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TRANSISTOR —

A Transistar consists of two
PN Iunc:ﬁons Formed] bH " Sandwiching either p-type
ar nN-type semiconductor between a pair of
apposite fypes.
There are 2. THPE‘S of Transistors —
)? N-P-n Transistor
P p-n-p Transistor

i, N—=P-N Transistor —

An Nn-p—n transistor is composec,\
of two n-type semiconductors seperated bH a thin
section of p-type as shown in Ag.

o— H{P n —— °
\» P-n-p Transistor —

A P-n-P Tronsistor is formed by

fuo p-sections seperated bd N secton of p- v‘ype
as shown in HS.
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In each type of transistor, the Follomma points mag
be noted e
 These are two pn Junchons. Therefare, a ’Wd‘nmshr |
mG(LJ be f“egjord(-.tl as a combinction of o dicdes

conpected back fo back .

ir> There are three fermipals , one faken fom each
igpe af semiconductor,

||}> The Middle sechon is a very +hin laa(:r. This = the
most important foctor In the funchion of a transistor

¥ SYMBOLS —

» N-p-N_Transistor =

emiter - Ollector CO)
Ce)

> P-n-p_Jransistor —

P O O callecfor

O
emitter ( \ o)
ce) y
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A Transistor Cpnpor npn) has 3

_Sections of doped semiconductors. The section on one

s v

&nSercﬁon ot Iransistor =

Side is the emiter and +he secton the oppesite. fs
the cllector. The Middle section is called as the Base

and forms fuwo junchons between the emitfer end
collector:

1’7 Emitter —

The Section on one side that supplies
chorae carfiers Celechanes or holes) s called the
eémitter. The emiter is q\wo&s forward biased w-r-1-
_base. so that H can SUPP'H a ]qrge no- ofF mCU'Oﬁ%
carmers.
In Hg i the emitter Cp-type) of PRp transisfor-is
forward biased & supplies hole charges to its junchion
with the base.
h Similarlbl in Fig ) the emitter Cn—1yp€) of- npn tonsistor
as a ' ‘ ‘
oo with the bame 1T e clctrenes fo i

Base Base
emiter |, llector emifter J/ Collector

PIn(p nipinN

forunre] Reverse == J'_Erwatd Eeuers:_—]:_:
-—':r—“ Bias | Bias B T Bias Pl i
D

fg-T RS
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' (ollector -
y. e sechon on +Hhe other o
wllects the chqraes IS called 4he collector The
callectar (s C\\LUGCL/]_S_ reverse biased . s Funch:;i’s
1o remave choraes from s junchion wWith the Base,
In kg 2T,

The collector
has a reverse bias and

)c\e .HWG'["

CP=Type) of Prp transistor
recelves holes chcnges thed-

e collectorof Npn transistor hgs

reverse bjas and Teceives electranes

“‘? Base
The Middle Section which farms +we
PN Junchons between 4he emtter and ocollectsr s
ot} e Pase The buse-emiter jundion is fouad
; g 10w resiskance for- the emiter ekt

The base- collector Yunchon
JUNCNON is reverse ki ‘
ik st "o biased £ Fm\{ldes

|lector Cireuit
Seme facts Abaut The TRANSISTORLZ——
Terminalst Size Doping

Emmter | Moderate Stomly doped
Base sSmatl Liqhtty doped
Collector | lage Modefafelg doped]
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@SISTO R CO nnections —

e. emH—ier/ base and callector ferminales.
A Transistor ean be conrected in a cirat In fhe
Fo”owiﬂa three ways.

Hj (ommon Base Caanuraﬁon —

In this arrangement input is
opPheol between, emitfer and base & OUTLlfiS taken
from collector & pase . Here, base of th

e transisior

IS Ccommon 1o bath ]Y\PU‘}‘ and o\.rlpuf‘ cirewits and hence
the name common base connection

e, € p e Lk ¢

L &Q —
se ——T_ g

I'4
-
Ves g V:B

- Vee]

+ Current Arnplification facter [o]

To mPUf currents In @ common base connection, +he

input™ currentt Is 4he’ emiter cuprent Tz & oufpu% cuyrent
IS the collector current Tp .

