L. SEMICONDUCTORS

THE MOST EXCITING AND IMPORTANT ELECTRONLE

COMPONENTS ARE MADE EROM CRYSTALS CALLED

LREMICONDUCTORS.,  DEPENDING. . ON.__CERTAIN __COMDITIONS )
LA [EMICONDUCTOR CAN ACT LIRE A LoNMDUCTOR. _ OR

AN INSULATOR,

alcicon

THERE ARE MANY. DIFFERENT SEMICOMNDUCTING MATERIALS, .

RuT SWLICON , THE MAIN INGREDIENT oF SAMD R IS
THE HOS5T POPULAR.,

SILtcoN  ATOM .. ...

A _SItiConN . ATOM. ___HAS . BuT @,

FOUR._ . ELECTRONS. __IN.._IT.S Q0 o

OUTERHDST . SHELL. ., . RUT. . LT / 6O N\ ;j\:lﬁ:.ﬁcmommswmm
WOULD  LIKE. _ TO.... HALE f ) 9

EIGHT. __ TMEREFORE , A NUCLEDS /"U \-""H:}&smsﬁf.:.w.<s_.m,_W.Ww

SLLASON ATom WILLL . LINK O . 5 o O /,‘--
UP... ATH FOUR. ... OF 4TS ) /
| MEIGHBORS. _ TD. SHARE ELECTROMS.: e O

b CLUSTER OF SILiCons . ATDHS

e SHARIN G OVTER . ELECTROMS

FoRms A _REGULAR _ ARRANGE=
MEMT. CALLED A__CRYSTAL.
L S e

—— THts..._ 1S A MAGMIFIED VIEut

//‘\ it ‘ OF. A SILICON.  CRYSTAL. TD
‘\ 00.-/ KEEP. ... . THINGS SLMAE,  ONLY
A THE DUTER ELECTRONS _OF ...
(Do\ WQ ? EACH __ _ATOM. . ARE __ SHOWA.
K / \
SILLWLON. . FORHS 277 % . 0F THE.  EARTH’S. . CRUST.!L . oMLY
OXY.GEN IS MORE COMIOM. IT)s.  NEVER. . FOUMD . IN._ THE
PURE STATE. WH.EN PURLEIED. ., LTS PARK. . GRAY __In.__ COLOR.
- DU <> "SEED”
] SILICON.  AND __DIAMOND.__ A GRYSTAL____SILICOM__CAN _BE .
e SHARE  THE ... 'E'ufh'“*fliCRYST}‘H.Ww SIS BULE  GROWN . INTD..BIG . —

e L STRUCTURE . AND.

OTHER . .. ..
\4 { . PROPERTIES.  Bur Ne

S MocTEs). . CRYSTALS. UT'Ss CuT
SiLicon INTD. WRAEERS. . FOR

WWMN@ T SILICON IS MNoT 2 i I\ §2 HARING . ELECTROMIC
b= a
Jmaws PARENT. % 2,570°F ___PARYS, Qjﬂ//ﬂa
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O SILICON. RECIPE S —— PURE _SILICOAN ISN'T_VERY USEFUL,

THATS WHY  SiLiCon  MAKERS

SPICE. ... UP THEIR SiLeon

” /((1\ ¢ é S //// RECIPES WITH...... A......RASH... QF
f/@’%\\\\. - . _PHOSPHORUS. ... BOROM.... DR _OTHER

GOODIES. THIS 1S . CALLED

DOPING THE SILLCOA., WHE N
GROWN___INTO _ (RYSTALS, DOPED

e
SiLicon

SIICON. . HAS  VERY USEEYL

ELECTRONIC.  PROPERTIES.)

NP LN SPICED SIICON LOAF — BOROM., . PHOSPHORUS.  AND

— lCERTAIN . OTHER. .. ATOMS... . CAAN Joua WLLT A SHACOMN . _ATOMS _TD

B

FORM  CRYSTALS. . HERS'S THE. _ CATCH. & A..  BorRon . ATOM
 HAS. . ONLY . THREE . _ELECTROM y/N) 11s OUTER SHELL. . AND
A PHOS PHORUS ATOM HAS ELVE ELECTROMNS 7N} LTS

| OVTER _SHELL, __SiILIcoN WitH EXTRA. __PHOSPHORUS . ELECTRONS ..

11S. . CALLED  N= ;,.yRE.M.W,W.s,z.a.Lc.noM..(.W\Mw.s.w/,,\.z,g.s.am:u..zﬁ) ] SIICON  WITH

LELEQTROM. . DEFICIENT. ... BORON. .. ATOS IS  CALLED. P-TYfPE .
| sicicon Pz POSITIVE).

. P-TYPE. SILILCON —

| A__BOROA) . ATOM._IN_ A CLUSTER.. .\§ e é . % . I
 OF __SILICON... ATOMS.  LEAVES A

VACANT _ELECTRON . OPENING ~0 ﬁoﬁw w>00< MG\

[ CALLED A HOLE. TS POSSiBLE

|FoR AN ELECTRon __FRoM. A O e . o @
| NEARBY _ ATom__ . T0.  "Fault! _InNTD \" q

{THE_ioiter THERREORE.,THE \_m; 0L N
1 HOLE HAS MOVED pas)

auﬂmmwMMmmgamensaﬂmrmn_-mnm/.mm. . E\. %'
| HoLES  CAN.. MOVE. THROUGH ?

——lsitlicoN. (. JusT.  AS. BUBBLES HOLE RORON.__ATOM
— | MbUE  TH ROUGH .. WATER) }SlL\C_Q_M ATOM S)
PHOS PHORUS . ATOM. ...\

0 M-TYPE _SiLiCoN — NS ’
. lA__PHOSPHORUS _AToM . in__A (o0 ¥ .. ..... % m-‘_m, /o0)

CLOSTER . .OF. SiLICON. .. ATOMS &/ ?\ RN\S)
—{DONATES AN EXTRA. ELECTRON.. oo Mjrwo/ N /36/ N
e THIS  _EXTRA. ELECTRON ~
__loaN  Move  THRowGH _THE MBB ,,,,, ».W.jg..{&ﬂ 4

CRYSTAL . WITH. _ COMPARATIVE ?\' f \
mwwomu.agmﬁ_wgéf e Se e See |

N=TYPE __SILICON _CAN _CARRY X. N g/ —
AN ELECTRICAL . QURRENT . . . (00 [& Lo\ e (o0 & (59

BuT 5o cAN _ P-TypPE _Siciconl! —@%//e @ % =/ ,X\ e/

Hotes YcArey’ THE CURRENT. EXTRA .

