EVENTS.. (TS ikl  MAKE  MORE....SENSE WHEN e
NoU READ  ABOUT.. SEQUENTIAL CIRCUITS wan). COMBINATIONAL

LoGle  CIROUITS . onan. BE VERY . SIMPBLE OR L IMMENSE LY

COMPLICATED. VIRTUALLY ANM. COMBINATIONAL. . CIR.CWIT.. AN

BE .. IMPLE MENTED W TH OMLY. "NAND" oR."NoOR" GATES.

IAkE THESE "mAND" GATE  CIRCUITS cien

| 1 o INVERTERS.
- NPT NMAND'  GATE —
— ) - - o
— L ]
— Nt L T BUEEER.
S ey M
| =
AND GATE NOTE ! - —
THESE CIRCUITS
— \ - Do MOT. SHow e CLUS\WE —oR" GATE .
e L A THE GROUND
COMNECTION \
"OR' GATE TRAT. . MUST -
BE.  PRESENT.. 7] \hﬂ 1
\ . UEUALLY THE J J
S~ GROUND._IS. .\
):)—.-9- COMMOMN...TO j
ew \LT—/’ THE . INPUT.
= AND__CUTPUT, VEM ¢ LUS\VE = NOR" GATE
_________ "NORY _GATE | o
T
- .
o), | o o=
L A e N e . l !
= = D=
e TR — NI
i
&b




1 COMBININ G

DIEEERENT. GATES —

HERE. . ARE _TWO
EXALMPLE S O COMBIMATION AL MNETWOEKS THAT. . LISE Moke
TRAN. ONE. KIND._ OF  GATE . (REMEMEER,  RoTH.. THESE
CARCLITS CAN.. ALSO. BE.. MADE _ENTIRELY. . FROM "NAND" GATES.)

DATA  SELECTOR

JBINARY TO DECIMAL  DECODER

N
A N . B >0 N\ o
4_) >—>OUT N M
B I A o—t D
= — L~ —
o) - \ AnD i —
DATA_.AT. A QR ' N 2
[ N1 & \s STEERED TO BOTH. MEAN: D
THE ..QUTPUT. _UNMDER 8.
S COMTROL _CF. TRE g NO \—\ w3
/\ PATA SELECT INPUT CONTACT
[N\ (The “AopRESS").
l THIS  CIRCUIT _CAN TS COMVERTS A B 10 4 2 2
DATA BE . _EXPANMDED 1D A TWO=RIT Lo Lo RoHR
SELECT: INCLUDE . MAMY BINMARY. MUMBER. L B L H L AR
LOSELECTS A MORE INPUTS 10155 DEQMAL Hob LR K LK
H SELECTS. B . AMD _ADDRESSES., ERIMVALENT, RoHL KW AR L
LLADVANCED  COMBIMATIONAG  NETWORKS —  HERE  ARE . SAME.
SIMPLE L EXAMPLES  EROM. . EnuR MATOR, FAMILIES OB COMEBIMBTIOMB
METWORK S.... . THESE  AND. _ MANMY. _OTHRER  NETWORK CAMILIES ARE
BVAILABLE. AS INTEGRATED CIRCUITS . BOXES (IKE THOSE S HAWN
ARE .. LOGLE. . CIRCUIT SYMPOLS THAT. REPRESEMT COMPLICATED
NETWORKS 6OFE CATES

MULTIPLEXER.  (DATA. SELECTOR)

DEMULTIPLEXER

X Y ~—DATA SELECT— X Y -DATA SELECT
\ A" ’ A
A s KoL QUT | E -\ oo 1IN TO...
B oy b Lo A .. B oA '
o QU LB . B LN, 2 . C 0= -
D. > Rob < D L= I 4
.5 B Rl D
ENCODER DECODER.
om COMUERTS . DECIMAL - COMVERTS  RBINARY.ID
. AMD..OTRER DATA - . DElIMAL AND. B
- o TO.BINMARY. LSES - e L0 DECIMAL, DIGITS
> "OR" _GATES. > ON DAGITAL READOUTS,
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SEQUENTIAL LOGIC CIRCUITS

TUE AUTPUT. _ STATE. OF A SEQUENTIAL. _LOGIC  CIRCUIT.. LS

DETERMINED BY THE. PREWVIOUS. STATE OF _ THE INPUT. . AN

OTHER....WORDS , B\TsS OF .  DATA _ _MOVE.  THROUGH . SEQUENTIAL

CIARCUITS STEP -RBY~STEP. QETEN. .IHE DATA ADVANMCES OME

creP  wheN A PULSE 18 RECEWED FRosm.. A "crock!” ( A

RCUIT. _ THAT. . EMITS. A _STEADY.. .STREAM _OF PULSES).. . THE

SENUENTIAL LOciC BUlLDIMNG BLOCK 1S . THE CLIP-ELOP.

_ L\Eaas _ A- .Quicx_- LELIP= ELOP  REVIEW. S

) me RAg\c ‘P (RESET ~SET). _ELIP-FLOP

) » R _ S R Q Q.
1ALSD ..c_A--u..Ex_s--_ A Sy DO S Lo | (DisaLtowED
et ATCH L TRE. SQUTPUTS. [ JJ I - S S - L.
e mnm@gw&ge ALWAYS : Bl L. R
LN OPPOSITE. . STATES. “ N\, 1. B H. K NO CHANGE
(R MEANS. "Nm’ 0”3 R 7 "cifd_gﬂ Q(Eez0, R = 1).
E\CLQ_CKED- ras" ELIP-FLOP
e S S RIQ Q
TS LATCH LGNORES > 1 Ny TN Lo L] NO CHANGE
DATA AT S _AND R — i i T "
ONTIL A "crock” CLOCK — OO L
(oR ENABLE). PULSE. . . _— ” R H | (PISALLOWED)
ARRIVES, THEN — 5 P8  ynip AETER. CLOCK
IT CAANGES STATES. R~— .~/ PULSE  ARRI\VES.

