. -
L)
.'
- )
W 14 12092¢H14

2 A

3TTeToh SRl Toh -
ured, gferar qen
A Y

N WD M=\ ¥ A

14.1 ftrer

TH gfear 8 seeEl 1 fafa yere wra fan S 9ok, 9t seiaeife afget
F gAYd T @ Bt €1 W 1948 H INRX &1 WY ¥ Ued UH gt
rferentsra: fafa Fferd (=1 area) off, S@ fafd s@e e < soiRie; e
(wI2) TN THelie T §; Tre oo 9 soiaee—heie, wie 9o file ¥ ®; 32
A U (HHY: 4 91 5 oISl & W) | feneht feifa Afereht & gl 1 ey
Tk q@ whefle gNI 1 Wt & 9o 39eh fafi=1 soiaeiel o s dieeal o ufafdd
e fald W g gl 1 Rt yere W feRe S 1 Sau-seieiel T
(inter-electrode space) ﬁsﬁa&:ﬁi’%m%hﬁaﬁ 3R Ih %)l?ﬂ% A0
T geterRe o790+ U § oY o T[St W TehUehT ST Tl @i Fehd &1 & feraal
T Soiaei cheel helle © TAS &1 3R Yafed i Hehd & (31efd seieei shad T
& e o yanfed 81 wehd €)1 €T Rl @ o UE gfekE il WeRoan ared wed
& Frafa Afceme @ ot gfemal R & =€t gl §, atfren Wik w1 SUHIT wLdt
& a1 e | W S dieedl (~100 V) 1 STavashdl gl 81 $Hoh i &
TehT SHoehTel 3TdeTehd H qen favaaiaar oft %u gt @1 ey Sig-srawer
s7efareTeh getaitTal (Solid State semi-conductor electronics) 1 WgHE T
1930 ¥ 3§ 3™ ¥ e T foh i 3 oTawen AduIeieh aun STeh! Ak |
g HATST eidt € foF S STEe areenl S W@ a1 ek Ydae i fen 1 fata
foRe S Tehdl B| WehT¥T, o1 Nl 3TeY SIYIeR dieedl Sid Stsieh et sreferers
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H fqe et 1 gen ufEfda w1 gehd €)1 2 3 9 9 I8 @ T st
il o e STeehi 1 YT o YaTE W 319 & i} & e 7, Safh e
TR € arelt fafd Aferkretiaredt § Tfau seeeEl w9 e 9 U fRar s
ol 9o faffaad T stuan faia | yarted wUEn S ol ST giokdl H aed
AT S1ere Aok Faffid € w1 sreveehal T81 el 81 98 SR § siel el €,
Y Tl 1 STUNT HIdl &, HH dieedl T HTH Al €, SHhT S ol Bl 8 3R
Tt faveriaar et et 21 smefeh Ffaal o af Fraffaa Afererrent & fagia w
F wE ot helie fRwor TgEl (CRT) fent s Jefifas def den shogex
Hired o foran Sran % SITerEen E@W (Solid State electrons) aftger o G
dor fasae feea feom (LeD, 53 fhea wsel) Al g wfaeenfud &t s
W 21 eredurerd il i iU 9 W TS S @ oft 9gd Tedt wehfa § qg
S 9 et (e GehTEe PbS) o Tk fhed faeh e «1g 1 T Hueh fog
ARG o, o1 ITAM e T o Tg=e o &9 § fhan S g1 ol

frefoafaa srum o &0 erfurcs Gifdwt w5 F9 got sEuroet ¥ ufieE
HAWT q1 G e (Junction diode) (2-3@a2iel i Jfa) qon fgyeta dfy
(Bipolar junction) T (3-3aa2rel &1 Jf) Skl $o st Jfwal ot
o | T AR T S A A e e w1 v s

14.2 oTqedl, SRl qeT STeTATeTehl Rl TIIRTIT

ToreIa =Tetehal (o) ST¥ET YRS (p = 1/0) o AU A o STUR R 3G Ta120 61
=1 gR 9§ effereor e s @
(i) &7q : TR UiRiEehal Sgd A (STl =eishdl 9gd i) el 8l

(i) erefemeran : Tkt Ufaiershal A1 Aetehal et den fagaaeh el o sia +t

0c~10°-10°Sm™
(iii) fargavret : T UfcRiuehal Sgd oIk (31¥e] wefhdl 9gd ®H) edl 2|

c~10"-10"Sm"
FWR U TT p G4 o o | Sherel HITE HH o Gk & 3R Y T 9RER o smex
off <1 Hehd 21 orq, Torgaielt wered qen sreerhl o wie g i ok fow wiakierehd
T GO I & I T AI9ES TE T FS T A off ¥, S S-S o1 39 A

30 e W e Tfe SieEeTshi o oA W € S e WehN ok © Hehd B
(i) arfas 37T (Elemental semiconductors) - Si AN Ge
(i) Zfik o7efamera - ST € :

o 3THEM® - CdS, GaAs, CdSe, InP, 37<|

o FHEMH - TYRH, WA (Doped) Jeiearid, 3

o FHMEMH Fgah (Organic polymers) - Ticarsdel, QrelUel, Qe

STAHAT o TR U7
p~102-10°%Qm
c~10*-10*Sm™
Bl B
p~10°-10°Qm
p~10"-10"Qm

o 3 937, T g S|
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AYATTF el Th]

- 1Y,

Ifear den Tl gRue

TSTehel SUCTsel TTUehiyl STef=mersh Jferal difcareh Tefemereh Si a1 Ge 3R Afieh
FTe 7 STefaTerRl W & Sa 1 W T 1990 o 9% FHrefieh e iR
STeTCToh SgeTehl b1 SUANT hich i TeaTeish! Jfoadl o1 fashra gan foem afas
% oI TEe ORI T e TR F S % wE % w
fierd 1 39 319 | BH ohael TR e, TRt difcaeh st Si
qUqT Ge o 1T deh &1 Hifqd @I difcash etef=merehi st faa=mr o fau 7=7 o=
YO AR 1 TEdferd fhan e @ o ferdi-a-fret w9 o atfirenter Aifen
TeferRl W AR] B )

