) A BIPOLAR TRANMSISTOR . DC  AMPLIEIER — THE  VARIAGLE

RESISTOR  .EQRWARD

. o C—_—{E BIASES THE TRAMNMSISTOR .
A . SERIES o ﬁh\ AND . COMTROLS..... THE
@. | RESISTOR A LAY T (BASE-EMITIER)
. ‘ e CURRENT \ rL / CURRENT,  THE METER
. o A mETER T T = INDICATES.  THE. . OUTPUT
= o Oy . o i (COLLECTOR = EMITTER)
N N g e _al.N CURREMT, THE. SERIES
NI = b e RESISTOR . PROTECTS
\/\r'v"{ff‘// C9  VARIABLE N THE _METER. FROM.
L=~ gecisToR.. E }Y EXCESSIVE . CURRENT.
u |

E iofi\}

N AL WORKING  CIRCOLT, . THE VARIABLE RESISTOR . MAY. EE N

SERIES. . WITH B gernpiD COMPONENT. . BAVING. A RESISTANCE.

TRAT . VARIES. . A TH  TEMPERATURE, LLGHT, MOISTURE, ETC. (WATER

(S THE . VARIABLE _RESISTANCE . IN_ THE __ MOISTURE _METER .. ON

P 10H.) HEN. . THE _InPuT SIEMAL.  CHANGES RAPIDLY, . AN .

A AMIAEIER SUCH AS THE OAE EELOW 1S JSED.

O A BIPOLAR.  TRANSISTOR . AC. AMPLIEIER — TRIS. 1S, THE

— SIMPLEST.  OF SE\!ERAL

Basie AC  AMPLIEIERS

ﬁ THRE LOAD. BESISTOR 1 Bias ) TRE INMPUT. CAPAC ATOR. .
o CAUSES. THE..OLTPUT. . RESISTOR i BLOCKS ANY. De N
CURRENT. TD. BECOME . I o/ .} THE. NPUT. SIGNAL..
OV | A VOLTAGE (V2IxR). paii) .
S _ _ . - LOAD: DUTPUT A" . AMPLIFIED  OUTPUT
TYPICAL. INPUT - _ RESLSTOR ' SIGN AL
SIENAL .. INPWT, & u/ D
e / CAPACITOR . o u BIAS
¥ g M - = LEVEL
/\/\/ —r = | N
N o S [pi22 >
© Lo N SIGNAL R ETr 'ME, DLTPUT... SIENAL..
‘ A s yveRTER.

THE.. BIAS. RESISTOR. 18  SELECTED. ..T0O...GIVE. _ AN__OUTPUT _ VOLTAGE

OF....AROWT WALE. . THE  BATTERY. . . VDLTAGE. THE AMBLIEIED . SLENMAL

tpipE<?! AN THIS. . STEADY. . OUTPUT  VOLTAGE AMD UARIES ABDVE  AKD

GELOW.  ATa [ WITHROVT. _THE . BIAS. . RESISTOR, _ONLY.  THE. . POSITIVE
BALE . OF. . THE. . IMPUT  SIGNAL. ABOVE. .. 0 VOLT.  (SEE . P HS) Wikl

BE.  AMOLIEIED. . THLS . Wik  CAWSE.  SEVERE _ DISTORTION,) . .TO. . SEE

ONE  MAY. B ANORKING . VERSION. . oOF .. JHLS.  AMPULELER ol 5. USED,

TURN. NOW. TO P 122 AND.. LOOK.. AT  THE  OuiPUT.. SELTION
OF  THE LIGHTWAVE TRANSMIITER. ;
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FIELD-EFEECT TRANSISTORS

FIELD - EFFECT TRANSISTORS. (OR..EETs)  HAVE RBECOME . MORE

IMPORTANT. . THANMN Birol AR TRAMS\STQRS THEN ARE EASNY.TO

MAKE . AND  REMMRE. . LESS  SILICOM. THERE . ARE TWO MAJOR

FET EAMILIES v TUNCT ION AND METAL. OXIDE — SEMICONDUCTOR ,
T N  a ] e ] Lt et e P e o e N sy A ey
N BOTH . KIMDS. AR OUTeUT. SRR ENT LS OONTROLLED BNy A

SMALL. NPT VOLTAGE . AND.. PRACTICALLY.  NO  INPUT. SURREMT!

GATE

JUNCTION . FETs _ H

0
THE _TWO. . MAIN  KINDS _OF ARy A N4
FETs. ARE.N=CRANMEL  AND . \_ P ] o
P~CHANNEL. . THE _ CHRANNEL 4 N-CHANNEL I A
'S LAKE A SILICON._ RESISTOR.. | [ P
THAT conbueTs CURRENT . \ v
MOVIN G FROM.__ THE. _ SOURCLE SOURCE GATE DRAIN
Th  THE  DRAIN. A VOLTAGE / ol 3
AT THE _GATE _ INCREASES | £ YV 7 /)
THE  CUANMEL . RESIST.ANCE Y LN ot
AND.  REDUCES . THE DEAIN = P=CHANNEL |
SOURLE CURRENT. THEREFORE [~ )
THE L FET . CAN BE. LSED AS v
AN AMPUERIER OCR A _SWITCH.
O JUNCTION  FET.  OPERATION —  THE ARRANGEMENT. . BELOW
SHOWS BHow AN N CHAMNMEL . FET WORKS., AL NEGATIVE

GATE VOLTAGE CREATES _.Two. . HIGH RESISTAMCE REGION.S

(THE FIELD). . IN__ THE. _CHANNEL ADTACEANT. TD. THE . P~TYPE
SILICON. MORE GRTE VOLTAGE WiLe  CALSE TH.E FIELDS. ... TR

MERGE TDEETHER AND COMPLETELY. ELOCK THE QURREMT,

THE _GATE ~ CHANNMEL . RESISTANCE . . 1S  VERY RIGH.

