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14.1 iRt

U gt e goereil w1 et yere wr fman s geh, Tt sl uikaed
F gAY T @ Tt €1 T 1948 H X &1 @9 ¥ Uedd UH gt
ferenisra: fafa Ffererd (a1 area) off, s9 fafd seie e < soRie; e
(i2) q1 el B ¥ ; e fomw i seiagie—helle, wie qen firg B €; 32
el UeiS (RHART: 4 1 5 Soiaeiel o a1¥) | fohrelt fafa fcrent o scieel st Sgfd
Teh % heile §RI 1 Sl @ a1 $8eh o= Seloiel o o™ dieedl ol gRetdd
Feh fald W g TRl 1 FRa yete W fRan S 21 Sfau-seleRiel T
(inter-electrode space) H FelaRAl o YaTe o oy faia smayas e 8, e
T Seterei 30 Ul W o1 o SUSH W ThURT AU Tl @l Tehd €1 7 el
o SoleR Shael ShellE W TAIS i 3R Yalfed Y Hehd & (31eifd soiee shad Th
2 o o yonfed & wehd ®) | 7€t wr @ T Ul gl i wemeEn ared wed
&1 Trafa Afermreti @ st gl e & o€t et €, tfueh wifsr 1 SUw Lt
& q Yo § Qd: $v9 dleddl (~100 V) i AEeashdl gt 81 38k e &
TR SeFshTal eTUeehd 4 o favaa-aar ot w1 eidt {1 ek Sig-srawer
s7efaeTah geaRitTal (Solid State semi-conductor electronics) 1 mg‘iﬁa RIEN
1930 H 39 o9 | TR T foh i 39 s1aeen STd=ee qe 3! @ivE |
g G Bl § fof STH STAY dTehl 1 T q9 Sk YdTe 1 faen wi fEfa
e ST kel €1 WRTET, ST 9 3TeT Y dieedl S8 Ik ol st
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o e eEe wt He uiafda Y Gehd B1 A < A §1d 98 € T srderee
il ¥ A e i YR T YIE T ST o iR € Bl €, Seifsh v
WA B et fatd AfershTati/aredt § e el ol aw sheite § Wrw feer s
ol qeN fraffaa T Ao fafa o yanfed S S o e gioadl § awd
T S1efe Afees Feffad M 1 Sfevaehal T8l Bl 81 98 R | Bidt el ©,
Il T SUAN FLA B, FH aeed] TR A 8, IR SHe el Bl 7 3R
Tt faveriaar st gt 21 smyfrer Fferal o at Fraffaa Aferenrent & fagria w
FE T Al Shele TR Zgel (CRT) fSFet swam defifasm @i qon shegex
uﬁzﬁﬁﬁmw%aﬂmsﬁaﬁﬁaﬁ (Solid State electrons) uftger o e
e fasas faea feuwt (LCD, 59 foea gesi) Ay g gfaeenfaa =t s
W@ ) erefarer gl 1 Aveiies ®9 9 gug 9 9 oft 9gd ved Yepfa ® g
M et et (e FehEe PbS) o T fhed fSaeh e o1g 1 U Hueh g
AN o, o1 3TN Aeaq T oF Fgas o6 €9 H fohdl S FHI ol

frafafed sart o &0 i Sifakt #1 F9 go SEuRemst ° uieE
FHAUT 1 T eEE (Junction diode) (2-3@aiel & o) qon g dfy
(Bipolar junction) s (3-3elagiel i Ffer) St pw et gfar
= | T AR % ST R T A e wrue w1 v s )

14.2 &Tqgel, SATeiehl @91 STeiTeTehl Rl SIIeRTOT

BTSSRl oF 3TN U
foga =TTl (o) e URRIERdl (0= 1/0) o AT9el HH o TR T 31F T8I h
=1 gR 9§ i e s ®
(i) &7q : TTHT ULl Fgd HH (e Achdl Fgd TfUF) Tt
p~102-10°%Qm
0~10>-10°Sm™!
(i) a7efermeran : Skl UfqRETshal A1 ATctehdl eTgeH qen fargaieh ugref & o= =t
Bl B
p~10°-10°Qm
oc~10°-10°Sm™
(iii) frgavrat : ST UfRIEHaT agd I (37T =Tefhdl 9gd ®H) e ¢
p~10"-10"Qm
oc~10"-10" S m™
SW U T p 91 6 o W shelel SHife T o gorsh 2 3R U 7Y IRE o «ret
off < Tehd B o, fargariel uerel qen sreercrhl oF e 9% e ok forw wieierehan
T WU B € A TF AIIGE T2l €1 8 T AR off €, S S-S 79 39 1
T o FeT, T B S|
TG 1A H wAN wf srefarcen] o 1eEeH H ® Sl e YRR oF 8 ghd o
(i) dfcar 3ef=rere (Elemental semiconductors) - Si 31X Ge
(i) I erefareres - SerEI &
e THMEM® - CdS, GaAs, CdSe, InP, 37|
o wE(Th - TYEH, Wifkd (Doped) SerearHd, 2|
o HEH g (Organic polymers) - tITFﬁ'CIEﬁFT tﬁFﬁ'@ﬁ?ﬂ? EIIPIRIEIE]
g
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- 1919,

IferaT qem el g

ASTohel STt TS STefwTeTsh Jferaal difcaeh 1e=reish Si a1 Ge IR A
S7Te 7 rfeTeral W & eeia 1 W 91 1990 o 9% FHrefieh e 3R
STeTCIoh SEeTehl oh1 SUANT hich i TeaTeish! Jfoadl o1 fashra gan fomd afas
% e TEe ORI Ao Nfve TR F T % e % wa
fyerd &1 39 3129 § 89 ohaol SThTeTeh sreareish, favivet aifcasr stef=rershl Si
o Ge o 3199 ek €1 Hifqa @M aifceres stef=neten! =1 fae=m o fau =e7 fom
G SERONS i SEea fha e € 9 fhE-a-fedt w9 o stferemter difies
e W AN Bl F
Felt S o YR W
TR TAY] Hied ok STIER fhdl fagaq way § 3Teh fhdl Solae i e 39
TARZ T IRYHOT e W R HL B 1 W ST THY] Teh-TR o TR ST g
3G I O § A F ThH-GW ok STAfes ke e S €1 ora: Feherer wumst o
TOAFHT 1 ARl HETd T IG-UE ST S © SR el a% fF Th-SW i BF
oIt &1 ook URuTHEEY R S W Teiaei i G w1 yepfd feRelt fage am
o TSR HI T 9 Tt 9= 8 S 2

et forteet o Mot U Soiae &1 TuAT Stfgda feafq gt & aen Tt
TARAl o AR AR o e 61 U gene w9 H T S| A& el FE HRO §
o Tceh gl o Sonf & 9T Bid €1 3 T il &R TS Sl o1 Had T
BIl @l & SHoif del w1 Fmiv i €1 o Sl SR S Garsiehdr seiaeil o Sl
T A &, Gasiehdl o€ (Valance band) a1 GaSdl o€ o H0¢ feerg
o & =/ §€ (Conduction band) Fed gl fa feret stfaftea w1l o, @it
HATSTehdl SeieRi quqodlagﬁ@ﬁ%lq&(wé@ﬁﬁﬂﬁﬂwwagéﬁ
Feuan W1 Y ol e ® o GaASRd 95 o gele Sl W e o€ | T o
Tohd &1 WA =ler s Red g €1 W S6 T8 ST Garsehdl o€ i stfaetua
(Fhdl) I B Al Soiae Tdadeh $9eh Hial W1 Wehd €| UHT ifedreh wTeteh!
o g 21

I e oS q91 GASThdl o€ o " g [ () €, dl gasiehd o8
o Tt solael Uieg Bid € qe WeH o€ W IS qo seiae Sudsd Tl el g
wered o feoregauiel o1 <1 B1 R GASTRAl S o @ Soiae oel Sl W hieh
GAISTRdl o€ U1 =T 9 o ot 1 e 1 TR T Hehd | a9 A TR =Ier
4T 4 UET S © qe Haernd s § R el T 39 29 © o o g

S Ghd &1 39 YRR TS UHAT AloH ST § goel do garsiwdl o | Rt

B % HNU =IO HI HHEA SIS HT B

3TN, 19 71 I faar & fF N TSt art Si 31ean Ge fhed & yaho |
1 BT 21 Si H STerad e, G HeE (n= 3) el €, Stk Ge H Sy He wef
e (n = 4) Bl 81 SToh! STerad wall | 4 3eee (25 3R 2p SeeeH) i 21 31d:
39 fored § oI SOl i ol WM 4N gE| fREl aRem wen o eifusan
TORAl B T 8 (25 + 6p SARMA) B T 3: AN GASHA SRl o Ty
IueTed Soll &R 8N BI 4 8N Tarfers o1l &R o1 dl hiE Teid S & Fehd © Al
TRt for Sief & Tged 8 9o €, S freeat § wmpet o e il w ek
g [‘I =1 St faga’ - ot fau])