Tl o€ o IR W

TR TN Aied o IER fRE fagga WAy | 3ueh fRdl Solee i el 39
TSR 1 IRYHOT el W R I B 1 WG ST THIY] Th-TR o RS SR g
3 I od ® A O Th-ER ok Tt e g1 W €1 ot ket wamst ok
TARAT T TRl HeETd AUk UG- o7 S & 3R el % & Th-SR *l @
oIt &1 ook URuTHEEY R S W Toiee i G 1 yepfd R fage
o TSR HI T 9§ Tt 9= 8 S R

et fopeeet o ot T Soiee &1 ot sifgdta feerfa =it € qen faeel &
TRl o TR SR o e 1 Ued Jened ®9 § Uw S@l @l el T8 hHul §
o ek SoieRE o FHoif & T Bid €1 3 Fa= Sl & S St b1 Had aiterds
Bl @l & Sl ol k1 Fmiv e €1 oI el wR S Garsehdr seiaiAl o Sl
T HHITEE &, GASTehal 9 (Valance band) Heddl 2| Gl o€ o S ferd
o€ &1 F677 98 (Conduction band) %ed B fam fordt srfafea ot o, |eft
HASTehdl SoieR HaNSIhdl 98 H @d ¢ If¢ =er S | feaq &R = o5 %
Teadd &R 9 off A= 2l GASRd 9T o ToeR ST 9§ He §€ H THT &Y
Tohd &1 WEEd: =l st Red g €1 W e 78 S gasehdl o€ i stfaenfua
(Thdl) I & A SASR TAAAgES $heh W S Gehd 21 UGN Hifcsh Heteht
o g 2l

IS e S qU1 GASIhd 9 o e g R (3{aUet) €, @ HASiehdl S
o Tt soiael aiag B € 9o weH o H $IE g soiee Suoed Tl el I
ueref 1 forefauiel o1 <1 B1 g GASTRdl S o 9 Soiaei oel Sl qIa ik
HoASIRdl S[€ q1 =Te 9 o ale i Ffe i IR H Hehd &1 q9 3 TR e
o uEE S © qen Haha o § e ol T 3= i 2d o e seiee
S Hehd €1 T TR T WihAl <o o€ U ScigeHl ael Harsehal a5 | fifeend
TH o SRl =Te I HHEA SIS HT B

3T, 379 &H I8 foam &Y foh N TRHET are Si 312fe Ge fhea o gaeor #
1 Bl 21 Si H STeIaH el el e (n = 3) Bl 2, St Ge W STeian hey e
HE (n = 4) Bl S| ST I Hel H 4 el (25 3R 2p ToiwH) B 21 3:
30 fored H I Soiael i ol GO 4N g8l fRE aRw wen o eifusan
TSRl H T 8 (25 + 6p TeAFA) Al B o1 4N FaAISThal selal o fog
ST TSl GR 8N B A SN fafers Ssil & o1 d i Fad oS a1 Fehdl & A
o1 o=t i  9qea & Tkt 2, < fofeat o wampstt & s il w e s
g [‘3mEi 1 e fagia’ — siew <]

Si T Ge o Tohted STetehl | TEATIS oF &= i 3R T, 37 SN &R 1 i
de g 9 § 32 51 7, ek 9 9 e E, (99 14.1) 1 9o & €
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% HifaeRt

AR & A I WAN Garhdl soeHl d quia: foxr fe S gaiesar s g
21 o e fH AN o TR i € S W aig hed §, 99 98 e I W gula:

ot & 21
s A o ST fF Si a1 Ge fread § N
E\ - T €| T AT o SereRl b
\W N et o fafasr wemg gi A Feft Ty
/@ - fererfir &, 1 Wh-TE | e S
) L W E, d s e adt Bt Wy U
e foFeeen H e TG o e e (2
v ¥ 3A) T T iR Wl soide Th-g
A W i Frepead! ] et 9 of Tt
&y e foral ohed €1 T STEd el o g 39
e (A TR ) 1wt
e l=n2) (n- " %mmﬁ%,mﬁaﬁﬁﬁﬁﬁﬁmaﬁg%
i ol 1 F S @ W S
g 39feTT Si A1 Ge foredd T soiaeq Sete

1 T o foTT & Sharet STeiqH el o Toel i Heiell # TR R faER w w1 & sTavashad g
Si o oIy aeram el dedt el ® (n=3) S Ge o ToIq STerad shefl =iefl el € (n=4)| 39 <A
T T aTRIH FHE H ol B W@ 4 7 (2s 3R 2p Soae) | T fEed § AR soael ®
Tqul G&A 4N T TE| SRIAH el W goeeHl w1 SIfhad H9d T 8 € (2s + 6p IHRM) | TEfT
AN SOSRHT | ¥ 2N SoieeH dl, 2N s-37aeeT (Hefd Feied 9@ 1= 0) | B 3R 6 2N gl W
6N W p-3aeel | itl| TIeqal, s p - Seiaei ey e it s/ Tost o e gifes 9 o fe@men
T R UE TAiE B9 ¥ Ydhd A1 Ushel WHIS %1 frefq @ (fam w1 @9 A

M ST o 98 0] T 39 oM o fAT -SSR e 31T 3TRY a1 fafir qrampet
o SolgeiHl o s YR TRl o RO SRIAH hell o 5 Seel shi Sy qREfdd 8 Hehdl B (9%
1 S Wehell B) | 1= 1 1 6N 3Ty, fSiept St yRe o forger qwamopeti o forg weem of | 3fe thetent
Tk il ag ot € [T # €5 B]I 36 UK 1= 0 W1 2N et fSent Sl forpe A o
fore wewm off, 97 ot Tk o Ff 95 H <2 Wt € [fod o &9 B % gagHigEs 3@ ]| 9% ST ued
o5 W Uw F el g7 YUw &l &l

ARt & o 3EE ot wH guedd g W, qefy, T U9 & Sl § S 9% ST Uh-g o faera
T S &1 HO AT STl &R hT e el Sl SYeree e ol T Sl W) ki Ol Sl
afeen o oft = el St 21359 & W (Fo | &7 C), FIF Fonf sfaver 7&T @ 3R FYd e et
il saeed fafya gt st 2

¥qd:, A TAS o T H I SR FHW T I T, A o S R W favga @ W
IR TH Fof AT E, © 9o & a2 (Fodl & €31 D @) | W Sl syeensi 1wyl e
8N i R T T i o e ae fen T (Fee o S el e § 9 T § AN sEen) |
el Tiedfeh o e € o feet o o di sa € sraeard (4N) €, e qwEmpet | 9 g SR
RN (4N) T

AT 9% ST (S Faieear s wea §) qUid: W e T, Sefh S ST oid: @l ¢ St
o€ @ =T dg ®Ed 8