{1 _ o _ i
MAXIM.Ub e SOME. . — NO I
_ 7 | CURRENT [T corrent S QURREMT‘/&\
Vay _ PV =)
_ DRAIN DRAIN }  DRAIM
NP _ N @ _ N Lo I
aveers. | AY - 0.5. ¥oLT H =2 voeT |
OIS G i G [DNELD :
S LBy D sk P CRI
N GaTE b U sate :9*@\[ GATE T
M? o] 0 @.(& \lf\ Py
| i _ RN il 2 -
GROUND ¥ SOURCE g{ SOURGE _ E SOURCE
. )

he

|
|
L
|

|

i

|




[ MORE ABRDUT. TUNCTION FETs —  SINCE  THEY _ARE _VOLTAGE

|CONTROLLED.,. . TUNCTION . FETs (OR._JEETs).  HAVE.  [MPORTANT

ADVANTAGES OVER  CURRENT — (ONMTROLLED. EBIPOLAR ... TRANSISTORS.:

1  THE  GATE—CHANMEL  RESISTANCE oF A JTFET IS . VERY

A,
HIGH ( MILLIONS.... OF m-tms)A THEREFORE THE. JSEET __HAS
LTTLE . OR.....NO EFEECT ON.._EXTERNAL COMPONEMNT.S. OR
CIRCOLTS COMMECTED o 1T GATE. .

2. THE  VERY HIGH GATE— CHANNEL . RESISTANCE MEANS

PREACTICALLY NO CURREMT FLOWS AN THE GATE CLRCUIT.
(WHY. 1S THE . RESISTANCE SO H\GH. 2. _ THE GATE . AND
CHAMNNMEL. . FORM A RIODE SC. LONG AS . THE INBLT

e SIGNAL  REVERSE . BIASES THLS. ... .RDIORE 4 THE..... LATE.. HAS

VERY.  HIGH _ INPUT Resmmmcg)

B LIKE . BIPOLAR.. TRANSISTORS 4 d FET.S CAN . BE DAMAGED. . QR

DESTROVED By EX CESSIVE. QURRENT. DR  VOLTAGE. .

Ol KINDS _ OF. . TUNCTION. FETs - JFETs ABE  USED. . IN. _MAMY
DIEEERENT . APPLICATIONS. . SINCE  THEY CAMMOT EE WSED
FOR..  HIGH . PouWwER Rou’;ql MOST ARE INSTALLED AN SHALL
PLASTIC OR HETAL PACKAGES.. HERE ARE . THE.  .1MAIMN

CATEGCORIES .

SMALL  SIEMAL  AMD.. SWITCAING.,

= = SMALL  SVGNAL.  TEETs. ARE _ USED AT THE
i, g/ INPUT  STAKLE.  OF  AMPLIEIERS. _ TD _ PROVIDE
\“\}} /ﬁ LA RIleH RESISTAMECE INPUT THEY ARE

BLEO.WSED AS SWITLRES

RIGH. _ FREQUENCY.

ngm MGH  FREQUENCY TEETS . ARE  USED. TO

BrHPLIEY 0R PRODUCE . RIBH FREQUENGY. SIGNALS.

Ol TUNCTION . FET SYMEOLS — GATES  INTEEMNALLY CONMNMECTED.

_DRAIN (D) | 5 E D
CATE r_,p] el @ G ;.,1 ) e ,‘—Q (N==G ¢ ]
(&) d 5 X
N
B! 5 | U s
SouRCE(S) N- CHANN EL 5 _P-CHANNEL
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METAL-OXIDE =SEMICONDUCTOR _FETs

AMNSULATOR. .

THE  METAL-OXIDE- SEMICOMNDYCTOR METAL
CET . (OR..MOSEET). HAS. BECOME sovece | GATE . loram
~ PR AL IR

TRE. MpsT. iMPORTANT. ITRANSIZTOR. fl i

MOST. MICROCARPUTER. .AND L MEMORY ..//_’-;_-,,H-.’?Z-,}

INTEG BATED CIROUWITS. . ARE  ARRAYS N A 1 7

0f THOLUSANDS QF MOSEET. S and W . \ﬂj\

A SHALL  SLIVER . OF. . SILICON. P v

WHY.? MESEET.s..  ARE EASY..TD N~ MOSEET..

HAKE o THEY.. CAN BE . VERY... SIMALL,

ArD SOME MOSFET QIR BUIT.S. SOURCE GATE DRAIN

CONSUME NEGLIGIRLE  POWER. f :

NEW . KIMDS . OF. . POWER  MOSEETS <> ,u,’/Zl,.

ARE  ALSO _ VERY. LSEFUL. A e VY
\P/ \PJ

. MOSFEET OPERATION — ALL N

MOSEET < ARE N=-TYPE.. OR___P=TYPE. P- MOSEET

UMLLEE THE. TN CTION FET.,.. . THE .

GATE..  OF . A__  MOSEET. __HAS.. NO

ELECTRICAL CONTALT, WITH . THE

COURCE AnD DRAIN. A GLASS=LIKE

LAYE R, or Sitleon - DIOXIDE

O VoLTS {GATE)

A(ABL INSULATOR). . SEPARATES

oF  TRE CRANNEL,

/
L\.—u—' +. [ —
L . _Mﬂé—-m;mujmwwm .