- o= ouput Current
InPLd— current

x=Jc_
e

There are three |eads in o hansistod |

It is the ratio of QUj"PLd" current1
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B] (pmmon Errrer. ConnecTIoN —

GPP“EC] between base and emitter and OL&FLG—‘B
+aken From the allector and Emiter. Here, émitter of-
| the transistor is common 4o beth input and Om‘pm‘*

In this arrangement; input- s

L ariits and hepce the name common emitter

|
{
!
]
1
I
|
!
{
]
i

Connectian. IQ/
a -\ =

* Base Current Amplifiaation factor rﬁ—] 3—

In common emiter connection )

input™ current- is Ty ond oulput~ current- is \I2/.

‘IB/‘

- The rafic of output current\T/ fo fhe Tnpdat Current-

= autput- Current-
Theut Current-
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(EL COMMON CDU.GCTOR CONNEC"FIGN =

IS dakenh betueen +he emrter and

conpection.

Je

L[

collector, Here ’

collector of the transistor s comman fo  both l'ﬂ!-’)td— £
QUTPUJF Cifils & hence 4he Name cemmeon  oofjector

x Current Amplification factor — [V]

1! to the inPu-)‘ current \IB)'

SoP=Te

Ty

s a ratio of ouput-current-i e
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In this citcuit arangement, Input |
= cxpphecl between base cand collector while Ou}PLd‘




Releation Between O(IJB,&’,Q:_

Emitter Cunent = Base Cuprent=-+ Collector Current-
g = IB + 1 ©
As, we know that

O(:i = X. -———'®
I — Ten T,
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,NQILU/ JB:"_‘ .1;:_
i ) )
Jg:::: Ic 1—‘6: 1~C»+IB
— Sihce
:Ee l—c h_. IB"’ IG—I‘C_J
- CXIG
- From eqn @
Te-o I m
-
IeC1—20)
==
C1—)
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Characterisfies of (ommoN . EMITIER (oNNecTION —

The imporfant charcteristics af

this circurt arrangement are +he input
’ \ : PUT Charactersh
&L curipui Characterishies . S

i

T] Inpui- Charactenstics OR Base (urve —

T+ is the curve between base
curert-Tp and  base— emitter Valage Vge of constant
collector— emifter Vol’ro@e Ve .

IB%A)

Scanned by CamScanner



e The Input Characteristics of o (e
connection can be determined by the ciraut as shouwn

In Fiaum. keepin@ Yee = constant (say at 40¥) note +he
base current g’

For vanous values of Yge - Then plot
the l"eodinas obtainec] on 4he graph , toking T aleng
-axis & Vgp along x-axis. This gives the inpuf-

Characteristics ot Vee=10Y a3 shown in A

o ) g Fcllousinﬁa
milar procedure, g Fomilé} of Input chameterishe b
drawn. The followin i (e an be

oints b
Charactenshes . 0 S S IS e e

| 1‘\( W’ne Characteristics resemples thatof a' forward
é))aseol diede curve. This = expected that Since the
ase - emitter section of transisto \
IS forward biased . ST o diede i
leg Compared to (B Clmlnﬁemeﬁ"t T5 Increases |ess
!’UPl?“é:J with VYge. Therefare, Input resistance of a Cé
Cirauit js hiaher than thatof €8 Cireuit

uj _I_ﬂplﬁ‘ Resistance = Ttisa ratio of- chqnﬁe N

base-emitter \/al”raae (4Vge) 1o the change in

base Current- (4Tp) at- consfant Veg 1. e
Tnput RESiSiunce/ F

h':: AVB g
€ _ at consta
AIB " Yee

The value of I for q CE cirey

T is of 4h
ofFa few hundread Chms. © orler
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J O UTPUT CHARACTE‘RIST_ECS

S S ———

CURVE -

=

It is the cupve between

collector current™"Te' and  collector— emiter vohage Vee
al constant base CUrrerﬁ“Ig ‘

To
JB:QG
Igz | S
Vinee g= 10}
AMA + Tz S
. —
1y Yee
b i e
g F»a il

The output charactenstics of o
Ce cireurt con be drawn with the help of the cirat
as shown in above hgurv:s.