0'D" (pPATA__oR._QELAY) . FLIP=FLOP

DL

D FLIP-ELOPS TN L L K
STORE . THE AN S W N
CURRENT....OUTPOTS — ] (orR)
RETWEEN __CLOCK | CLOCK — —— 010 1
PULSES. 1. Yol.5 il 1.0

DAT A - o b— VALLD. AETER. SLOCK

— PULSE . ARRIVES.
sk FLIP-FLOP
[ T K

e TR ELIP-FLOP K N ™ L L N% CH%!GE
ALLOWS. _RBOTH — ] o1 Q [T O S
INPUTS. TO. BE. M. . CLOCK L — B o L
(i WHRICH . CASE [y~ BBl "ToeeLE”
TS OuTPuTs. "TossLE! —  \ D s VALID AETER. CLOCK
OR _SWITCH. STATES L= - PULSE ARRWES.
AT EACH. CLockK PULSE.) ’
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D \1']-1:

(TOGGLE)

LI ELOE

QUTPUT {172 INPUT RATE)

THE Q. (or. . Q). OUTPUT LMPUT Ny, _
St Cor W) FOR EUERY.  HNF ap=} j l
OTRER. ...INPUT.  PULSE |0 .
THERECORE. _THE _ IMPUT LA a1 1 1T
PULSES.  AEE  DWIDED RBY _
WO, HERE. . ARE  SEVERAL WAYS TD. MAKE AT ELP-ELOP:
[ \
T —clock @ b= Ll QM= — I Q b=
T —iCLlock K16 H—e
Lo Q= iR o> L Scioc R
! [ (- I T !

D ELiP- FLOF

CLOCKED RS ELIP=FLOP

TK. FELIP-ELOP

0D fLP-ELOP

STORACE

. DATA REGISTER
HERE'S HOW . FOUR D' CLIP-FLOPS _ FORM. A STQRAGE REGISTER
OR.__MEMORY.  THAT _ "LoADS” (<AvES) THE.  Y=~ZIT EINARY IJIBR) &
AT INPUTS  A~D  WHEKN. THE ctock” INPUT. 1S "<TRosed"
PULSED) . MANY _ TYPES _OE _TC. REGISTERS. ARE . AVAILAE.E
DATA OUT— i} . Ef ci ?
STRAEE CLOCK g f—t CLock g id Clock @ CLOCK (-
CLOCK. - i
O _SAVE r1° ol I W Qi— | b e o Q-
THIS f L i N
DATA \ N 1 INPYT
S~ A LB [ D = NIRELE
i i ELIP=FLOP COUNTER COUNT D o2 A _
. G0 000
o JBERE s BOW.  FoUR T Erip-FLOPS FORM A 1 looo1
4-BiT  BINARY . COUNTER: 210010
L | | '3 _lcoi1
INPUT PULSES L v | n o4 lo1oo
W3 2. 1 o . ® — .Q—L QI Q- S..101.01
ol L LA L e T LI W LA b 0110
@ Q- Q- Q- 700,111 )
N . & . ..1000 }
EACR T FUP-FLOB  DIVIDES _INCOMING.  PULSES EY i 1.0.0:1
TWO...  AS_ . THE. BINARY. TRUTH. TAELE REVEALS, 10 11010
THE _RESOLT. I8 AL 0000 ~ 1111 . BINARY COUNT. 11 1.0.1.1
(THE. . COUNT  RECYCLES. TO. 0000 AETER _THE 16T 12 11 11054
INCOMING.. . PULSE.LD). TRERE ASE  MANY._ TYPES OF 13011001
T COONTERS ... MOST. OF . MHICH INCLUDE _ 14 1.1 10
SPECIAL FEATURES (COUNT uP oR BOWN, RESET, ETC.). 15 11111

&9




A COMBRINATINNAL - SEQUENTIAL

LOGIC _SYSTEM

HERE <

-

RO SOMEMATIRIAL L AND  SEQUENTIAL. . LOGIC TS
CAaN . .EORM A DECIMAL  COUNTING CIRCUIT A MERY. . SIMPLE
DIGITAL . bOGIC S YSTEM.
I,
1. THE RLOCK DIAGRAIM |Pur >
PULSES . TO [\ BeD=Tor ‘\ _
BE COUNTED gD T-SEQMENT IS PLAN
T L TP COLNTER DECODER
N O R S I/ /
THME BeD  COONTER ADVANCES. ONE COUMT. FOR [
EACY INCOMINMG. PULSE, WHERN IR E CounT \
REACHES 1001 (PECIMAL. Q) .  THE .COUMTER \‘
RECYCLES  TO.. 0000,  THE _DECODER. ACTIVATES
THE  APPROPRIATE. . SEGMENTS . OF AN _LED DISPLAY. = | O
| rls il g
2. TRE. . CIRCUIT. . DIAGRAM ey el &
+5V Cam—
d ]/
_ AliZ 7 R 22 _AAAL L& A
COUNT. N 141 7490 |1} 744 o112 AAA e agF T 1
2 e 19 1lp c 131 AAA :le”i ~7 ]}
14902 COUMTER 12 | a0 mn_dnm T
THY R = DECODER b el 2lc e 13  AAA__.S Tl
7 e lis AnAL_ e wm
RESISTORS. RI-RG plil &ip g.[ 14 ADIN 9 m_ Pl ;
PROTECT  LED. DISPLAY 16 ) \\ ' ) N
EROM. EXCESS CURRENT, ¢ - \l
- i = R1-R7= .\ 'commoncATHOE |
Z,THE  ACTUAMAL  CIRCUIT 270-0HMS 2 _
\ T COMMOMN
COOUMNT In), o ) . \ CATHODRE LED
fs [ DISPLAY D
THE — T \\J/L
DIODE. o g ¢
“DROPS” I, W | g
bVoLTS. T 2| /490 @2 l ;“
o B 2 NFaZamminl b
5.4+ yoTs, B 4 DL 2
AR =5 il e d
2 A == bl 2 W[ 7 e
b= cll8 20
[f ' J} TO. COMMON.. . CATHRODE

o
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DIGITAL . ITC EAMILIES

TRERE  ARE  MORE  _THAN A NP 420558
N s

DOZEN MAIOR. . EAMILIE S, . OF \ y _%’:'W
NN whl/AN

BlPoL AR AND MOS  INTEGRATED o )

CIRCULIT S, EACH . Tc  Cor "cuip”) ENESYAVAR

CONTAINS. A SPECIEIC  _LOGIC Vﬂj“

METWORK. OB _ASSopTMEMT oOF 4011 v

VARIO DS LOGIC  EUNCTIONS.