: ELECTRON




THE DIODE
ROTH. __P-TYPE _AND MN=—TYPE SILICON _ QCONDLCT ELECTRICITY.
TRE RESISTANCE OF BOTH IYPES IS DETERMINED BY
THE PROPOR TION oF HOLES OR __SURPLUS ELEQTRON S,
THEREFORE ROTH. . TVYPES can . FuNeTion  AS. RESISTORS.
AND AHEY WiLS ComMDVET ELEQTRICITY Ind __ AMNY.  DIRECTION
BY FORMING SOME P-TYPE. _ SILICON N A CHIP OF N-—
TYPE sruc:w., ELE LTRON.S nirra FLow THLRLOVGH THE. SILICOAN
Ind ONLY OME DIRECTIOANL, THiS 1S . THE. . . PRINCIPLE OF
THE Diope . THE _P~N._ INTERFACE 1S CALLED _THE fﬁ JUNCTION,
Q HOW THE  DIODE.  WORKS — HERE'S A SIMPLIEIED
EXPLANATION 0L How A DIODE CONDUCTS . ELECTRICITY ..
IN_ONE _DIRECTION (FORWARD) __IWHILE _ BLOCKING _ THE
EL 0w DE CURRENT Inl__THE QPPOSITE DlR&m.oM&VmQ
FORWARD  RBIAS, R
O m— o) —
P . N P :
o
o of~- - - T _a_co
Ltk L_t(_ =l )
o ] ol —{— = | 2 -
S ELECTRON Flow NO
T HOLE Flow QURRENT FLow
HERE THE CHARGE RERE _THE CHARGE
FROM . _THE _BATTERY FROM. __THE _BATTERY
REPELS HOLES AND ELECTROMNS. S . HOLES AND o
TOWARD THE JUNCTION. ELECTRONS AWAY.  _FRomM
|E THE. VOLTAGE EXCEENS THE. __JUNGCTIOAM. THERE. —
OubezVorT. ( SltiCon), THEN FORE . NOD CORRENT
ELECTRONS WL CROSS CAN ELowl,
THE _ JUNCTION AnD
COMABIME . WITH HotE S, //cn-'monF
‘ A__CURRENT. THEN _FLOWS. -
f SYMANL
A TYPICAL  DIODE ~— DidDES. _ARE / /,/
ComMONLY ENCLOSED I M 7 RAEMT _FLOWS ...
CYLIMDERS... A___DARK _BAND  MARKS. — IHEN. ANORE 1S .
THE CATHODE TERMIAAL . T™E W / MARE. POSITIVE
OPPOSITE. __TERMINAL S _THE _ANODE (/// ANODE __ THAN CATHOOE,
55




(3 D/ODE _OPERATION — You__ALREARY. _KNOW.___ A DIODE. IS
| LIXE AN ELECTRONIC OMNE=WAY. . MALVE. I1T2s  II7PORTANT
el T UNDERSTANMD. _ SOME _ ADDITIONAL  ASPECTS OE___DIGDE
| CPERATION. . HERE _ARE __SOME . KEY.  ONES.:

e A A DIODE . WL NQT .. .CONDUCT  UNTIL. THE. .  FORWARD
e VOLTAGE. REACHES . A CERTAIN... THRESHOLD POINT FOR
) SILICON. . DIODES. . THIS.. WOLTAGE. . IS.. . ABOUT. 0.6 =KotT.

T —
N, You Turan \
\ A\ } Lo N E_OM A )

2. B THE FORWARD _ CURRENT _ BECOMES _ /JZ=N
| EXCESS\WE , THE  SEMICONDUCTOR _ QHIP ¢/ dﬁ

MAY _ 0RAcK OB MewT !  AND  THE T

COMTACTS MAY SEPARATE . e THE N N
_lemip  Me(TS ., THE _ DIODE.  MAY.. SUDDENLY. ... @@/’
L comover N ROTH. . DIRELTIONS o THE . &= A

RESULTING __HEAT _MAY __VAPORIZE __THE /

eHipl N r\\; ) !

d //

1.3, _Too _HUCH. _REVERSE ___VOLTA. Guﬁ._mm.x.ég,w_mw_m
CAUSE A DIODE __ Th. _ CONDUCT. __ JA -~ &
| THE  WRONG  DIRECTION. _ SINCE _ THIS __ %&L@gm N

VOLTAGE IS EAIRLY Hiél—lﬁ THE SUDDEN

CLRRENT SURGE. . .MAY. . Z2AP. . . THE. . RJQORE. . 7
) L

O SUMMING __UP___DIODE ___OPERATION — Jj{ %ﬂ,/(fj{
{

TS .  _ GRAPH _ SUMS._LUP.__DIODE . \ 5
OPERATION. (IT'S APPROXIMATE..) 4
Ve = FORWARD _VOITAGE VR ~—= e >Ve
Ve = REVERSE VOLTAGE [ \\
Te = FORWARD. (URRENT Y a1l 0. =VOLT.
Te = REVERSE CURRENT S ed o (siL1CoN)
Nl Ie
° I
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O TYPES _OF DIODES = MANY. _ DIEEFERENT. _KINDS. __OF

DIoDES ARE . AVAILARLE. .. HERE ARE SOME OF THE
MAJOR TYPES.,

SMALL. . SIGNAL.. .

/. SMALL _SIGNAL__DIODES.  ARE _ USED 1O

aad

TRANSEORM.....LOW._ CORRENT. . AC __TO DC, DRETECT

(DEMODULATE) RADIO... SIGNALS. , MULTIRY VOLTAGE,
PERFORM. . LOGIC ... ABSORE. . VOLTAGE SPIKES., ETC.

POWER . RECTIFIER.

7 Fuwc:uowm.u{ ADENTICAL.  TD.. SMALL __SIGNAL

w“.,WM.DJ\QDMEMSﬁwmw‘mﬁoﬂw‘,ﬁ.&,._ﬂ..aﬁan‘Em!.gw&wsmwgammﬁﬁA;wa.LEM;WWW

1 GH- . MORE CURRENT. THEY ARE.. INSTALLED ..
TN LARGE METAL PACKAGES... THAT _ SOAK _UP.. . _

EXCESS HEAT _AND  TRANSFER _IT 1D A METAL.
e AEAT  SINK . USED  MAINLY. . IN__ POWER SUPPLIES.,

cemsassnn THEM_»ZEMER.W DJODE AS. . DESIGNED 1D HAVE. A

SPECIEIC. _REVERSE &gga.&ogw_mm4.&0&35495;@&)mzo;,m,ﬁs_.__d

THIS MEANS ZEMER . DIODES AN FUNCTION. . _LIKE

S . VOLTAGE. . SENSITIVE _ SWITCH....... . S2ENER  QRIODES

w.u,_.mm@,ﬂem,ws}zr:fa;<f:'cnm,._wmz-ms.es r Vz). . OF. EROM. __ABouT

2= WOLTS . TO. . 200-104TS __ _ARE Avmm BLE.

LIGHT = EMITTING.

2 ALL._DIODES.. EMIT_ SomE  ECLECTROMAGNETIC RADI-
ez 110

ATION . WHEN. . FORWARD _ RBIASED, _ DIODES. . . MARE .. ...

o EROM. . CERTAIN.  SEMICONDUCTORS. .. (4IKE.  GAMIIM. ..
L ARSENIDE _PHOSPHIDE) EM)T. _ GONSIDERABLY. _ MORE_ . __

RADIATION _THAN. __SItiConN__DIODES. . THEYRE _ 0a¢lED .

LIGHT = EMITTING _ DIOPES. . (LEDS).,

PROTODIODE.,

£ fil;l. DICDES . RESPOND ™ SOME DECREE.. . WHEN.
,r/W LLUMINATED . BY  LIGHT. RIODES  DESIGAMED. . SPE~- .