THE  GATE'S.. METAL.  CONTAST. .. - PEE——
EROM...THRE . REST. ... .OF THE L SOURCE PRAIN \}3,1
TRANSISTOR . o NG
| | W/ W currenT
ALAsaisiisg SILLCON= OXIDE P
GCATE IN.SULATOR g
CONTACT. N / + 0.5 VOLT. {GATE) \
N/ P_AN/ S QURCE DRALN k/]\ ) L
l SILICON <oME
- WPz CURRENT
A POSAT\UE _ GATE . VOLTAGE P
ATTRACTS . BLECTROAMS...TD , _
THE REGIOA  BELow  THE GATE. | D VLT (GATE). A
THIS _ CREATES. A _THIN L " PN Py |
N=TYPE CRANNEL N THE SOURLE \ DRAIM. /—4_ E
P~TYPE SILLCON RE TweeEN E‘::f D IMUAX MM, - "i
THE  SOURCE. _AND.__DRAIN. \N ESESGNNT | rgenT
CURRENT . CAN.__ TREAN. _ ELOW P ‘
THEOMGH . THE CHAMMEL , EROUMD
THE GCATE VOILTAGE U
DETERMINES THE RESISTANCE
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LLoMORE ARBOUT MOSFETSs == JHE _INPUT _ RESISTANCE . OF . THE .

MOSEET. 1S IHE  HIGHEST QF AMLY TRANSISTOR. . THLS

AnD.. OTHER . FACTORS.. GWE  MOSEETS. .. IMPORTANT.. APVANTAGES.:

1. THE GATE — CHANNEL RESISTANCE IS, ALMOST . INEIMILTE

(TYPICALLY. 1, 000,000, 000,000,000 7 OHMS V.. THIS HMEANS  THE
GATE.  PULLS . NO. . CURRENT . FROM. . .EXTERNAL . CIRCUIT. S, L IEL.,

(T MAY _ BORRoW. A FEW. TRILLIONTHS. _OF. AN AMPEE&,}

2 MOSEETS.. . .CAN. FUNCTION _ AS . VOLTAGE =.COMTROLLED. VARIABLE

RESISTORS, THE. GATE VoiT AGE  CONTROLS. c:__HANuE.L RESISTANCE,

2. NEW KINDS OF  MOSEET= _CAN  SWITCH.  VERY . HIGH . QURRENTS

IN A PR BILIONMTH S QF. ... A SECOND

1 CAUTION —  BECAJUSE  THE
GlASS ~ [ AKE SLlc oM OXIDE

LAVER BELOWL THE GCATE. 18..50

THAN. 1T QAN BE. PIERCED _EY

0. MUCKH.. VOLTAGE . oR . EVEN. _STATIC

ELECTRILOITY, EVEN. . THE STATIC CHARGE ZAPPED CAUTION
GENERATED BY . CLOTHING. . OR A, . CELOPHANE MOSEET . SNYMBoL

WRAPPER... .. CAMN.. ZAP  THE. GATE OF _A. MDSEET

[ KINDS OF  MOSEETS —  LIKE TEETS.,  HOSFETs _ INSTALLED. N

SMALL METAL OR PLASTIC PACK AGES AF_LE“ USED 1D . GIVE
AMPLIFIER S AN ULTRA~HIGH INPUT...  RESISTANCE. . THEY.  _ARE

ALSD . DSED. - AS  VOLTAGE. _ CONTROLLED. RESISTORS. . BN ST CHES

THE  MOST. . IMPORTANT. . CATEGORY. . HAS BECOME. &

PowER . .
) o
e IFZ  powWER. MOSEET<.. Allow A FEw
N 2) /
0 ; VOLTS.  TO . SWITCH  0R.__AMPLIEY
Qﬁ—‘wﬂ// _ MAMY. AMPERES AT VERY FAST
v SPEEDS.

Ll MOSEET . SYMBOLS —  THESE ARE _THE MOST _LOMAOAL.

SOURCE.. GATE... . DRAIN D D

G @ © =\ s 6 o~

1 [ |ge) L e

— 6 —I04/ —— & _A(__ 4

W/ W/ o P P I

P _ ) N ) )
N-MOSEET o P-MOSFET
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HOW. _FETs ARE_IISED

CIELD = EFFECT. . TRANSISTORS. .. ARE. _USED AS. .  AMPLFIERS.,

SWHTCHES BND. VOLTAGE = COMTROLLED RE SISTORS a.. . HERE

ARE._SOME. . TYPICAL. . CIREUIT _ ARRANGEMENTS.

A IEET. ELECTROMETER. .— THIS ULTRA= SIMPLE . CIRCULT
_ . LS. TH.E ELEQTRONIC . VERSION
CURRENMT o8 THE ELECTROSLCOPE..
METER.  —2 | 35T THE. _ GATE. LEAD. __OF. AN

» N-CHANMEL . TFET IS LEFT
P DISCONNESTED., NOR MALLY
lP1°ﬁ> Ao CURRE MT.... FLOWS . EROM
GATE - SOURCE  TD. .. PRAIN... WHEN
R - N § o Ao NEGATIVELY.  CHARGED
~ AN /N = ORTECT. L LIkE A PLASTIQ

// - £ SOURCE + LGOMB THAT'S BEEM _STRoKED
.~ - TRROUGH _ YOUR. . HAIR) IS

< ) 4 PLACED.. . NEAR. .THE . GATE ,

CHARGED THE,  _CURRENT ELowW IS

ROD. REDUCED ...OR. STOPPED,

O A MDSFET LAMP  DRIVER— THIS CIRCUIT . SHOWS.  How. . . A

P — PowiER MOSEET  GAN BE

g AL/, RESISTOR ). DSED _ TO_ SWITCH. ON A
e 7 N EM,W,W,«'.Amva‘,m,u,momR OTHER.__DC

’,W’ﬁ‘): LAMP POWERED DEVICE.. SINCE,

Ctﬁ -~ G THE . FPoWER. . MOSEET

li‘ N ~ ;—-“-:gﬂr’*”-*-\ BAS AN ALMOST
- ) p. Nnfe=-~—inils ENEINITE INPUT.  RE~-

U NORMALLY. . OPEN e, SISTANCE ... THE
PUSHBUTTOMN. SWITCH SWITCH . CAN.  RE
S REPLACED  BY. A TINY .
INPUT.  SIGANAL

O A MOSFET.  LAMP DIMMER — TWiS. . CIRCLUIT. . USES. A _POWER
_ MOSFET . AS. . A VOLTAGE
A VARIABLE CONTROLLED . RESISTOR..

