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2 A pevfect , puve semiconductor evystal  containing we

. i . .. .
mnPu ities is called aNn  nkInSic  semnud c.ov\dud'bv_

S K semy 39
o3 ™! conductoy noXly at 0Kk “Eonhok  econduct  and

behave as A Perfeck ‘:m.su\at()‘f_

,.:?,.—“\:’e enevdy band strvucture of a semicenductor s
chavackerized by & volence band and a conduction band

Qe“oava%ed bg ~The, band gap Eq

> e electons in the valence band do not Possess entugh

f

energy Yo jurp o the  conduckon  band. Thevefove , an

..

externolly .applied electvic field ecanmot cause o flow of

cument  and —he  semiconductor neaxly at. zevo K hehaves

as an wnsulatoy

_'INT‘RlNﬁia SEM!CONDUC‘BJR AT RoomMaI 'uk

= Hipm At room temperatuve | some of the electrons

convert  patt of -heir dhermal enerqy into  potential

enevgy. Those eleetrons, which acquive P.E equal to
)

oY In excess of | dhe bandgap enevgy Eq ore excited

| {:(om the valente pard 10 the conduction hand '
= Bandgop energy Eq e Jhe min‘wﬁum araouwk of

erexgy vequived 4p  excite o alectron  Lromn valence

bond 4 Corduction  pand

> £4 is Chovacteristic of Yne oAk e at
' -
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~>The number of electrons exciHted o the conducton
band depends on +the amount of +hermal energy !
received by “he crystal, [
= In intrinsic  semiconductors ., conduction arises {rom
theymally (ov opi:ica\\_}o excited electvons

f-“i‘w_tgws_zc_@mms -.
w"

— Tﬁ puve SemiCOncluC'f’OfS) a sl'nci/e‘ event af boﬂd
bveaking  jeads 1o +wo cavriers = namely an electron

and a hole, J
— The electron and hole are created as a  pair and. ‘he

phenomenon  is called  electron- hole pair generation. |
5 At any tempevature | dhe. number of  electrons generated
will be equo! to  number of  holes caenera"becl,-
N= P= N;
. N; : intvinsic clefx&Hq oY INtHNSIC  concentrartion
> Fhe electrons  move N He  conduction band and. the
hole moves in the valence band. |
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— DOPING OF TMpuRITIES

—> AN __addition  of impuvyity into an
is called doping

> Te mpurity added is called a dopant,

= A semniconductoy doped with immpuvity atoms is
extrinsic Semy c_ondud-gy:. N

intrinsic semiconductor

called.

N=TNPE  SEMic onDUCTDR

=) Grou.p Dopcmt

=4 PhOSphorus ami Avsenic ave +he doparts normalh./ used..
- These  Group ¥ aloparrt-s contribute  eclectrons to the

conduction  band and, ave called donor atoms . They
without producing holes in  valence band .

produce electrons
= At Nery low temperature . the donov atorms  are ot jonized

ard e  conduction band s empty F
> Ak slightly elated kemperdee, the dovnor eclectvons

populate the conduction band,
- At ovdinavy tewnpevatures , Some »elec-kvovws Hom  the \)alence '

band ave alko extited WO e conduchion pand '*Hﬂfocﬁk

weybvnsic process.
“’7 Ma Dni:L] Caxyiers : Eleckrons

2 My Coves »_ ot M&emlw
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P-TNPE_ SEmicONDUCTOR,

;;9 CJNOUP IL dopants

— Trivalord otomg  uch a3 povom and aluminium ave the dopanits.

—> The trvalent dopant faus shovt of one electyon for
(Dm? le—ﬁn& ihe four covalent bords  with  ite ne\ghbou“s-

T _lnhen  the free eleckion from the meighbbuving crtom
Acguwes energy and umps  to fovm a  bend, it leaves

et a e __Koracademy.com
- The bovon atom havi 5 acq,uirad an addional )

clectyon

becomey o negatve 1o

> The hole can vmo\:e fveely In +he valence band wheveqs
the. _imp uwh/ S immobile

= A a whole this -matevial s neutal bex weulral bovon
% added o apcedyy  neutyal  Sllicon |

— The impurity atoms which accept  electrons  from +Hhe
Valence band are known  as  acceploy  atoms.