5 3 G B i B e B | mx; =TT IR
Keepiqﬂ the base current Iy
Fixedd at some valye ang SUA, note the collector

- y .
cutrent Ic For vanous valyes af Vee - Then pluf' the

]”&Qd.\ﬂat‘i on a Hl'ﬂph, ‘i‘T.IKiFXS Ii v('l\(,\ns U-—OX[S & Yee ﬂk"”{rj
X-axis

This gives +he Ou"PUT" Chargctenshics of Ig= SUA as
Shown in F’@-Fﬁ 9> The +est can be I‘Gperri&d For '}g'::f(j_.lm
e C‘h1t\iﬂ '”1(“.‘ new (?U"'}’Z\If C‘WIGC“‘PHS‘}‘KB As Shouw (N

Wl FOIDWING  Similar e .. g :
hd 1. folibw g similar precedlure , a medg &b cui}:td“
thandenshes can be dmwn gs stoewen 0 he. @
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The Fo\lom‘m@ Poin*ls may be noted from +he
Characteristics:
> The cllector current I Vanes with Vee  between
Q and 4V on\g‘ AHer this, callector current becomes
dlmest™ constant and independertt of Y. This value
OF Ve upto Which collector current Te Chanaes with
Vee i© called the Kknee Valage. The transistor are
leaas opertrfed in the region above knee voltage.

" Above knee voltage, Tc is almast constant- However,
a small increase in Iz with increasina Vee 5 used
by the callector depletion layer getting wider and

(opturing & Few more mqj'or‘fra carfies before electron
—hole combinations accur in the pase areq.

W for any value ofF V.. above knee Volfage, fhe collector
current Le s approximately &qual fo  pxTy.

QUi[T)LnL Resistance *— T+ is +he ratio of chqn((}»e In
collector-emitter vohage C4\pe) 1o the change. in
Co\\ec’ror cuprent (8T0) ot constant- Iz i-e

output- Resistance = 1y = AVQGV ot constant- Ip
0T, |

T+ may be noted +hat whereas Hhe
auipdt charactefistics of CB Ciruit are hohizontal , they

have Noficeable slkpe for the Ce cireuit. Therefore
the Om-P(ﬁ— resistance of a (€ Circyit is jess ’rhq/n

H’\O‘\‘OF CB Circuit. Iis value s of He order Qf—
So kSe.
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Operation of Bipolar Junclion Transistor [BTT] in "

Active, cut-off, Saturahion ¢ Tnverted Active Mode 2

BIT has +wo qunchions Base—Emitter Tunchon [Vpe |
and Base —CO”GCJVOI‘ Junchon [‘Jéc—v] ,
Accorchnalyf there are ¢ re;lions of aperction in which

erther of two Junchons are [orward biased or reverge
biased or hoth .

| F-R Bias =

When Base-Emitter \}uncﬁon is forward
biased and BGSe—cQIled-chuncﬁon s reverse biased
The Transistor operates in Active Region.

In this region the current Fowing Hvough +he npn
Haunsistor %m ﬂa K i

@ Emitter Current —\T¢’
A forward current Flows from emitter

imto Base consisting of electrones and hole current
How‘mg from Base 1o Emitter,

® Base Current = 'Ip’

As the electrones enters Info the
base: region the recombination takes place & recombinatio
current Aows from the base which is QXQC‘HCLJ equal o
the rate at which holes are lost in Base.” The
currert will be small as  pase is HﬁhHH doped| &£ no.
of chorge cdrriers are |ess.

Also a reverse saturmtion current Plows From Base o
cwllectar as the Base-(llector is reverse biased .
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\-—-‘_ DL ST &

< (ollectar Ctnrre'ﬁ."._. e \15/

n Cose of npn transistar the callector has mede rate
ho of electrones.

As Some electtones will recombine with the holes
In the base region & remmnin8 electtones will cross

Base- (g|lector J‘UDCﬁOﬂ X 1?5 +o How Jrhrouah e
collector ion.

From the collector end 1o +he +ve end of bettery
& constitute a ollector currend- T/

lziq;jmm = [-R Bias T Te
Je €efs/c 1
n|pl n

AS collector 15 mede rete H clopec-l !

gy S A P Y S

v —— . fare

F~F Biasing |5~

AN
=

0
.

——

T

of the transistor are forward  biased the transisfor
operates in saturation regfon.