Si del Ge o fohteet Sietehl | TRATYE o &< 1 §RAl W, 39 SN & 1 Sl
e J A | 22 S 7, foeR @9 e Sawe E, (99 14.1) 1 9o 2 €
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AIHH o TR YA 4N HaASEhdl s 9 qid: fowr fm o ggiosar se g
21 o e i AN o R i € S W aie hed §, 9 98 A I W gula:

o B 21
3Gl o fagia

——an el HH ST o St Ge e o N
__,g&@ Y F| e Y] 6 SR 1 e
S ‘ NI o [ hane H fofer Seid B At Tl Ty
/@ o s forerfa <, stefd Tew-gR | Afee st
ovw W E, @SR FEl ae Wil WY T
B fohteel H o] Teh-gW ok wgd fiehe (2
e ¥ 3A) B T iR WA soe TH-gW
/% T 3R Freheard T et ¥ ot qRefien
i e 5N Yd €1 T el el o Soiee 3
SAfqeeq (A IREARe foRar) &t waifues
2| oy 39S Hd €, STelfeh Fadl e a1 IS &
tioo o SRl 1 Sl SGHd © Fehdl B
gt g —» TAfAT Si A Ge fhea § Sorae eel

! T o 1T e ohoel STeIaH el o Solgeil i Sesll H Sl W forar 3 &1 € evaehd 8
Si o oy aeres her ded el ® (n=3) Selih Ge o ToIq STerad shefl =hell el € (n=4)| 37 <A
T T ARIAH e H IoE B W@ 4§ (25 3R 2p SoaH) | THAT fRed | A see ®
Tqul GEAT AN T TE| STRIAH el § Tl i SIfhdd Had T 8 © (2s + 6p $old) | 38T
AN TRl | @ 2N SR 1, 2N s-Fe (Hefa Faied e 1= 0) | el 3R U9 2N oA e
6N W p-37aee | 2iil| T, s p — Seiareiq erareend e giit shen forst o wed et it o fe@ren
T | e WA ®9 Y Yehd A1 Ushel WHIUSH i feerfq @ (Fe w1 @A)

M A foh e T Tk S M o fIT Teh-gER oh 3R ke 371 o1y a1 fafi= aeampedi
% STl & o9 UNEIRE R o FRO GRIAH FET o 3T SoERl R St uRafdd 8 ged & (I8
I S Hehell €)1 1= 1 1 6N 1oy, fSert ot Ry o fagea wamget & fau qday of, o e
Tk Foff de ol € [Foe § & B]1 36 YR 1= 0 i 2N ey, et S fager wAmpet &
e wdww off, 97 ot Tk o T 98 H <2 Wt € [foF & &9 B # gayrgEs 36 ]| 9% ST e
o W TH Fo el g YU el

TS o S 39S ot YU g9 W, 91T, Th T &7 1 § 9 7 S€ Th-gW H faem
FT S B ST AT Fol T H Gl et S st 9 e wEed He w1 H ge S
areeen o ot = =l Sl #1359 e ° (Fe ® &5 ¢), IF Fonf faver 7T @ 3R FI aen freeit
il sraeeTd fafya 8t St 8l

Sfd:, AR WASH ok e HI W R FH T S T, A e d€ R ¥ A @ 9 @
I TH Fof FRT E, ¥ gUk B o 2§ (Fo # &9 D @) | W el sreeenst %1 gyl gen
SNﬁﬁ?{@ﬁaﬁﬁi‘aﬁﬁZﬁmW%(ﬁaﬁ@ﬁTWWﬁaﬁﬁﬁ g% H 4N JTeeq) |
el e a1 7 ? fF freet S A 3k 3ot & s (@n) ©, foa wemet ¥ @ W g
RN (4N) T

AT 9% o (ST Tl s weel §) qUid: W el €, Sk $u ST id: et ¢ S
o€ I =T a8 Fed B

.
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Sl TR A E, S €9 H 1 A d€ |
SeaqH Sl WR K E, & 9 F @ T 2
E.% W 91 E, % < 3&H TH-3W
fefiren e agd @ Sl &R <9T Y B
HASTehdl S'S o T a1 e §€ i qat
o | oh AU i Fol §S Hauer (e
Sl ST, E, ) Fed €1 Te Saa el
Tehfa W R el €1 T e, FHH stere g
Bl Hehal 81 29 e feurfaei 1 oot 14.2 9
T T ® qel A STeh! oo Wi T 2
g I : 98 o9 14.2(a) W <@ T
feafa & daed § 21 o T uig #F fefq ®
e e og A 9 9 90 2 qe Farsehdl
e afyrer &9 @ o € stoan =eH o au
TSR sg etfaeara €1 < stfaeao g @

AT SRl - TSI,

N
RIESRIIGIRS TG I TE R
g 4 N Sfen
________________________________ E,
Eg
e — E
ettt 4N STIET

________________________________

o7 14.1 0 K W ol el o St oe o1 feufa,
T o 9 = o $ede, § oFad: favma gen u,
4T ek oy o AFUH Tehe quid: Wil Sl SreEed et €

GAISTehdl S 9 Soiae Werdl 9 =l o | S "ed 8 g8 frerfa fagd =em &
fou srcafies G o seiee SUTs U Sl €| STE GaAERdl S 3k w9 ¥ e
BT o Solaeq 38k I TR 9 S TR e T ok fagd dIeH i Gud o
T 21 gy 58 YR o w1 Uiy w1 wetshal S99 gl 8

NG
B |E s
® B
,E( ;

¥e
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‘E Eg>3eV
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sfaeara
/%n?ﬁﬁ':c:
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(ii)

t
<

(c)

ot 14.2 (a) ©rgs,
(b) fagatieht aen () erefererenl o S S & =" 3@
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QT IT : 39 Wohtol © S foh forst 14.2(b) ® <witan e €, 3 feofa o o
ST E, i 2101 2 (E,> 3 eV) | =eM o H 1 ser 7@ el o1d: FiE faem
e ToE T S A 3 A S 9E § o Sl st s St e ¢
fordlt <t qrdia SIS W SoieRHl i HASTRdT S Y HIe 9T i SR SNl @l R
S Gehdll 7e fagaRtel a1 3R B

IO II : 7 Terfd 14.2(c) ® @il 7 21 39 T aRfad Ry o o i
(E, <3e\/}%ﬁm%ltfr§§€31ma%ﬁé?w T o q0 W, FD T Gt
Yo § ot Sl AoE FR o & FF Sl St B R O e de W T T
£l 4 ot (Al §en § i € €) =ier S § T T Tehd €1 o%d: 7efaerehl
1 gfekier Sa Aok et B o faegade geief &1 g 2

T 39N | gHA “1gel, STeteh! qen STdTeteh o1 ek SRt feRan &1 eTe
STAM § TH STed=eeRl H e Uishan o foama | e

14.3 I 3red=relsh

B Ge 3R Si 1 o WHRU SR ol et Sofh (Lattice) ToT o 14.3
H @ ¢ B1 37 TS i ER SRl T hed €1 Wedsh RHIY] WR 1 frenead
AR g o gl #1 86 S B {5 Si 3R Ge ® WR HaANShdl Soiaeq B
21 3Ht fopeela A § Yeie Si A1 Ge WHIY] S04 WX HAShdl sl § 9
Teh-Teh ToiaR 1 3T R Tehcad WAL o T1e GE9Iar - shi Wgia @l
€ T U Yo feRead! T oF Tk ol 1 GEWrT S Sl €1 A werh
SoaR e WEgarst a4 (Covalent bond) o1 Gaisrar 37a# (Valence bond)
FHEAM ¢ TH TEL S GhAl € R I e solae S Hefud wanget o
wre -1 i Fd wd ©, TS o ged § 99 B 21 e 14.3 ¥ fewE T
Si I Ge I T T 2-forfia fequr fox 14.4 ¥ oaacs €9 9 fc@mn =
2, S Wedds s R Ffus 9ot 3@ ?1 fo 14.4 ww et femor @ fomd oy
T T F (Ul dy s gu ®)) e feufa e @ W E o @1 S-S d
a1 §, 5 gl w1 3R S el ure B e @ fore
T W S T T T A B Fhd (G sl
TR e | IANEH hid ©) | HOHE Sl e setsh
% T TAET I GHE T W SAAIFG B S el 9y

o U R @A &4 ot §, Se fost 14.5 () | fe@mn wn
B TR SR (STEY - ) el 9 Fieheis) e €, el o8
AT TR (+ ) 1 Teh ok M Bg a1 1 FHS €FTHS
STTERT el =8 Rekd T Teh 8lef (hole) heelidl €1 eiet et
YAl AR O U STHRAT I U i aE HAER
LT B

Is1 arefareran] (Intrinsic semiconductor)ﬁﬂiﬁﬁiﬁﬁf

1 W@ n, Bl F WS, n, % TR B €, SFed
n,=n, =n, (14.1)

forx 14.3 e, fafaenta =1 safem o fay ot n, 1 9 aEk Higdl Fed ¢

Aot €1 S fopea woe e e gmﬁ%y@ﬁqmm%ﬁgﬁﬁgﬁgﬁé
SITIC o I 3.56, 5.43 SN 5.66 AT grepwrer giet off TR N $1 T o R TN 1 R T 2 § S
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o1 14.5 () § fe@mn 0 21 el i T w1 e 14.5 (b) |
fe@me &0 @ gfteq fwan w1 @ehar €1 A9 o o1 X ok