HERE ARE  SOME. _OF  THE A "ouAD" (FouR) oF

MAJOR  DIGITAL . TC.  EAMILIES * 2= INPUT _CMOS."NAND" GATES

[ BIPOLAR.  DIGITAL T s

1. TRANSISTOR = TRANSISTOR.  LOGIC (TITL o T2L). THE LARGEST

AND. EORMERLY  MOST POPULAR  DIGITAL T EAMILY. CAN CHANGE

STATES  MDERE  THAM zo.}ooo,ooo TIMES _PER SEconD VERY

IMEXPEMSIVE DRAWEBACKS 5 MUST. RE POWERED BY 5« \voLT

SUPPLY., USES . LOTS  oF POWER .. CINDIVIOUAL GATES RENDUIRE

S OR Y MILILAMPERE S, .. MOST. WIDELY. _USED 1S THE 74900 SERIES .

THE.. 404, FOR EXAMPALE, CONTAINS. . EOUR . INVERTERS

2. LOW~PoWER SCROITKY T Ll S) AL NEWER. _KIND

OF T TRAT CONSUMES ONLY. 20.5% .  AS  MUCH PowEER

DRAMIBACK .  MORE  EXPCMSIVE TR AN STANDARD  TTL. MosT

WIDELY LUS.ED 1S THE THLS OO0 SERIES.,

L MOSFET.  DIGITAL. . TC's

1o Po AND N=CHAMMEL MOS  (PMOS._ AND AMMOS). COMTALN

MORE _GATES.  PER CHIP THAM.. TTL. MANY  SPECIAL PURPOSE

CHIPS. (MILROPROCESSORS . MEMQRIES | BETC. ). DRAWRACKS. 4 EEw
COUNTERPARTS  TO . PCPULAR . TIL  GHIPS.  SLOWER  THAM._.TTL.

SAMAY. L REQUIRE  TWO. L OR . MDRE.  SUPPLY. VOLTAGES. PRY .. BE

DAMAGED BN STATAC ELECTRICAL DIScHARAGE,

20 COMPLEMENTARY.  Mos (CMOS).  EASTEST. GROWING

AMD  MOST VERSATILE MeITAL . Tc EAMILY., THERE MRE

MOS . VERSIONS ..0FE _MOST POPULAR TTh CHIPS. QMNE
SERIES WS ES THE SAME. . DESIGAMNATION. NUMESRS, THE
Q4E0H o FOR EXAMPLE., 1S THE SMOS..  EQUIVALENT. _OFE_THE
TYL THOH, NEW. BiGgH~ SPEED CMOS  IPsT AS.. FAST. AS

Tl MDST CMOS HAS AL WIDE  SUPPLY .  VDLTAGE RANGE

(INPICALLY. . 3. TO + 16 VOLTS). USES LESS  POWER  TH AN ANY

OTHER..RIGITAL T& EAMILY. (INDIWIDUAL GATES. REAUVIRE O.1 MILL i~

AMPERE.. .. .DRAWRACK: MAY. _RE _DAMAGED _BY STATIC. ELECTRICAL DIS-~

CHARGE.  MDST WIDELY USED ARE  74C00 AND 4000 SERIES.
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7 LINEAR INTEGRATED CIRCUITS

THE INEUT  ARD OUTPUT MOLTAGE LEVELS OF .’_H\JEAR

IMTEGEATED ciRomTs CAN VALY OUER A WIRE RAMNGE o
AETEMN  THE  OOTPUT  MOLTAGE 1< QROWZP‘T’!OMFL TO. . THE

A PUT L MOLTAGE., THELEEORE . A GRAFK _QF IMPUT.  VERSUS

OUTPUT. . 1S A STRAIGHT (LINEAR) LINE. . THEEE . ARE

TNPE D ARS coOVERED HAERE , EiRST. LET'e  COMPAR

MBI TYRES OF LINEAE ITC . QLY ThE MAIQE
P st

e . JRE

EASAC BlGITAL AND. LINEAR CIRCUITS :