CIFICALLY _ TD DETECT  LIGHT ARE CALLED
PROTODICDE S, THEY INCLUDE A GLASS QR

PLAaSTIC WIND ow THROUGH wWHIcH. THE LIGHT

ENTERS, OFTEM.. . THEY . MHAVE A _LARGE , EXPOSED . . .
JUNCTION RESION. SILICON  MAKES GOoD . PHOTODINDES.

H6




HOW.__ DICDES ARE _USED

INLCHAPTER .G  Nou'i, SEE HOW.  VARIOUS  TIYPES _OF DRIODES ARE

USEL L IN L MANY APPLICATIONS FOR. . MNow. HERE. _ARE  TWO. .OF

JTHE MOST. . IMPORTANT ROLES EOR. _SMALL _SIGMAL DINDES AND

RECTILEIERSS

] BALE - WAVE  RECTIFIER

i [N o NN
AN L UMOVLEATING (AL
7 AN :
: Pl NS . SIGNAL (OR VOLTAGE)
AL 1IN / D puT \S RECTIFIED INTO A
HALE_CFE _SIGMAL SINGLE. _PorAaRvry. £ o)
15 . BLOCKED SIENAL (0B VOLTAGE).

) FOLL~WAVE _ RECTIEIER

\mo‘l\>

e —S——g
THIS. 4-DiooENETWORKY

X %
VANYAN < >N NN\ (or_gRIDGE RECTIEIER)
- N \J b

RECTIEIES. _BOTH  BALUVUES
PR -,

AC N i - Pe._ouT QE AN __AC _S\GNAL.

MORE _AROUT _THE DIRECTION _OF CURRENT ELOW

AN ELECTRIVCAL.  CURBEMNT. 1S THE _MOVEMENT . .OF. ELECTRONS. JHROUGH

A CONDUCTOR. . ..OR __ SEMICONDUCLTOR . SINCE _ELECTRONS . MOVE.  _FROM
A NEGATIVELY CHARGED ™ A DPOSITIVELY CHARGED . REAGION R WHY

IDOES _ TRE  ARROWHEAD N A DIODE  SYMBROL.. POINT. AN . THE
OPPOSITE __DIRECTION? _THERE  ARE _TwoO REASONS.

ILLBEGINNING  wITH  BENTAMIN __ERANKLIN, . 1T . WAS TRADITIONALLY.

DSSUMED.  _ ELECTRICITY.  FLOWS FROM A POSIT\WELY . CHARGED. . . .TO.. A

ANEGATWELY.  LHARGEDR REGION.  THE . DISCOVERY _0F THE . ELECTREOM

CORRECTED. TRAT. (RUT MOST. . ELECTRICAL  CIRCUIT DIAGRAMS.. . TODAY,

o ASTIOL. EOLLOW _ THE . _otD  TRADITION... IN_  WHICH THE POSIT\VE POWER

{SUPRLY  CONNECTION. IS PLACED  AROVE . . THE . NEGATWE CONNECTION o

,,,,, IBS IE GRAVITY _ SOMEHOW. _ INELUENCES . THE _ FLOW. OF A CURRENT.) . .

1IN A SEMICONOULTOR g AS. . SHOWN .. ON__PAGE 44, HOLES ELOW .

WML THRE L DIRECTION OPPOSITE THAT.  OF ELECTRON_._FLOW. T8

o JTREREEORE. COMMON._ TO.  REFER .TO. . PoSLTIVE.  CURRENT.  ELOW. _IN.

SEMACONDUCTORS.,

|EOR_ACCURACY , N THIS _RooK. "CURRENT Frow." REFERS .To ELECTRON

.ﬂ.mmM,_ammMa,_.mizymcxwmmmﬁm&%gwmmmmea.%&oA\ A\
A

‘"I7\g




THE TRANSISTOQ

TRAP\\%ISTORS A SEM!QOM-,_

DULTOR ...

D.E.V..lCE.,f' mW)TH"I’HREE

LEADS. . A CVERY. L CSMALL

QURR ENT VoLt A GE ... AT “ONE..,,
LE ADCAMCDMTROL. A A

LARGER.....CURRENT ...
HMEANS. ..
BE OSED __AS ..

SWATCRES. ... THERE . .

OTHER _.Twho.  LEADS., ...

AMPUEIERS ..
ARE _.TWO . ..

MEAIN.... FAMILIES. . . CF TRANSISTORS.:.

§J.EQL AR ... _AnD

| BlPOLAR T RANS! STORS

ADD A ‘SECOMD ,Tuwc:r!o

PN Ju.&,ch:rhiohwwwijo.ma CAND You

GET A 3-LAY ER e SILLCON

ATHE. .. SANDw\cA LBE . ElTHE.R
NPN._ PN P "-‘..,l'-w!.IH.E.R WAY,

TH E._M.“.WW.‘M...LD.DLE. ",‘.,M.L,AH'AEKM AeTs

A FAVQET ..

THE CURRENT .

Movin G .
THE _THREE  LAYERS..

O BIPOLAR. TRAMS\ST&R o%rzﬁwom-—

21 PDLA R TRF) NSISTOR. ... ARE _THE . .

JHEEMtTTEﬁ ” P: T N

ESAS E_. YERY Y - THAN IN o BID
SLoLLEC TO&,
WILL . CAUSE .. A ..

BASE. . CURRENT ...

SQOLLECTOR .

CURREMNT....

AT A e 18 e

ST % o OO /i W 8. & G
e CURBENTIL (T N PN

A COLLECTOR [ ... [0

EM"TTER

LouTeuT
BLECTRON . ...
+

TRANSISTORS . CAN :

LS4 MDMJLCH .

THROUGH. .o,

B \GG ER FORCE

f:/._

EM\TTE R

OR...GATE ... . THAT _CONTROLS. e

r

BASE

n/

.TH E TH REE
ErM Lrvr&)?m —
HAS. . FEWER... ..
THEREFORE .
UCH

R es: STORS..
‘,,,ER.O n‘—;cr e
TRANSISTOR.. .FROM...
e OO MHUCH. CURP-EMT
4..,“{,!.5.&:[(CH,M,_,CA&. CAVSE .
EXCESSIVE. HEAT). __

BASE ...

LA ‘,rE K S.
AND.
DoBING....

LARGER. ...

ATOMS
SMALL.
EMITTER —. .

‘oFA

COLECTOR . ...
THAM. ...

EMITTER —

EASE _{_.A

p-SURRENT

EH u:r'rfig

RURREMT




) MORE  ABOUT  RIPOLAR  TRANSISTOR  OPERATION — DIODES. . AMD

|1, e GASE-amlmxmww:upcmo&m(mo_g._mpmpe}wmswmcowoucr

2..T00 . MUCH cugaewr WILL _ CAUSE A

L TRANSASTORS. ... saArzEM SEVERAL .. __KEY FEATURES.:

FORWARD..... . VOLTAGE. .. EXCEERS. .. . Q.6 MOLT.