FEEAST 99 T 2 H Th seieq i w1 (81e)
" % F W Ghdl B 39 TSR, TH TH 63 & o,
Blel T 2 W e T 9l T 1 W Uk el 31 T
TAfAIT. A &9 § @ B TH 1 9 TIE 2 T =ell
T e ST TR S serere URY | e gaT o [
14.5 () <f@T], 98 & &I A H @ T o
gftaferd & 21 goa seiae ola: Wdadds =
o & w9 T § R T R A9 o
W TH TR AW (1) @ T TR ® R 5@ e
oo & el +ft U STof @9 @ afd seE
&1 arEdfass T el IR gEeht Jui S o forg giell
1 TIfd hadl T Fest 3UE 2| Rl arcafas fhwed
o foga &= &1 fFa1 o woa®d I8 T RS
fava =1 R 17w T T IR TH B UW I
foeTdt 81 o | S =1e SeieRHl o I SR
¥R [ T Bl N L shT AN "YU N R -

I=1+1,

RIESRIIGERIRSIC IR
e S ¢
¢ v ¢
HONNCNNC
@) ARREPED N 0" ----- °
Poe ; ;
: ¢ ® @ Si 31el Ge
] o
o/ @ SN @ @
------ SEERIEH
.......—'" ----- "' ® R aa‘
; P Py T
. e [ % afera
* - - P IEREER . - °
e
_____ Q@ @ . ;
e P g
L} ° ®

9T 14.4 Si 1 Ge &1 G=A1 61 S-foaitg sFaees

frequ faed = a9 W Sggast sTey fgam T E

(msft 5 =1 g, HIE-EY TE) | +4 9% Si A Ge
fiqf. e 1 3 HLa 2

(14.2)

Tl e 2F A A1 I8 @ foh e geiaeiAl qe Bl o S BN o WIY-|Y
Y7915 1 TR B & TS e B o WY gT-aaied e ¢ | e |
AT TEh oh I B 1 T Sk GAGASH hl <X o SISR BIel €1 39 ST

1 FROT ST H1 B HEE HE B

o | ° .
BOMRONNCN
.....

° ie s

: v Loe
N.@, @

éﬁ ie P
° —o { @& *®
...........

¢ [e Poe

Si YAl Ge

(b)

forT 14.5 (a) 9899 9 W I S F HROT WM 1 W T a1 A6 a1 o ST B T AR
&Yl (b) fFEt Biet &1 Henfad o Tfa 1 Weliehd fequn = a1et o1d &1 o Heddis s (T 2) ¥ Uh
TR YRR B TM | W el Sl @ 3 31 M W T B siedl ¢l

T YRR WM | 9 M 2 96 Bl 61 A T i g 2
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— ] fost 14.6(a) ¥ 39T ATER

A Ec T

ESEEEIE

E, T=0K W &g 4 afef=wrers fond
T forgeielt &1 wifq =Feer w B

TE qdE e & ¢ e wRo

=3 @I (T > 0 K) R FS Seraed

E, E,
o 7ged &1 T > 0 K R i Sufsr
TR =TeM S iR w9 9
T Ul Y oid 21 gEifery fomdt
(@) (b)

I s w1 TSl o IARE

o 14.6 () T=0 KT % ¥ srefarems et 51 oifs sroew 1991 14.6(b) § ST TR &1 81
F@ 21 (b) T>0K T IR a9 SO oa[-2id I T (o) T B SR FoH o€ § 9T
SeieRAl Wi el i ® aun fea &% (0) Bl &1 fsfud hed 21 MU | A T W TS o § o

3qT80T 14.1
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JA A G § gEl T B
o €

ITETTT 14.1 C, Si q91 Ge ! S (Lattice) AT 99H 2t o1 R off ==

C fagadeh € e Si 9 Ge 99 =@ (intrinsic semiconductor) &7

A C, Si T Ge o TV o 9R dfHd serge swAsl: fgdta, g aen =qef wean
o e Bl oFd: T WAS U Uk goe i STe TeRTe ok fory e el
(T 1 E,) o %1 Ge o o, su@ s Si o forg oft s a1ferss C
o AU B 36 YR Ge 9 Si # foR[q =1eM & fau w@as soieel &1 9e aeis
Bt & Safer C | 7@ g gt 2

14.4" 3UISN =R

ot 91 ercfurcTeh Y el SHekh arq W R wdl €, Wg HE-a W gHeR!
HeThdl Sgd HH el 71 3T ®9 §, FE Ff Aoyl soei g 37 et
SN0 faenfid &t 1 S Hehd! 1 37d: k1 STetehdl H YR AT G99 Bl €| 78
37 srfererRl STl 1 SwER Sk fwRar S R

o Tt s erfueeh W @i Suged oRIfg eTcued Wl W Sid §w 9mT ufd
fafera (ppm) ® fireé St @ A STeh! wershdl | % T Ifg 8 S 21 39 YR
o U Rl YRS ST (Extrinsic semiconductor) 34l 37'{’]7? arefareT:
(Impurity semiconductor) ed 21 alfsd AYfs el Wﬂ]’*ﬂ'ﬂ?‘iﬁ THfea e 75T
(Doping) a1 370 Heard € a4 ARG WA H9%% (Dopants) FEA 2
TH YR o 91 i F17q (Doped) 37ef=Tereh sed &1 Saftsin UEl e =ey S
A siHErees: 93 o e i faeghd 9 H 39 hed fohed | 9gd ®H Hd
srefeTersh oY) feerfadt 1 & = =few) 36w i o fA U ovevass I uw
2 for erafases o o10] qen sref=rees wRrel & STulSH T WS T HUH

<Iq: TN Si 31961 Ge & HIGH & AT I IR o TafasiR SRt fovT S )
(@) o G (ARl 5); S S (As), TEHAT (Sb), WIEHRH (P), 37|
(i) & TS (HaeRdr 3); 99 feam (In), 9] (B), Tgfafm (Al), )




AT SRl - TSI,

Il qon T ufkaer

o1d &1 g faa=m w0 fF emfgor gr fva
YFR TeATeTeh] H SATAST deehl o1 9@ § afiadd
B & TSeh SR 36 aTefaes 1 arershdl qRafdd

B Sl 21 Si 31el Ge 37ad 9ROt & =gl 99 s e

(art) % weE & gwifery 0 emfagm & forw fre o, T ¢ TS (+5 HAS)
& A o e o % A o A ene Q) (09)(RA) A e
FT T AN WA WA g B § o e e o6 ¢ i EROTE

fohU S 16t T o TATY] T WIES Si 31U Ge o i 4 i i

T % HIES % T TR §1 I5F T TE B ' ’ °-~_ .
Tl N S S

TGS de SAMHU o TYE Th-gE ¥ quid: Lo

i JohR o 1 erefurerR qarel w1 i e © (@)

Sremt = < fean e 2

(i) n-URIT T 3refencren

T oS fF &9 Si a1 Ge (FASHA 4) i TH
JerAISi: (GASTeRdl 5) dcd § STafHfEd Y S
o1 14.7  fe@mn e 21 S +5 Farsiehdl aell qel
Si o Teh TRHTY] 1 FREAIq ek 791 T T80
H T A TEH oAl § ¥ =R, Fhesd =R
fafeer TEET § &4 9 €, Stath diee seee b)

SR TRA] ¥ qEe 59 5N 91 Wl ¢ UH e
2 T diee soee & fau 54 o 9 oF o = r
TR WA o UHE HIg o 9F el THeh
RUTREEY 39 SO i Yo i o foT STavas
AR STl 9gd HH B 8 SN ET kel 99 W
g NS ok Seth § Yo T hid o folt ga

o 14.7 (a) a9 TS Si A Ge B TIGASH Il U7
(As, Sb, P, 31f%) o 31afagor ¥ &1 n-31e=mere|
(b) n-YR o Y1 HT FIEROTAA FIo ATHER
fregor foad gfqeemdt g o fer wig 1 shad T
sfafte gumel oFTeTs STEY 3R THY g s &
iy @ T 2l

I 21 IR o Fo, 39 N B T |
F ok fou SHAEH H ~ 0.01 eV qen fafasi o
NN 0.05 eV Tl =ifeul zHeh faudi foredt 49 erefemers o e a9 w R
TARH i A S @ TR o faw (S o 0.72 eV den fafeenta
H T 1.1 €V) Sell a1eU| 39 YRR Gagaseh Auitgeh fogd = o fae t&h
rfafier seieeiM USM hdl € SR gHifere 39 <77 979)f5 (donor impurity) &d 2|
SIS TN gN foRa <o o folu, Suere T MU Soaed &1 9@ Jad €9
Y iy W R S 81 98 SrEu o ard W T st sues faada Si
T BRI 3T Yo SolaeHl i 9@l (FHM 9@ | Bidl oh @) H ad o 9
agd %4 Jfg el 2l

et STafafy@ srei=rers o =Tere soidel i gal GEAl n, T o FEH qel
it SO (ST B11) ® ST Siagl o IOT 4o Bidl i Pl WA n, Had
Tl Wi SR Seq1 eiell o RO eIt €1 g el o YA 1 SUH gfg soel
ﬁ?ﬁq&;%wéaﬁ%lmmﬁﬁﬁmﬁaﬁ?w&
St Bl