5 -
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o1 14.1 2fEw) 3o =eF o § fedH fem

Sl WX RN E, o ®9 H 91 TSR 9 |
Seaqd Sl &R K E, & 9 F @0 T R
E.% % @1 E, % ¥ % wam &
AAfush fepe agd ¥ Sl T 9T M 2
HAISTehdl §'S o I a1 e oS i qet
o W oh AU i Foil d8 Hawer (AU
Sl AT, E, ) Fed €1 Te A el
Tohfa W xR e T Tw SAferck, E sterEn I
B gl 21 9 fafe= fefe 1 fom 14.2 9
<9I T § 9 e gkl faeE i T 2
GHOT I : 98 o9 14.2(a) § @ T
feafa & waed § 21 o Tt uig #F feufq ®
FSTew e og ¥ 9 9 90 qe Farsehdl
og ofifyrer &9 9 R © Stuen =er §s qen
ISRl sg fdeara € < stfaed e 2 o

T SRl - TSI,

IRl qen Wl qRae

_______________________________

B S it

o

forT 14.1 0 K W foeht arefumerss 4 ool S & fefaa,
90 o N8 =er o #Ed €, § ofda: fawna gen o,
Tt e il stereend it 81 freren S 59 wasteha
T wed €, ° erctus e quid: Wit Sl st et )

ARl 4 W SoeRH TXedl | =l o€ § S Hehd 81 T fefa fagd = o
fau sreafies e o soeei ST U Sl 81 S HasThd S 31 w9 °
BT € df o 39k T TR W S=9 W qh T ek fagd e il Had &=
< | EifeIT 39 YRR o wEiell T giokiY W el wietehdl 59 el €|

EISE]
B |E ¥
® B
,E( -
¥
@
/ﬁqﬁ
‘E Eg>3eV
T
¥
(b)

sl ®t TS

o7 14.2 (a) urgsH,
(b) TergaRielt Term (c) Sref=rereht o ofl del o sre el

sfaera
/Hk‘ﬂ%‘"s’

(Eg = 0)
TSR
¥e
(ii)
| : E,
Eg <l 3 eV
Ey,
(0
473
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% HifaeRt

TTOTIT : 39 Wil © S foh Tt 14.2(b) o <witan w0 €, 3o feofa o S
St E, Ao 2 € (E, > 3 eV) | 9o 4 H g sorme T el o1: 1 faed
e ToE T S A 3 A S e § o Sl stadel s St B &
ot oft e SIS W Scigel i HaAISThdl S ¥ =o' Wi AR Iied 7@l e
S Gkl T8 farganet a=relf 1 3R B

THTOT I : I Teorfd 14.2(c) ® <ot 7 21 3891 us ufifgd w=g oy o i
(E, <3 eV) 311 g1 77 9 ST e & FRO1, FA % A0 T, TS T ForeendT
Ye 1 s Tofl o o & FF S ST F) IR e dS § g Hehd
g1 3 g (Fafy g ® %9 e €) =ed o€ § i w Gehd 21 37 s7efarerh!
1 TRy S eAferek A et e faegadeht aef %1 g 2

TH S9N H THA UGS, HcTehl qen STeeIeish! w1 SATdeh SiiehT feha €1 el
STIEF H B STei=rcten] | <o Wishan o foma ® i@

14.3 I 3rf=relsh

B Ge 3R Si 1 o WIHRU ST ol St Sofh (Lattice) o1 o 14.3
o fe@re T 21 5 st i ER SE T hed 81 Toieh WA =R 37 feRean
T gRI B il 1 g9 Wd § foh Si 3R Ge W R WAIS/hdl gl B
g1 su Tl A § Ye® Si A Ge WA 104 =R HaArSiohdl goieHl § 9
Toh-Teh SR o1 30 IR Tehed TCHISH o 1 GEwIfal i i Jeid @l
T T T YAH Fohead! WA o U ToiaR w1 GEWFT T HI 2| AL Hewni
SAHRH J7TT GEqars 78 (Covalent bond) a1 Taisahar @Y (Valence bond)
FEAM §1 TH TE ST w1 § TR I weife soiee 9 Hefud wanst o
we -1 T U ®d §, TNEE o gea @ 99 g 21 e 14.3 § fwr T
Si A Ge H = &1 2-faria feqo o3 14.4 ¥ azares €9 9 fg@mn
2, Sl Hewdsh sy W s 9ot a1 21 o 14.4 T o1eet famor € o sy
T T B (Wl oy o1 gy €)1 e fufa fre A W @ adt @1 S-S ar
Sedl 8, T el ol 3N FoHT ST Wi B ol @ fore
T U PO ToaR I W N B Wehd § (gH seieR
TAH e H ANEH Hd B) | FHE Hell fhedd Sets
o T THIS F YA TG Y SIAHA FL A @ qe 9

o Uk Red @ o1 2§, SE s 14.5 (a) § fe@mn ™
2| o Sl (3MEY - ) W&l ¥ fenere o B, o'l 9
A A (+ g) T T Nekd TH BIg 31 €1 GH1E A
RN el =€ Rekd T Teh 8led (hole) el €1 giet FHrat
¥FIHS STENT el Uk STT9rdl GFd &0 i aE HAER
LT B

I srefereraRi (Intrinsic semiconductor)ﬁﬂiﬁ sﬁag“ﬁﬁ

1 @A n, Bl F1 @A, n, F TR FA T, i
n,=n,=n, (14.1)

e 14.3 wEA, fafaet =0 skafem o fag wnﬁﬁamwaﬁﬁ%|
d-fordia &R St foreeer S fores Sieten gﬁ@ﬁa‘g&%ﬂhﬂﬂ@ﬂ%ﬁﬁﬁﬁ%ﬁ@ﬁfﬁ*
SITIE o FA: 3,56, 5.43 FE5.66 AT growrer @t o TR FW 1 A o fF TIF 1 R T 2§ S

