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Field etect Honsistor is a +hree +evminal
LNi ol aY semiconductoy device - Wheve a5 BTT is 3 +eyming|

BipolaY  semiconductoy device
W}‘a %%Xj&‘i'-" BipolaY device means Tn +his device +he
cuvvent is produced dve 9 both majovidy and minority
chavpe CoOYYIeS.

N . \ . 1 . ' )
m?%‘épm.— UnipolaY deVvice means {n +hi= device Fhe

cuyrent 15 pYodvced dve 0 only MayoYity chaype caviers.

FeT's ave +wp Hypes , They are

3 MeHa) oxide semicondvctoy Rield ellect Hransistor (MosFeT)
TreT's ave classitied ito wo Hypes . They ove,

s N - channe] TFeT

& P — channe] TFeT

WORKING oF N-cHANNCL Eer /~
C,?,{}'i—f‘,%%wv'\"o Wo Mmuva’o/W\

TEET (S O Three +e.minm\ semiconductoy
device in which cuvrent conducHon is dve o only
mahm’iﬂ chayje COYY Y .

In  N-channe] TreT +he cuvend

is pyoduced dve 4o elechons.
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N- channe] TFeT consis+ of a N-+ype silicon
bay consist of HOD +umma)5 each side - one is called

“spuree,  Onothey ene is called " DYain” T+ consist +Hwo h:phlv

dopped—p-—Hpe—Materials _both o —Formmp a_jate. teyminal
in N- channel TFeT +he input civeuit [Gate +o souvee]
5 alwoys Joywovd bins.
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When  no voltage applied between dyain
and source ; Goate and  souvee the - dyain  cuvrend-
will be zevo (I =0). |
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When Vg, =0 and vy is incveased Jom o

! when Vpg 15 VoHage is applied bedipeen Dvain and
E Sov¥ce. +eyminal +he majoviw chonrge cavyieys electrong Fows
[

- Hom souvee 40 dvain +hvouph the channe) between -wo
] P -}vPe_ﬁ maderials - Hence +he dyain cuvwent Hiows +hrovph

O-Hm channed yom  dyain +Ho sSovvee.
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WNhen VG,_,5 Is Neﬁah’ve and Vps (5 Incyease -:Rmm zeyp.
when Revevse bias voHaje Vas is opplied between Gate
and sovvee and Vps Voltge s increased “+his veduces |
+he width o condvch'np channe) foy small valve o} Vo |
“the N-+jpe chamel act as A Yesistor so +he Dyain cunrent-
Tp Pom Dvain H S0uvee S decyease.

At paHeulay Vg5 the w0 deplidion layey +ouch

indini4y +he “owesponding Vgs iS5 called pinch o} Vohage
&+ +his condition Hhe I, cywend is constand-

Tt Hhe veverse bias voldape ot gote dexming) s

decvease +he wid+th o dhe depli-Hon yepion 0ls0 decyease
and wicth o} +he channel is intrease - Hence dhe dyain

cuwrend will increase- so dhe curvent Hom dvain 4o soup,
s conbrolled by the application Volage at pate teyming).
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DYOIN  chayactexistes dyawn between dyoin o

souree VoHage (VDS) and dvain cvyrent (Ip) by \Lapina Yers
\/OH_O\'GQ 1S CoNs+and-.

Tplma)
M
Satuyoton
Yeg)on
pPinch ol 7 / /
Ye9i0n  Vas=z ey
Vés =-Y I
C) VCns:-— &y o
! Breg kdown
Vérs = ¢y Yepion
> Vps

!

m«n&o%?k‘?&-’“:{” +his veqion -the cuyyvend (T4) is
pPYopo¥donal 4p dyain =0 souvce voHage +hod- means Vps
Voltage incveased Ivom zevo . The I cuyrent Tncrease
and Jollow +he ohm's 10uw-

® s 2#\2 JEION!— Aker pinch od+ VoHoge +he cuvvent-

Tp s tonstant and i+ is independent- o} Yps N +his
Yejion  TFRET act as a constant currend device .