THE BASIC LINEAR . CIRCULT

b e M GLE  PIPOLAR.  OR. FIELD~ EFFECT. TRANSISTOR

CAN

CUNMCTION A= A DIGLTA L. .28 LIMERR  CIRoLT LN

BOTH

CASES ... THE TRANMI!ZToR . CAN M/FRT THE  S\GMAL AT
TE AP UT. KERE S WOW AN P BIPOLAR  TRALLSISTOR

CAN .. PEREORIM ALl FOUR . EUNLTIC NS 2

Ql LRI
T o S —) u,
= 1N : N by R T
q BAAR.C4) 4 . + ) R ). 1K EB.C
VoLTS _[—Il_ Lo BD) i /\/GND 0 Jq71<jr
‘“r/ - Eaj o / 3 Toe A
e N 10K g LN
| L”"“‘%‘f Plaot S o= (=l P | o2
FY e BN Es v l}il
e e Totepn lieve gl 0 dh e T tepz llEDY
a rd v E ¥ i ’ P a ny % b%“_i\: , L by
GRAPHSS FM Sl ™ ey )\Z L) -
P
............ CoLLEC TR, voLT AGE, — APPE.‘.’Q.X.LMAT& 100K o Iy Jj
DIGITAL: IL T LINEAR: S LN
WERE  TRANSISTOR ...Q1 %5‘ MERE 02 15 Ak M!ﬁﬁﬁ
0SED  AS A SWATCH. WHEN. .. THAT. QPERATES  OVER THE .
e e imeuT 1S MEAR...EK ENTIRE . RANGE . FROM. . FULL
(Of BLGH) 4y DL TUARS . ON OFEE TR EULL QN . RH._AND
ANID. PED A As  ALL UM ATED BE  EORM. A _NOLTAGE DIWIDEER
WRELL CTHE  IMPUT . S NEAR TRAT.  APPLIES A SMABLL
1erRounD. C o8ty QL TURNS VOLTAGE. . TC. R25 . BASE_TO
OFF (. TRIS  TURNS _LED.. .1 QFE KEEP...Q2.  SLIGKTLY O~ EVEN
AND  ALLOWS LED 2 TR GLOW. WHEN N0 INPOT s PRESERT,
{RZCONTROLS THE CURRENT TS ALLOWS. Q2. TD OPERATE
THROUGH.  BOTH. LEDS.. THIS I A LINEAR  MODE. AS. THE
el
ClRCUIT IS  TRER A _COMBINED INPOT.. MOLTAGE. RISES ... LED
DiGITAL. BUEEER AND INVER TER. PRAGHTENS. AND LEDH DIMS.
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OPERATIONAL _AWNPLIFIERS

OPERATIOMBL  AMPLFIERT (or. " opP-AMP=) ARE RY EAR THE

hMosT VERZATILE o LIMERAR TCa, THEYLIRE  CALLED

foPERATIONALS AMPILIEIERS SINMCE. L LTHESN  WERE ORI aipALLY

DESVENED TP 0  MATHE MATV AL OPECATIONS, QF-AMPE

EMPLIEY  THE D&FFERE#-&/E PETWEERN .  VOITAGES  0OR SIeMALS

(AC OR._DCY APPLIED  TD  THEIR  TWO.  INPUTS .  THE  USLTAGE

BPPIIED a1 DM ORE BT WL BE  AMPLIBIED E THE

SEConD . IMPUT 1S GROUMDED  OR.  MAIMTAINED AT S OME

VOLTAGE LEVEL.

HOP-ALR_ OPERATION == IHE . QP-AMP _HAS AN IMVERT A
AMD. NON=WVERTING  INPUT.  THE  POLARITY _OF A Vorrae
|APPLIED  TD. THE . INVERTIMG LT 1S REVER SER AT  THE
OUTPIT,  (INVERTING IHPUT. 1S .= 3 NOM=INVERTING. INPUT IS +.)
ﬂ T s r* . S
AN 2 NER = ] p122 >
pp=mp._ L . out .. LT ouT g
SNYMBOL s .
INVERTANG. . MODE O - INVEETEA G MODE
(0. 0P-AMP. "FEEORACK — THE  CIRCUITS.  SHOWA.  APOVE  ALLOW

THE  OF-AMP D QOPERATE AT TS MAYI MM AMPLIEICATION

o MLEVEL L OB GAIN e USUALLY  TRE GRS REDUCED. . TO. A

MORE PRAQ“/"W LEVEL By _FECEDIIIA COME.  OFE  THE  SUTPUT

BACKk, T THE  INVERTING (=) INPUT. FOk.  Iwphrap oy

VAV S INVERTING  AMPLIEIER
R | |l=—FEEDRACK. N
Vin =AWt GAIN = RZ /21 P12z >
R 1 ) an (3 S .
LF Vour.=..m M {82/ RL)
L1LOP- AMP.  COMPARATOR—  WHEN _QPERATEL  WITHOUT A

FEEDBACK  RESVSTOR....(RZ ABOVE), . TRE  QUTPUT.  VOLTAGE

WA L SMIUM G FROM. UL ON_ T il OFFE  (op VICE VERZA)

WHER. THE  VOLTAGE S APPLIED . TO. IHE _INPUTS DIFFER _EY

OMNLY AROUT. _ 0.001 .  vour L THis DIGIIALZLIKE  MODE
MAKES  POSSIRLE  MAKLY USEEUL  APPILE AT [T . {912"*‘,>
(. TYPES OF  QP-AMPS—  BROTH. . RBIPOLAR _AMD  MOSEET

TC  OP-AMPS ARE AVALL ABLE SOME BiPoLAR OP-AMPS

HAVE __FET __OR . MOSEET  INPUTS . TO PROVIDE _VERY.  HIGH

ANPUT RECASTANCE o MANY  DIEFERENT  OP-AMPS _ARE MADE,

B S\NGLE T  MAY _INCLUDE  UP. TO  FOUR INDIVIDUAL  OP-AMPS,
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TINMERS

WHER  OFERATED A

A COLBARETOR, . THE

OP"A"J"P .

CAN

THAT® S

LEEQUILRED

[
el

BZ DoED Ao Fo LTIMER AL

AM..BC  (RESISTOR = CARE LIKE . THIS:

CLEC LT
AN Gt Ve Y

-

<

,,,,, _ a
E
A

VOLTAGE
.

TLME

BC CHARGING

CLRC CIRCUIT = TIMER

(N THE  CIRCUIT. DIAGRAM. _(ABOVE BIGHT),.  RI.AND CL FORM. AN

RC.  ClRouLT,

C1 GRADUALLY . CHARGES

TO +9 Voorrs.. . THROUsH

R,

WHEN  THE  VOLTAGE _ON_. .CL. EXCEEDS THE RECERENCE
Pt o A g PN,

AVOLTAGE
P g e

SUPPLIED

1o

THRE  NOM-AMVER TING NPT AE  THE

ouUTPuT. SULIMGS FROEA

Hles . T0

LOW..ANDR THE

QP—AMP? LTS

ILED  ELOWS. TRE.TIME  DELAY . CAN__EE  CHANGED. . EX
A TERIMG.  THE  VALUES O . RI _AND.CI OR THE SETIT NG QF

IR Z . DISCRARGE. 1 (USE PUSHBUTTON SWITCH ) FOR MNEW.  CYCLE.