474

1 14.5 (a) ¥ T w0 81 2l 1 G w6 B 14.5 (b) @
fe@m &n 9 gfied fman ST wehar ®1 A At W€ 3R %
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TGS 58 TIM 2 9 T et o wm 1 (2e)
H g FX ST Thdll T T8 YHR, TH TH 63 o 918,
BIel T 2 TR B T 9 T 1 H Tk SeleriA 31 T
TOfCTT ST9E &9 § @ 8l T 1 9§ ¥F 2 T =el
T A S foh ST gereR URw | g ge o [
14.5 () <f@u], o7 s/@ &1 7fd =1 39 foran o
gftaferd &t 21 gaa soiae Iula: Wdadds Ao
o % wT T A § IR T foEd A o
T TH TR MW ([) 3@ | TR0 ® S e
frea o &l ot T oTYRa o4 B 9@ FrYa s
1 aTfaeh A ET SR THeRT v wE o o e
1 TIfd et T Fest 3UE 2| R areafas fhwea
¥ for@ &9 &1 a1 & woa®y I8 T RIS
fava =1 R g w1 T THER TH A W I
fieTdt 81 SO © I =1e SoisRil o ROl gl
BT [ e Bl G L ShT AN Equl e [ e -

I=1+1,

T SRl - TSI,

&
ﬁiéﬁ?ﬂ T Tl 9ige
b ;e e
° i )
OO EINC
e E
N [ ] : ; »
. - : @ Si ST Ge
L} * :
LORAN @ 9 L TR -. P
________ .
OO NG -
¢ ie e - d g
o : ’ wfera
¢ o o PR ° B
EGERIE]
_____ ORI
e > °

oT 14.4 Si a1 Ge &t 9= &1 I-fTHg HowemTs

frequ faedg f=1 a9 W Tegast emEy fg@m g

(Tt 99 =9 g, % <21 94 Te1) | +4 T8 Si A1 Ge F
it IS I 3@ wLal 2

(14.2)

T8 &AM 37 A 10 8 © R <o seideAl 9o el o S B o |- T
TG 1 Yo Bl © W Soiae e o WY g9 e €1 e |
AT AR % I B 1 &L Ik TAHASH 1 5T % U Bl 21 TH T HASH

1 HRUT TR 1 Bl § Hog HEA B

° o ------- N .
BN

@ I s

r Lo
.__‘- e ®.. ."‘_ °
- ..0-0 ...... ______

b : . :
° —o TN -
...........

¢ [ e [oe

Si AYE Ge

(b)

ot 14.5 (2) 999 T4 W I Seit o HRO WHE 1 R B q A6 ST o 3ca=1 8F 1 TILIH
&I (b) fFE Biet &1 Henfad S Tfd o1 Weliehd o 1= a1et od &1 o eddist s (T 2) ¥ U
TR YRR B T | T Fell Sl @ 3 T TF W U B siedl 2l

T UHR WM 1 9 WM 2 9% S 1 STHRT Tl Rd e e
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% HifaeRt

R — e e o3 14.6(a) # TWT ER

A EC T

eI ol

E, T=0KW &g 41 ayefererer feneft
T fagatelt =1 wifd Feer wL 2

Tg A et & © R R

I=9 @ (T > 0 K) R FS Foiaed

E, E,
H 7= €1 T> 0 K W i Swiferd
TR e ST U ¥ 9 9
T Te0 L oid 81 gEifere femet
(@) (b)

IS erel=rers 1SSl o SR@

ot 14.6 (2) T=0 KT % I siefae gt 51 offs smoew 99 14.6(b) § ST STIER B B
I 2l (b) T> 0 KW =R adia Sci=1 geisri-glel el o I (=) T F TR HoH |48 | g9
el w1 Trefid @i & qen fed 9d (0) el =1 fefa s ) T E1 A TR W AT o 9 I

3480l 14.1

476

I A e § el e 3
AT 2

ITTETUT 14.1 C, Si AU Ge F1 ST (Lattice) HE=AT THE Bt 21 R ot ==

C fagaieh € Sk Si 9 Ge 99 €= (intrinsic semiconductor) &7

A C, Si 7 Ge o WAV o R S Serded el fgda, T qen =g wan
A e €1 ;T WAEh W TH Teiaed o o] e o forg stevash St
(T S E,) o 1 Ge o fou, se@ afere Si o fog ok Wt e1firs C
o faQ BT 36 YR Ge 9 Si § o=y = o fau w@ds soiaeil i 9 el
eIt € Welfeh C H @ 0 Bl

14.4 UISN L=CIR

forelt 1 arefercreh 1 wTetehdl $Uh A9 W R wd €, W He-ad W gHeR!
eAshdl 9gd HH 2l ¢ T ®9 H, HE ff "ecqul soseir g 39 st
S Torenfid =Tet w1 S Hehdl 21 37d: Seh! =Tetehal H GUR HiAl SAe9aH Bl 21 T8
37 srderest | Tgfgal 1 SUA ek fRan S R

S foRdt g s § B SwEd oTgfs oTey Wl S g o fa
fufeem (ppm) o foeTe STt @ df STeh! =ershal § g T gfg B Sl 81 36 YRR
o YRl I S7UFST STEfAITH (Extrinsic semiconductor) 3Tl 37{’]7% STefaIeTH
(Impurity semiconductor) %ed €| aifed g 1 Geurgds fafsm & 7"
(Doping) @1 70T HEeldl © a1 g WA 37975 (Dopants) FEad |
39 YR o 91 i F1Rd (Doped) 37efeTereh e €1 STaffisier U@l gl =fey S
o e 9o o o ol fagd 9 U 39 haa fohed § 9gd A qd
srefTere aeATY] fefadl i g SR S1feul 39 W i oh folt U STevEsd W A8
2 T sruftsrs o o1 den erefereish usef o STUETl T WSS RIS THM B

=Iq: HaASTh Si 316l Ge o HIGA o fIT 31 Wb o e1afiigrer STanT oy o 2|
@) o GASE (TN 5); S8 AR (As), TIHEA (Sb), HIERRY (P),
(@) & TaN (HaERdr 3); 99 $feam (In), I)F (B), Tqfafem (Al), )
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AYATTH Telaei-eh! — TaTed,
T qen el qRae

319 &9 98 foe=m w41 TR srafagon g@ fea -
THR SR § STEY GTehl B GO T URAET o g
BT & TSTEch R0 39 STeieTersh shi wIerhdl qRafid . ...... .- ...... .--. ______
& STl &1 Si 3A¥El Ge e RO & =qe g9 P : . ,
() % W ¥ g EW oA ¥ fow fe L, S s (S
% e oo o o & o a1 T T o (8), (09) (W) T A e e
FIA gL T HEHH SHad gL H € T erafisgo [e [e s TR TR
o ST Al el o AT T WES S AT GeH o e L
WA % TES % NN SR $1 UuF A T8 3 "'_"""
5 ot o faw swEm B ot freEsw w0 e g 6
JoHaSeh ql STAMHY0 oh 99 Ush-g8e 9 Joia: Lo
=1 YR o < erefurern werel w1 fmi s @ (@)
et @ = fean w2 .