T YR UMY o 3fad WR W =i soiaeql i G | gial &1 T & i
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o o g w1 S Tkl €1 37 TagaSIR STUfHgs o Wil STufhs e
W ferdl W et W SoleR dgaede Y dlge qell B Sl
SMEY aEF o1 ST §l SHIT 36 YRR o SpfErerhl %l n-gHER &
® a7efareieh hEd g1 fhEl n-YhN o erfeEres o fou
ne>>nh

(ii) p-TFR & el

p-JhR 1 AT a9 ad1 © S Si AN Ge (TqEAS) W IU-I11 T
T et eyfgdl; S€- Al B, In onfe STUfHiMG i STE §, S
< ol 14.8 o fe@mn =0 B1 rufdses | Si A Ge HI UeN T Rl
/ TAF A el § SN s T TRET] i 3R W Si WHTSH 9 Y
T Hehdl €, AR el SR &Y oM oh foly SMavesh seieei Susd
T BF o HRU e a9 9§ The e el qia o st wE

(14.3)

e = Frepeey ] o o 5y o U i stean B e @ T e
14.8 ® s9ifan o B e ok o TG Si WA Bl % TM W TH
gl =Tedl €, Tehe o URHT] o STel el o1 whig goiereid 3§ TRt o

@ @ A ok AT FIE R Fohell 2 FTHE 3Tk 210 TIH R TH el 59 Sl
o~ |l @m B T g AR & fau ST T g1 e W A an w €

Q Q Q TSreerStt ot o] TerEt Si WY o WY el Hi WPEN Hieh
TATed: RO S 8 S €, 9o 39k |eft Farsht o g 8 S

& THfeTT FERoT 9o § Y p —u<ied & 1Ay W i T S

forr 148 ¢ ()b) et i B o Y UF FOTHF A HT FIS Fel Sl 7, 5@ 57 14.8(b)
Ge%maigzﬂf W% H femman o €1 7 T 2 fF uw 7E WA (N,) UF & a1 €1 9w

=] (In, Al, B 31f}) &
3L W S p - YHR HI
s | (b) p - YR o Ug1ed
T IR I g arel
LA e Sl T geret
srfaftea o 3TEw & W
A SHY g et i K@ 2

Blet S ST+ gl oh Sffaiiert @ Safeh =er Seieril sl &id aherel =l
S E B 39 TR, UE e o fAu, giel SgEede aeeh qell o
UGS dek ¢ sUifen Bredse ol @ erufafsd A srefwmers
p-YHR & efeTcish el | p- TR & S7efarersn] o G qiha,
9 S s BT W@ n, BT FX n, B S 1 3T p-UER ok
1Rl o ferg

n, >>n, (14.4)
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M 34 919 91 e © T el Uoh G9Y EUICHS SSHIal a1g el
& Fifeh SfdRa Ev dlgen] W AV BT A Sereh G il W STET
&1 41 o € HH T faeda gldt gl

Sz STdaIciohl H IgHEIH ¥ dehl 1 FTRAT oh HROT 19T G Icd
YT STEehi o ToIu gEEIs el § fier o aifie 3R e € 3R 30 ¥R
d T B Wd ¥ THfY A% Teh YhR ok 3ffdeh YR oTeshi whi e |, W
a@?mmaﬁ%,mawﬁmaﬁﬁﬁ%mﬁmﬁm
FW Tl

AT g el S S W YHifad g 1 Wl e o
WehT0T H Trel SR o HROT Al il fe (E,) qe el gl o Hrol
A Sl 1o (E,) St 2l €1 n-Uehn o Si STHIeh o Sl 9 @ H a
il WR E, 10§ H el E, ¥ S A 1 € a1 76 TR Y FB 509 agd
FH Soil bl YRS BH R A0 o H Fo9 F S &1 he q9 W AR Il A




L G E A BED IR G
Il qon T ufkaer

R B W ®, W Si ok 3l e (~107'2) WA € SMrEHicha e §1 ord: fe
14.9(a) ¥ 9T R e g o atferepier o <@ sgyfgal o € omd &1 &t
THR p-UFR o efererhl § & S TR E, A o o oY ¥ $w FW e €
[ 14.9(b) f@U || 9gd W St oMY eF W o TSt 9T ¥ B TR E,
o TR W HIA W ol & 3R T WET HT FOMHE AT FL a1 B [ fohed o
Y H &9 3 YR F FT Thd § % qg7 FH Soll FI YT F TA Foll WRE,
Y G o€ o THA Y Gehdl B1 ST W i T Se SO i 3T 3 § wEieh
B A9 HT AR 3T 71 THT el qr9 W SAfeRTer Il TR SR @ S
& e T o § eiel o9 S €1 39 WehR el ard W A S H ghel shi Se
Y@ w9 W YUt sreErernl § i o R el 81 ardid G o aredrern |
TRl q elell 1 Wil 39 WehR oA i Sl ©

nn, =n’ (14.5)

Tl SWie foeRe §9g ®9 ¥ Ghehe qen uishieud € WY 98 W 1.9
el fergaRifer den srefemerenl (31 e aUgel) o S  wHeH H e ©
C, Si T Ge *1 Yfaieharsti o fa¥ ek =e qe G Sef & e el sfadre
R fAsft @ B FEA (SEHE), Si qU Ge ok AT Felt A HEA: 5.4 eV,
1.1 eV a1 0.7 eV 21 Sn +ff =19 79 1 d & T T o1g © Hlfeh 58k Jehio o
Tl HAA O eV =1

Ec b — Ec e
] ('{ ......................... Ep
~0.01eV
E Eg

AR Sl
I
=

™~
20.01 - 0.05 eV

(a) T>OK
TF A S sedRE-sa g (b) T> OK
T2 T TR o 9 S

917 14.9 T> 0 KW (a) n-&R o Af=rcisr den
(b) p-¥hR o 3Tef=eTeh 1 Sl S|

ST 14.2 U difo fhdt 5 Si ffed § 5x 1028 wE] m? 21 3@
YEEASt As ¥ 1 ppm Higdl W STuHisd e Srar 81 seie[l qen gl %1 gen
wfterfea s, faar @ & n =1.5% 106 m
TA =AM S, F-T i S it S 9 S Saei (1, ~10"° m™) srafgs
Y I AR B ge § T 2
ESIL n,= N,
g[@nenh=ni2,3waﬁﬁlﬁ‘ﬂw
n, = (2.25 x 10°%)/(5 x10°?)

~45%10° m®

C'PI lnr2lbe
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% wifae!

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

p-n G STErS @t Fmior qer @

:

SR fewe (eTmEE)

B fergon

14.5 p-n ¥

p-n §fY (p-n junction) dgd & meéﬁmm W&aﬁ&a
THTE B 3 NI gfRil ob foveivur o foiu Wi oF SHeER whi HHEAT STedd
Hequl ] 219 B9 UE THeH %1 WA w41 fR foRdt W o fmfor ok e 2 qen
TR ST dreedet (= a7 off wed §) o g | *IE G fFg 9ehR oeer
EZoil

14.5.1 p-n Gf& &1 Faior

p-¥HR & faferia (p-Si) stefaes 1 Taelt weferrt () W fa=m Hifu
IS 9 | a9 SRIf§ i 3Ted 7 e TRl p-Si 9efasht o s 9m
I n-Si ¥ IRafda fran <1 wehar 21 foreht srdfererss @1 fefor w@ @ sga-@
Hfemand &1 1 qefereht H p-8 e n-8 Gl p- A€ n- &5 o S T el G 2|
Wp—nﬂﬁl&ﬁ'ﬂhéﬁw?ﬁqﬁwmﬁ?ﬁ% — fa@¥r (Diffusion)
T YaTE (Drift) | B9 T8 ST ¢ foh fohelt n-9ehR oF 1ef=etes o Seieiqi i digdl
(9 THish TG | SelagiHl 1 T Bl 1 Tigdl 1 gol | 1fus gt 21 gt
TR p-TohR oF STe=Tcreh § BIcl ohi HIRdl Scideql s1 Tisdl i ol § SAfueh 3idt
2l p-n Gfu % fmfor & 99, 99 p- TS n- wowl & AU W Higd wEo@
(Concentration gradient) & %R0 Bld p-Herdh H n-Haleh (p — n) S R B
& A1 S n-Telh | p-Helsh (n — p) H1 AR fo@fa g €1 o el i ™
7T S HROT WY W ek fIEROT W veted Bk 2
ST I AHH p U n i IR foufd g @ @ 9% o1 e U emafad <@
n-heTsh T SIS Ad1 1 T S Sral (e SAE) WR AR o THgS gry s g
%Wﬁ'ﬁlﬁm%l@ﬁ—aﬁsﬁﬁgﬁnepaﬁwmﬁﬁ%ﬁaﬁ%,ﬁaﬁn-
Thelsh T YA Wi (AN UAIHS WE-TN &) Teh WA fashfad 8 Wi 2
THI W, STl hIE Biel TiKal Y07l o R0 p — n %1 AR foriia e € af e
AT 0 T AT W (RO STERT) IS <l € S fyee gl €1 Se-Si g
foafa e €, RuTHsh AW (RUTCHS -9 &5) % Th Wd G o
p-Herd W faRfad gt St €1 | oh I Therhl W fasfad 38 ST 6
4! &7 (Depletion region) F&d 81 98 THAT € sifeh goiarzi ae eict o §fyr
o SN-TR SRR T § G ofd € o SHeh o ST ok &1l w1 B Y od © (fe
14.10) | 39 g &1 1 AT WIEehiHeX o TS 9N F Hife
U Bl €1 WY o n-welsh W HHCH @H—Hﬁf & ql p-
—> TeTeh T SRS TIH-<18 & B oF R0l 9y W ¥AcHS