NP aﬁjgrora 3
a1 v , \Mor |
"/4/@/// # SMALL. PR .2 {
e q QoM IRGL t - ':_L_C:; ( 5 ff > 7/\‘
\l" CURRENT IN] NP carce P
\ "T _ \ ': P CUTPUT. . CLRRENT
(3 (_‘ - = ]
t ; ol BN O
~ AV A
e 107>
5(0 -




™ b for e T
THE H[\\\ UNCTION  TRANSISTOR
THE umjuchtON TRAM ZLITOR A EMITTER
(UIT) S . .NOT. A TEUE TRABIILTOR. il
e ATLS MORE LIKE A DIODE.  MITH yd YA B
| —  \?r]) [
TWD CATHODE OO MME CTIONS e T T — = _ _ LAWY
WoRKS . LIKE A NOLTAGE mCOMTROUED 'f( N ]
SWLITOR ARID  DvE e, NaoT AMAPLLIE™N epse - 1 ERSE 2
U UIT  OPERATION — RS R E
NORMALLY. A StALl A S
CURREMT.  \Witl  FLOW. . FEOM B2 >l E Bl . o\
BASE 4 T0. BASE 2. . WHEN T N P ] ' K\Lﬂ“
THE  VOLTAGE . APPLIED _TO St S i
} e S ¥
THE  EMATIER.  REACHES. A SMALL. CURREMT LOW
CERTALN _THRESHOLD (seyvERAL vscrAGE CURREMT
VOLTS Y o THE _ LIT.  SwITCHES raaiajf é
on.AND A RIGH _CURRENT RZ gl 81 A\
CiowS. . EROM. . EASE 1. TO I N Uk ) L [~~~
g H \\‘.\____‘____I 3\
THE EAHVTTE R BELOW THE f el \,-/\f
S
THRESBOLD UhLTAGEi ND .H#GH CURREMT Hig M .
CURLENT ELOWS FROM CURRENT
BEASE 1 D THE EMIATTIER. . _
FAYER __@_—_\ ‘GROUND 3
T sy _‘n_ -
L/ /
3 UTT  SYMBROL. — ) A B8z . B2
TRE  SYMEoL . FOR E /)
THE _ UJIT. RESEMELES € P _ (\A]L /)
AT _0F A _TFET. N A
TB:L Gl

HOW _LINATHNCTION _TRANSISTORS _ARE. U’%FD

T }

TH%S ARQAM(:EM};MT ALLOWS THIS RESISTORS

A UTT TO . FLASH. A LIGHT= CURREMT.. -] 1
EMITTING __ DioDE  SLEDY. CHARGES . I
CURREAT. ELow s ITO. L THE CAPALITOR _EJ«_BZ‘
CAPACLITOR.  UNTIL.  THE. " -
UTT s TRIGCER  WOLTAGE .. 1T e .| |p108 >
\S__REACHED. _ _THE _ CuRRBNT. | - { P IN -~
\A)THE.... CAPACITOR IS THEN CAPACITOR. by S |
TDUMPED. . THROUEH . THE & o ) 4 | capaCITOR _

LED., THE . LER  GLoWS x RDISCHARGE ‘T _BI
UMTIL  THE L CAPAQLTOR 1.5 CURRENT | F"‘"//
DISCRARGED.  _THE _ CHARGE — . Sop— =3~
DISCHARGE CYOLE THEN REPEATS. W 1 S cep’




Y/

. — # W SMALL
THE THYRICTOR o O ~— eens

L Rl s

THYRISTORS ARE  SErAICAHMN = . /f/

DUCTOR DEVICES With. THREE _ ()al®

()
\J

N 7=
LEADS wo A SMALL:. SYUBRENT NEE N

Van)

AT OME LEAD WILL .. ALLOW

B MUCH L LARGER SCURREMT

0 BLow THRouGH.. . .ITHE LARGE

OTHEKR WO LEADS., THE

CLURBERNT

CONTROLLED... CURRENT LS

EITHER .. On  0OR. _QEFE

THEREFORE THYRILSTOR.S

DO NOY _AMPLIEY.. FLUCTUATING =" ——o0—0— &=

S\EMALSE  LIKE  TRANSISTORS.DO. _ v

INSTEAD  THEY. ARE SoLP = STATE
PR PN

SMLITCHES . THERE . ARE _TWO. FAMILIES _OF . THYRISTORS . S)LlCoN=

Lo NTROLLED.. RECTIFIERS. (SCRs).. . AND. . TRIAC S, SCRs...3WITCH

DIRECT . CLRRENT AnsD TRIALS SWITEH ALTERNATING. . SURRENT,

SLICON=CONTROLLEDN RECTIFIERS (SCR9)

THE . SCR....IS SIMILAR IO A BIPOLAR ANODE
TRANSISTOR . WUTH. AL FOURTH.. .. LAYER fil
AND THREREFGRE THREE. PN IUNCTIONS,
T iS5 SOMETIMES CALLED. A Y- LAYER P
ONEN DLODE. ... SINCE 1T PASSES. A N
CIMARRENT A ONLY  ONE. RIRECTION, 1?
_ : N
[ _SCR.___OPERATION —.  IF THE | _S==_snre
ANODE OF AN D ScR 1S MADE CATHODE