gyeakdown ¥egion'— when drain +o sovice Voltage is
AV a AN ey ©

h'.?h ond Vgs Voldage also high and -the channel wil)

wyeak hence +he dvain  curvend will incyease 5udden|V
and TFeT emexs in+0  byeakdown X@.‘gion.
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Tvansdey  chovacteyistics dvawn between
T, ond Vgs by Leeping Vps VOHARe is constont . The
dyain  cuvrent ID decreases When cga+e +0 S0urce Volage
Vps increases -the pinch of NoHaje *Vp 1S 0ls0 called
fate cot—odF Vol+ae

Vp "”’&5‘

OFF _
The dwain cuwent Iy iS5 vepyesented as ©

A"/
= I —_ Gis
o DS E_ Vas IDFF]

Wheve Lpsg is Valve o} Ty When Vgs =0
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@ oveicome -Hhis PYoblum  pavHculay 4ype o} divde is Jormed

&3

V zeney diode '~

AN 6 OV

| PN diodes ave wovk in +he Joywovd bias

divecHon and produce lavpe cwyvendts in Jowward bias

condi-Hion —)Lo|dinp , In Yeveyse bias condiHon noymal PN
diodes pvoduced small amount 0d cuxvent . \Which s called
feveyse sSaH¥a-Hon cuyrent . T+ Yeveyse hias voldape is
exceeds +Hhe Yeveyse byear down voltape fovpe cywvend-
Hows Hvovph Fhe juncton dhe dipde jet damaged o

INhieh 15 called =Zeney diode.

zene¥ diode mainly opeYOtes
in Yeveyse bias condidion and +his diode does not jet
damaptd even Yeverse ‘bias - VoHaje eXceeds the veverse
| byeakdown voMape. ZNe diode having moye dopping
compaye. 40 PN yuncHon diode.

/

The sShaYP  incYease in  cuyvent undey hyeakdou
condiHon ove dve 4o +HwoO Mechanism.

¥ Avaianche byeakdown
%k zeney breakdown.

|
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ol [T+ 15 0 vmpolaY devie| T+ 15 QA bipolay deviee
b3 Ths input Yesistance | T+s input Yesisdance
s vevy high IS very fow.
03 I+ 15 0 Vol-lape ] I+ 15 &4 cuyyend =]
. contyolled devjce contyolled device
E } e
g T+ has negaHve T+ has posiHve |

+empeyatuye coeddicient
at+ high cuyrent leve).

tempevatvve coediciendl]
ot high cuyrent tevel.

i

o5 || T+ does noF sylley
oM min0Y¥iHy cawviey

stovape edhects.

T+ svtdeys Prom
mi anHV eayyiey
6-|—Omge. ellect

T+ has hiphey swiichiy

speed and cut-ofd J?nwmlﬂjpced ond cwt ol Preques

T4 has lowey :Swi-}chu'ng

T+ 15 much simplex 4p

I+ 15 MOYL

I+ IS jess Noisf

03 complicale
tabyicote as an integrakd +o Fab¥icate as an
j Civevid- inderated iy
03 = MOve NE

T+ (s move Noisp.

- =

I+ 5 \ﬂ'?_}aﬂ-"ﬁ\(&'a
M mune g Yadiation

I+ IS5 SUScephible
+o0 YadiaHon

T+ has lowex gain

bandwid+h product |
|

T+ has highey 9ain
bandwid+h  pyoduct

—
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Avalanche o0k 1,2
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T al
As +he applie .

e vt s ot L0 e e e
mino’ri—f—y chavpe cowvievs present- jn P~type move ;'n:\lohi:e
elecic _“L’u‘d vegion  aguive 1avpe amopnd o canatic enevpy
—Fxom e Field 05 A vesuit the velocidy o +hese ejecipl
InNLepsSes +hese e.le_r_+Yo|:\5 bYLaks . The covalent-bpnd
coliding  with immobile i0ns and creates new elecqyon V
hole paiy ' These New elechions  again  aguive suibicient
en ey dom +he Fad and collide with o+hey immobj)e

D ions and ﬁmuaﬁnp Juythey  elecdyons pary » These PYOcess

ComulGHve and geneYate  Move amovn+ ot chage
i shovd Hme. These Mechanism (s called

O

F o

|5
covyieys with
avalanche mul+i pli €caHon . These  pYocess produce lavye
amount  oF cvvvent ok Hhe  some vave of yeverse
bias Vvoldape.