THE  SAMPLE  CLREMT  ABOVE (S THE. KEY

0. Tc TmMERS =

INGREDIEMT. . LOF . MRST TG TIMERS MOST  INCLURE AN OUTPUT

ELIP= ELOP. IO .GLVE DECIAMITE  BIGH OB _LOW. QUTRUT. SQOME
MCLUDE. A BINARY. COUNTER. THAT.  ADVANCES . ONE . COUNT ..

PEE DELAY . PERGD. (OR.. CYCLEY..  THE _TIMER. IS . RECYCLED EACH

TIME L THE  COUMT. ADVARCES. A DECODER. . AT THE  COUAMTER

OWUTPOT . ALLOWS TOT Ad DELANYS OF  EROM. . DAYS .  TD. A NEAR
IpR. MopE. T BE. . SELECTER. BOTH.. BIPOLAR . ..AND _CMOS

TIMERS ARE AVAILARLE . ™ :

[P126 >  IEAMOUS EACT: ANALOG
S . : COMPUTERS. MSE OP-AMPES TO
EUNCTION  GENERATORS SOLVE  COMPLEX. EQUATIONS!

~1__SQUARE THESE  TC's  GENERATE  VARIOUS

OUTPUT WAVES. . SULH

v
KANDS _ OF

TRIANGLE VAVAVA hne THOSE  SHOWN. RERE.  THE

T ﬂv’\\v :\v’_; T

oo EREQLE %@:{ OF THE  WAUES

At

Xl

SUNE. VAVYAVA ChM BE CONTROLLED BRY. AN

EXTERNAL .. RC CIRCUIT.
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VOLTAGE REGUILATORS

INPYUT OF AN L OP-ANMP, ThHE

VOLTAGE. . . REGULATORS  COMVERT. A VLT AGE  APPLIEL TO THEIR
INPUT. . ANTO. A EIXED. 08 VARIABLE  (CUT USUALLY. (OWER)
VOLTAGE o N MOST A SMALL.,. EIXED REEECEENCE . VOLTAGE

CUSUALLY. A NOLT _OF _S0) IS . APPLIED  TO.  THE. MON-INVEETING

RERERENCE  yniTAGE (op Veee)

IS THEN AMPLIELIED EY _THE

BATIO...0F. THE FEEDRACK  AND +X

PUT. RESISTORS  (THE  GAILL. Veeg 014

E_OME _OF THE RESISTORS IS Vour

A POTENTIOMETER , THE OUTPUT Rl .1 R2

VOLTAGE. ( Mour) CAN_BE. VARIED AMA | AAA

FROM. Veege TO. 4+ M (IWRE CHIP = -+

SUPPLY.  VOLTAGE). ACTUAL . IC

REGLLATORS INCLUDE  EXTRA BASIC VOLTAGE RELSULATOR

TRANSISTORS 1D PROVIDE . Veee _

AND ..TD. ALLOW. THE _CHIP  TO DRIVE LOADS _THAT REQUIRE

MORE. . POWER THAN AN OP-AMP. _ BLOME CAN _DEILVVEER,
.

DIC. REGUIATORS = _ MANY. TYPES 0F  FIXED AnD [PI2E >

VARIABLE  OUTPUT.. . ITC  REGULAT

ORS ARE  AVAILAELE, MODET.

ARE INMESTAILLED

iNL L PRCKAGES

MADE..OF METAL _OR . BAVING

METAL . TABS TO HEILP RADIATE EXCESSIVE. HEAT INTO THE

SURROUNDING AR, CL\urnoh): MBEMUFAC TUREE OPERATING
INSTEDCTIONS CAND  STAMDARD . . SAFETY PRECAUTIONS  MUST
BE  CorlouweDd EOR EEST RESULT S,

OTHER LINEAR T(CYe

THERE . ARE.  MUMEROVUS SPECIAL  BUNCTION LINERR. . IC's,

MANMY OF WWICKH  INCORPORATE OF = A AP, FOR EXAMPLE &
L AUDIO AMPLIFIERS ~— MANY Kinibs  AVLAL AELE BOME

INCLUDE.  TWO . AMPLIEIERS  ON. ONME. chHiP  C(FoR  STERES).
QO PAASE = LOCKED  LOopops — BLSED . ON._ AN OLD BUT CLEVUER
IDEA AN SWHACK AN ON-CHIP oSl ATOR . DUPLICATES . (. oR

TRACKS) _THE FREQUENCY. OF AN INCOMING.  <SIGMNAL, VSED
TO...DETECT.  THE  PRESEMNCE. .0F  CERTAIN FREQUENCIES  (LIKE

TOUCH = TONE TOME‘S) AND....TD

DEMODULATE Eat RADIC SiGMALS

e JFLOTHER. LINEAR TS =~ INCLUDED  ARE . MANY.  KIMDS.  OF
CHIPS. . EOR _TELEPHOME . RADIO., TELEVSION.  AMD _ COMPUTER
COMMOM CATIONS o ALSO ,  MANY. . KINDS . OF . TC's. TRAT. DETECT

LIGHT AND PRECSSURE.,

TEMPERATURE ,
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8. CIRCUIT ASSEMRBLY TIPS