—PTFo |
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Conhinue '— n His rea; -

_ 5[0 i ”dmh hlah Current Hauis
Hu-ouSh the transistor as both the [unchon of-
tansistor are forward  binsed « re.sff_;‘}nnce: ﬁéfféred
IS Mmuch less. This is due to the fad- thet alo |

| na With
elegﬁon current Hown‘a from  emitter +o Base |n
achve region. There will be addition of ¢

‘ ectron ;
current Hokk\m((j from Collectar 1o Base . |

In F-F BfQSir@ Trnsistor acts as a Closed Switfch

R-R BiGS\hS —
Ter T
e '\\ B M e
n{p (N
| | ﬁ.l
1= =7

in cut-off reaion, Tn +his FE:S
Conduct any current except for Tove

[Se
that HGUJSCL/ acrpss the Tunction. Safuration current:

In_Cut-off wndifion gmitter current|

is_zero & cllector current cgpsi

: st~ o &
T T e £ small reverse

B s I —————
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'—-""_:Wﬁ\_
D‘ i\-F BfA}IN(:} ?” Jep ch

J
e B .,
NP

I |
= +

]
[

\When Jgp is Reverse Biased &
Jéc junction Is Forward biased the Hansistor warks
in Inverfed Achve Reaion. When Hou irrferchor@e the roles
off both the Junchions, the convenfional current Hows
from @mitferto Colleckor but this is not ideal case of

Jransistor. Hence, the Inverted Active Mode is not
PreFerable.

A
g | | | i
e JEEB J—BC ReS lan USes
ve ‘
RegioN F | R| Achve A!’“P\‘IFIEF
¢ Redi
Saty N—— egion
';‘rﬁ # [/ L LTTTTT > F c Saturation closed
Region  Cut-0ff Voltoge: Region | switch
Region R r ) apen
. =G PSLUH'Ch
R [ F Thverted | Lless
Active ATYPHHCQ
Regjon —tHon.

o A S MY S 4 A A AT
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E@éSMQHR’SCQL eston 2

M? Descrbe (ollector Curve for C& Transistor with Necessary
| - diagram ¢

u}‘ explain in defail (F-R] bias applied fo NPN Transistor2
| w%

| W) Clve the Construchion with  proper Symbols of PNP £
<~ | NPN Transistor Z

4
¥
%

cxplain CE& Characteristics of Trapsistor 2
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Junctien Reld EFect Transistor [JFE;ﬂ -
| A TFET s a three termiml
semicondyctar  device N which current condyction is by

one type of carjer t-e electrones or holes .

(onshuchon &=

A JFET consists of a P—T&Fe: of N-Type
silicon bar confaining fwo pn - junctions at- the sides as
shown in fg. The bar foms the conducting channel (o7
the cholge amers. IF the bar is of D_HPQ s called
N—channel JFET, And IF the bar /s of P—Tape,‘ﬂ-is called
a pP—channel JFET. The two pn Junchions Forming diodes
are connected in’,'emGHbl and o commoen Fermined called
Gate (s taken out: Other terminals are Source and
Drmin taken aut from the bar. Thus a JFET has
essentially three terminals viz | gate (6r), Seurce (),

drain CD).
;Dm‘m Cb)

e 5 @]b_
__,f[,_

[ Source (s) LJ Source (s)
P-Channel TFET,

T ———————— S

n— Channel JFET
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Principle & Wotk'\ng oF JFET &

\nciple — : ,
P\mup) The twa pn Jund'rons atl the sides form o

c\ep\ei*ion \oﬂers. The current conduchion bt Charae:

carriers Ci~e free elections in this case) s "'hmuah the.
channel between the two de(:leh'on lcwck)els and ouf of
the drin. The width and hence fesistance of this channel|!
can be confrolled by changing the input vottage Ngs. The
greater fhe reverse volloge Ves the wider wi\\ be the
clepletion layers arnd harrower will be the Cc;nduc;ﬁn8
channel. The narrewer channel means greater resistarce
and hence souwrce fo drin current decreases. Reverse
will happen should Vgs decrease.