JAMPROPERLY. . _A._TRANSISTOR IS HOT
LWHEN 'mucHED - LDisSeansMEST. . THE . POILER
L. 11:!

 TRANSISTOR T BECOME HoT AND OPERATE

12, 100 HMUCH __ CURRENT oR . VOLTAGE _MAY

| SEMICONPVLTOR . QHIL. ... . THAT. . FORMS . A

| DAMAGE. . OR. . . PERMANENTELY.  DESTRQOY. . .

| TRANSISTOR.. . LE _ THE . .CHIP _ISN'T _HARMED,
iTS TIAY CoOMNEQTION WHRE.S MAY MELT.

L OR.... . SEPARATE. . FROM. . THE... .. CHIP NEVER

| CONNECT. A TRANSISTOR _BACKWARDS.

SMALL SIGNAL.  AND. . SUWITCHING .

O KINDS OF  TRANSISTORS. . — MAMNY DIEE EREALLMMMKJNDSOF
TRANSISTORS.. ... ARE. .. . AUAILAELE HERE ARE  EXAMPLES . OF
ATHE . M0ST. . IMPORTANT.

e TO L ARIPELEY,  LOW  LEVEL. . SIGNALS«

SMALL. . SIGNAL TRAMNSISTOR S ARE USED. oo

e O T DL BE.__OCPERATED FULLY aOn_ _OR_.._OFEE,

e SWITCH NG TRAMNSISTORS ARE. __DPESIGMNED .t

L. SenE TRANSISTORS. . CAN __ BotH  AMPLIEY. ...
CAND  SWITCR. L EQUALLY  WEL e

. .MHlE-ﬂ WWF&Z,ﬁQUE NCY.

2y POWER  TRANSISTORS _ARE. .. ..
USED  IN_ BIGH _ POWER. . o
. AMPLIEIERS AnD POWIER s
i SUPPLIES. . LARGE _SIZE . AND . ...
EXPOSED . METAL SURFACES.. KEEP .

f ﬁ B BlGH - FREQUENCY  TRANSISTORS

| OPERATE AT _ RADIO, TELEVISION

\u AND _MICROWAVE FREQUENCIES, THE

&.,,é,m..,,WWMBAS..,em.w,\.,“,_gwe_s,zuo_mm, 1S YERY. _ THIAL__AND
THE.  ACTuAL CHIP IS5 VERY SHALL,




[ BIPOLAR  TRAMSISTOR. . SYMBOLS. — _ARROWS. POINT._IN._ DIRECTION

OF . HOLE. ELOow.
COLLECTOR () E
A, 4,

X VT : o E

BASE ()50 P 0 | g =0 N e ~—\ )
N N VAL ¢ P N ¢
‘EJ MNEN LU‘ PNP
mmmmmmmmmm EMITTER (E) ¢
e JHOW . RIPOLAR . TRANSISTORS . ARE._USED

WHEN._ THE BASE . OF AN __NPN_TRANSISTOR. .IS. GROUNDED (O volTs),

SN CORRENT. . ELOWS
ATRANSISTOR

EROM THE. . _EMITTER. TO__THE COLLECTOR ( THE
IS 'oee"), IF _THE RASE. 1S._FORWARD — BRIASED.  RBY AT
LEAST . Qb .VOLT, A CURRENT. WILL _FLOW FROM. THE _EMTTER.TD.

THE. . COLLECTOR . ( THE TRANSISTDR 1S _ "ON").  WHEN OPERATED IN__

- {ONLY. THESE. TWO . MODES, TRE.. TRANSISTOR. FUNCTIONS.  AS A SWITCH.

IF. . THE. _BASE 1S FORWARD = BIASED, THE EMITTER=COLLECTOR. CU| CURRENT.
WILL. . FOLLOW  VARIATIONS..AN. A _MUCH__ SMALLER .BASE  CURRENT. ... ..

ARISCUSSLON. APPLIES. . TD. A _TRANSISTOR .
LJEROUND

THE. _TRANMSISTOR...THEN __FUNCTIONS As AN AMPLICIER . THIS
INCWHICH.  THE . EMITTER . IS _ THE ...
CONMNEBLTION. . FOR _ RoTH. THE INPUT AND . OULTPUT _ANMD IS
CALLED. . THE. . ..COMMON — EMATTER . CIRCUIT e . SOME _ _SIMPLIEIED  COMMON=

EMITTER . CIRCLUITS __ARE __SHoWN.. BELOW. SO _NYou CAN. SEE.._ How

THEY.. . ARE . LMSED N REAL CIRCUITS,.  EACH  EXAMPLE  REFERS.. IO

A TYPICAL. wa&&u\LszAPPt.mwAnom IN__ CHAPTER 9, | .\>
: P.az

] A_RIPOLAR TRANSISTOR

SWITCH

lP.lO'?)

\\lf/

CV —

k)

SUED)

BASE BASE

S —
ramm!
¢

ON

T
n

RESISTOR.D

o= il

RESISTOR 5
'4

S——

OK JO_VSE RESISTOR,

PIE20BUZZER, ETC.

LS
N

P

N
£y

=
{ E

GROUND N PLACE OF LAMP.

ONLY. _TWE. . INPUTS.  ARE  POSSIBLE |  GROLUMD o vorTs) AND  THE

e b POSATIVE  BATTERY. . NOLTAGE . (+.\) THERE FORE. _THE . TRANS\STOR. .. .
1S._OFF _OR._ O A_TYPICAL _BASE. RESISTANCE 1S 5000 1D
10.000.. . .0AMS. (1€ _THE RESISTOR 1S  REPLACED _BY. . A. WIRE, THE
LAMP _ CAN_ BE _SWITCHED ON 0R._OFE FROM. A CONSIDER ABLE. DISTANCE.)

20




(1A

BIPOLAR  TRANSISTOR . . .DC AMPLIRIER — IHE VARIARGLE

RESISTOR FORWARD

= ({5 + BIASES THE_ TRANSISTOR
( SERIES -7 PN AND ___CONTROLS. .. TAE
@ RESISTOR 7S\ INPUT. C BASE-EMITIER)
CURRENT \/‘éul CURRENT. .THE METER
METER -’fc - INDLCATES. . THE _OUTPUT
vt m rlM (COLLECTOR = EMITTER)
SN 9 & | CURREMT. . THE SERIES
AN ) = v P RESISTOR.. .. PROTECTS
W 7 VARIABLE E;‘j THE _METER. . _EROM
RESISTOR EXCESSIVE . CORRENT. ..
L ) ~
[P 104 >
INC AL WORKING . CIRCVUIT, THE VARIABLE RESISTOR . _MAY EE _IN -

TRAT

[SERIES.  MUTH. A _SECOND

COMPONENT BAVING. A RESISTAMCE -

VARIES . WITH. . TEMPERATURE, .LIGHT, MOISTURE, . ETC. (WATER

P.. 104

s __THE VARIABLE _ RESISTANCE. . AN _THE. MOISTURE . .METER .. ON
D MWHEN  THE  INPUT. . SIGNAL. . CHANGES . RAPIRLY,. . .. AN
 AC. AMPLIEIER . SUCH_ . AS . THE .. .ONE.. BELOW. 15 USEDa. . ...