- e dcceptoy  impurity  atoms produce holes  without dihe
_g}mu){:am::ous 6]ene~raﬁbh bf 'Hw'e, electrons

5 Ma,owtq Cavriers :  Holes

./V]monty Carnes . Elechrond

» in covduction band.
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P-N_TJONCTION  oR

JUNcTioN  DIODE

= Diede ¢ an electvonic Crecuit compeonent which  allows

current 1o pass only i one direction,

> PN Junction s deveIOPEd from a g’n?/é erisial - b

mfroducm? donpy fmpuw&es on one side and acceptoy
into 7‘/*)6 other cide.

> Due 4 density difference acvose the. Junction  she holes

zn'rﬁali(/ diffuse towavds N-side | wheve e number of holes

is lessex . Similarly , electron diffuse 4o P-side of junctiom.

= M{?ra*kbn Df electrond and holed  acvoss unction  due <o

Gomwk;b‘tr&ﬁﬁh difference s tevmed diffusion .

S At the /unc-hoh on both sides a region i ¢ovmed  which

i deplefed of charge caviers. s vegion is called depletion

redion  whpse thickness s about 1074

S An  clechic field s developed acvoss +he junction which is

n direction <o OPPOS(’, The ,ﬁuY‘H'\QY dl)CFLlSIDr\ Of electons FVGM

N-¢ide.

> The po%errh‘al develapecl acvoss e pavrler lader is  called

bavvier pofenhal Lt i 0% wolts for gilicon diode and

D.3 vos for agexmaniom diode.

. g 2 |
=y When o ewternal souvce s conneckd 4o diode | it is

oled  unpased.

S We  widdh of de?!eﬁoh \ayer deperds on  cavrier concervvation,

Keraeadé-myrcom
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~ FORWIARD  PIASED - P-N_ TUNCTION

-5 IAhen negotive tevmaimal of battery is  connected 4o N-side

and positive 4ermival to P-side ke connectHon is  called

foruaxd  bias.

. P Illhen baH—e\fq voltage exce.eds the bavriev Po{'eh-\-\‘a\ (o-3Vv for

Slicon and 0.3V for Germanlum)  wnajorty of chavge caxrievs

start  crossivg  the junction.

> The vesistance of 4he ‘unctiosn in  forward  biag s guite

[ow

= The electyons from N-side drift towavds the ;lunch‘ovs anrd

¢pss . and  holes  move i oppo.si-l'e. divection.

_ > Ondex  pvopex  forward basing of a P-N Jonction diode +he

width o? the depletion layer decveaces or dhe bavryiey potertial

decxeases and e dide conducts.

.= In

nternal circulE ecurrent i N-fe—ﬁfov\ o due to  electrons

@rd in  P- region due 4o holes, Pt in external circuit +he

cucrent- 15 due 4o {ree electons.
“Koracademy.com

REVERSE BIASED P-N JUNCTION

> The wegative “erminal  of 4he ,baﬂe._vg s covhnected

1 the P- side  and positive tevminal o N-side.

> The ap_ph‘ec\ Yeverse voﬂago, estoblishes an electvic. field

which acts in the Sawe divection as the elestric

fied n_dnhe potentiol bowvier, Tevefore, Wne potenhal

~ pavier s increosed,

e
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%\Ty‘\e ncveased  potential  bavvev  prevewls the  flow of
chovge cavvievs acvoss e “iunclion.

> We battevy ack a1 o ~everse biag +ov v‘na\ovitb\
charge  chavged carrieve but as a forward wias o
minovity  charge  eavviers,

= The Mminoviky chavge  caryieys -»oOVE  awosS the
Junction . This  constitutes veverse satuvabion cuvrent
which & veny ¢mall of the ovder of 4 uA

5 The vesistance of the Junchon in Yevewse bias is
40 kS

—> Undey vevevse biacing of P-N junction diode . +he  width
o{ deple#fah Yealon .ncreases oy the bavviey potential

mnereases
Koracademy.com
_KNEE VOLTAGE , |
The point at which  wmajority  chavge cavriers cyoss

the  junction and current flows e called knee ve ltage:
Thie ic  coled  forward bias and the cuvrent is  calledl
forward  cuvvent. | |

