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Exrinsic SemiconduLttors /0o bed Semiconductovs j Tmpuze Semiconolucdoy

As we know, infxsinsic oy buxe semiconductors have small

Conducﬁh'uﬂy Ed-‘ ¥oom Hempevatuxe. Thevefore, Tﬁ'gd aye not
06 much vuse:

By leclfnj some amount 0§ i'm}ou*n'-ly otoms 4o oo pure oY
inbinsic Semiconducloy, we can change s conducHvity
oY choxacteyistics.

O—Qmé—‘" DObl'n(j Is o process wheve ;’m}sun’@ atoms axe
added Ho. pure oy (nTinalc N emrcondi iy inikiorc e o
ncyeane  the mnwcﬁ'w'g,J

DOb"ﬂé is done ot a wate Suc‘h ot anﬁ(y one atfom of )

i‘rripuﬂ‘{y i added pex 106 4o [6/0 Semi conductoy atoms

le. 1n the ¥afio Sy
i 106 |oto

We add. impovifien 1o, Mncreane He numbey of electrons
of holes 1n o semiconducto.

The l'mPMH;j madextals  fhot axe added ' can be of two
4’5’,065:-»

® Donoy Impusify OY Pontavalent Impusity

The  madexial whih s used O impuxity n Jne process of
doping is called as clopant When fﬁe' dopant 1s o
Penhxmﬂen-{' odom te-, e atom Cﬂ"'hl‘”'“ﬁ ﬁ""e e-aec'j""'l;‘
in e oues-most chell, fhen 15 calledl an clonoy (mpuviy.
ond HRe doping to called as clonoy olabfnj, Donoy o[_a}g,hc? .l
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® Acceptoy Impusity oy Trivalent Impurity
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oxHinsic semiconductoy.

nd Brsmuth.

When  fre do}oanJr '.Suﬁ Hivalent atom l‘-e.,ufﬁe otom c::msfs—fn}l;j
%onﬂy thvee ( valence eﬁ'ec'f{onS, then It 15 calded as fhe

acceptoy impuxify and the doping i called 0» acceptor doping.
Aeceptor) doping is used o manufactoy P-—+H‘oe _exHinsic

Semconduetor a.
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(O N-4ype Exdsinsic Semiconducdoy

14 pertavalent l'n‘lpu:;.‘-g, sdoms ave added o inhindrc Semiconduc
—or, N-type extnnsic Semiconducty IS obtained. The pentovalent

imeH-g otome have {ive electsons in e valence shell.
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N-type Semiconductoy.

ok T=0K.
Examples of ﬁen-b'daleﬂ"‘ impuifles axe
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o

Phosphoxous (F); iﬁnﬁinang(:ib), Agsenic(ds) edc ) Since  amount of

impuxity Is very small,
(s SUTTOUHO‘CGL L((j .Sl'ﬂl'!.qOﬂ otoms. In gfawrev an ]'mpu‘ffg
phosphovous ot is suwrounded by silicon atme . The

pbospbomus adom1 has giue volence electsons, out 0f which

.gowr ave useol

e sRe~ has (no chance of
as it is Joosedy bound 1o the pavent atom. A very Little

. A '{'D
amount of enevgy is *{Ef?/uﬂecl joc
nucdevs of its patent atom and i is egual 4o 0:05eV for
Silicon  and o-oleV fof (rex MANTUM .

A+ T=0K, N‘@pc—sarﬂl'mm‘m-}w actn 08 I'nsu,d.a-fm’ since theix
free chorge  Camwiexs ovarfable Ho Conduct curvent.

s no
: A . |

i o assumed fRat each 1mpurity atom

+ [f’ofm Cg\ra.,ﬂen*} bono(& UJ'IhQ ﬁ?OUY d"jlrf-ﬂﬂ G"bms_l
ﬁo*fmfng o covalent bond as well

detach 1Ars eleckon 61'Dm e
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| 1 N-"hdpé Semiconduectoy o
When  Qittle) amount of energy I's st WU TR as e M
sided , each Imputity atom dona+ oAl
bo:]ilgﬂe:f‘{an +o the m?o(w:»ffdﬂ banol . Oue o M TeQd0n; pentavalesnt
(mpw]hj is alao (_aﬂﬂ&,[ donoY "J'bl,oe im}:uﬁgf When +Jemperatuye
baiya OYe odao |

— hol |
Lﬂﬂﬂul; some  elec Hon e hf&a, i i‘nwemi

the Conten Nt of elecfons 1‘3;
olochons Wik holes. Hente, The

A dess than (ntvinaic value .

. s MU
net conunhation of holes electons ove myjority
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N-type semiconductor fe presentati
Note:- @ N—’f'Hpc semj conductoy Is

elecﬁfmﬂg T‘lEU.‘}{a.ﬂ. becaune ;g -(E;) - (? ’
e 4otal numbey of elechons |« — - o - ® 3
s exactly egualto fhe fotol FORO (@

numbey of holes and tmmobile

bonds .

lOnS . i mgg:g}_} holes
@ The bfo(_e.ss og dobl'ng a,ﬂ-lef,ﬁ fRe e ma‘:jﬂﬂ"b
Qnt‘(ay- band diuamm "‘D oo 81&05‘ S0

- immobile P°—‘-H7'V‘£

extdent. The donoy c:nc.va-&, Qovel ahafdccl fem .