Thus JFET operates on the principle
thad- width and hence resistance ot Hhe CondUCHh@r
channel can be Vaned by Ohc\ﬂafha +the reverse
vatfage Vs

Working —
7 When a valtage \ps is QPPIied befween dmin & source

~ teminals & yoltage on the gate Is zero, the twoe pn
Junctions at- the sides of the bar establish clepletion
layers. The electiones will How fram Sowrce +o drain
through a channel between +the depletion lqders, The
size of these \Géjers determines the width of the
chapnel and hence the current conduchon Hvrouah the

bar-

i When a reverse VOHU@&: VG[S s qPPliecl betlwyeen the
gate and source | the width of the depletion layers s
increased. This feduces +he width of conduycting C%qunﬂes y
+hereb8 incraqs‘mg the resistance of nﬁﬁape borr,

(Qopsequently, the current from soure to drain is decreased,

on the other hand, iF the reyerse Voltage on the gate is
decreased , the width of depletion layer also decreases |

5 .—‘._..-_._'..«r‘,,‘;

Scanned by CamScanner



— ,__-‘ -
1

This \ncreases the width of the conc\mh‘na channel and

hence source 1o crin cugrent:
ol
N
N i
e C :—__:_—“_—. 3
) G Tos H@T @ T
D T
n n

|
4

RO
T GsT

e s
| |

T+ is clear from the above discussion

Hhat current from source to drain can pe Controlled b& the
application of potential (i.e electic field on the gate,
For this reason, the device is called - Feld effect Transiston
AR may be noted theta p—chanpe| JFET aperttes In the
same Manner as n-channel JFET except that channel

current™ carriers will be holes instead of electones

£ the pdatities of Vg € Vps are reversed |

¥ SYMBols

C;

)
o
)

n-channel JFET P- Channel JFET.
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PSS, |

OL(’FPLﬂ" Charocteristics of JFET 2 o :t

———————a

The curve petween chain current (ij
and drain-source volfage (Vps) of o JFET ot constant- |

grde—source volige (Vgs) is Known as OU‘UDLET Chamc)reHSﬁI
-cs of JFET.

Keeping Vs Fixed ot some value, Say 1V, the drin
— soure voh‘f?e Is changed in steps. Corresponding o
each value of Vps, The drain current Ip is noted

A plof of these values gves the output Chalacteristics
ofF JFET oy V@|5:1V- RePeqﬁna similar PrOC—edure;
output characteristics o~ other gate-source Voltoges aam

be drawn.

[

=i}

4l

Lt
VG]S: '1.\/

1

: leS: 3V

! )

I i

) ':

> |
l

s g S i

ST - - s 4—“‘
T o ey st A e

o 1
Scanned by CamScanner
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The Following points G- be noted from the Chatacte nistics —
|?A‘t F]]S‘I‘/ the Arain CL\ITGYTI" ID hHses mmf.ng with dmim

— coufee voh‘uae Vps but then bf»comES \cons!arrt The
clin-scurce Volfage abave which drain current becomes
constant is knawn as  Pinch OfF \/o\tﬁe. Vp.

'u?AFl—er pinch-off Vc\-hge, the channel width becomes
So narfow fhat cdepletion lc%jezs cdmost fouch each
other The drain current passes Jrhmuah the small
passage between these layers. 2, Therease in clrain

| current is very small with Vps above pinch—off Volfage
Consecluenﬂa, drain current remains  constart

- s 2.
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:ﬂGTAL O)\IDE_SED’\ICQNDUCIOR__FET LMOSF ETJ -

-
]
The main drawback of JFET is z
that its gate must be reversed biased for proper i
opemtion of the device {-e W an only have neqative %
gte operation for N-chanpel and positive Sede |
operation for p-channel. ,
This means +hat we can anly decrease the width of the |
channel Ci-e decrease the Conduchvna of the channel) i
hom its zem-bias size. This -}Bpe of GPero‘hOn s
referred t© as depletion made opemﬁcn. . TFET
can on\g be QP&*I‘Q’{E\:‘ in the depletion made .
However, +here is a feld effect transistor thad cm
be operated 4o enhance (Cor increase) the width of
the channel CWith consquert increase in conduchvity o
the channel) i-e it can have enhancement made
operation. Sucha FET Is called MOSFET.

A feld effect transisior (FET) thad™ an
be opercrrec\ in the enhancement—maode s called
o MOSFET.

'E]Pes of MOSFETs &
There are 2 basic types of MOSFET =
A) Deplection Type MoSFET or D-MOSFET &

The D—MOSFET can be opercrted
in both the deplehon -mode & enhancement made.