QIdl shlg

(i) -9 & rEferrcin
A ST fF 89 Si A1 Ge (FASRT 4) &I Th QCX@ W
g (SRl 5) ded 9 Srafafya s S Q@O -
o 14.7 ® fe@men 7 21 S +5 skl el dc
Si o Teh TEHTY] 1 FITEATI Tieh ST91 T T80T OO O

HIA T d Tk ToldRHl § W AR, Fkead @R

fafeeia waret @ oy s €, Sefn diedl sore i

WW@@HHW@W%'WW fort 14.7 (a) =gl TS Si 1 Ge § T=@AST S@1 WA
%Wv‘?ﬁawimr“fqﬁméﬁwm (As, Sb, P, &7f%) & eTaffsor § a1 n-srd=rems |
WW*?’?@W*W%'W (b) n-9R o T T IR FIFH HATHS
RO $9 Feiei i T BT o 0 STORTH ooy forerd it i1 o Feom 78 1 el 0%
SRR St g0 HH BN ¢ SR WA FH AT W i g aerers e S s g seee &
B U o STt | e T i o foTT qe et fern T 2 A

I €1 3T o foTT, 39 SeiaR i WA g
F ok fou SHAEH | ~ 0.01 eV o fafasni o
SH 0.05 eV Feil =ifeul zHeh fauwli fredt 49 srefumers o wer a0 w R
TR o G S ¥ TIFE o fau (SEiftEm | o 0.72 eV e fafeen
H AT 1.1 €V) 3ol AfeUl 6 YRR Jasdiseh Tafish foga = o fag
rfafier seiagiv USM dl € @R gHifert 39 <77 979)f5 (donor impurity) &d 2|
St TN gN foRd =e o folu, I T U Seree i 9@ Jad §9
T erafagor W R w5l 21 T mEu o qrg R el @ medt) guek fawda si
T G 3Icq o Serael i H@&A (FHH §EA | Biell o |Wief) H a9 oh W
wgd %A Jfg Bl 2

forelt saftfsa srf=rers o =eih iRl 1 el HeAl n, ST o ANEH qe
it SROT (ST BR1) ® ST SiaRl oh hIUT A1 Bldl i Pl WA n, Had
it Giq gR1 3= eiedl o SRl el €1 W] el o g i ) H gy gl
ﬁa?rﬁq@éswﬁw%sﬂ%w&mwaﬁﬁﬂ@ﬁaﬁxwﬁ
St Bl

TH YRR STUMHSU & 3o TR U wIelsh solael ol S § el wi S hi
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[] [}

o o gfg 1 S Tehdl {1 o1 GerHaStR STufge o @1 STufigor g
W frd A e W SoleeH dgaede e dlgeh qell B Seurd
Y aEF I W §| THAU 9 YRR ok Al i n-FHER &
. yefarereh hed 21 el n-wehR o erdferers o fog

n, >> n,

(ii) p-9&K & arefemeres

(14.3)

-9 1 SAeferh 99 991 © 9 Si A Ge (FgAGAST) o IU-11T BT
et emrfgal; S9- Al B, In onfg orfdfsm =1 st €, st@n

o ------ o. é%? o
""" " o 14.8 o fe@man won 21 e7ufuses § Si A1 Ge &1 3TUeN Tk @Ed

TR A Bl € SR THIAT F8 TRA] i SR ¥ Si ARt | 6y
T Gehdl ®, Wfeh wiefl SR 5 S o Ty evEeh Seigeid Sueied
T B o R el o S § Hhel A2 @ ard o st W
Ao e Freresy T & Wte 9y H U R sieen e e © ol e

14.8 & i TN B SHifeR Seieh W USIE Si W] B & TIH T T
TR =TEdl €, fehe o TRHT] o 9el el 1 T seiae 39 R
T o AU FgE R Ghd1 T T8 3k I T R TH el 5 Sl
21 T& Bl Fe o fou STeed Tl €1 A S A §[ e ®

00|
Q QOQ SrEash fersiidia THT0] TSR Si TRHIY] o W Tl 1 WIPEH ik
T : FUMHS ARG 81 ST ©, 9201 39k g+ Gt o4 U 8 <
. & TafeT Tremer s § g p —ueref o sTafHye WH] h ST g

o7 14.8 (a) wqg=arst Si =
Ge o S | Trgarst wmet
7@ (In, Al, B 37fR)
SIMHAT F I p - FHR A

AR | (b) p - YR o &1
T TR G B arel

T 890 S Teh gt
Afafe o STEY & 91y

gfaeerdt FET wE] i R wi

A ITY g el I K@ 2

Bl o WY Teh FUNCHS 3G9 T Hig el Sl &, Siar fast 14.8(b)
 feamen w0 21 7 T R T 78T WA (N,) T B < 81 98
Bl S ST giedl ok SAfafier € Safeh el Saiaeil o1 &id shae 41
S €1 21 59 YR, UH =1l o fau, giel Sgeesh g qel selaei
AU EIE desh ¢ sHife rease ewfs 9 emfafsm 49 st
p-JHR o 37efaTeieh el B | p-FHR o o7efareranl W QA :Gars wfeman,
I S sl BT W@ n, W F on, B S 81 ST p-UER
1Rl & ferg

n,>>n, (14.4)
& 29 A 916 T ¢ oh el Uk GHY BOUNCHE STEIdl ST @l
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& Fifeh TR & dEeH] W EY BT A Sereh H TG il T AT
%1 41 o g GHH e faeda gt 2l

St STdaeihl H IgH@IH ¥ dghl 1 TTIAl oh HROT A9 GRI 3cd
Y AR oh ToIU agEET aTeshi U fier o i et Bid & 3N 36 YK
d T B W §| Sy SaiHYeh Teh YRR oh 3ifeh YN aTeehi w1 fHer o, i
a@?mmaﬁ%,m&?wﬁma@ﬁﬁ%mﬁaﬁﬁm
FW 2

At g1 STl B el AT GCEA YHifed et 81wl srefErerhl o
ThYOT H <[l SRl o HROT AR Sl el (E,) 92 el SRl o R0l
ARt St 31een (E,) Ff Bt 81 n-ThR o Si STef=Temehi o Soil o 3@ o el
Sl &R E,, A% §€ H Tell E, § S A e 8 T 39 TR Y FI seia a5
FH o1l w1 YR BH W ATeH S H Jo9 R S 21 Hel d TR SRS Sl TRH]
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T SRl - TSI,
Il qon W qRaY