When +he P oand N Yegions ave highly

dopped  divect breakdown ol covalent hond Hokes
pecavse of shong  edecren clectric dieid at
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| the uncdon . The New  electron  hole paivys ave created

and incvease +he Yeverse cuvrent g+ same byeakdown

\ Vol+age- These Vol+ape = novmalla bdow 6v %?5 Zeney
diode - dve +0 highly dopped dor p and n Yepion .

The deplition Yegion width becomes vex) small
and Yov applied Voltage ave beiow 6v. The ield acyoss
depli-Hon vepion.

Which is svidable gy Zeney byeakdown
:"me, zeney  byeakdown oveenys oy lowey byeakdown Vol—}ape
ond ovalanch byeakdown occuys Foy hiphe.‘d break dow i)
Voaje.

T
N
N vl
R hs —> \f
it - n i
eney Voldape. o©
byeqg tdowr)
Avalanch
byea k. down
L
R
it o] 2




R, 008, 49 A Vakape, Msavlader !~
TN jeveyse bia's condiHon +he cuvrent will
SUdd(’_ﬂlV NCYLAses A+ cons+ant vp l-k:\pe by usinp +hi<

prope¥ty zeney diode is uscd as YoHaje vegulator.
Rs s

YW

Y I—E N IL-

Vin T ZS % R v,

b Vol+age Yegulation ave Awp types TThey ave

¥ Line Yegulation
* Load Te_vula-Hon

Ny Ig_.

Vin 7T X %E,_

Yo

Regulation of inpu+ Vol+ape Vaviations by

keeping load ¥esistance is constant <hen that vepulation
is called line Yegulation.

When input Voltage incyeases input
curtent+ T will incvease but load cuirent T shopid

be consdant Hoy ob¥aining constant  ouput- Voltage

wsl _2 . 124




. dhe extess  input LU\Wm-}— Wil dvawn by Zeney diode

e, Zeney covrent Ty intyeases and Voltage 0cYoss

. zeney diode i3 constant.

i
|
!
l

When input Voldage  decreases T

curtent will decyease ond Zenex diode dyaws minimum)
usTe

N i '
covvent and output curyent I, 15 constant

2, = I%—l—IlJ

T (MAX) = Tz (Max) + T,

T (min) = Tz (min) +I, O
Load  3epRiodion!~

Repu!ad—ion 01 load vavia-hons by kecpfna
input- voltape is  consdant Hen +hat Yepulation i= called
load Yegulation.

. ZS\ , ©

INhen load yezsistance incyeases load

cuvrent- “I” will decveases by keapin? woryvent wil

ovtput voltage 15 constant +he exaess load current
will dYawn by Zene¥ diode o Iz,— will increase byf-

Vol+aje aoss  zeneY diode will constant

Lt -2 12l
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When 1oad Yesistance valuve decyeases \‘I,_”

Cuvyent shovld be increases by keeping Dutput Voldoge
s constant » In This case zeney diode dvaws minimum

cwIventd so “I; cuyrent is decveases . byt VoHage acmss
zeney diode 15 constandt.

Is = Tz Uhar) +I, (min)

Is = Tz (min) +I, (max)

SILICON  CONTROLLED RecTl -
Mo OV ¢ AV Avio AN o vafv\'f:\’oé\/\R/\

O

P N p N

1610-}&

L

[
|

SCR is o Soul layey Thyee deyminal device
@and i+ having Three june-Hons T Ta £ Tz doy Hhis
device p IUIVQ’ actk as @ oanode and N mve,}{ act as q

Cothode.
‘ ey 5 SCR!'~
Ghatcterisiics ok, 358

When oo Voltaje applied between onvde and
cathode ,no fate Voitage +hen no current Prodvced in tHhe

| SCR.

| When toywayd bias voHapa applied bedween andde
' and cathpde , 00 voldage applied ot pade then unedion

onikb-3 | 13j9s
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T ond T3 ave Fovward bias and junchon Tp is Yeverse
bias s0 only small amount of Yeveyse satuvaton current
produced in Hhe civeuidt LPTo breakovey vodage Vg

When Joyward bias Vol+age gveadey +han

breakoves Voltage then +he ctuyrent incveases Japidly in
+he civevit in dhis condifion Hhe scR actk as a ON"

SWitch.