é] Enhance ment—Type NMOSFET OR. E-MASFET 3

The €-MOSFET wn be aperated
Onl(\j in enhancement mede.
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Al D-MOSFET %~

_(onstruction —

i7 The n—channel D-MASFET Is a piece of h~type
matenad with a p-Hype channel Cealled  5ubstrade)

on the Nght and an insuledted gade an the teft--
The hee electrones Howingl saurce to drain must
pass through the wnarrow channel between the gade
and the P_JYHPe reaion.

P> A thin layer of mefal oxide (usually 5i69) is deposited |
over a small portion of the channel. "A metallic qate |
IS depesited] over the oxide layer. As 5iq, (s an
insulator, therefere, gate is insulated from the chanpel.
Nate that the ercnaemerﬁ‘ forms a capacitan,
< Gne Plcﬁ@ of this CQPQC‘HLOY‘ (S the 8&’1‘@ and
' the other plate (s the channel ith Sia, as
the dielednc.
wp> It is o usuad prachse to connect the substrede
to the soure S (nJre_malIH So thaf~a MNMoSfeT
has three teminals viz  Seure (8) qate (G) £
drain CD).

\V} Qince the 8o+e (5 insulated Pfom 4he channel , we can
Qpplbl ervther neacrh‘ve ar Posiﬁve \fthcs&e +o the
aod‘e-

“Therefare, D-MOSFET aon be opercted] 1n both
dePleﬁoh —maode and enhancement —mode...
However, JFET can be operated only tn depletion
Mode .
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S\Qp \ayer e

n-channel

Drain CD)

L~

n-Channe! D—MOSFET

Dra\f

a SubsiTede

OxiLde or P
%@e—%ﬁ Zn
P
=
Sourte

P-channel DMMASFET

A) Source

n—channel D-MoSFET.

Drain
7
Gate  \
Sourge

e ————

4
)

|
i
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| Operation of D-MosreTe |
: il
Q> Depletion Made 2- ;‘
Drai
N @
% e
i N -§®
) LP % = Voo |
|
V L |
S8—- n
Y :
Soufte f
'}Fig. Shous depletion mede Qperdﬁor)!
of n-channel D-MoSFET, Since gate is heﬁdﬁv@-z It
means electtones are on the 8‘3\'\_’9—-
> These electones repel the free electrones in the
n-channel , leaving o \qaer of positive ions In a part- |

| of the channel as shown in Fi&, Tn other words,
| U)Q‘hove depleted (i e emptiec) the_ n-channel oF some §
of its free electiones. Therefore, lesser number of- 1
free electtones are made avallaple for clrrent |
cenduction. threugh the N—=channel. This is the same ||
thing as If the resistance oF the channel is \nereased.|
The grecter the neacm‘ve \/oﬂ'ﬂae on Hhe 80&e the |
lesser is the current fiom soure to drain.
Thus by chomging the negadive
Voltage on the 8Ct‘re. we can vary the fresistance ot the
n-chanpne! & hence the current hrom soure to draln.
Note thed~ with ~ve votfage fo the gade  the acion s
D-MasFeT is similar o JFET. Because +he action with

neacm‘ve gede depends upon depleting the channel
offyee electranes, fne ne@qﬁ\’efﬂfife opefettion 'S called]

o\eplehcm Mode .
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b? € nhancement Xode 5

_L_orin
.
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Above Fgure shows enhancement

Mode OPerGﬁOW of n-channe! D-MGSFET. Aaaih '.H.\e
gate acls |like a CClFQCHUr. Since the Scd'e (s Posﬁ‘we,
it induces negative charges in the n-channel as
shewn in fig- These negetive charges are the free
clectiones drawn imo the chapnel. Because these free
clectrones are added fo these ereadej in +he chanpel,
the totad number of free electtones in the chapnel
'« increased. Thus a POSWVE‘- gode VG(Jraae. enhances
or increases the copductivity of the channel. The
8recﬁer the positive volfogeon The 8mf greader
+he concuction Aom soure o drain.

T}vus by Chqnaina the pasitive
valtuge on the gate, we aun change -the concluchviia
of the channel. The main difference between p—MasreT
and JFET is that uwe aan apply positive gafe voltoge to
p-MospeT and still have esserhally zero current-
Recayse the action with a positive 80:11—_- dePerds upay)
enhancing the conductivity of the channel, the
posifive gade operation s called  enhance ment— mode
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The following pairts may be notecl abowd- D-MaspeT |

_Qperation .