ISR Bl ST €, T Si ok 31 37eq (~10'2) TWHT] &1 STertehd eid €1 ord: To
14.9(a) # TIMT 3ER =1 o€ | SAfeehiel seiee <an rgfsdl @ € o ©1 get
THR p-JFR o AefaIeehl § T ol &R E, Fash o o ot § 9 R @ ¢
[ferT 14.9(b) 3@ || 9gd FH s 2MRT B W F HAST qT § FE TRAE,
o TR W HIA W Ad T I Y TR H ROMHF @A F I B [ fasmed &
9 H T 3 YHR W FT Whd § T 957 FH Foll i MY § FA Fol ®RE,
Y HAS o W T Y Fehal 81 Ho1 U hid W Sele SU i R 3 § waih
B e 1 IR T ©1] WHT el qrd W TR el qHTY] SrEHiehd @l S
& e HaS o W eiel a9 S 2| 39 YR el 1Y W HAST o § el w1 s
TE B9 § uget sreEreih] o SRIg o ROl Bl ¢ ardi G o el §
TRl AT Bl 1 WKl $9 YR ¥ i Sl @

nn, =n? (14.5)

Ty SUE e g9y &9 § Giehe qe Uiefeud @ W T€ Wl &1 9
et Teraufeat den sferersl (S5 qen sruge) H S i THgH o Heww 2
C, Si 1 Ge &1 Fiakiershareti § 3fa¥ 7eh =lei a1 Gl sl o s ol 3fauel
W fAuk w1 1 wEA (SEHE), Si AU Ge o AU Sl HdUA FAM: 5.4 eV,
1.1 eV a1 0.7 eV 21 Sn ot =9 Jq o1 dcd © W Ie o7 € ifeh THoh Fehiol o
Tl SR 0 eV B

E. L
t (‘{ ......................... Ep
=0.01eV

ECEEIE]

(@) T>O0K
T ddE S sdRA-gld g (b) T>0K
T T TLAE o 9 Sl

o7 14.9 T> 0 K™ (a) n-&R o 3=t qen
(b) p-YhR o 3Tef=eTeh 61 Sl S|

IETEAT 14.2 UF o fRE s Si e § 5 x 1028 WA m® ?1 3@
TEHAST As ¥ 1 ppm Higdl W SAafHis e S €1 selag qen gl S e
uftehfem S, faar 2 fF n, =1.5 x 1016 m |
T A ST, T AT S i SO 9 3= gelae™ (1, ~ 10" m™) safagor
¥ SO TSRl 1 o § Ty )
EESILS n, =N,
I n,n, = n?, WA Tl H Hen
n, = (2.25 x 10*)/(5 x10%?)

~4.5x%x10°m3
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% HifaeRt

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/pnjun.html

p-n G ATt fmtor qer

|

14.5 p-n Gt

p-n G (p-n junction) Iga Hi sref=Tern Il @ @, R o w ga
THTE B 3T 3derersh gfdl o fageioor o foru @ oF sHeer i wHgEl eTedd
Heeyul €1 76 B U€ THEH o1 YA w1 foh fenelt Wi e fmior ohe rar @ qen
TR S dieediett (= a7 off ed €) o yora | *IE G fFg IR Feer
EXoil

14.5.1 p-n Gf&r a1 fwior

p-UFR & fafasia (p-Si) re=ras &1 qaet qefasw (Aw) W fa=ur wifsu)
IREE 9 ° TaHaSh SRIf§ & 37T 7 e vl p-Si wefaisht o F& 9m
1 n-Si ¥ IRafiq franr <1 "t 21 fRet srefemers @1 foior @ @ Sga-d@
Hfrand & 31 qefeht H p-8 T n-8 99l p- 9 n- &5 o S T gt G 2l
feedt p-n Gfer & fmio & gm 1 Aeeyel gfwand et @ — a4 (Diffusion)
T 39aTE (Drift) | 9 € Sd © Toh ot n-YenR o6 aref=ieres o getaiqi i @igd
(U Tehish AEa H SeiagHl 1 GE&AT) Bl w1 Wigdl w1 g o tferh gt 7)1 gt
YR p-TohR o ST | Biell ol Hixdl Soiael sl Sisdl i gorl § ek sidt
2l p-n Gfu % fFmfor & 99, 991 p- T n- Wowl & GO W FiEd a0
(Concentration gradient) o HIOT B p-%cish T n-Helsh (p—n) =] foafa B
& AU 3R n-heleh § p-Theleh (n — p) 1 AR To@Ra e €1 e a@hi Sl 3
T o RO G W Tk TR0 U vefed et 8l
S 1 A p U n i IR foaRd g ® @ 9% o1 e U et <
n-heish T SIS A1 B T8 S a1 (e E) =R AR o A gRy se g
o RO Tt B €1 S-S 3o n — p 1 3R foia g W #, @ o n-
TheTeh T ST Shi (A GCH TE-wTS &) Tk W foehfad el S 2l
Tl YR, ST6 %h1E Bl Figdl FUKdl o RO p — n 1 3R faafia g € af =@
T OIS Uk A U (SR 3TET) Bie <1 € S e g 81 8-S g
foafid e €, RUTcH® AT (EUIHe TE-9S &%) 1 Uk Wd G ok
p-eish R foehfad gt St 81 Gy o IHT okl W faewfad 3@ wg-=rt & &
grd! &7 (Depletion region) #&d &1 78 THfeT @ Fifeh soiae= qe gt <t |y
o HR-TR SR A | 97 o € o THoh o STaN oh & 1 58 H o ¢ (Fo
14.10)| 3T B & 1 TR TEHIHIR o TGS AN i Hife
< < %1 it 81 WY o n-Heleh W YA SE-TIS & el p-

A fgw (smEe)  ——> Felsh W RN TSl & B o HR0T |y T L
So00 S Y FHNCHF SR HT AR T foed & =1 & e 2
p o000 o TG & o R T o p-HeTh T AT n-THeldh hi AR
oo Ao TfY o n-FAF FI B p-FHelh HI SR T B 21 T
s forqa &= 3 HWOT STV e HY TH A F S77EE Fed |
o <2 TH THR T AR €N S % R OR % faadd we v,
o 14.10 p-n §fF a9 1 9RE vafed B SRY T =t § (fod 14.10) 1
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AR, Toreor ¥ =4 Bl € qe 319eTe uw e e
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AYATTF el -eh! — TaTed,