When  Negadive  ga+e Voldage applied at+ qate
+eyminal (T, >0) +hen +he  bveakdown voHape Vg decreases
similoyly when posidive voitage applied gote +exmina) (x5 20)
“hen  byeakoves VoMaje Vgp incveases Hhat means +he Q
current in +he ScR conholied by gate NoHAfe ACY0SS
+he gate Fe¥minal.

ne's ScR IS \‘ON” condihon he ?a+e
Yeyminal 1osses s cond™ | e ., +he jate texminal can
not+ be vsed =0 switch oFF +he device - one way 0
tuin oN| Hhe device is by lowexing e anode  cvyrent
by Yeducing -the Joyward voi+ape.
ATE
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HOlding cuveNd is Hhe minimum cuyyend <o
| Hold +he  device in Ton” sdote oy FUVNINg ot +he device
t"i-ha_ curyent shovild be below holch'np CVYrent

UNI TUNCTION TEANSIsTOE‘
a AN\ o "MAAAAN 6 TV 0 TN 2 AW

UTT is a Three +exminal device and havinp
only one wnehon between p-+ype and ‘N -+Hype.
conSHveHon o—ﬁ YT ! -

AV @ AANMEN

(O

| |
: V3IT haviny h'?h-HV dopped N-dype  silicon bay

with an  dectrical wonneetion on each end the +eyminals

+0 +his connecHons ave called base 4 (b)) and basea(bs)
Theve is highly dopped p-Hype matevial a+ one side of

N - Hype silicon bay Which is close +p he base @ +erming)
The +evminal a+ p-hpe motenadl is called am;Hoerevmmal!.
Pihe Yesistance betweed base 4 and emitey +aminal s Moe |
compaved with Yes/stance be-ween bhase @ and emitder |
+orminal becavse emidtex +eyminal s neay +0 base & +erming| !

EQVIVA len+ i _
sqvivalent | circwid oy |

B,
e
é Re, |
N € |
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VIT is wveplaced with single diede and 4o
vesistances R ond Rp, . Rg is Yesisdance i between
emiHey and base @ - RB, 13 YesisHance in bedwaen emittey

and base 1 . VoHage in bedween Based ond Base VBg
and—VoIH+a)e  acvSs Rg, 15 given by

Veg, = YBB Kp)
RB, +RBa

VRB; = () 2 VBB
(\? I0HINSic sand ob Yepion

et VE Bl
‘ VBg

&)

Wiy, g L 3T

cge Li- T g Vol+age applied between Base 1 and

Base R a+ Fhe emitdey +he curvend T s equal 4 "

ose - Td o VoHage Vgg is applied across base
taymina) with emi+ey (Ve =0)-The Yoldape dyop acyoss
Rg, 0nd Rep - The VoHaje 000ss g, yeverse bias +h®
PN JuneHon diode .The\'elom SMAll Yeveyse Imkape. curyend-
tows +hvough emiHey +0 base 40 dve +0 minovidy cavviers
cose, 3'— Td positve voldape is opplied acvoss emiter
TAVAA AR RA
teyminal +he dinde become Fovward bias i Fhe input

votage exceeds peak  voldage - The peak voHage iz
qiven by

onrk3, 16/
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INhen +he  diode vestavds condveding  Rpg, Tﬂdﬁ-}ﬂn&]

decyeases and  indteynal Voltage ‘dvop Pom  emitey +0 Base
will decrease and device win now in +he on state.

chavacteyisdes o _
pAIacrthches | ol yaT)

>Te

The  gyaph  bedtween emiddey cvrrent+ T and
Veg IS5 colled OUHPUF  chaYacteYisdics ol UTT +he

ope¥ation oF VIT mainly divided Mo 3 vepions.
) 5 cut - odd vepion
F Nepative vesis+ance vepion

d S040YAHN ¥epion.

Cyt ~old vegion!- The Yepion +0 +he Jedd of b, ok |
pOiNt is called cvb-oll vepion - Upto +he peak poinsy
+the dipde is Yeveyse bias and hence smgj) leakage
current Flows  Hhvovgh Fhe cvevit dve 4o minoyidy

chavpe carnds. ‘
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WRIORAUS , TRATHRASS RIRY!™ The 3eion betiween peak. poink-

+0 valley point is calledse Nepatve vesistance Yepion. xn
~+his wejion ~he diode is Jovwovd bias. Henee +he emiHhey
cvyvent I increases and VBB Voltape decieases.