AL BIPOLAR  TRANSISTOR . AC. . AMPLIEIER — THIS. . 15... THE

SIMPLEST  0OF SEMERAL

BASIE A AMPLIEIER S e

\ TRE. LOAD. RESISTOR L =iAs THE INPUT_CAPACATOR
= CAUSES TRE..OVTPUT. . A RESISTORG BLOCKS. ANY._ Do N
CURRENT. TR BECOME. . . vt THE . INPUT  SIaNAL,
‘D_V A._NOLTAGE. (VzIxR). Vad
~ LOAD OUTPUT 3 AMPLL ) OUTPUT
TYPICAL INPUT RESISTOR jLo ;\y SIGN AL
S\EGNAL INPUT. - wlOV 1/ be
riy / CAPACITOR A 7[\/\ BIAS
y ¥ e | N X=X~ = LEVEL
O e VD e I v .
_ N o - [r122 >
°© A bc AN SIGNAL e TRE_ OUTPUT  SIGNAL
- J LNVERIED.

TRE. . BIAS _ RESISTDR 13 SELECIED

1D, GIVE AN OUTPUT  VOLT AGE

0OE. ABouT HALE THE RATTERY VOLTAGE.. THE AMPLIEIED  SI6NAL...

ZELOW

“RIDESY ON  THIS  STEADY. . OUTPUT  VOLTAGE. ... AND VARIES AROVE ANMD

1T (WITHOUT. _THE BIAS

RESISTOR, ONLY.  THE POSITIVE

MANFE  oF  THE INPUT  SIENAL . ABOVE

Ou6 VOLT. (SEE P HUS) wWiLh

RE__ AMPOLIFIED. THIS. MWL CAVSE _SEVUERE  DISTORTION.L). IO SEE
ONE  WAY A WoRKING VERSION... OE _THIS AMPLIEIER 15.. . HNSED,

TURN_._NOW___TD P 122 AND LOCK

AT THE OLUTPUT SELTIOAN

OF. _THE LIGRTWAVE  TRANSMATTER
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FIELD-EFFECT TRANSISTORS

AELELD > BEFECT TRANSISTORS .(OR._FETs) HAVE  BECOME _MORE
e AMPORTANT
et MAKE __AND.. REQUIRE .. LESS _ SILICON.
FE:TNPAMLME.S,JUNC.TION AND  METAL = OXIDE = SEMICONDUCTOR

THAN B1POLAR... TRANSISTORS. . THEY

THERE . ARE _.TWeo

ARE __EASY..TO.
MAJOR

e —

N BOTH . KINDS. AN OUTPUT.  CURRENT. .15 LONTROLLED RBY. A

SMALL.INPUT. _VOLTAGE . AND.. PRACTICALLY. . .NO  INPUT QURRENT]

- GATE
JUNCTION _FETs. : .
THE._TWO  MAIN_ KINDS._ OF S s 7
EETs.  ARE _ N- CHANNEL AND_ , \_P -
P~ CHANNEL.  THE  QRANMEL A N~ CHANNEL I A
VS LAKE A _SILICON _RESISTOR \ (e I
THAT __ CONDUCTS.  CURRENT \ 4
e IMOVING _EROM._ . THE.  SOURCE. SOURCE GATE DRAIN
TO__THE. . _DRAIN. A VOLTAGE / A \
AT __THE _GATE __ INCREASES $ y ANy )
__|THE _CRAMMEL __ RESIST ANCE N ) Ly
AND._ REDUCES _ THE _ DRAIN — o P-CHANNEL |
| SOURCE. .. QURRENT,  THEREFORE { ~ ]
.................................... THE._FET _ CAN.__ BE. USED. __AS v
e AN AMPUEIER  OR._ A SWITCH.

e B JUNCTION
el SHOWS  How. AN N= CHANNMNEL.

| GATE __VOLTAGE _ CREATES.  TWO
JCTHE _FIELD) _IN.___ THE _CHANNEL.. . ADIACENT
A SILICON. . MORE. _GATE _ VOLTAGE. _ \WILL . CAUSE

THE . ARRANGEMENT  RBELOW
FET WORKS.. A NEGATIVE
HlGH RESISTANCE REGION S
™. THE. _ P~TYPE
THE __FIELDS. . TO
COMPLETELY. ... BLOCK . THE . CURRENT.

FET__OPERATION —

MERGE TOAETHER. .. AND
| THE  GATE ~ CHANMEL. . RESISTANCE

IS VERY _HIGH.

e AT M

MAXLM. UM

N,

CURREMT

[

e DOME.

NG

~QURRENT.

o
o

J

4L MRR

PRAIN

DRAIA

O VOLTS

DRAIN

—

o 0.8 VOLT

-1 vorT

Com dE]

\h[T
NI -2

\“
=
A

| ¥4

GATE

GATE

e
«
”~
AN

GATE

=D

T ==

-

ENE
Q

&

s
9

floroumny [ SOURLE | _seusce
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[ MORE._AROUT.__TUNCTION FETs —  SINCE  THEY ARE_ _VOLTAGE

JCONTROLLED, TUNCTION. FETs (og :r:s-rs) HAVE IMPORTANT
[ ADVANTAGES . OVER. __CURRENT — CONTROLLED _RIPOLAR. TRANSISTORS.:

1., THE  GATE~CHANNEL _RESISTANCE _OF A TFET IS _VERY

g PRy
I e THERE FORE THE.  JFET HAS
LI\TTLE OR NO EEEECT ON EXTERNAL COMPONENTS OR

CIRCUITS COMMECTED NEe) L5 GATE.

2. THE. _VERY _HIGH _GATE— CHANNEL _RESISTANCE MEANS

PRACTICALLY. ND CURRENT FLOWS IN___THE GATE QILRCUIT.
(WHY. 1S THE RESISTANCE S0 HIGH 2 THE GATE AND
OHAMMNEL. . FORM. ... A.. . .DIODE.. Se._LONG _AS . THE INPUT

| SIGNAL  REVERSE RIASES THIS DJODE.; THE CATE __HAS

VERY _ HIGM  INPUT Res:s-muca)

(2, LIKE  BIPOLAR  TRAMSISTORS ... JEET S . CAN. . BE DAMAGED. . S
RESTRONED By EXCESSIVE CORRENT OR VOLTAGE .

L KINDS. OF . JuNCTioN FETs —  JIFETs ARE__ USED N __MANY
DIEEERENT.. APPLICATIONS . SINCE THEY CANNOT ____BE  (JSED
ME%Q&WWHLGAW»PM&WW"R,Q;NE.,S_,,.._,.__,M.o,sLWM&h&E.‘WJ&sJ:ALLEQWWLm SHALL
PLASTLIC oR ME.TAL PACKA GES., HERE ARE . _THE __1MAIN

CATEGORIES:

SMALL  SI1E6NAL AND.  SWITCRAING ,

: A SMALL . SIGNAL _ TEETs _ _ARE. . USED AT _THE
f/ / INPUT STAGE . OF . AMPLIEIERS 0. PROVIDE
\l 1 A_RIGH RESISTAMCE INPUT ., THEY ARE

ALSO. . USED AS SWITLHRES.