MORE POSITIVE TRAMN.. THE CATHODE

THE WO QUTER MO ST PAY . TUNCTIONS

ARE . FORWARD . BIASED. THE.. MIDDLE. PN TUNCTION, HOWEVER, 13
' - REVERSE.. BIASED .. AND
f— . . Pnigiogrd L CURRENT.  CANNMOT. . ELOW.
[ ) ”;_J/-,\rr*\\r_” AL SMALL... .GATE. . CURRENT
—A L o e S FORWARD . BIASES _THE
i i W Awope - MIDDLE... PN TUN CTION
= o A el AND_ALLOWS . A MUCH
HiGH P SMALL \ g';fi LARGER CURRENT. TO
L= cuTeuT N COMTROL \ Q‘}-. ELO W THROWGH. ... THE
“ CURRENT P CURBERNT \ ?1 DEVAGE.., THE. SCR
= I N : STAYS _ON.__EVEN IF
1 __CATHooE T T GATE i _THE  GATE  CURRENT
= J _GRound A adulabseinininl 15 REMovES ! (UnTiL
L A . I _ POWER 1S DISCONNECTED.)
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O KINDS

OFE SpRe =  Spgo  ARE  CATEGORIZED  ACCORDING TO
THE  CURREMNT.. THEY. . CAN. SUITCH. HERE . ARE THREE. . GEMEEAL
CATEGORIES. (MAMY. _ CTHER . GASE  STYLES. _ARE _AVAILABLE).

LOW. . CURRENT.
<=7 LOW.  CURREMT . ScRs N CLUDE.  THOSE .
L LB TWAT _ SWITCH. . 0P TD__ 1- AMPERE AT
H\ 'ﬂﬂ\ Ue T LoD~ VOLT S
[ RY { u il
MEDIUM CURBENT,
UU‘ r‘—((—}‘r THESE Se s SWATCH R .ID.. A
ﬂ - AMPERES AT LR TO  SEVERAL... HUMDRED
Lﬁj _ VOLTS., ONE COMMON,  DSE 15 50010~
L.v . ).“ SYATE SWATARING FOR AUTS EAG MBS,
RIGRH CURRENT,
& Theok . SCR ¢ CAN SWITCH. WP _TO
T 8D 2. 500 ~ AMPERES AT _UP _T0.. . SEVERAL
S—— i\ THOUSAND . VoLT.s L THEY  CONTROL. . MOTORS,
0 LIGHRTS o APPLIANGCES. . ETC.
A\ ’ ’
i heen. GATE. (6) 8
0.SCR. . SYMEDL ... Anope (A).HPINIP — A — ¢
IN CATHODE (<) ot
o JHOW. SCRs. ARE _USED
THLS ARRANGEMENT.  SHOWS  How. AN _ SCR IS
WSED 7D SMLLTCH ON AN I CAMDESCE NT /‘:""'
LAMP, OTHER DEVICES S AN ALso . BE ; .
CONTROLLED. A N
o DLy Z/
<S> S N T e LAMP N
by -, o <P NORMALLY
; b~~~ oceen
i e _ i PUSHEBUTTON
. NORMALLY.... CLASED AL. A ,/ SWITCH
1- ’ PUSHRUTTON.  SWITCH P PUSH__TO
- 2 (PUSH._ TO _EXTINGUISH N SWAT.CH 4 < RESISTOR
| Lame) P LAMP ON
<P N N
?_ ) C. LT'G ]P._110V>
. |

o4




TRIACS

THE TRIAC 1S  EQUIVALENT

TO  TWO.  SCRs  CONNECTED

),
N LPARALLEL .. . THLS MEARKS N (F‘l::b MAIN.. TERMINAL
TRIALS CAN SWITCA _EOTH P 7 2..LoR. D7)
DIRELT... . AND  ALTERNATING N_L/]
CURRENT. NOTICE THAT THE 4B A
TRIAL HAS Ef‘-\'ﬁ\y\;ﬂ. LAYERS _ GATEC::L—“‘J ( MAIN.. TERMINAL.
PLUS AN EXTRA. . N-TYPE N__F 1.CoR A1)
RE G IoN., BLSO. .. NOTE How
Bl THREE LEADS MAKE. . COMTALT
WATR. . TWO. .. LAYERS.
O TRIAC . OPERATION — THE _ TWO..  PARALLEL ScRs. . . THAT

Eopp A TRIAC FAQE

LA QPPOSITE.  PIRE ¢ —

_ TION.S (REV&;&SE-—
& e AN

3 = e , PARALLEL Yo . WHEN
NN J _

MT 2 USED _ TD. SuLTOH
HIGH N ALTERNATING CUR-
OUTPUT P RENT, THE _TRIAL

_ CURRENT N STAY.S.  _ON__ ONLY
A - ! BRI WHEN  THE GATE
VOLTAGE f (== RECE\WES  CURRENT,

| _ GATE N REMOVE. THE. . GATE

Q _ Low Mr 1 CURRENT AND AT
(X~  controL SWATCRE S, OFE. WHEN

\>’\ / CURRENT . THE...AC. ..PRSSES

|

THRoUGH O VOLT 5.

O KINDS__ oF  TRIACS = TRIACS., LIKE __SCRS, .ARE CATE=

CQORIZED ACCORDING ™ THE CURRENT. . THEY CAMN _ SwWITCH

ATRIACS. . DON'T . HAVE THE. VERY HlGEH POWER.  CAPARILLTY. OF

BlGH CURRENT SCRs. HELE ARE TWO.  CATEGORIES:

LOW.  CURRENT,

= \@ LOW. . CURRENT.  _TRIACS. . SWITCH QP _TO
o A 1= AMPERE AT . UP. TO. . SEVERAL. BRUMORED
! u&L\L”' VOLT S OTHER _ CASE _STYLES . ALSO. . USED.