SOATORO0 | Yegion  — The VEPION 40 he vipht of Valley point-
iS5 catled satuvadon yegion - AdteY +he Valley poind- yg
behaves live Joward binsed PN Junchon diode.
VARACTOR, BloDE -

depleton .
Yemo
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tlseg oo
® O npopo
g 00 o2

0 0poo
92 g g0
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When PN dUNcHoN diode is Reveyse bias

deplition vegion s cveated 0+ ~he Junction - since there are

np chape cawieys wihin +he deplidion gegion +hat can act
ps 4 NSVIFOY- The p-type moateyial  with holes as a majo‘rﬂ?
comiers  consideY  as  positive plote o} a capaddor and
N ~+ype Material with elechons ave majoery chovpe cavvieys
conside¥ as a Nepave plate o+ 0 capacitoy +hen this
diode.  maybe consideY A4S A Capacity howfﬂg depli+on

Yepion is a4 insulooy - capacitance ol a vavacdoy dipde.
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Wheye
C '— capacitance

E - pomitiviy oo moderg)

A= AYea ot a dunctipn

di- wid+h o Hhe deplition Yepion .

The  dephtion vegion  width s direc.—HV
PYopoyHonal 40 Yeveyse bias Vodoge and capacitance ¢

® 1S invus)y PYopO¥Honal +v width ol +he Yepn'on.

When -+he  veveyse VoIHape  0cY0s5 +he diode.
s increase the width o dhe  deplition ¥epion incyease

s0 +he Hodal capacidance 0+ Hhe Wickon increases.

T} +he Yeverse VOIHPe av0ss +the diode is
decyease Jhe width ol Fhe depiition Yepion decveases and

to+al capacitance a+ Hhe  Gunction increases.

S0 Yavactoy diode is also  called vayiges oY
Voitajge Yaviable capae)doy.
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BY APP'V'""? FoYwovd bias Veltage oy peak vm-}nﬁe_.

DOpPPing is 1:10° in PN dinde

, =it Ay S ‘
POPPIng 1S 1310710 Tvnnel divde, dopping s

high in —runnel diode  compare 40 PN dipde .

conduction band

— | | g S 000000 o
(L IO o], Foih i WoOD 2000 g
i B N S oo 00000 0 po0

= 00700001000

valanc. band

an — TUVO%I diode 0\+ Vo.\l(_v pOtrH—

hovactenstes o
chavocteiztes ob ol digler
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The +vnnel diode aisd called Esod diode . Which
eXLUtes NepahVe Yesis+ance vegion undex dovward bias

condihon .
AN oxdfnon;y PN snetion diode has an impuan'ﬂy

concenta-ton L1102 with +his amoont ol C‘UPanp +he
depleHon ¥epion wid+h is & mic0 Amps JuA) - id Hh,

conceaHN oF impuxity AFOMS incYeased 4o 4003 4pan
~the depleton Yepion wid+h veduced 4o 100 A

This HhiCkNesSs is VeYy +hin sp 4he clections
and holes Y055 he Gunehon @aﬁily compave +p PN - Jvnedion

diode .

When .-J-he; bIAS VoMoge s zexp +he elechons
oand holes did no+ move erthey side and +he CuYrent Is

2eY0 -
When  small  ampund o4 Yoywayd bias Voltage is

apphed +he enevpy rever o) 4he P-side is lowex +han
n— side . hence +he electwns in +he condvetion band o)

+he n-side move +owavds  hples PYeSeNt in Hhe valenc
band and cv¥Yent will incvease VPH0 peak ppint “or /

whhen +he Joxwoayd bias Voltape  voaised be yond
peak poin+ HheN SUleling will decvease +he cyprens.

will decyease  ypio Vatley  point , Altey Vallgy poind-

-the +nnel diode hehaves |y ovdinavy py 3N ¢+on
diode .
The  Yepion  between peak —point+ and Valley

point+ is called Negadive vesistance Yepion .
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