IRl qen Wl qRae

B S9-98 fagao gfeman gt St €, @R o Sl wethl W SfawreRTedt
e & faeaiid 810 9 1 3o e & 6 o | 9fs e @ fowes
HAEEY e O H off gfg 2l {1 98 YT 39 TG q% Tl &l
2 9a q for 3 <A1 uRd (TorRor o qen uerE uw) aRar § w6e
&l B S| 39 YehR Ueh p-n GfY o St €1 Greeren | pon G W
FE A2 faga oR7 Tl e

n-&3 ¥ SOl S B a1 p-&13 | Biell ol Wi oh SROT JHT &=
1 G o SAR-TR Teh fI9eia? 391 & Sl 81 39 fawa &1 yaar 56
TR Bl € o 98 e ekl o SR Were w1 feRiy s © foren
ey e &t fefd Se= 8 Wt ?1 fe 14,11 ° @ a6
e § qen gHeh ToRi o = farvferiar guiEn e B1 n-vered A seieRq
Gu § e p-usiel A selee @i Ry €)1 3W YR p-uwied o @
n-uSte AT B Gk fauE n-gF ¥ p-&F # AR ToeEl &
Sl Yok 1 TAYH HI © 37d: 39 TaI9a 1 WA U fa9e (Barrier
potential) FEd T

O O

CEER)
CEEE)

P 0000 n
CEEE)
0088

<+—E
(a)

L

(b)
o7 14.11 (@) =@ 9= °

(V = 0), (b) fo fmelt sy = gy

=1 fava|

IMETT 14.3 F1 p-n HiY T7H ok 1Y 87 p-FehR o HAef=ersh 1 Th U1 sl

n-YehR o 3Feferss 9 wifdes ®9 9 GAfTd S p-n G 9@ S gehd 22

A el FiE off ugh, =R fohat € guaa 8, SAR-TEwe fhed e (~ 2 9
3 A) ¥ el e GeEd et SR ghfe wHEveE ®R W Al gaeh (e
Had ¥ueh) Hea &l g yafed g9 arel STee aresht o fou Wiy uew fafesera

1 TWE FIeN HIM|

14.6 3o S e

°—| S By I—O
s eEe [f99 14.12(a)] 9 €9 H TH p-n G ~ Be=g -~
Bt & formes fl W aifeass Gueh S[E B © dife 39 HfY Wa%

T IS TR Aleedl STIUIH i 5T Foh| 39 Jfod o 1 e
B B erefEreie S/ i Tdiehreds w9 § T 14.12(b) o
frefud foran 2

TR &t fen Rt o6 ST9R forpa um o6t feen ame=n
UferehT (Equilibrium barrier) &1 <31idt 81 (Sefh smie
swfefyrer sMfgd (Forward bias) 8) fawa =1 e@iE &

€'PI lop2ibe

/T\ & ?GEE
B & queh
()
S~
p L///L

(b)

ol R Ty Sieedt V STIIE i UiEtd R ST S B g 14.12 (a) = eMIE, (b) p-n 94

p-n Gy eEE &Y fomn fonelt e o wmreeen ¥ feafa foa
14.11(a) 71 (b) | =¥t 7€ 2

14.6.1 3mfefyTer s=@ o p-n G SEE

TS T Ydish|

Sq fordt stefETers e o ] fOll o " 1S aTel dleedl VI YRR STIYIE i
St ® fob St 1 o i p-hers W qen o 2 n-helsw 9 SIS

T[99 14.13(a) 91 (b)] @ =0 S7ffre a/afdd F&d &l

ST AR Sieedl U TefEerss <Ee % B &% o ol W ek © de
Gfer o p-Thoeh A1 n-Telsh W fa9aud 09 el € (39h1 %R I8 ¢ T g 481
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O O

— | W |je—
(S
(S

P (=1e) n
o
(S
<4+—E

&5, 98 &5 STl IS AEW Tl ¢, 1 YekY n-Helh ISl p-Heldh b
w1 qor § srcafuss g1 €) | SugE sieear (V) 1 feen siafafa
(built-in) fawa V, & faudia it 81 58er TRomHEEY, B TR H "
azaﬁ%amﬂfwmﬁwz‘raﬁ%[ﬁam 13(b)] 1 sufefsmes a@m
H goret Ufereht S (V, - V) AR
aﬁwaﬁww%ﬁﬁfwﬁmwm@aﬁaww
Bl ST@, qe1 Shad o g A6 Aed S IoadH el WR W 9, 9gd HA
T § HfY i IR FH ok U Tevde el 9 Y U, 374 H fagd

Vo

JE—
(b)

forT 14.13 (a) 3wl =9 |

Fell U B ST 39 YR foRd Om | gfg 8 S
3YYA dleedl oF HRUI, TolaEH n-Telh g & Wl UR &R
p-elsh W TEEd & (Sl o STeuiyl 9 €) | 56 WehR p-Thetsh o el
G ol R ek n-Telsh W TEEd B (SRl o 1Yl e )| S
qIE § TH Al 39 TRH I S A6d 3890 (Minority carrier

1 R YeTfed el A T STIue Siced! § HIH! gig T S ot Afereht S8
J:S HTET T ST qe ek @ § Sl 1 € IR 9 & AU Sevas

pon ST SIS, (b) U9 9 e ction) e §1 G #T S W o B W, G @ G S S
(1) T S 0, (2) T 92 et it g Y G §, STedi aesh Higdl § Hewul g € S 8|
aleed o fau, @1 (3) 359 92l gy Wigdl YAUl o kRU p-Hoeh k1 WY ok fRAR foaia g

dieedl o fau|

10088
1000®
P 10088
1008®
MCEER

ro1
&ftd afd
ECEE I

p-Helsh & T R R €9 S 21 6 YRR n-%eldh i G %

for R @ forid €t n-theteh o SE R W wged € (Fet 14.14)1 M

TheTehl TR 3TAYT STEehi i 39 TIfd o RN fagd o yarfed & ot
n B Tl SRR S ¥R 1 T Bl ToRul N qel geteR fae