RiGeA FREQUENCY.,

e MGH EREQUENCY . TFETS. __ARE__USED 1D

AMPLAEY. QR PRODUCE. HISH EREQUENCY SIGNALS.

1 _JUNCTION  FET  SYMROLS — GATES INTERNALLY COMNECTED.

DRAIN (D) B b o
Y
Gate_elfptn o © ) 6. eyl ibm &
(&) /
N p
) U s
SoURCE(S) N-CHANNEL ) P-CHANNEL
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METAL=OXIDE ~SEMICONDUCTOR _FETs

THE  METAL-OXIDE= SEMICONPUCTOR METAL INSULATOR
FET (oa MOS r—s‘r) HAS. .. . BECOME sougaﬁw&ssmﬁ.“_ wwwww l\mmu
THE _tMbST.  IMPORTANT. . TRAMNSISTOR.. Jh
MOST  MICRDCOMPUTER — AMD  MEMORY //’2-,“ ?ZJ,;
INTEGRATED. _ CIRCUITS. __ ARE  ARRAYS 17"
0F. . THOUSANDS. _ OF __MOSEET.S. . o \NJ \NJ
e
A SHMALL.__ SLIVER _OF. __ SILICON. P
WHY.? __MOSEETSs __ARE _EASY.. . TD N-MOSFET
s ] VAR E o THEY _ CAN _BE. . VERY . SMALL,
AniD SOME MOSEEY QIRQUITS SOURCE GATE . _DRAIN..
COMSUME NEGLIGIBLE POWER.
NEw . . KINDS  OF . POWER  MOSEETS Fre LS ﬂ
e JARE  ALSO___VERY.. USEFUL. éf 1 /p v
- J
O MOSFET OPERATION — ALl N
e | IOSEET s ARE N=TYPE __OR _P-TYPE, P= MOSEET
UNLIKE . THE. JUNCTION. . FET. . THE
GATE.. . .OF. .. A MOSEET __ _HAS. . NO
wwwwwwwwwwwww ELECTRICAL.. CONTACT _ WITH. ... .THE
e SODRCE o AND__ DRAIN . A . GLASS-LIKE
IR 0 - 4 =4S o] = SILICOMN = DIOXIDE
e AN INSULATOR) . SEPARATES 0_voTS. (GATE) :
THE _GATE’S.  METAL. .CONTAST - - 3 e e W) S
FRoM. _THE _ REST .  _OF _THE SOURACE DRAIN. .\
e\ TRAN SIS TOR.  — NO
\NJ W CURRENT
ALV rinums SILICON—OXIDE P
GATE INSULATOR
COMTACT. N\ /o + 0.5 VDLT (GATE). L
ar 4
TN/ PN/ Sounce" DRAIN
[ SiLicoN | —m—— CoME
AN fPra=@|\N CURRENT
A_POSIT\VE _GATE  VOLTAGE P
ATTRACTS ELECTRONS. _.TD
THE.. _REGION  BELow. THE_ GATE. +.1_VOLT (GATE) . A
THIS.. CREATES A __THIN - PR ey )
N=TYPE QR ANNEL IN__THE SOURCE H.D.Rﬂw.m
P~TYPE _ SILICON _ BETWEEN | — MAXLMUM -
THE __SOURCE. __AND. __DRAIA. W ERNSS W CURRENT
CURRENT. __CAN __TREN __ FLow P
TRROUGH THE CHAMNEL ., GROUND
THE _GATE VOLTAGE |-
DETERMINES THE RESISTANCE - T
OF _TRE. _CRANNEL,

54




[ MORE AROUT. MOSFEYs ~— THE INPUT ___RESISTANCE OF. THE

MOSEET. IS . THE. . HIGHEST QE ANY TRAANSISTOR.. THIS.

. JAMD. OTHER.  EACTORS. . GWE. MOSFETS .. IMPORTANT. ADVANTAGES I ...

1. THE GATE ~CHANMEL. . RESISTANCE IS _ALMOST _ INFIMNITE

1 (TYPICALLY 1, 000,000,000,000,000.= OHMS ). . THIS MEANS  THE

 GATE _ PULLS. NQ  CURRENT. _ FRoM  EXTERNAL . CIRCUIT S. (WEL,
IT. MAY __RORROW A FEwr TRILLIONTHS _OF. AN _AMPERE.)

12, MOSEETS _CAN.__ FUNCTION _AS VOLTAGE = CONTROLLED VARIABLE
RESISTORS., THE. GATE VOMLTAGE  CoNTROLS. .. CHANNEL RESISTANCE.

2. NEW KINDS OF  MOSEETs _ CAN.  SwiTOH.  VERY. HiGH CURREMNTS

IN_ A _FEW._ BILLIONTHS QF. A  SECOND

[ _CAUTION —  BECAUSE _ THE

GCLASS ~ 1 kE Sillcons OXIDE

LAYER RBELow.  THE _GATE e

THIN IT .CAN __BRE _PIERCED EBY

T MUCH.  VOLTAGE AR EVEN STATIC .
ELECTRIEILLY. EVEN._.. . THE STATIC . SHARGE ZAPPED... CAUTION. ...
GENERATED BY _OQIOTHING.. ..OR A CELUDPHANE MOSEET. .. SYMBOL.....

WRAPPER CAN... ZAP . THE . GATE 0F. . A . MOSEET/

[d KINDS. __OF  MOSFETs — . _LIKE .IFET'S; MOSFET < INSTALLER IN

e JSMALL  METAL _ OR  PLASTIC  PACKAGES. .. ARE.___UseD _TOD _GIVE . . .. .

AMPLIFIER S AN LLTRA — HIGH INPLT RESISTANCE. . THEY ARE

e ALSO. . USED  AS . VOLTAGE  CONTROULED. RESISTORS . ANR. . SWITCHES. .

THE MoST.... LMEORTAMT. CATEGORY HAS BECOME. .:

PowEeR. ,

S

W
R

POWER = MOSEET S AtLow A FEw —

Ve /
mﬁ VOLYS . TO_ . SWITCH. 0R . AMPLIEY
_ MANY _ AMPERES . AT.  VERY. . . FAST

SPEEDS.

] MOSFET  SYMROLS =—  THESE. ARE __THE_ _MOST. COMMOAL,

o |SOURCE . GATE __DRAIN . >
G ® =~ s 6 D P
| A____‘ | (| e 11 SN
I 6 —>Jd 04/ — 6 —\ [
P s N S
N-MOSFET P-MOSFET




HOW FETs _ARE __USED

FIELD - EFF ECT TRAM SISTORS
SW. \;E,CH ES AN D
ARE __SOME__ TYPICAL

ClRcuT

CARE
\!()KL.T_ANGQE".:M co NTROLLED .
CARRANGEMENTS..

'As LAMPLIFIER S
RESISTORS..... WHEREWW

USED

’W 7 s

C_A _JIFET  ELECTROMETER

THIS..

ULTRA= SIMPLE _ CQIRCUIT .

1.3

THE ELECTRONIQ . _VERSION

CURRENT..

. THE .  ELECTROSCOPE. ..

METER...