~Knee Volkege fov:
D Germaenium — 0.3V
Qi\icon‘ -5 0.3V

=
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VI  CHARRCTERISTICS OF  P-N_“JuncTiow .
T (mA) B
(00 - _i
4 m{; A;Yecélc/ pmpmhmdﬁ
J . / 5 o fy'rﬁjz?h-t ine
e Yo ‘
et t{ e
\0 \l/ .
BY%@M%” cuZpec’iaae 20 Cuyrent -m{/)'ldlb/ incre aseés
e X 30~ due _To  Knee vo{%nge

~Koracademy.com——

S Fovward cuvvent neveages vopidly beyend. +he knee

volage. Theve exists &  wauimumn  cuvremt ik fy
‘)mek‘iGV\ , which s decdded bBY power vatio of
}mcﬁ“" . 5230"0\ tat , the ﬁ:/unc'h'or; is destvoyed,

> Tn veverse bias ,f Voltage s ineveased due Yo .
ovoiladle enevgqy , ceovalent bonds break a:v\A \avge B
numb ev .of electrons are Ye\eo\seol.f—m;s . cause s a -
Sudden Incvease n current . ThAis ig  called eney

effect .

¢ ——

I evevece bias s

neveased  furthey ,_PINOYY

e A——
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charge cavvieys attain high veloeity and  knock down
the  bound  electrons fiom  covalent bhonds and  current
mereases. this 1s  called avelamche eﬁc&{:

'i

i

effecis

2eney

cliodes

Using hese
|\

ave fovmed

)

FT_OF _MinoRITY CARRER

E‘eC'\'\‘ ic 'Fl&\d» acYypes -H\e_ "u_nc:Hoy\ pYe\reY\‘\'S M diHL\S‘DT\
o{‘: ma‘\ov‘\tg coxviers. However he {ield h.q% the
Yight direction o promote the flow of wmimoxity

e\eckr\c

caxvieyrs

across the junchdon. Electrong oxxiving at dhe junchon from

e bulkk of P-vegion ave ascisted by  the elechvic  field

o wmove wrlo  N-vegion. Sirmilaxly, holes in Yhe N-region awe
he.\?ec& o move inko  P- veqlon. As » o conSequence, an '
elechric  coxrent flows across  4he  junction.
__As _the cuwwrenk s caused by the electrlc fledd it 8 @
Aaift corrent, The vvek  Arift  covrent The due do - dectron
and hole  which i glven by: |

L canigey e
e rinorky  corriers  ave  gererated dnwvough  breaking

of covalent  bonds.

Koracademy.com

_DiFFuson CURRENT

Diffusion cuvrewk i A currert in 4 Sevws cord uctoy
couced by the Affusion of chavge corriers. Ths jo the
covvent  whch s due +o  Hhe Jﬁrdnepovt of Chqyge_S -
acunng bc2 OF n0h—Uhiform coﬁcen-}rahon OF ghayﬁgd\

pmjdcleg " a 59m'|c0hc\ud'ov,
|}
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_ Whenevey  uo  Aifferent type of waterial are jO"'\"—CL |
_togethey 1o N-Type and  P- Type | thern there exist a charge
concentvaton difference . TRis difference leads 4o flow of
__ﬁee electrons from N- Type wnatexial +v  P-Type waterial
Thus Hou, of electvons constitute flow of charge | hence

A  curvenk  oxist acvoss  Hhe ‘wncHon. This current g wevry

Smal  and a\so teymed as leakage  euvrent .

_DRIFT  CURRENT

Drift coment = +he electric cUyvent . oy vrovement
of chavge  cavxiers , which is  due 4o applied electiic /
field | often stated as  electromotive force overy a given
distarce . |dhen an  electric  field s applied acvoss <«

Semiconductor  watevial | a  cuwent e produced due 1o flow

of chaxge cavwiers. s  current s aleo  caled load cuvrent

_whidn fows  Hvough  the applied . load in e aveuit

% Diffocion current can be i same ox opposite.  direction
b At covrent
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