s STEY ¥ TS ST H SR T Faea & e 8t ST S|
000 n T & oh SR G o p-Hcsh 1 SR n-Heih i 3R
Sooe Ao Tl % n-Haw FI S p-HeF F SR A FLA T W
s faega &9 o FRT YA AR HT 39 T FI 37YTE Fed B
< &

o 14.10 p-n fa a7 Ft gfepan
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TH UHR TS ST9E UW S fF faE 9w & fawdd @ w,
yenfed BT 3T T ot & (fad 14.10) |
AN H, Torewor ¥ =4 Bl € qe T9ere ¥ e et



AT SRl - TSI,

Il qon T ufkaer

Bl SH-S9 faeRor gfswan eidt St €, Wi o <l Wetenl W STaReRed
a9 & TR 810 9 21 39 faea &= &6t o o 9fg 2t 7 fores
Ty 9aTE o) H off 9 2t |1 9 U 3T TG qF Fordl &dl
2 9@ qo fop 3 <A urd (forRor ¥ qen STuere ) 9 § qee
&l B S| 9 WehR Ueh p-n GfY o S €1 Greere | pon G W
FE A2 faga urT &l B

n-&3 Y SeiaeHl i &I a0 p-&F § gl 1 Wi oh HRoT S &5
1 G o FR-UR Teh fa9ala Sca=1 & Sl €1 39 fawa &1 efern 59
YR Bt © o J8 e areshi o R YA w1 ferie sl @ foreh
el HrEER i feufd Se= 8 Wt @1 e 14.11 W iy
e § qen gHeh o o aie faveriar uitEn e 81 n-vered A seiei
Giu § e p-usiel 4 sele St fohy €1 3H YR p-uwied o @
n-we oA 71 ik fava n-gF ¥ p-aF &1 SR TeEeHl i
! ekl o1 YA a1 © 31d: 39 fav9a 1 WH: a7 fa9e (Barrier
potential) Fed 2l

O O

— | W je—
[SIS115)
[SISLS)

P [SIS115) n
000D
[SIS118)

<+—E
(a)

_

(b)
o914.11 (o) =@ 99 ¥

(V= 0), (b) o fordt smag = gfya

=1 fava|

3METT 14.3 1 p-n HiY T7H ok Y 87 p-FehR o HAef=TeTsh 1 Th U1 i

n-YehR o SFefEess 9 wHifdes w9 9 GAfTd Y p-n G 9@ w Hend 22

T Tl i ot ugt, =R R € Had 7, TR-mHe feea siaue (~ 2 9
3 A) ¥ el R GEd Bt iR sEleie waveT TR W sfdfee 9eh (31e
Tqd Hueh) Hea & M Yafed g aTel e areeh o foe Wiy ue fafssrar

Tl TE FIeN HIM|

€'PT Ini2ibe

14.6 31ei=ceieh SES =
°—| P = n I—O
sHEe eEE [f99 14.12(a)] @ ®9 ¥ TH p-n 94 ~ goss ~

et & e fodl W oenfor Hoeh S @ € @ifw ww oA o

T HE A dieedl STIII H1 ST Foh| 36 o oh |1 <fHAd
B4 B sf=reieh TEE & gdieHs w9 § fa 14.12(b)
frefud foran T 2

TR =T faen aRuret o STgaR forp@ o &t faen
fererT (Equilibrium barrier) i <31fdl 81 (Sefeh sMie
swfefyter a@fdd (Forward bias) 8) fawda &l e@ie &

/T\ Ha%
B & ek
()

o

(b)

ol T AT Seedl V STIIgE ik URETTd R ST Hehd B o 14.12 (a) S7=TF SPAE, (b) p-n WY

p-n G4 eE FY fomn foneht e o armeeen | fafa foa
14.11(a) 21 (b) ® S9fl T )

14.6.1 IWfefyTer s9@ ¥ p-n G STNE

TS 1 Tdieh|

S fordt stefeTers eEie & 1 fOll oF e 1S Ol dieedl VI YR STIYIE i
St ® fop St b1 o 2 p-hersh W qen 0 2 n-ets @ SIS

2 [fa9 14.13(a) a1 (b)] @ =/ Swffre F/Efdd F8d &l

YR TS dieedl U 1= e o gl &5 o o I g © aen
G o p-Thelh qel n-Telsh W fa9add 0 el € (SR R0 I8 ¢ Tk Bt 481



O O
(1)
(1)
P (=12) n
(S1]
(1)
<4+—E

&1, o & e IS AV Tl 7, 1 HH n-heleh el p-Heish oh
HieRIE T ot § ercafush Bl €) | Sy e (V) S fen sfa i
(built-in) fasa vV, 3 faoda eidt 81 s6ep TROmHEY, B W 1 e
oS ST € e Ufersht SE e & S @ [fo 14.13(b)] 1 swufefere smaw
F ot Aferet SR (V, - V) B 2

A% Y dieedl o € df Uferert fava 9 9 @ hadd 9 wA
Bl ST, q1 Shael o §1 A6 A8 Sl S=dad el R W o, 9gd HH
e | Y i IR o T sevaes Sl yre Y U, ofd: %A fagd

Vo

(b)

foT 14.13 (a) 0l =9 o

Fell U 81 S 39 YR foEd o | gfg 8 S
YT diced] oh HRUI, TodeM n-Hod g & H TR HL
p-TheTsh R TEed B (ST 9 3Teuly aed €)1 TE YR p-Thelsh o B
T ! IR ek n-Helsh W UEEd B (STEl 9 STeuisl aeeh €)1 S
TE § T Al 3H UeRH I STCUIRT A6 S1d:&9U (Minority carrier

1 YR Yellfed BTl AfE T9 SIge diced! § Il gfg o S o Aferept =i
J:3 HTH T ST A9 ik G & SEehl i G UR T % T e

p-n ST SIS, () U9 99 jpsection) wed #1 6l 1 HH1 T o ek W, T 9 90 e s
\(1)@@1#,(2)%?%@ AMEeh! 1 Higdl 1 qoil |, SFeT9 A Figdal § Hewqol gig e s
afeedl & o, e (3) 359 920 gq Wigdl YUl o ®RU p-theld HI WY & fRAR foafa g

Sieedl o TT’I'QI

10000 :;
10006:
P ‘oees:
10000
‘oo0e:

rop
&fd afta
THRE

p-%elsh & T R R T€9 S €1 SE WhR n-heish i G o

ferm o forgRa et n-Weteh o T R R wged € (Fet 14.14) 1 ST

ThoTehl TR STIAY] S8 hi 39 TIfd oF ROl fagd & yanfed eF ot
n B Tl SRR S ¥ 1 Bl TRl Y qe gl faeon

é?wgqﬁqﬁmamaﬂﬁﬂ%ﬁmélwamwv&qmm:ﬁwﬁﬁw
o g gl

14.6.2 Uyt am=d o p-n G STaNe

|+
fora 14.14 swfefs o § seqe 9@ RO T gEe & R o o #iE 9 deed (V) 39
dESH AUV (Minority current YR WW%WW& ¥ 2fHE & n-wed 9 a4 B/l

injection) |
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T 1 p-hersh | Sied € [ 14.15(a)], @ S &I gvaifime
AT (Reverse bias) #ed 81 STIFH dicedl i SAfeehien favem
arefTets o gl &7 o o W e ?1 T8l Syge dicedt 1 fRen Afuen fava
1 TG o THM Bl B1 3Hoh IROTHEEY UferehT shi 1 &6 Sl € a2 gret &l
1 e o foe@ o qiadd eF & wRu gig B S #1 avefeies aee o g
Uferewt HaE (V, + V) Bl € [ 14.15(b)]1 78 n — p &1 3R seiRi & Jars
T p — n T 3R Bl o YaTE HT T FLA T 39 TohR, SIS o s am@@
1 qor o 39 feafa o forewor ¥ ety wH el S 2
Gfer o faga & ot faen UE gl @ for afg p-horsh W gl S1eEl n-Helh
R B AT Aoz G H THA G ok Fehe o1 WY, @ IR Tk TgHEIh
& B 9 fea S| A SEehl o 3H STUETE o SRVl faEd ¥R 3 B UE
AYEE N FD YA IS HI Bl &1 THoh 3Tced i B ol R0l T ¢ T Taw
SMEeh| i TId 3ok STCAIY etk § |fY oF O 3R S8 Holh i SR Bl
B ST SREe | TYeTe ¥ (W pA ) f B © Wy g8 3t fere agent
% SO ¥R (mA §), HI qer § T Bt 2l
TS YdY ¥ (Reverse current) 3TIUIE dleedl W STy ¥R &1 gidl|