LEBD OF AN
JEET IS LEET

GATE. .
N=CRANNEL .

DISCOMNNMESTED. .. NORMALLY

B CURRE MY ELoMS EROM

SCURLE. .TD... . PRAIN..... WHEN

A NECGATIAVELY . CHARSED. .

OBTECT . L LikE . A PLASTIC

SOURCE

COME._  THAT'S __GEEN_. STROKED

THROUGH. . YOUR __HAIR). IS

PLACED .. NEAR__THE . _GATE.,

CHARGED

CURRENT ELow LS

RpD

O A MDSEET. LAMP.  DRIVER —

N i >

r'af

LREDUCED. . OR.. _ _STOPPED. .

(5. CIRCUIT. . SHoOWS . . How. A . . .
L POWER. _ MOSEET . CAn. . RE
LDSED L TO. SWITCH...ON A
OTHER . DG
CEVICE... . . SINCE ...

POWERED. .
TE... POwWER. . _MOSFET ...

BAS AN ALHOST

e INEIMITE L INPUT. RE=

T.NO RMALLY.. OPEN.

S\STAMCE , . THE

SWITCH.. CAN. BE

PUSHRUTTON. . SWITCH.

A

J......REPLACED. . BY. . A . TINY
INPUT.. SIGAAL

LAMP.. .

O A MOSEET. . LAN DIMMER. —

TRiS

CIRCULT. VUSES A PoweR

MOSFEY .. AS A NYOLTAGE

- VARIABLE.

CONT.ROLLED . RESISTOR.

L RESISTOR .

e I B

SLOMNTROL
W.WCU RRENT

° LARGE

OULTPUT... S RREMNT.




THE _LINLTUNCTION _ TRANSISTOR .

THE  UNITJUNCTION T

RAMILITOR

EHITTER

(LIT) . dS. . NOT._ A _TRUE

TRANSIZTOR.

ﬂA/

17's MORE.. .

TWO CATHODE COMNE.C

LIODE . WITH

TIONS...IT

=
\PJ

[WORKS.... LIKE A

VOLTAGE =~ COMTROLLED

N

SWLITOR ArD. DOES,

N.OT

AMPLIEY.

f

epsE . 1

O UJT  OPERATION —

JNoRHALLY A
JCURRERT MLl Flow .

SMALL

SMALL TVOLTAGE
{

FEOM

BASE 1. TD. BASE 2.

WHEN

N \P_J

THE VDLTAGE APPLIED

I0

-_——— e e —

THE . EMIATTER. .. . REACHES

A

SMALL. CURREMNT.

LYY

JCERTAIN. THRESHOLD. (SEvERAL 1

TCHES

o JvoeTS),  THE.  UJT
ON-. AND A HIGH
ELOWS.....FROM  _BASE 1 .

E.H\TTE.R SELOUU

LV

RR ENT

rsz“"

m e

e THRESBOLD . VOLTAG Ew._,w. _
QURRENT _ELOWS

FROM .

RIGH.. CURRENT.

NO

HiGcH

GROUMD‘@

THE . SMYMBOL.

e TRE L NIT  RESEMEBLES

O urr_symeor — L E

THAT QFAIFET

JTRIS AR BAM GEH E NT A
LA u:.r‘r‘rb FLASH A

EMITTING. _ DioDE _CLED) ..
. Mcﬂu,sl&&&MIMWE.L.o,wusu,W.\.v_.,w\m;l:o
ACAPACITOR . DATIL. 'rH._E.A

LAGH T:

L0 WS

L LHRARGES .
CAPALITOR

AOTT s TRI\GCER. ...
1S REACHED. . THE
AN THE L CAPACITOR. 1S,

"DUMPED "  _ THROUGH

LURRENT.

+

CAPACITOR .

AUNTIL  THE . CAPACITOR..
IDISCHRARGED. ... .THE. .

DISCHARGE  CYCLE T

CHARGE -
EN. REPEATS.

-

DISCHARGE] .
CURRENT .




SMALL

) THE THYRISTOR OEE CURRENT
,,,,,,,,,,, - e rd
o |THYRISTORS  ARE._SEMiCON= pd |
DLOLCTOR _DEVICE S . WITH. THREE RN - ( I&)
e JLEADS ... A _SMALL. . CURRENT =) —0 o—\ \J
AT _ONE LEAD WILL  ALLOW
bA L MUCH  LARGER. __ CURRENT .
O . FLow.  THROUGH _THE '“/ LARGE
o |OTHER _TWo. . LEADS. __THE ON JE CURRENT
LOCONTROWLLED.  CURRENT 1S T\ /
o |EITHER_ _ON. _0OR._QEE ., e
o |THEREFORE. THYRLSTORS. _ C"fﬂ
Do moT  AMPLIEY FLUCTUATING = D O—>O—— \@-—Q@
el SVGMALS. L LIKE . TRANSISTORS. DO,
JHUNSTEAD.  THEN. . ARE SOLID - STATE

e DVMILITCRES e I}&EBL«WMLMMQ“ME&&LQM__.D E.. THYRIST Q&ﬁﬂ S LI CON =
..|CONTROLLED. . RECTIFIERS. L SCRs)
IDIRECT

AnD TRIAC 5., SCRs  SWITCH

. thgg,au:r:m_m AND TRIACS _ SWITCH _ ALTERNATING CUBR ENT.
 |SILICON-CONTROILED RECTIFIERS  (SCR=)
LTHE  SCR. IS SIMILAR _TD A BIPOLAR ANODE.
o LTRANS\STOR. .. WATH. . A FOURTH __LAYER i
LAND...  THEREFORE THREE PN _JIUNCTIONS.
It 1S SDMETIMES CALLED A 4-LAYER P
e LPNPN OI0DE SINCE iT___PASSES A N
A CURRENT I OMNLY  ONE DIRECTION, ‘]P
N
LJEL SCR.____OPERATION = _IF _THE == _an1e
- JANODE OF AA) SCR ) MADE CATHODE

MORE..
e THE

e POSITIVE. . THAN. . THE CATHODE

TWO.... QUTERMOST. PN JUNCTIONS I
| ARE._ FORWARD _BIASED. THE MIDDLE PN ;n.JN Q]:}ou m.mﬂowayﬁk fsw.m,,.
eﬁnﬁﬂs.ﬁqmwﬁms_ﬁammam_omm

o Pl N CURRENT CANNOT.  FLOW.,
{—\ {om= < A SMALL. _GATE.  CURREMT
—4 L A FORWARD _ RIASES __THE
L Y st S A T
B I MMW&TAMDE.MMW% o MIDDLE PN TUNGTION .
= ‘ h A el AND.__ALLOWS A MUCH
HiGH P SMALL £2 3 LARGER.  CURRENT . .TO. .
e OUTPUT N_| comnTRoL L‘j Flow _THRoUGH . THE
) CURRENT P CLRRENT i DEVICE., THE __SCR
= N | —_ STAYS.  ON___EVEN IE
o CATHODE T © GATE " THE __GATE. __GURREMNT
=/ GROUND A | Sm=EEE=s==T 1S REMovED! CunTit
R LL ¥ ﬂ POWER 1S D1sc0NMEcTED.)
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8 KINDS.  OF _ SCRS —