MEDUM  CURRENT,

= THESE TRIACS SWITCH UP TO. HO ~

Hmi‘” 5{@ AMPERE S AT QP TD. 1,000 = VOLTS, MAN"Y

CASE SIYYLES.... ARE AVAILABLE,
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L TRIAC . SYMBROL ™ REMEMBER ., THE . TRIAC _is. THE

SAME As TWO REVERSE — PARALLEL S Bs

&R ._[L GAYE
. Di( N e TG AT E
MT 2 et LS }ﬂ e -
~— r%—-Jl*“G N P IN|PIN MITZ. \\ MT 1
MTL.

SR MT.1 T M2

HOW. TRIACS  ARKE  USED

This ARRAMEEMENT SHOWS. .. . HOW A TRIAC CAN . SWITCH

oI\ A LAMP POWERED By HOUSEHOLD LIME CURBENT.

MOTORS. . AND . OTHER  DEVICES. . CAN.. . ALSO. _RE.. CONTROLLED,
L
137 6.3 NOLT. e N e NORMALLY // .
— 2
TRANS EQRMER . o m/w . DPEM O N
‘ /ﬂ 3} j(w)“‘ LAMP PUSHAUTTON >ﬁ>|</
7 S ' P N WA
sy el . f . =~ . SWITCH. . B moy
\\ FUSE AL b&__/&gl"”""—‘_“ [ ‘
4 = ' A
. Nl \‘] / . [ .
DETION AL M pairary. I SECONDARY MT.2 \ N -
i i e RESISTOR
LAMP__ GLOWS... WHEN N st
= POWER SWITCH. IS, CLOSED, e
: CORD &, f -
= won B

CAUTION: DO _H 0T ASSEMBLE. [p.ttl >

TWO = LEAD  THYRISTORS

AN SCR Of..... TRIAC WikG L SWITCH . ON  WITHOUT A GATE

SAGNAL |E THE VOLTAGE AcCROSS ITS OTHER . Twobh.  LEADS

REACHES A QERTAIN. . LEVEL  (THE GEREAKDOWN. . YXQLTA

THAS B ELE = SWATCOH NG ARILITY n MAKES. o POSSILRLE TWO~LEAD
ATHYRISTORS :

FOUR = LAYER _DIODE..

d‘/
A FOUR~ LAYER ... DIODE S An o SR AWITHOWT.
V A GATE T SWITCHES De.  MOLTAGE..
DIAC .
% A PInC 15 A CHIHREE —LANYER .  REVICE  SiriLAR
i o, A PNP. TUNCTION  TRANSISTOR. . WITHOUT. A
e a | BASE.  LEAD., IT___SWITCHES A VOLTAGE.
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4, PHOTONIC  SEMICONDUCTORS

PROTONICS S, THE. . FAST  GROWING  FIELD 0F ELECTRONICS. ..

INVOLVING . SEMICOMDUCTOR DEMICES. . THAT _ EMLT . AND. . RETEQT
LIGAT.  BEFDLE . LOOKING. AT . SOME. . PROTOMIC. . COMPONENTS.,
LET s .. TAKE A OUNK . LOOK AT, SOME  FAQTS _ABOUT. . LIGHT
_ _ i
LIGHT | [MieT THERE £E L\GWT..."]
. ' SO
LIGHT 1S, COMPOSED OF.  PARTICLES _CALLED _PHOTONS. . THAT
PEAAVE . LIKE  AWAVES...OF __ENERGY. . PHOTOME _ARE _NOT
ANECESSARILY.. . VISIELE AR QALY TROSE Yol CARN.
LERRE. ARE COLLECTIMELY CALLED . L1GHT, PRHOTOMNS
ARE PRODULCED WHEN AN EBrEcTRON TRAT. S REEM
EXQATED T A HIGHER . THAKN. _ NORMAL ENERGY. LEVEL
EaLL s EACK T0 Y NOR AAL LEVEL -
. . T EXCITED S T PHOTONS
Wt o) ¥ (ELECTRONS (v 7 AN
T 4O ) YN
S | - @) | .t
m,_vQ.ﬁw.uyamous I b r’J
ENERGY o . 9 -
LEEVELS. _ .
VAN / L yawel A
[ENERS Y i DB @//// //_W SN SN @////
A
NORMAL . ENERGY. LEVEL
(ol
i D REMEMBER, . PROTONS. . ACT  LIKE.  WAVES.
/\v//\\/ . THE . _DISTARNCE RETWEEN. . CRESTS. 1S THE o
/;A . h MAVELENBTR o ELECTRONS... o EXCLTED . TO
Y [ CNCHER  EMESEY. . LEVELS __ EMIT. PHOTONS

OAAVEL EMGTR WATH  SHORTER  WAVELENGETHS  THAN . e

ELECTROMS EXCITED ™ LOWER  LEVELS.

- _ e EXCITED. ELECTRONS  CAN

- o A~ — e RESUME. THEIR. .. NORMAL

o - LT _LEVEL . SPONTANEOUSLY W,

o : _ . \ QR A. . PROTOM WETH
SECOMD.. PHOTON THE PROPER WAELEANGTH
f MITH  SAME..... CAN_STIMULATE AN _EXCITED

i WAVELENGTH AS ... ELECTRON 10 RETURN. TD

o FIRST PHOTON ATS  NORMAL . LEVEL.,
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[0 THE  BLECTROMAGMNETIC  SPELTRIL -

VISIELE LIGHT

LS

A EORM. _OF ELECTROMAGMETLE BADIATION

. THE

WAVELEMNGTH

OF L GHT. 45 SPELIEIED N NAMOMETE RS

(I MAMOMETER

[N

A RILLIONTH. . 0F. . A _fAETER),

THE DIAG R A 1A

EEL oW

—~HoW.S

THE RELIATIONSHIR

OF . LIGHT

TO.OTHER

Fokms

CfF ELEC—

TROMAGMETIC

RADIATION .

VISIELE

LigHT.