AT SRl - TSI,

Il qon T ufkaer

ST AEh! ! T o Th ok o TN Foish dk T o foag &
dicedl € At Bl B1 U S9ge dieedl o IR gry ifid el et
WG 7€ WY o IH el T T STeehi i FiEdl o RO WHd Bl 7

Tyafefies 9 | fedt wifds wwafsfi¥er (Critical reverse) aieedr
% fagaem ORed &9 ¥ dieedt W sk T w71 39 dieedr F 9o
gleedl (Breakdown voltage, Vbr)aﬁﬁ%lm V=V, 9 A qeEEin
o/ | a5t ° 9fg Bt 81 T8l 7 foh 9 dieedr | oted i w W
Fff o o srafus ofted= e s #1 At wwefkfne o/ s e S
ufwer R oA 7 (SR Searee 5 fAfdse fovan o ©) 9 e Hifa
7 fohe S @1 p-n WY T 31 ST@T 9 T aR ft 98 T7Ad 71 § 3Afeh
Bl WIT dl Afqaw 89 o HRol SEie T € S €1 UH e o 8 Hehal €,
v SEE SfEien aEfHd B © qe SRR N SEd 7E 9 St 2@

et T o VI AfYenaIfomeh (STIUga &1 T8 dleedl oh el oh
&9 | ¥ HT TI=oT) &1 T2EE HE o faw aRuy om@ o 14.16 (a)
d (b) § fe@En w B1 SMEiE W dieedl i Uh URREEE (A ER
) § eeR gl sl @ e SEie W SygeE 1 T2 dieedl i
ufEfda feran s wehar 21 siteedl o fafa= ol o fere &m =1 946 A

O O

000000
000000

P eecese n
CEEER)
000060

<4+—E
() 9
/ 1
Vo ___j/y'
— N
(b)

ot 14.15 (a) Ty o=
T e@e (b) WA a7F o
Tferent fae@

foren ST 21V SR 1 oh WtE Uk W, e A 14.16(c) ® fgEmn w8, o
T 21 e AR, sk s W o fou gn fheiey %1 ST % ©
FHifer (S fusel egam o gHegmn T o) sruferd uwr sifue @ Sefe faada
A H HH UN I A9 oh [T Teh HIZhIUHIE 1 STAIT fohan sian g1 31d o

I (mA)

100 —
80 —
60 —
40 —
20 —

[ 1 | N
02040608 10> VMV

&
™S~
L1
P n
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frefiiHex
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/|l/i1 |ﬁsﬁr
-
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[N H
| 2
P n
ol
IS ITHT
(LA)
|ﬁ7ﬁ

(b)

10 —
20 —
30 —

I'(pA)

(c)

e 14.16 T p-n T sEE #1 (o) SRfTw 5@, (b) TwafReE o=@ § V- ifyenefore &

I o YAITTeR ufuY, (c) foret fafeenia sMre o wfawdr V-1 stifiremerforen | 483
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3<cT&{0T 14.4

(14.16) W 3@ Fahd ? foh smIfEferes omo@ o oR9 # ¥ 39 909 q agd +R-+,
ST 0, Sl @ W qh foh S W dieeal U e 7E 9 stfuss | @ Sy
39 AfenefiTs dicedl & 9% SEIE 999 dicedl H 9gd Aig-H g gfg 9
TS U | Wedeh (SREmdiRt) dhg 81 Sl 81 ¥8 dieedl agell diegdr (Threshold
voltage) @1 23 dieedl Heddl 81 30 dieedl w1 HH SAREH e@e @& fag
~ 0.2 diee qen fafeeswit grie & fag ~ 0.7 diee

Tyl SEE H SEe o fu ¥R Sgd w9 (~pA) it @ qen g o gieda
o T e feer w Wt §1 39 9l §gw &R (Reverse saturation current)
FEd ¢ g T2 oty yeHon #, ogd eifuss qveafciys 9@ (99 dieedl) W O
A sme dfg &1 S 71 SEie i 59 favw foran &1 fae=m ot ot 14.8 H @it
T €1 YR 329 ol SIS W WqW N &5 o 3 S Tt fhy Wi €

R < T e 7% fa@rd @ fF p-n S g §9 9 4N o Y18 Fi ohad
s & feen o (smfafirn ae) wfhsfid S @1 aeaikiien 9o gfy w1 ge
o smfeforn oma@ gfedis &9 g €1 T8 U H1 ST YA (ac) dieedl &
e o fau faran o @, o owTet eTqum & @HeEn T ©1 el & for 'm
T I ifaek e f99 7o e wed €, 1 dieedr § o aiedT AV qen
faga a0 & o1 qRed AI'sh 3’ o ®9 § gRa Hd 8:

AV

T, = AL (14.6)

IETENT 14.4 Treht ol s@iE &1 V-l sifvenafirs o5 14.17 § <910 T 2
SIS &1 GilH (a) [,= 15 mA Tl (b) V,, =-10 V R iafed ifsa)

I (mA)
301

10 o veeeeny

0 05 08 V
—0— - 1pA 8

o7 14.17

T TS ATEafe F 1= 10 mA ¥ 1= 20 mA & S e @1 &1 Hifd 77
B S q fog 9 ol B, B9 A9 o | 1 UeH #id gY WiRiY 1 gieher
T T B
(a) 9 ¥ I=20mA, V=0.8V,I=10mA, V=0.7 VR

ry, =AV/AI=0.1V/10 mA = 10 Q
(b) FF A V=-10V, [=-1 pA®

1q:

r, = 10 V/1pA= 1.0 x 10" Q



AT SRl - TSI,

IferaT qem el g

14.7 G4 STEE & A=@K & ® | 3F[UEnT

ot s sme & V-1 sifuenarforg o &0 9% <@d € fF 98 how quft faga «m
Yelfed €H a1 € W 9 STl St e 81 3 At e gEe o i W
IS YA Aleedl STII i STl =k oh ohael SH 9 H IR § &R Yarfed
B 5 eEe ewffin SmEfad #1 <@ % 39 U
SUHNT YTl dieedl 1 ey e | fohan s & qen
9 w1 & foau | 9y =1 IEn w9 ¢ 39 e
FeEd 2

g TS o fad W FIE Jamad! (ac) ieed AvisH
H HAIfSd e 9faly R, o 91¥ A9 &l S¢S
o o W Fad ac a9 & 39 = o oo eme
e STafad €, U THE0H dieedr gier=R et 3
YRR 1 forega 9ue fo= 14.18 < faga afmer o e
T TS oref-aR ARt Uiy wEd ©1 TEHE i
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ool @ e frrrfa erfirenerores W i €1 s1d: ot 14.30(b) ® 39T SR ST6R 4/
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arereen o €, wfeliel Sgd &9 A el 2
(iii) &7 FEfep U (B) : TH TH YR RN R S @, e S -Scsie

ST (V) W WIS uf H 9fed (ALY 3R ER ar & wfordt wftedy
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V, % M 0.6 VH %H Bl 8 e’ ofdh
ST | Tl ¢ qe I, 3 B €
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v, rAlg
=_ﬂacRL

. (14.18)

SR g 8 Fefd ohear ¢ o i dieear sen o Ferw sieedr o foadd 2

2ifeTeX. AfenerfoTe &1 SWied = § g9H 98 UM fF CE fa=m@ # am
afer g, 7t 81 38 T dieed Afer A, of e o T wfR At A am
wfe qen dieedl @i o [UAE o &9 § o Y Gehd 21 M0 w9 o

A =B XA, (14.19)

<k B, TMA, T WH 1T ek €, 910: 6 ac W @fed I gt 21 qenfa
&4 7g 9y e =ifen T Tifaer &g wife s gfea € 71 ffa ) 3=a ac ifm
o foru ermavaes Sl 92t g 9 1 S 2

3ITET0T 14.9 Fo1 14.31(a) # forga am4fd v, & OV € 5.0 V 7 afeda fean
ST HHT 81 Si TER o I B, = 250 T R, = 100 kQ; R, = 1 KQ & T2V,
= 5.0V 1 I8 WHd g¢ foF w1 2iforet Sqw staeen § 7, @V, = oV v, =
0.8V, (a) 98 =IFqH STHR ¥ URehferd Hifse 58 W it dgw eawen o 1gd
ST (b) 36 YR V, &1 98 A fored gifae fem o’ &t +ifd &0 w3mi (o)
V, 1 9 IRER 1 Hife et gifsreet  fem st qen ‘o a1 w1 feafa o
@ 2

&
fean gam ? % Hq@a@ WV, =0V, V,, = 0.8V
Ve = Vee = IR

I, = V../R. = 5.0V/1.0kQ = 5.0 mA

gafaT I, = I,/f = 5.0 mA/250 = 20pA

e FomT aicedr fo| W et dqwar T80 &3 ©
Vi = Vg = IgRg + Vi

= 20uA X 100 kQ + 0.8V = 2.8V

o Tae dieear foad == gifeeet sfqes fefa o @ 2

V, = 0.6V, V,, = 2.8V

0.0V a1 0.6V, o o= 2T ‘ fea= o1’ stawen | Wl 2.8V 991 5.0V & s
g ‘= o’ erawen o W=

o S, S1& I, 1 F9 0.0mA ¥ 20mA % S ufafia g 2, af Ziforet |
o ¥ BT 71 W URER , I, = BI, W B ¢ W gReR §

I.< Bl

6'VT Ini2ibe
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% wifae!