(Ep) s shown b-d Be dodled Lines
and it s vevy clope 1o the conclueHm
band enevgy Jeve! Ee. Thevefore, e unbondedh valence
electons of fhe impuvity atoms can VRTY ea,erLd Jump
i He | conduchon band and becomne fvee electona.
So, o soom Jempeyatuxe, almost all Re exta. electans
(oy St e ) Of fhe penhﬂdﬁn‘f' impurity will jump o Hhe
tonoluction  band. Hente, a Jlanr(z}"e numbey of {tee
oleckons Oe availoble o conduction i N~Type

@ P-4ype Extinsic Semiconoictoy
T} teivalent l’mb{m"fy atoms ave added to infvinsic Semi condutcoy
P—type cemiconductoy is obtained. The feivalent mpuxi
atoms have fhvee elechons in Hhe Valence shell, 'ﬂfw. Fivalest
impuyrhien o bovon, aluminiuam tgﬂ-@l'um ond indiun.
Consicley a Sampde of l'n’nrn‘nS:l'c silicon o U"hr‘.}" & e small
amount 06 -H’l:\]q_lebﬁ"' irmbUYI'fy such oA minium 1S

ool e Sinte amount 04 impusify 1S Very srold ;i mMay be
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tonsidexed fhat each Impurity afom s sussounded by

In.sl‘,;\fc.en aioﬂ'ts. . | () L) (J
' \gure, an impuvity atom m@@@f—*‘w

e
[ Aluminium AL] Is sussounded T () %\__.

bg silicon atoms. The Alummium ‘

L () Zimet

otom has fhyee valence < )
elections and fhese eﬂec:hmnsﬂ
fosm covalent bonds with /e,
the fﬁwe_ " nei'gh:bouﬁng silion 4 [) r
abms. The gou‘f'fﬂ silicon a'}em .' |
cannot make @ covalent; bondk -'_P“THPE semi conduetoy
with the  Aluminiom abmAbECaLEQe g j iFoK

- not hove Jovy#h vValente
’J:;ec?in?'};‘)f?med,uﬁe %otﬂf‘ﬁ C.Iofoﬂenf' bonol, |1's ,'"“"‘P—ie’k-
Thi's Vac‘.aﬁcg in the :'ncnmpie'-}e covalent bond | haf}\rE o
J;enc;lencg 1o complete e ' covalent band, [\ wilk 7 e

g

nefgl-nboum'ng atoma. U Al

At T= 0K, fheve is no fiee ichovge COTHYA ma.n‘.ﬂab,?e..- fox the
conduchm, S0 .P,_»I—-Eﬁog gem;wﬂomc@ actn as an Tns 1“

0 ) vl R S
Condmedron ') (') '-'-_q A y
Banck o ,& € < 2 LS Fa
e 1\ \ Eb. g i

EA i 'H‘T’fiﬁr"(fr'i‘"f\i lfa’
oﬁsg’_ oLYi*J 4 l'lﬂlolj’
O-BIZ'\"‘E"’ A .\Ia.lc.nr.c& n |

K* . e — e e . ;—jﬂ"'-. .
‘Subjact Name(subject cod 3 Qﬁ'r’rl*kﬁﬁrﬁﬂﬁu ) (VoA
PURAL ==, ey Sephaed /) _ ,_-":"_” _.‘f6

wid L
O ONdoNomiy




. D),
An eleckon I@fom neighbouﬁng atoms TequiYe Aome energy |

+o Jump into The -\famncy, : .

At Yoom tempevature, this small amount of energy o
pyovicled bt;l thexmal energy. The enexg y Tequifed to
detach the éﬂec.ﬁbhsl I.g'iom HRe covalent bond 15 0-05eV
fix Stlicon| and 0-0leV Aoy [exmanium.

L\Bhﬁﬁ af e,Qa_eL'l;fon_ Q‘mm Hhe
ﬂefaHbou‘sfng atoms jump it the

VﬁCﬂﬂCg ou;ound the ‘ﬂﬂum:'m'um ‘©
ofom o complede fhe | covalent :
bonds, the ?«MEL‘I‘ 1S Two ‘galcl. 180 @_'o @;"’
Fivstly, anoRey ﬂ&mn:ﬁ ov hole T SRy TS
's (veadecdh 1N fhe covodent beond —tupe Semiconoluchy.
ag sursoundin alton -ﬂ*rom wheve Oﬁmf{jmr’@ (owslers