) Tna D-MOSFET, the soure fo clrain current is @ntrlleql
ba +he elecinc feld of CC\PQCHGF formed ot +he
gare .

> The gede of JFET behaves as a reverse biased dicdé
whereas fhe gede oF o P-MOsFET acts like @
qucHUf‘. for this reason, it s possible +o‘
oPerCﬂ‘e D-NOSFET with PGSH-‘we g heacm\(e 8C¢E
Valiage--

q
-
I

ud As the gate of D-MOSFET forms ai capacifor, therefort
nea\igﬁblé 8Cd'e current Fows Whether positive or
neqative \oliage is opplied fo the gete. for this
reasen , the ippud- impedence af- p-MaSFET IS
Ve"@ h‘lah m”ﬁ“@ from 46,000 M +o 10,000,00 MJL.

+ D-MosFeT Transfer Characteriste —

|

IDCmPD
7y

Dep\eﬁon Ipss
(Tp<T DSSj Enhancement”
Y (Tp»> Tpss|
, 7 .
:_\/Gl = Vq; @) oV /YCﬁ
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Enhancemert Type MOSKET &

Tuwo things are worth nathing
abour €-NMOSFET. Fyst, E-MOSFET operates only in
the Enhancement mode and has no clepletion made .
Secondly, the €-MOSFET has no physieal chapnel frem
source o drin pecause the substate extends
completely fo the Si, lmder, It is Onlcxj b& +he
quHm‘HOn of Vs C8afe+o source VGHU&&) of proper
fmaan'l’rude and  polarity that the device shars
conducting- The minimum value of Vgg oF proper
po\or'\‘ra Yhat tums on the E-NospeT s clled
Threshald Yollage [V(?]'sCHﬁﬂ. The n-channel device

requires positive Vs EZVQSC%SJ & the p-channel
device requires negative V@SQB@}S(MQ_

Operation of E-MOSFET =

VC’\S =aoV

0 O { = o
O 0O
l VG]S
o L AT R
[N]*~n)|
P P
Tp=A L)
| GA
A i}
N—Channel @-)GFET.
__P-To
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Workig§L2~ &
.7 When Vgs=0V, there is no chapnel connecﬁnﬁ the
Source and drain. The P substrate has onla a few

thermally produced free electrones Cminonfy  carriers)
s0 that drain current- s eessenﬁdua zerd. for

this Teason, E-MesFET s hormally off when Ve5=0V.
’\? When acrfe s fnode positive (f.e \gs is positive) as
shown in fig- It atfods free electrones info the
p-region- The free electrons compine WwHh +he |
holes next to +he Si0y laéjer- IF Vels is pasitive
€ncugh, all +he holes 4ouching the Sid, layer are |

Blledd and free electrons bea,-n o Fow from
the scure 1o dain.

" The minmmum value oF Ve that tums +he €-MosFeT
ON is colled +hreshold Veliage qus(fhﬂ i

u? When V@]g IS [ess than Vggih) «there is no jnduced |

channel and the <l@in curent T, s zer, When Vs
(s equal to Vesth) (the €-MasreT is fumed oN and
the induced chapne| conducls drain current fom Fhe i’
Soure fe the dmin. Beyond Vescin), if the value of
Vs eEEEsses 1S Increased , the newly formed
channel becomes wider, causing Tp fo increase.,
TF the value of Vgs decreases (ngt less +han VG,sCHw)j.

the channel becomes EE=rparrower and Ty, wil) decreas¢ii
‘Ths Fﬂd_ l.S I‘EVE’G\ECJ bd ‘H‘)e mnS@ﬂdUdﬂﬂCﬁ CLIWQ,CP‘E
n-channel €-MOSFET shown In Fig. As gou can see, T =o, 1
\Uhen VC_—\S:O TF\GTPFOI‘E +he Value 0[“ J})SS Ejr -l-he

E-NMOSFET (s Zelo. Also that there is no draip CUH‘GD*‘
until Vgs reaches Veg ().
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Vs ()

N—channel

3 Sf mbals —

n—Channel E-MOFSET

Vs

p—channel €-MASFET.
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