THERE  ARE  SEVERAL. . WAYS. TO MAKE  EITHER TEMPORARY

08 PERMANENMT VEEIONS OF FLECTROMC  CIRCUITS oo i

THLS CHAPTER WEY L LOOK AT  SOME  CIRCUIT ASSEMBLY

TIPS NOLL  MAY . EIMD HELPEUL

TEMPORARY _CIRCUITS

1T s ALWANS.. WISE...TO . BUlLD

A TEF“APDRAR\{ UERS{DN OF A 3 .,’(_JI:JIJI‘I:;‘I:':::EI'I!I!lll‘"“\l\lll‘\‘\‘i“::‘ \ —
CIRCUNT. . REEORE _ ASSEMBLING. T /9 WW**’**‘““““““QJ
IN PERMARNENT FORM ..YOU. CAN N /i
THEN _MAKE. . CHANGES_ AND EIND MODULAR SockeT [ &
iouT  How o WELL  THE  CIRCUIT. WORKS. 5
radnnhudanon @ \
BN EAR  THE. MOST.  IMPORTANT LN,
; i gL nang
Tool. EOR  TEMPORARY...CIRCULT [‘4 Ao saposoo
THEA |4 nTEREEUEEE
ASSEMBIY 1S THE PLASTIC Al Aillas opevar
WU g doeslOon
CAIDERLESS  MODULAR BREADBROARD : - pesaer
ASOCKET, (T's A Goch.  IDEA o AAERREREDOA
_ { i’ H,}] gog oo
TO. KEEP  SEVMERAL. ...ON._NYOUR At iy pangen
L ’K:H’ mnoat!
WORKBENCH .,  THEY Wikl LET N K1)l \annuu
NOW. o BUlLD LEMNTIRE CIRCUIT.S ( AT-/ : o T opo@ (& //
N MIMUTES, UsgE " Jumpeer” ' .
WIRES  TO  INTERCOMNECT.  PARTS CUTAWAY.  SHOWING. . COMMON
AWROSE. LEADS  ARE  NOT. INSERTED TERMINAL. CONNECTIONS .. .
\n) TUE  SAME  ROW. OF  TERMINALS,
TO. AVOID . BEMDING..  THEIR. FPINS e HINT L ANSTALL  SOCKET DN enmrnm
CAMD.. PRICKING. YOUR._FINGERS), _BASE.__AND _ADD POTENTIOMETERS,
INSTALL. AND REMOVE TC's CAREFULLY.. .. BATIERY, LEDsS , SWITCHES, EIC,

PERMANENT  CIRCUITS

WiTH  THE . EXCEPTION. . OF _SOME _VERY.  SIMPLE  CIRCUITS,

MOST.  PERMANENT CIRCUITS. . ARE. _ASSEMBLED .. .ON. . SOME

FORM....OF CIRCOIT . BOARD.
o P

[1 PEREORATED. . BOARD  CONSTRUCTION — COMPONENT.. LEARS

ARE INSERTED THROUGH . PERFORATIONS N A PHENGCLLC

Ok  SIMILAR. L EDARD AND SQOLDERED TDGEETHER  ON. THE.  BACK

SIDE. _0F. . TKRE ZoARD, OETEN  INSULATED CONMNECTION.  WIRES

MUST. BE _ USED. . ONCE.  ASSEMBLED, "PEREEQOARD! CIRCULTS
_ T ARE  DIEFICULT.. IO REPAIR
o COMPOMEMNT SINCE COMPONENT LEADS
IQZ"E%Z\\COMMEC\“?ON ) ARE  OFTEM.  TWISTED _ AND

28 o6 2%\, (REQUIRES_SOLDER)  SOLDERED.
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OO WIRE - WRAP — EASTEST WAY.  T0. ASSEMELE  CIRCUITS

THAT  USE  MORE  THMANM A FEEW. T e USE WIRE « WRAP.  TC

SOCKETE  (WiTh  SAUARE  COMMECTION Pins).. . ROTH. _HAMD _AMD
MoToR - POWEFRED . WRAPPING. . Thols. ARE AVALL ABLE., e NYou. USE

THE  KIAD.  THAT.  REQUIRES  SOME. OF THE .  WIRE S  INSULATION

BE REMOVED 4 MRAL A FEW.  TURNS  CE . INSULATED. . WIRE.  AROUMD

TRE  CONMECTION PIN . TD. STREMNGTHEN _ THE COMNNECTION.

PiN

é”:‘lg‘ ?K g LBEITER _" \g\_ﬁ\ E"'

3 -]

LW WIRE-WEAP ‘g g”

2

SOCKET EASIER  TO CHAMGSE

==

4

A AL

[} ‘1 — : . L N It 2T
= |
A

TYRICAL . BAMD— POWERED . WIRE- WEBARPER

S . ESTATE

A e 270 TURNS

o
b

i

j

!

Sy

- g TN INSERT. WIRE HERE :

HDLE . FOR

AWIRE -WRARPING "BIT" D TERMINAL

Ol PRINTED.  CIRCUIT. (PL) —  PROVIDES. THNE. NEATEST  AND. MOST..

PROEE S8 I0DNAL APPE ARIN.G COMPLETED CARC LT, SOCKETS. . NoT

A BEQUIRED (v BUT . COMPONENT . LEARS . MQST _ BE. _ SOLDERED . ro IRE..
COPPER. _ PATTERNS oM. THE z%oAraD, THERE ARE.  MANY  TNPES . OF

PC.  BOARDS,  TWO INPES. . MSER. EBY.  EXPERIMELNIERS. . ..ARE

1..PRE- ETCHED PEREORATED. . GRID EBOARRS  HAVE A ROUND. COPPER

FOIL...SOLRER. . . PAD AT _EACH  AOLE. . ON  MANY. BOAROS. _ROWS. _ OF . ..

o INDLES. L ARE  CONMECTED. . .BY.  COMMON. . SOPRPER. . Foit . STRiPS (L LIKE

A SPOIDERIESS BREADROARD). IT'S  USUAILLY  NECESSARY _ TO

TOIN.  SOME.. . OF. THE. .  CONTACTS.  ON. THE. . BOARD __ wiTR "TumMPERS'

SHORT  LEMGTIHS OF  ISULATED . BHOOKUP 0R._WRAPPING. . wm&)

2. C,},{,‘EEL%‘ gg ROAERDS ARE MADE BY. APPLYIN.G A TAPE

OR_ CHEMICAL . COATING... C.THE "RESIST)  TO  THE . SLEAN ..
COPPER oL OF A PL ROARD. THE

DMCOATED  COPPER....IS. . TREN _CHREMICALLY COMPONENT

ETCHED  AWAY, . LEAVING  _BERIND A _FOIL /. COPPER

F

WIRAN G PATTERMN. HWOLE S ARE . DRILLED = SOLDER.