’ Lhofes)
fRe electron had Jumjoed. -SEconoUﬁ) o—amf'n:j"; cawyier
0144@,' acq)u_[ﬂng an | electvon, the (edecson)

oluminium atom becomes G ﬂeﬁa:h"\re oM. @ - ﬂ%jaﬁvtﬁ(j

charged immebil
Since | oJuminium atom QCCGP‘}?& one electron *E'Téz‘an b
+» become ne{?@w_

fon, 1T 7S olao colled
' o 'fype. l’ﬂ}pwﬁ'{y,
@ cceptor 107 ov OCCep & _
Neqoive., fon 's olno imm o bile be cauAe i+ 15 helel %5}115[;
6 CT‘Z}I&\J Shuctuxe bc‘j

covalent bonds.

asieyy ave ovatlahfe o
(- type semiconducty actnr aa

in 7The
S, ok T=300K [vee charge
conduct' wLrrent. Thﬂ’?q?“%

COncLuC:‘"nY ok T=300K.
Tn P/*We S'emr'conclgd'o

elechons oxe MinoyYi
As o whole, [gpe madex

X hoﬂe.s ave maj'oﬂ'-}y caxssieya anol

cosYIeYA.

|'aﬂ 1S ei&tﬁf&a.ﬂg ne,wlyni..




The enevgy Level of acceploy :'mbwﬁg (Eq) 1s shown l":j doted Lines
and if s veyy close to the energy level of valente band (Ev).

“’\&TQJO\‘C, £e valence band elechons can Ue? easfiy J'ump + the
acephy enevgy level Ep ,ﬂeaw‘nj behind holes In The \Ja.fe:@:e

band .

Effect of Tembevatuve on Extinsic Semi'conductoy
= When we intiease the Hembevature, of extrinsic semiconclictov (Soy
Nr—'fypc semrcondluctey s U&&ﬂ then all ’fﬁe donoy afoms ulr'ﬂs]. donate

fﬁeh’ .SKE,-' o exha ~electon info 'Jﬁe concluttion band. Now,
h, Jempevatuve is fuy Rev increased £ T7300)) ' fRen clue to fRe

tRevmal agifation covalent bonds wild bTEGK.gm;L chufogelcnm‘erj
1o TRI‘S, fﬁe CGﬂLEﬂ'J{ﬂl’ltfbﬂ ﬂg’ m;hgyfg

coxsieyn will ntrease. .
Th 4Bis process a. fempevature ' yeacheol 'when fhe numbey of
¥ f h Rat the numbey of

bonds  broken IS e lavge  Suc
covodent bonds /s d B9 ’THQ-fgjoqE}

4 1y e o the numbey 03 d
hoes 15 nearly  egal toy' Now act? dike an inKinAlc

1Pe  extiinsic Sericonduc ‘ ‘ L .
.Seemiconohm»}w wift }wzjhef conduc—h'\m(y_ ThIS cxificad -Fembimhm
o Ifg{ e

15 Q00°C 6’“ S and 89 Combaxison bjw Metals £ SC

SN Medals [ Conduetsrad | || Seri B noliersva
1| Choyge cawriern OfE Onﬂa Eﬂec#ﬂﬂ%hﬁge camsreva ave eleckons Zh oﬂu;s
2| Crystalline Sevystalline

3!-|Has low vesistivity of }ui?}\ conduchi - Has moderate conducdtiv

4| Cawsiey ole”-‘""'}j s high. Q“*’Ccmy clenfsi'b is mo cdlevafes
5 Resistivify increases wih kr?}:emhﬁ'?fiesn‘sﬁw' decyeases witk tember
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Compaxtson between Tndrinsfc and Exdsinsic Sem|condlutdpy

@Y

sn| foxamedey | TIntvinsic Semiconduchy ExHinsic Semiconcluctovs
: ely puxe, NO Not pure as it contains
‘ PU“EI']'g E?&tﬁmh lfu{ldnlt'rl mou*id'u atoms.
2 Qoping No+ clont il clone.
3 TBPE —_ PJ@PE and N‘WIHPE
bey Numbey of electons |s Th equad o
! c?letr,_TmnS,fha! al‘:alabas 40 no. of holes Piejh o&e?wﬁ a8
S | Conduthivity Pooy Much highey
6 | Cuvrent Due fo elections and hofes [Mainly duefo e7s oF holes
S CDL]dLL{‘ Hem m o 7 dehEnalma an [0l Cﬂnduifm
) centse
?:{:rmf ved H+—an§faum qo.c:cg 3 I‘:{clgf e nﬁiﬁe& o
8 [ Applicadions Al Fox manu«gacﬂ}uﬂrg 0—{-
: ectonic  companen
Eﬂ.ec{ﬂ‘(g_ﬂ. P‘ﬂ)b?.’f‘ffe& O-F St anad &lﬁ
SN Popexty Silieon (S1) Grexmanium((se)
‘ fomic  Numbey by | 32
- Atoms [ em3 5 X [0%? 3-4 X lo%2
3| EakV) at 0°K -1 0385
Y E,,(eV) at 300°K B 032
S | Tntnnsic Concenbation 0 ok 300% [imd  |-5%(0'° 2.5%[o!°
b | Inhinsic vesistivity at 300K, f1-cm 2,30, 000 45
% | EQectron mobility Hn ot 300k, cr?isec | |,300 3,800
| & [Hole mobility Lp ot 300 K, (m2[\-sec 50D 1,8