%wgwrfqﬁmar{raﬂah%ﬁm%wquﬁnmm:ﬁ?ﬁ@w
H 2 Bl

14.6.2 UYS(SITeh 99@ W p-n G SEIE

for 14.14 sufsfos @@ o eoqer o fwREl st efie & < 9 o o= ®iE 9@ dieed (V) 39
e SAq:&90 (Minority current WWW%%M%WW@HW@HWW

injection) |

482

2ftiel ®i p-weteh | Sied @ [fo 14.15(a)], @ @S &I gv=iiis
AT (Reverse bias) Fed &1 STIge dieed! i 1fushien fawemm
arefeTersh o B & o Fal W B B1 IRl STuged dicedl i fRen At fawe
%1 oo & THM Bl 21 3Heh IRUTHEREY TR 1 S o Sl ¢ qe BiE &
1 =er ® for@ o qiady gF & wRu gfg 8 S @1 gveEieiien e o gt
Ufereht e (V, + V) Bt @ [f99 14.15(b)]1 ¥ n — p T 3R SeiRl & T
T p — n &1 AR Tl & Y8 HT T Bl T1 TH FhR, SIS oh SRR T8
1 qor o 39 feufq & forewor um ercafiss | el S @)
Gfer o faga & 1 feen U B @ f afg p-weis W oA S1eEl n-hesw
R B A Aoz fa Fd TH G o e 31 W, At S= Sk SgEeEs
& H 99 {2 SO AN STEehl o $H STUETE o SRV faEd ¥R I BN I8
YETE YN FD PA IS HI el &1 THoh Tced i € 1 R0l 7€ ¢ foh &g
SMEeh 1 (A 3ok 3TN etk § GfY oF 3O 3R 9gH&I Haish o1 3T B
2| ST Seree o STqeTe ¥ (W pA W) of gl © W g8 ofa: e areent
% RO YN (mA W), &1 qer | T gt |
THIE YdM ¥ (Reverse current) STy dleed! W Aty MR T gt

2020-21
Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

AYATTH Telaei-eh! — TaTed,

T qen el qRae

ST Aeehi ! W o Th ek o T Hoih Ik TaH o g &
ezl €1 qatE Bl §1 ¥R STYeR dieedl o qiond g Wi e et
WY e Y % M Beishl W ST el il Higdl o HRUl Gifd g 2

qyaffyTes S o fRdr wifdes wafefTe (Critical reverse) dieedl
% TIRAe 9Red &9 § dieedl W et 72 Fdt 21 39 dieed w1 9o
gieedl (Breakdown voltage, Vbr)ﬁ?fgl 6 V=V, 9 SHS WeERh
o/ A a5t ° 9fg Tt @1 Tl 7 o 9Ed dieed | ored iy F W
oFff o o srafus afted= e sar @1 afg wwafkfe o/ s R s
uRue R oA 7 (SR Searee g1 fAfdse fofan o ©) ¥ e Hifa
F fohe ST @1 p-n WY T 31 ST@T 9 T R ft 98 T7Ad 71 9 31feh
B WY 1 SAfda B o SR SRS T & Sl 21 UH e o 8 Tehell 2,
w eRie S SEfhd e & 9o Sl Y SHd HE 9 3t 2l

forelt T/ o VI AfYenaIfimeh (STIUga &1 7§ dieedl oh el oh
&9 | 9 H1 fa=Ron) &1 T29H H o fau akuy om@ o 14.16 (a)
A (b) § fe@En wn B1 SEiE W dieed %l Uh URREHE (A am
o) § e Sigl w1 @ e erie W STyga #1 T dieedl i
ufafda feran s wehar 21 sieedl o fafea= ol o foT um &1 a6 AR

O O

000008
000006

P ececese n
000006
CEEER

()
fora 14.15 (a) WY s@9
T SEs (b) WA I=9 o
Tferent faea

foron ST 81V SR 1 oh WtE Wk W, SiE A 14.16(c) ® feEmn ™ 8, o
B 81 oA A, swfefite g WO % faw g9 fhedie #1 ST S
Fifr (S fuze Sgum o g9z T o) sifd uR stfus © sefe fauda
qEE | Y W hl A0 o foTT Teh HIEshIUHIET 1 SYFNT feRa S €1 3y fem

) isliaaul
\J
NN I (mA)
L1 A
P n
Val
HEATTHTeY _
(mA) 100
80 —
/i/i‘ | Bkl
— 60 —
+ (@)
40 —
@W (\Y%) 20 —|
100 80 60 40 20
1 1 1 1 1 I I I I > Vm
N ! 0.2 0.4 0.6 0.8 1.0
> 10 —
P n
7 20 —
HTEehTUHTR
(LA) 30 —
| fer I(nA)

(b)

(c)

forT 14.16 f&&t p-n G SEIE #1 (a) SRR a4, (b) walirw s@m 5 V-I sifaenafors o

1T o WAIfTeR uRuY, (o) fordt fafesria smre o wfaedr V-1 stfiremerforen | 483
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484

3Tl 14.4

(14.16) H <@ Fahd B T smufefires smo@ o Ry o o)1 39 99 as ogd #R-R,
ST 0, Sl & 5 q% foh S W dieeal Uk e 7m @ sifuss | @ Sy
39 Ifvenafitn dicedl o 9% SEIE d99 dicedl | 9gd Ael-H & gfg FE |
erE ¥R o Wede (SREiT) Jig @ Sl €1 98 dieed 3gef! gieedr (Threshold
voltage) a1 2~ dicedl Hedldl 21 30 dieedl 1 I SHAREY er@ie & fag
~ 0.2 diee qen fafaenta gEe & fag ~ 0.7 dee

Tyl 9o W SEe % fau OR Sgd #H (~pA) B @ qe 9o § aieda
% WY T feer o Tt 71 T gy '\‘Tgf'-?l' YT (Reverse saturation current)
Fed 81 Wy o oty yeheon #, wgd oifush wwafefine e (seH dieedn) W R
o e g 8 S 71 e it 39 faum fen Y foee o egunT 14.8 |
T ¥ WEN 329 Al SIS Yl Wqw W & o 3 YA el Ry W )

TR G T g 97 K@ € fF p-n SEE 99 ®9 @ U % Y41 i hdd
& e o (el smEw) it s 21 sefeien s gy s ge
¥ swffrr a@E Uy w9 T g1 TH O H1 STEM TS (ac) Siced o
feseanor o foru femen 7o B, 59 ovmel et | gwemen T 21 eMEEl o faw 'm
T 1 Hifasw T f59 7o ghmiy wed &, 1 ‘diced § @ 9fEdT AV qen
faga om0 o o gRedT Al S’ % &9 g S e

AV

Iy = AL (14.6)

ISTEIVT 14.4 Tl Tafas= s@e #1 VI sifenarons fom 14,17 o <gifan w0 2
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