FOR . COMPONENT LEADS.... . TAKES LOTS . oF . ﬁ ‘3

TIME , . BUT . PRODUCES. NEAT  CIRCUITS, BT\

97

= %;  BOARD jFFiCL}!_‘T TO MAKE CRANGES S S




HOW T0O SOLDER

OO0 SOLDERIN.G PRALTILES ARE  Eese hyT AL EnR . RELIAELE

OPERATION OF AL CIRCUIT WHTH. SOLDERED COMBIECTIONS .

RERE BRE i\ STEPT EOR  SUCCESSELL SOLDERING. &

1. AAWBYE  DSE A LOW-WATTAGE SOLDERIMNG. IROMN.. (25 TO. 40

WATTS),  BE  SURE. _TO _TIKN _THE _TiP ACCORDING _ TO THE

MAMUFEACTULERYS IMNSTRUCTIONS.

2 ALWAYS. USE._ROSIN. COPE SOLDER WHEN.  SQLOERING.

ELECTRONMC COMPONENTS ., MNEVER USE .  ACiD  CoORE. SDLOER

SINCE. T WILL. . CORRODE . THE  SOLDERED. LEAD.

PR~ s e

2 SO DER...DOES NOT... ARHERE _TO PAINT., GREASE, . QiL .. MAX

08  MELTED INSILATION. EEMOVE ALL . SucH. . FORELGM MATTEER

Whiith A Smupmri STEEL. Mool OB _FIME SAND.LPAPER., ALWAYS

BUEE  THE COPPER Folb.  OF A PC  BOARD  wWiTH. . STEEL. . MO0k

PECORE.  SoLDERING. . CTHE COPPER  SHOULD . RE. SHIMNY.)

4, TO. _SOLDER, _ FIRST. HEAT. THE . CONNECTION . (ROT. THE SOLDERY)

FOR A EEW. . SECOMBS WATH . THE HOT . .T18  OF THE  IROM.. .  THEM

LEAVE.  THE JROM IN. PLACE  AND APPLY . SOLDER. .

SLLODER OR MOME .. THE. . .. .SONMNECTION

L ALLOW...THE _ SOLDER..TO. . FLow THRouUGH AND M
AROUND  THE  CONNECTION. BEEORE.  REMOMING //
THE JROM.. . DON T APPLY. . JEC MU C K //\

BEFORE 1. L0042,

lo, KEEP “THE LRONYS . TIP

CLEAN AND  SWIMY.. MWIPE

OFF DEBRIS WITH ...

o dNSULATED  GRLIP

DAMP _ _SPONGE. . OR
CLOTH.

G\ HEATING SOLDERING. . PREC AUTIONS
Wl EremenT. § _ .
\;\ N 1o A HOT. SOLDERING  IROMN
\oTip 4 CAN. . BURN A _FINGER OR
{1 A EUER _ START._ A FIRE, USE CARE!
\ & & ~ V/‘RDARD _
AN PN ¥ 2. UNPLUG  THE. LRON _MWHEN
SCLDER L Nk L&M\ _ NOURE  NOT_ USING 1T
pREeag g _
A L L L T AN 2. RE_SURE._THE _POWER _CORD.LS
(HOLD. PARTS IN_PLACE WiTH TAPE) NOT_ WRHERE YOU CAN TRIC OVER IT,
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POWERING  ELECTRONIC  CIRCUITS

SO BATTERY. . POWER — MANY. _ CIRCULTS. . USE SO LITTLE
POWER .. THEY. . CAM_ BE__ PDWERED  EBY  BATIERIES. THLS

KEEPS  THE  COMPLETED cmcurr C()MPACT AND.__ALLOWS

1T 10 BE  OPERATED ANYWRERE

O SOLAR. POWER. — SOLAR  CELLS CAN  POWER NouR

ACIRCINTS  DIRECTLY .. OR__NOU.  CAN. WSE .. AN . ARRAY. . QF

SQLAR CELLS. . TO. clhARGE A RECHARGEAELE EATTERY.

A0 LINE  POWER — THE  SAVMPLEST.  LINE  POWERED  SUPPLY. 1S

COMPACT.. . AND  EASY 7o  MSE. UNITS _ BAUMGE . VARLOUS

THE....830=CALLED  AC ADAPTER.. .. THESE . MODULAK. . UNITS. ARE.

OUTPLT VOLTAGES AND.  CURRENTS ARE AVAILAELE

NOW.....CAN MAKE NOUR .. OUIN LINE  POWERED SUPPLY USING

AN IC  VNOITAGE  REGULATOR.

sy CAUTLQN‘"M “‘%AFETY SoLLD RE . NOUR. FIRST CONCERN

WRLE N BULLD A NVOUR OWN L LIME  POWERED SUPPLY ... THE

1AE A KWOLE  DRILLED. N A METAL . CARINET.. Cuse A

PoweR CORD MUST. . BE.  PROTECTED FROM THE  SHARPE _EDGES. o,

PLASTIC . STRAWN. _RELMEE.Y . ALL  CONNECTIONS. .  TO. THE _AC

LINE MUST. . RE INSIDE A EOLLY. _ENCLOSED  Housing |

LBAVING. BucKH COMNMNECTIONS. . EXPOSED IS A POTENMNTIAL

SHOCK HAZARD, . MAKE _SUR E:, ALL  COMPONEMTS  THAT
ARE  COMNECTED.  To. TRE  Ac. LINE (S WITCHES,  FUSES,

CEAUIREMENT.  OF. NOUR  CIRCULIT,

TRAMSEORMERS , ETC.) MEET OR _EXCEED THE POWER .. . .. |

SUMMING UP CIRCIMT _ASSENMBLY

THE  REMAINODER OF  THIS ROOK. . _INCIUDE S MANY . CIRCULTS

NOU. L CAN. . QUICKLY.. ASSEMBLE oM. A _ SOLDERLESST.  BREADEOARD.