SETEIUT 14.10 fFHt CE-Tifrex yad o fol 2.0 kQ o st Ufarie o6 forg
0 W 2.0 VR A ST il &1 o gerE 100 21 AT de 1 SR HR
1 AF faa o/ H1 10 T & €, @ 2.0 VT emafd v, Sofishn | gt
SiRIE R, 1 1 HHA BT =ifey| W qiaue o fa W de faserdma ot afissfea
it (s 14.32)1

% fifd de sieedl 2.0 V &1d: ac §UE® &7 i, = 2.0/2000 = 1.0 mA 37d:
R W TS et fe &/ i = i, /= 1.0 mA/100 = 0.010 mA

dc TR &/ = 10% 0.010 = 0.10 mA

FHEIT 14.16, Ry, = (Vyy, - Vi) /I, T8 AMG 8L % V. = 0.6 V,

R, = (2.0 - 0.6)/0.10 = 14 kQ

dc HIE® HW I, = 100x0.10 = 10 mA

14.9.5 TARUT yaefer qen ifawey Sifes

T 3@ © T 9@ TRt yadE ¥ T e fan e Mata e s
1 o yafid farme o w9 § i g 21 59 319 9% @ 6 yadfe & g o

3qTe0l 14.10

fram
EAISEEES
e J i
« AR
<« qgy
(@
Tl
1%;\
2 ) T Wehed
\ (Gt &l g
/ affa)
n-p-n T, frfa
—
I m—
(b)
Y Y
I, I
X Z X Z

t

v

(i) © (i)

o 14.33  (a) ¥FTHE AR 916 U @ gfqafed 2ifemes
Yot &1 Sifes & w9 H fora w0 o1 fagia;
(b) T TS LC 3ifeld (HUTEsh W) ; a2l (c)
T I & HROT W i SR i T S T
Taq (= fmfn) |
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o o € &H ac frfa firerr 21 s o
qifers @1 Tl el w@a: glaaiferd e g1 e
T4 o fau wk yads & famn wmr @1 fla
fora &1 T 9 yRfae faa &t Fen § &
a9 w1 A gAdia (igd®) # R S
21 3@ WA W HAIHE G Fed €,
o 14.33 (a) o @ @ 21 g Wi
T LC

9 B I8 GHEH 1 TIE w4 fe e
1 Tod fHE THR W a1 &1 " o T feerw
S, W1 3777 X FTEY ey S W BT



I E G ECEED

- 1919,

Il qon T ufkaer

3R B Foh | Treadl, el § 9Ues ORI &1 U TEifY (Surge) TaTfed &M
IT U Fedl T, ¥ e I § foges a3 @ T 14.33 (b) ¥ GeEn 3
SR 4 @ T R AE UW A R AW W ey A€ UEE Wi, afed X 9
Y T -+ Fedt €, St fos 14.33 (o) () ¥ f@mn mn €1 et T, Fen
Feel T, &ﬁaﬁwﬂaw&wwﬁ%wﬁwﬁ@%maﬁw
F (v 2 o areE W 9E) FRW © i R TR0 2| e gAe &
FRO T, W TE U (IESE o) ot X W Y 7% Sedl ¢ [(FF 14.33 (o)
(n)%@hwuﬁwﬁ@@%@WT ¥ ¥R (FUR® ¥UR) Y AH W
wgEdl €l 2T ggw el 3 T @ 7 2 R W GH HUEE N
A Afeshad A W 2, qe o1d AR eIfek T o8 Tehdll df o1e TUES
%mﬁaﬁiwﬁaﬁqﬂﬁﬁw% zafau T, o fehe ga=a &3 deT 9% @l

ST B S g ers frer gl S, éﬁﬁT@Tﬁgﬁﬂ“{me@mﬁm
Wﬁﬁmwﬁ%wwﬁ%ﬁaﬁ%lw HUES U Y 9 Z
F SR et 7 [ 14.33 () ()] TG, FUET ¥R & ¥ & FHRU FHEcA T,
o fiohe G &7 HT &9 Y& & I | 39 ISR T, FHl T, § e g
89 feE & (U w=E TR & W we 89 9e W o1, @ 9% e o
fawdiq £)1 THF FRU SESIF U W GHT 0F AR Hed B W 9% 9% 20 R
T UET WU SR iR #e-onw (faws]) ® W wHenr ot @ fF [ qenm I
ST SIS 1 TETE T S $1 TaTe SR S YRI S (S A
Jom AR FT F T o) T a die S ¥ gEe 9% Y YA e e
U 81 efd, TR Tl Waw e § S 7, fh we-sife o iR fre
qUG G el H oAl M@l {1 W el ¥ He-oNE AR R amaw e
% &1 fEA § oW e dw-ufwy a1 g oy (Fee T, # Wk
L Ao e ¢ uede § A §) o el W iR w3 81 v g

ufRger 1 SR g (v) & 97 egfa @ S feifa st 2 o <o forg st
R Ifad M

V= ondic (14.20)
51 14.33 (b) & ufy ® 3 o1 gHEafRd aRuy e %1 SR Sigl T 81 ghian
30 GHERd GUEF g wEd ¢ 9% gHeEid giuY SfHR %1 AR e i T
TR SR Fiers Heih| e T HR o 3k U (S RC) A1 IHHR0T wfiger
off gid & o fafe= wepr o <ifers sd @ S shielfue Sifes, gée <ifersl, RC-
et emfsl

14.10 3icheh SGEIehl AT deh (ATNSeh ) T

el Srgamtt o o yaishl, e S8 gorareifer afkedl 9 emraet afe= @ T
o1 39 Sieedl tuan fagaumieti & fame Taaq e aRad=a aieedrstl steEn ure
o &0 H | 39 YR o Fqel i Had AU H7eT [G7er hed 21 o 14.34(a)
o T U € Wi e e geitan e @1 e 14.34(b) ® U wE X ®Y
Tyt e & TS dieedr o Sheel fafasd OH & 9we 21 39 YRR o Farel i
Frefud w0 o fou fgemamd sfenl o1 SUFm §Xa Bl 81 fganemdt sfea yomelt |
e & B 3 ‘0’ (9, 0 V) 91 ‘1’ (I8, 5 V) Bl 1 3eheh geraiieh! § & oheiel,
51 14.34(b) ¥ ST ER, 321 &1 dicedl SR o1 UM i & 39 fqriell !
R g77eT FHad &1 Aehra uitue o fraef qen frla Siceaisti o shae a1 7H &
(2 0 den 1 9 Frwfta fohan e ©) e 2
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% wifae!

TH S9N 1 Se9T Seheh TOIFh! ! THSH oh Tolq YoM =01 Y T B
el B9 AT HASRA F| Sheh SR o Fo Jad wael (F= aifa 72
#ed §) d & Hiita Wi 3 e fafime g0 9 skt el B gartid s
yonfer e el § T St 21

3T IRYY & &9 H T T R H ITAN e ot ferE 1 II of Fehd
& e ) fearfa & o19OR wehmer ‘31" sreren ‘3’ R FAel Ear ?1 9w
‘ot gt & d frla 7 <1 g € den S wehre ‘St glan €, df fRia A o e
B e weprer T w1 feafeal €)1 wepmer =1 fopamsiiel s o fog fem= =t =
‘oA’ sregen ‘e’ @ feorfad § @ €

4

(b)
o7 14.35
NOT 72 & (a) Teh dieh
(b) TEHH WRUT

504

MAN . ) .
BRVEAAVANGE E
VA
@ (b) -

e 14.344(a) o984 fa7a (b) si&E el

14.10:1, At e

T Tk THT 319 TRU (Digital circuit) il & St faeft qen fafa diceareti &
st frdl = difeher ae 1 Ulel idl €1 SEIfeT = &9 § % et
Tz HEd 1 T e 1 FRU I8 ¢ TR A Yo o aTe i i w3d 7)1 s
®q § STA fRT ST o1el i witsieh 1€ NOT, AND, OR, NAND @2 NOR &1
Yook olitsieh T2 i fohelt welteh g1 SfiTa ohid € e SHoh Wehrd bl TWeh HeIHH
ot grr aRefa fran Siar @ st |t Swe fas 9o S "ESE qen S
-3 Tefd qeh &0 1 S B SIHM ERO At el o SHaRR
TrgH | HerFdl Fdt 1 37 it 1ef 1 teereis fal 1 ST Hich S
ST Hehdl 2