SCRs ARE CATEGORIZED ACCORDING To
e |\ THE . CURRENT. THEY CAN _ SWIT.CH ., HERE ARE THEREE GEMNEEAL
CATEGORIES. (MANY _OTHER _ GASE. STYLES.  ARE AVAILAELE).
LOW. _ CURRENT.,
et < LOW  CURRENT _ ScR.s INCLUDE.  THOSE
i | ¢ THAT SMLTCH UP___ T 1- AMPERE AT
HL F\}! e TD 1ol ~ VoLTs
MEDIUM  CURREMNT,
© @f THESE SCR.s SWITCH P 1. 10
‘‘‘‘‘‘‘‘‘ AMPERES AT LP . TO SEVERAL HUMNDRED
VoLTS. ONE COMMON WSE LS. . 500D
SIATE SWITCRING EOR .. AUTO ENGINES.
RIGH CURRENT.
D) THESE SCR.s CAM SWITCH UP TGO
A-,\MA\: 2,500 - AMPERES AT UP T .. SEVERAL
l’“(gyv THOUSAND . VorTs | THEY CONTROL. .MOTORS,
Amvmm_w&\\ LIGHTS . APPLIANCES  ETC.
h - } 1
MGA.T.EMMCKG)NNN,M JETRN ». S /..-.-.
.s8¢ SYME . Pintp A IL‘C
RS oL Aneope (a) 1 F fpese REREBE ()
JHOW _ SCRs ARE USED.
e THIS . ARRANGEMENT. SHOWS  How. AN ScR 1S
DSED 0 SWLLTCH . ON... AN INCANDESCE NT g
LAMP, OTHER DEVICES CAN ALso RE /
CONTROLLED. /( Y\
o W \ ! ,/ %) /
L >~ N T L AMP N
Loy -, NORMALLY
= = bW S~ open
1‘ T PUSHBUT TON
= NORMALLY CLOSED llL A ,/ SWITCH
PUSHRUTTON.  SWITCH Pl __PUSH _TO
—2 (PUSH__TO _EXTINGUISH N SWITEH ——— RESISTOR
LAMP) P LAMP ON.
<> N ~
¢ & [p110 >
”. — N-?:—_
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TRIACS

TRE _TRIAC 1S  EQUIVALENT

TO_TWO __SCRs _CONNECTED )z,

IN. PARALLEL.. THLS MEANS N (f‘i—m MAIN. TERMIMNAL
TRIACS  CAN__ SWITCA__ BOTH A 2. (or A2)
DIRECT.  AND  ALTERNATING N_ L

CURREMNT, NOTICE _THAT _THE gt )

TRIAC . _HAS EWE . LAYERS GATE—t— o= Ma. TERMINAL
PLUS AN EXTRA __N-TYPE N 1.CoR A1)
RE Glon., ALSO . NOTE _How

BLL.  THREE LEADRS MAKE... . CONTACT

WLITH . TWO. . LAYERS.

O TRIAC _ OPERATION. . — THE. .TWO. . PARALLEL SCRs.  _THAT

FoRm A TRIAC FACQE
IN___QPPOSITE DIREC=
f —\ TION.S (REV&KSE -
= PARALLEL ). . WHEN
MT 2 USED __TO _SWITCH

ALTERNATING CUR—
RENT, _THE _TRIAG
STAYS... ON___ONLY
E WHEN THE _GATE

RECEAVES CURREMT,
GATE N

REMOVE . THE. . .CATE
A— Low MTZ

CURRENT _ANMD.. AT
XN CONTROL ..l SWITCHES OFE WHEN.

[
\ >'\ / CURRENT THE _AC PASSES
S - THROUGH O VOLT S .

R

<3 |
|
N

-l

HIGH (
ouUTPuUT
CURRENT

~ |z]|o]Z

Al
VOLTAGE

O KINDS . QF  TRIACS —  TRIACS.,.  LIKE. . SCRS.,.  ARE. . GCATE=

GORIZED ACCORDING ™ THE CURRENT.. ... THEY. . CAM_ SWITCH.

e b TRLACS  DON'T  HAVE.  THE . VERY. .H\GH. . POWER. . CAPABUITY. OF .
mmmmmmmmmmmmmmmm | BIGH  CURRENT. . S¢Rs.. . HERE. . ARE  TWO CATEGORIES:. oo

LOW  CURRENT,

=) @ Low.  CURRENT TRIACS SWITCH uP_  TD
\ 1- AMPERE AT UP _TO  SEVERAL HUMNORED
{ m\ VOLTS..  OTHER  CASE . STYLES. _ALSO _ USED.

MEDIUM _ CURRENT,

THESE . TRIACS ST CH P ...T0. .. 40 -

AMPERE S AT P TD iiooo - UOLTS. MANY
CASE STYLES ARE AVAILABLE.,




L1__TRIAC

SYMEOL —

REHEMELER

THE

TRIAC

s, THE

SAHE AS

AL

SCR

s o

~REVERZE =

PhRALLEL

Sk s

r[L GATE

MT2 —d

l \nvv(v-lwvv\. PRINIPITENS JETS:
[ ] 1 i N

=

GATE

P NLP

MITL

MT.2

MT 1

SCR

Mt O

HOW. TRIACS ARE _USED

e dTRIS ARRAMNGEMENT. SHOWS. __HOW . A
BY. . HOUSEHOLD..

ON A LAMP

POWERER

el MOTORS BD

QTHER

TRIALC

GAN

SWITCH

LINE

CLRRENT

LPEVICES . CAN__ ALSO.. RE. CONTROLLED. .

13 ~6.3. VoLT

TRAMSEORMER,

MORMALLY

i

LAMP .

J¥ Spe

DPEN

- PUSHBUTTON,

SWITCH

_Ioerionar MW paimagy. T CECONDARY.... . MT2N =] N e
P RESISTOR Jwd
LAMP. . GLOWS.. WHEN. N el

/57 /. POWER _ {SwITCH IS CLOSED. . | o (]

o AR+ 14 » N GTD\TE
‘ ] .Mt 1N

CAUTION: DO NOT._ASSEMEBLE. IP-111> ,,,,,,

TWO-1EAD THYRISTORS

AN _SCR OR TRIAC . MWikb  SWITCH . ON _ WITHOUT. ..A . GATE. . -

e SAENAL LE

THE

VOLTAGE...

THLS

SELE~ SWITCH NG

ACROSS TS .  OTHER...TWO
REACHES... A CERTAIN. (LEVEL . (THE. EREAKDOWN. . YOLTAGE oo

THYRISTORS.

ARILITY. . MAKES. .. POSSIBLE . TWO=LEAD . .

FOUR = LAYER

P

%

A

A FOUR- _LAYER. .. DIODE . IS

AN SCR . MWITHOUL T e

GATE . IT. SMUTCHES. ..DC.  VOLTAGE.

A

T AL PNP

BASE  LEAD.

e

DIAL 1S A THREE - LAYER. .DEVICE SIFILAR (oo
o dUNMCTION.  TRANSISTOR . WITHOVT A

Ac VOLTAGE.
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