-
-

X-RAYS

i

RADID WAVES

—>

GAMMA  RAYS

ULTRAVIOLET

[MFRARED

MICROWAVES ]

Jvererre

r\

ra "

-

k)

1
1= R

¥

d-vm

T

¥

i-,um

I

MWANELE M S TH

lopw = PICOMETER

(0. 060 000 600001

METEED

Lrnm.s NANOMETER

CO.000 000000 METER)

1= .= 4 MICROMETER

(0,000 001 METER).

|

I = i = MILLIMETE R

(0.001 METER)

THESE LINES ARE

Iova... .=

METER

(29,27

INCHE <)

QME

MULLIMETE R

I=Km =

A R R

KILOMETER

{1060

METERS)

{dm )

APART.

[ THE OPTIcAL

SPECT RUM =

ULTRAVIOLET. .,

VISLBLE

Anlid

INERARED RADIATION

ARE L IDGETRER

CALLED

THE

SPECTRIIM, MERE S

AN

EXSANRED

DIAG R ALA

QPTICAL

OF _THE.

OETICAL SPEOTRIM &

GREEN »
=

e L EL QW

100 %

RESPONSE,

QE. . THE

/

\ == ORANGE

RILUR, o ;f_

BilMAN  ENE

7

/

\\-ﬁ——-RED

SQ.%

VLOLPT —7’-/

4

. _ NEAR ~ INFRARED

i

|
I3

i

§

3
400 EnD L00.. 106 FaNoTs) 900 1ooo

WAVELEMGTH . (NANOMETELRS)

MAKY. PHOTOMNIE.  SEMICONDUCTORS . EMIT _OR __DETECT NEAR -~

v JSLERARED . RADIATION , SLEACOA g QR EXABLE CAN _ DETECT

VISIRLE LAGHT LBUT LTS MOST SEMNSITIVE TO  ANEAR. -

INERARED AT AEOUT B8R0 . BECALSE SDOMANY

PHROTONIC. .. COMPONENTS CAMN. ... OPERATE ING BOTH  THE

VASIBLE. AND  NEAR=INFRARED , . AT S . COMMOM...  TO  REFER

e .NEAR=IMFRARED  AS  IIGAT.
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B BT
OPTICAL COMPONENTS
JOPTICAL. .. COMPONENT.S COMDUCT e BEMLD OR.. SHANGE . THE
CRARALTERISTICS OF . LlGHT SEVERAL. . ARE VERY. IMPORTANT
AL MANY. ALPLICATION.S AF PHOTOMAC S E MM CONDLCTORS,
[
1. EIWTERS _TRANSMLT 1D N
) P e e i FNAA D) /, Ea T o A 7 >n /\
IOMLY. A R ARROMW 7/ £.4
M"_
BAND. _OF  OPTICAL o (D I,’zf/ g /N
WAVELENGTH S ~® || < rutes WAVE LENGTH
2. REFLECTORS . REELECT = o F THOSE. MUTH. A VERY
SOME.. OB MOST .OE AN % SMO0TH . SUREACE
ARCOMING. LIGHT.  RBEAM. s _ CLiRE. MIRRORS)
/y//// —'--r\/\_’\
COME.. LIGHT HAY.. OR . MAY -5 : D ARE. CALLED
NOT, BE  TRAMNSMITIED. W:\Mlmo@, ePrcenlpR. REFLECTORS
PRV U e W e P P P A,
A REAMA P ITTIERS.  RERLELT /7\ i B GLASS. L MICROSCOPE
N'.MA—«,.-w..-vM -~ /
PART...OF AR ONGCOMIN & - e SLADE . MAKES A &OOD
L GEMT. BEAM . AN, TRANSMIT | QEAM__ SPALITER..(EACH
THE  REMAINDER o o SUREACE. REFLECTS. 4.%.)
4, LENSES  BEMND LiGHT . THRE .. MOST M PORTAMT ARE :
P A
> e _EOCAL. LENGTH _ o
_ﬁ_—‘-—__,_uv——"“_—'_—‘-_—“',
(= e (= g )i
T -\ _— . ’L\N

COMNVEX | LEMS \—-Foam_ POINT

B ONCAVE  LENS

COMVEX . LENSES ARE.. OETEN ... USED. . IN . CONMJUNCTION  wiTH. SEMI=
COMDUCTOR . LLGHT SOURCES AND PETECTRRS.. . FOR.. EXAMPLE., . THEY
CAN COILECT L ANME. EOCUS LG T  ONTO. AN ATURE DETECTOR.
5. 0PTICAL  FIBERS _ARE TRIN, AN “3v..FIBER
ELEXIBLE STRAMDS . OF.  HIGHLY m ----- - \‘\ ./
) it /(’ \ \\
TRAMNSPARERIT .. GLASS . .0R. . PLASTIC CLADDING N W
THAT. GOMDUCT LLGHT. THE, GORE \\ \,, o
N i,
L GRT.  TRAVELS. .. THROUGH .. A. . . L0RE oo _-J
SLRROUKOED BY A I CeADDIMNG. .
A Z * / \
PLASTIC . FIBERS. ... ARE.  INEXPEMIIVE . G} GLASS \.__//
GLASS. EIRERS. .ARE. . . .MUCH.  MORE g : LGBLASS. IS HUNDRERS
TRANSPARENT., EoTH. . EINDS... et _OF TIMES. CLEARER
TRANSMULT SOME. . WAVELEMEGTHS i r?mswa* . * o
MUCH . RETTER THAN. . OTHERS., 2 I L TYPICAL
Biek  GUALITY FIRERS ARE USED = : 1 i \ ; ]
D SEAD. TELELHOME . CALLS. AND H4oo &0 oo too 800 Qoo oo
COMPUTER.. DATA VIA PULSES OF LIGHT, WAVELENGTH. CNM)
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HOW._ CONVEX _LENSES ARE USED 2

" s &

MAMY  SEMICONDULCTOR LIGHT. . SCLDRCE S

Pl

JAND . DETECTORS. . ARE . EQUIPPED A D
WNTH AL BURT= N CONVEX .ok BN T A7 o B 2
THAS PAGE. . EXPLAIMS o MIHY L AKD. . k { )

shows  How . EXTERNAL. .. tEAS . ARE

N AL ey

DSED . MITALLS0VRCES.  AND. DETECTORS.