CHANCES  ARE  NoU it  WANT TD.  MAKE.  PERMANENT VERSIONS.

A NEATLY. ASSEMBLED PROTECT WILL  BE  MORE.  RELIAELE

OF SOME. FOR._BEST. RESULTS, . . PLAM. THE PROJECT. CAREFULLN .

TEAN. . ONE RASTILY ASSEMBLED. .

SLOPPEY l g . < NEAT

PROTECT. [ 7 A 7 N\ pRoIECT

»ma(“‘?ﬁfﬁn (==

ij 71 " e )< BN T A

/I (\ -~ \ \6;@\\\ - e e

Naodd l /L '\'\m\_\\__




9. 100 ELECTRONIC _CIRCUITS

RERE’ S A COLLECTION. OF 100  FLECTROMAC.  CIRCUITS. . TIE

ASCEMELED  EACH CHROMIT T MAKE . SURE. ALL OF THEM. . ..JORK.,

T SE ECTING  AND  CSUERSTITUTING.  COMPONENTS. == NGU. _CAN _FiND

MOST  ab  THE  CoMPONEMNTS AT  BADID SHACK STORES. SAVE. . .TIME

AND MAKE A VST OF  WRAT  YoU. NEED . REFORE . You.  ViSIT

QR0 SHACK . (NDU. AL EIND. . CURRENT.. CATALOG. . NUMRBERS . IN_THE

LATEST.  RADIO SHACK CATALOG.). \E A COMPONENT S UNMAVALLABLE

TRY ELSEWHERE . COMETIMES NOD BN SURSTITUTE  LOMPONEMTS

FOR . EXAMPLE, 1T1S OFTEN.. O T0  SUBSTITUTE . AEN ST CRING

TRANSAST.ORS EOR....ONE ANOTHER. . (2ZN3904  FoR. .ANZ2222 . ETC.)w

MEAREY  VALUES OF RESISTORS AN CAPACITORS CAN _OFETEN BE

DSEN. (1.2 K FOR 1K .RESISTOR o\ 0.33 mE.  FOR .. Q.H42uE CAPACITOR,

ETC.) . DLWAYS _FOLLOW. APPROPRIATE. . VOLTAGE _AND POWER..RATINGS.|

TIWHEN A clRCulT. DOFS M T Wokk. = MAKE SURE THE.  CIRCUWT iS5

KECEWING ADEQUATE POMLER. LE TS QR L YOU  SMELL... CR

FEEL A BOT . COMPOMENT .  IMMEOIATELY.  DISCONMECT. THE  POMER. s
AND  EOLLOW. . THESE _STEPRS : @ RECHECK  ALL__CONNEceTIONS. (1S A

WIRBE  MASSING T 16 A TE Pin BENT?2 1S A SOLOER COMMELTION

BAD? 1S A WIRE "SHORTED"? IS A pioof  BACKwARDS?) B 1S A
COMPONENT.  DEFECTIWE 7. (3) SOMETIMES, ESPECIALLY WHEN POWER

SMELLY LEADS . ARE . MORE . THAN.. SIiX . INCHES _LONG, IZC CIRC LTS

Wb WAOR K \WMPRODPERLY CR..INOT.. AT ALL UMLESS  NOou. . CONMECT

A O.i,,“}: CAPACITOR ACROSS THE  POWER _ supeLy.  PInS OF

ERCH LB, Y MBY. . ALsD RE MECESSARY. TO  CONMECT A

1.0 10  pmF _ CAPACITOR RACROSS..THE . POWER _LEADS. WHERE THEY
ENTER.THE .js.QMA,K%WD_.Mwbaﬁﬁwm,&m PUBLISHED CIRCUIT. CONTAIN AN ERROR?

[1 SRAFETY  FIRST = RE SURE 10 FOLLOW. _APPROPRIATE. PRE CAUTIONS

WHEN WORKIN.G. . WITH . AC LINE  POWERED.  £IRCULTS..  BE.  CARERUL. .

WHEN SOLDERING. CIRCULIT.S  JAITH. .SPEAKERS CAN.  PRODUCE VERNY

LDUD. SOUNDS,. . KEEP. . YOUR..DISTANCE. AND. DON'T OVSE _HEADPRONMES

Tl GOING  FURTRHRER-— TRY. EXPERIMENTING. MITH THE VALUES. OF

COMPONENTS 1IN _RC  cRewiT.S. . (P 27, TRY.  SUBSTITUTIAG..  OTHER

OUTPUT.  DEWCES N O RCUITS THAT.  DRWE. A RHA\{‘_ PIEZD BUZZER,

Eve, (RE  SORE. . .TD. EOLLOW. . VDLTAGE. AND CURREMT . RATINGS.. . .USE

ONM'S  LAW. AND, IF _NECESSARY,..ADD A _SERIES RESISTOR ..TR..REQUCE
CORREMT.L). . BEFORE  BUUDING. ... A  PERMANENT. VERSION OF. A CIRCULT,

ALWANS  ASSEMELE AND .  TEsT A.. BREADEOARD . VERSIOM. FEINALLY,

RE  SURE  To BUY.  RADID  SHACK'S  OURRENT. YSEMICONDUCTOR. RECERENCE

GUIDEY AMD " ENGINEER'S  NOTEROOK." Eogp  MORE.. ADVANCED

CIRCUIT.S AND AN FORMATION . ABOUT . NEW DEVELOPMENTS, READ MY

COLUMN ("TRE ELECTRONICS SCIENTIST ) AN COMPUTERS & ELEC TRONICS.
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