CLTHE  INVERSE.  SQUARE .. LAW..

.1../”0\
. IMTENSITY.L 1y 1/4 . - — =4
LIGHT LA
SDIRCE ‘;@:‘“—éﬁs{i - ;/
e
EAMOUS. EBACT .. LG AT TRAVELS |.. . . s
186,291  MILES  PER._SECONDL L oo .l

AS._. LIGHT.. FROM. . A VERY. _SMALL. . SOURCE . . SPREADS... OUTWARD, (TS . .. . |

INTEMSLTY 15 IMVERSELY. . PRORORTIONAL. ..TO.  THE. . SQUARE,  QF  THE
DISTAMCE .. IN _OTHER . _WORPS., LE o THE o RLSTANCE ol S By THEA

THE . INTEMNSLTY. 15 .1 /9 THE _INTENSITY. WHEN _THE. DISTAMCE (5.1

A CONVEX.  LENS  CAN  CAMCEL  THIS. . INTEMSITY. . REDUCTION.

[l THE  CONVEX LENS.

ATHIS . US A SOLUMATED. BEAM... .

SOUREE = N o T T
N ’,/ ” THE ... ACTUAL . BEAM.  SPREADRS
‘(‘ﬁ'“) : il (DWERGES)  LIKE. THLS .=
% T\ — . : )
LEMNS e T e J
THE BEAM SPREAD  ANGLE S—— _
(THE. PIVERSENGE) 1IN RARIANS . acraL /[ o T SON ‘
15 THE.  DIAMETER om. IR 05 F0 2 / o \ \ LEMS
SOMRCE. . _DWIDED . BY. THE FOCAL o BEAM \ L .']_ }_D_;AMETER
LENGTH. _ OF THE LENS.  THIS DIAMETER. \_ = =
MEANS.  LENSES WITH _LOMGER v e AU
EOCAL. LERNGTHS GIVE . NARROWER .. LAGHT SENSITIVE . .PORTION.. OF  LETECTOR oo}
BEAMS.. (BUT LENSES. WITH. LONG ' :
FOCAL. LENGTHS . COLLECT.  LESS. .. . . WITH _CAREFUL  LENS _PLACEMENT
LIGHT.. THAN. THOSE.  WITH _SHORT Akl . THE _LIGHT.  WITHIN . THE
EOCAL.  LENGTAS. ov.) o DASBED. CIRCLE CAN _BE. FOCUSED
o ONTO. _THE. . LIGHT. .SENSLTIVE
X ONE. RADIAN. 1%  S7T.3. DEGREFS. PORTION .. .OE THE DETECTOR.
(THERE. ARE_360° AN A CIRCLE.) . (SURE BEATS THE INVERSE SQUARE. LAW!)
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SENMICONDUCTOR LIGHT SCIURCES
WREN _BOMBARDED  BY N 3 R s
L\GHT.,  HEAT ELECTRONS T Iy A
AND.  OTHER. _FORMS._ OF Qo e fep e S
ENERGN. 4. MOST.  SEMI- _ N N L’_ - e"/,_, &7
e JADN D UCTOR . CRY ST ALS | Ay Z o Y
WKL EMIT. . VISIBLE.  OR 7 e ”".H LIGHT
INERARED . LIGHT,. . THE ELECTRONS %N//E[f ! (PRoTONS)
BEST. . SEMWCONDULTOR ,/""l b s;% i :
WGEHT . SOURCES. ., HOWEVER, SEMICONDUCTOR NS
{ARE .. PN JUNCTION . DIODES. CRYSTAL \\\ HEAT
LIGHT EMITTING.  DIODES
_ _ ' @\ )
THE  L\GHT. EMITTING o NN M
DIODE... CONMVERTS AN /”\3 Q °§ JV " . _
ELECTRACAL CUREEMNT PHOTOMS Ik ﬁ'\l \;} )m
(| A N S
o I DIRECTLY. INTO . LIGHT S I A
THERE FORE THE  LLGHT /\@ / CATRODE
EMITTING .. DIODE. . (LED) N o~
1S MORE. . EEELCIEMT.. THAM PA 7 ANOBE
MANY__ OTHER.  LIGHT _SouRCES..  Sseo—L— 7 e
SCOCO=C o>
(1 LED  OPERATION=— __ THE.  _FORWARD. . VOLTAGE . ACROSS. A
DIODE, MHMUsT EXQEED A THRESHOLD . LEVEL . REFORE...A
CLUEBRENT CAM....0ROSS THE. e N TIO A, FOR... . SILICON o WHICH.
EMLTS A TIMNY o BEAOUNT QE NEAR=INERARED o  THE THRESHOLD
1.5 Qo MOLT . Eor. GALLLM.... ABSENIDE ., WHLCH o ELILTS GO,
SLRERARLE NEAR=INERARED ., THE THRESHOLD. . 1S a3 = VOLTS
THIS VOLT.AGE ExCITES THE ELECTREOMS WHEMN THE
ELECTROMS LROSS THE  IUNCTIOAN. AND. .. QOMEINE W ITH
HOLES 4 THEY. ... EMIT PROTONS.
FEORWARD . RBIAS . REVERSE _BIAS
e T "KJ_ \
S VA (— AR B
n\)"‘\\)"\ (2] e N
b ST =
et -1 . S P R
[ SUN0Wh - ="« |=> %
PROTONS. .. lO :6'3-~ - - |30

e £ E 0 TRON  FLOW

No  CURRENT  FLOW
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