(i) NOT 7T

Tg Felifesh Forud e © 9o Shaet Tk Faet qon wek ffd g 1 71 afk free

‘0’2 a1 Fid Sea= e € den 9t e 1 @ 0’ i S s @1 st

T fordlt faw o1 o1 ffd W sgehfia S Sca= 3l €1 7€ SR € T

39 IHAF A1 Yldciwe i Fed 21 9 14.35 9 39 g 1 =9 &9 | 3YFM
B aTel YR de U HEHE RN € T R

(ii) OR 7T
fordt OR e o U= Tl o @iy <) =1 eAfurer faw Bid €1 fo3 14.36 9 39 g &1

qoh gdieh e TeaHE GRo il W 71 g9y ffd Y1 @ i@ dt few A steren
e B 1%, 21 g4 1 tefd afg & ot fow 3= @ qf frid S=a e 2



SAefeTeTh gAaehT — e,
il den TRt aRkae

o] o 0
A o | 1 1
Y
— e 1| o 1
B 1| 1 1
(@) (b)

917 14.36 (a) OR 7T &1 T Wdlh (b) OR T i1 HAHM HRUM|
SR O difcher Tihanedi o AR 39 T 1 SYIN TS qUEYT i
Heifaa @ | foran o1 gehar 21 34 Frefafad sere § e fwa w2

IEIOT 14.11 957 14.37 ¥ fgu 7w fo91 A 9o B o fau ‘OR’ W2 & fwiq
TEY ! =AEifad 38|

® (<t W, A=0,B=0; sHETY=0
° A=1,B=0; s@auy=1
° A=1,B=1; z®f@Ty=1
@t ¥t dh, A=0,B=1; wETyY=1
° A=0,B=0; zE@TY=0
® (LW T A=1B=0; sEETY=1
(>t hfaw, A=0,B=1; w@my=1
TEfAT Y o1 90T 9| € e S| e 14.37 % @ w2l
SR

i t4|
A

1]

() fort 14.37

(iii) AND %I
Tt AND W2 © < =1 s1fueh fast qen ue fid 814 €1 AND 712 &1 ffd Y sherel
1 Bl © 5/& o91 A den Tae B S 1 €1 39 T2 o1 doh Ydieh qel SoawH HRof
ot 14.38 # gt 7 2

A

. Y
o—
B

(a)
B 505
oI 14.38 AND T2 &1 (a) dF Wdish @ (b) | QRO

— = |O |O
— O |= |O
— 1O |O |O
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3qE0T 14.12

34180l 14.13

IITEAT 14.12 A 3R B F99 o qOEdl 1 IO 14.11 & GHA oA
AND T2 ¥ 9w i aUreq &l @he sife)

&l

o t<t @ fag; A=0,B=0 3EfeTT Y = 0
® ¢ Ut T¥; A=1,B=0 gafaT Y=0
® (Ut Th A=1,B=1 wfeT vy=1
® t Wt TF; A=0,B=1 gafaT Y=0
® ¢t Ut TF; A=0,B=0 TEET Y =0
® t Wt TF; A=1,B=0 gafau Y=0
o (>t éﬂ%ﬂz A=0,B=1; gafaT Y=0

sﬂé?emaﬂqt AND 2 =1 fifq qomed = fo o sy sgEr @i
ST Hehel 2 "

<
[ St
ik Eiadiat-

(iv) NAND 7

Ig Tk AND 72 € 81 NOT §R 178+ &3l €1 9k fawr Aden B3l ‘1 €
i “1° €Y Bia1l 36 T %1 98 M 38k NOT AND =aeR o &0l fea = 2|
o1 14.40 ¥ NAND 72 &1 deh Sdish ael GIHH SR i 7 21

NAND 72 ! |3 e a1 96 g4t e ot Fed ¢, e 9 el o T4
T T 3T Felgd T S OR, AND T2 NOT 91 % Hehd & (3191 14.16 TN

o -
A
Y
D_.
B

(@

— | =0 | O
=l K= Bl k=]
Ol =]+

(b)
ferT 14.40 NAND 72 &1 (a) Teh Tdieh a0 (b) T&HH RO
IETE0T 14.13 = fg@m 7w fa91 A 921 B o @ NAND 72 & f7iq v

i Th SIS

&l

o t<t = fay; A=1,B=1; gafeT Y=0
o ( H( TH; A=0,B=0; T Y =1
® ¢t Wt TH; A=0,B=1; gafeT Y = 1
o ( Ut TH A=1,B=0; e Y =1



L G E A BED IR G

Il qon T ufkaer

® ¢t dt TH; A=1,B=1; 3EET Y =0
et Wt TF; A=0,B=0; TEAT Y = 1

® t>t o fag; A=0,B=1; 3afaT Y = 1

t ot ot Lt
T 14.41
(vy NOR 7=
TEeh q1 A1 3fush o9 g wh frfa gl 81 OR W2 o 9= Uh NOT Efehan
3I9gH T ¥ NOT-OR 72 (319a1 Sheiet NOR 712) 91 &Il 21 57 <Al far A
T B ‘0’ Bid € i fid Y shered “1° Bial B, teid =l Teh, (o ST A € o e
‘1’81 T 14.41 9 NOR 712 1 deh Wdiieh a2l | GO 9t 7ot 21

= O |O
— 1O |—= |O
OO |O |+

(a)
(b)
oI 14.42 NOR §R &1 (a) Tk Wdish 9ol (b) Tea®™ EROM|
NOR gRI &1 HEE® gR 219l 96 Yase §R A1 Sl ¢ =iife haed NOR
e} o YA 9 &9 gt e S¥ AND, OR, a2l NOT Ui oY Hehd @ (31916

14.18 T 14.19 2f@n)

14.11 UTahigha uRue

qfge sl S 1 WA f9fY 39 IR ® : SMEie, T, R, L, C S Seeh
1 TR 5= A5 g1 ¥ qR gRI Wieed Hhich el Sl ¢ Ty o ffashi
o 9% S TEET A S GRT ST SN HH W A TH IRuY T B Ul
3ok fdfte U0 afRaer ¥ fovera g den &9 yoma-Ueh 8id o) Tk 90 gRye
(foqe oiga @ @1fra w2 S R 3R ¢ 7o Gfwa gfaal sd em@ie R aifeaet
Bl) & Tgarers o fRE B wwa st (A1 fov) & R FHffq w0 &1 g
J golagife dreifienl o wifd @ & 21 tW uRuY ® ehigd IRy (3FNRe
ffe-1c) wed &1 Fad fagqa &9 9 WA &1 SH drel G, g
QEF’)WWQT%I giiferfes veg <) ek II&RT 1 ASH ©, T (monos) 1 3¢

€T'PI lnr2ibe
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e’ Bl 8 Tkl 3R 7219 (lithos) =T 7% glaT € Teer| Jerer:
AREE TS ‘o' @ f gt g7 ated 3 foR ol aftwer et e fafaett feeed
<SS P (o ) w ff $1 Ay w98 919, T 1 mm
x1mm &1 398 *ff Bt e "ehdl 81 fod 14.43 & T & ©
ag fo o9 e Gelt wifies serer o w7 #1 36eh Fw qm 9

T g IV 01 s mm s STERe g fean T € @i fav @ s fm aw e
fog 1 fm ATl WASH b1 WA <11 Heoh| 3 Tl § € «rel W aerd 2|
fraw el &t UHfd & STUR W THigd qRuel & I
Tl W el ST Hehel B: () G AT ST Tehighd TRUL

b) Sifher Tehishd Uiell Waeh Tehihd uRuY 31Ed
el o1 GHIfyd htch SIfushan qe =JAan Al oF IRER § uRafdd R 3= ety
AT Had &1 34 €| a9 q Few o STHur gl €, e @ e
o WY Washa: uiaEfdd g 21 Ao Thigd qRuedl § Fod sifus swEmd
Gishaleaeh Fafe (Operational amplifier) 2.

e Thiehd aRgey 39 Tarell &1 SEeA Hid 8 fSeh sheiel &1 7 21 &
T wliferer el SiE Rl B B | Wit oh &R (3l Thigd URuy ¥ uRuy
TIIal A1 AAffAsh 2 i GEAT) ok STHR W Tehidhd URUel o1 A0l fhan S
21 S D IC 1 Tl Thel SeUTH, SSI (Wi el &1 H&T < 10)%ed € 0l F9
= Hifean whal SERM, MSI (ifsieh T2l ol T@ < 100) , TST Thal SRR, LSI
(SfTeh 712l T W& < 1000 ) TN a0 TSl Whel SERRM, VLSI (it el sl d@n
> 1000)| Tehishd R o o &1 Grifiesl ogq sieal @ W 98d &R W
AT Scared eF 9 3 rfush R 8l Y 2|

T TS IR : e WETent ol HiasT

goft hegR YUNferdl o TRF R THIHd UREY (IC) Bl €1 add § o gt oFd gfeal Sid #w,
g, CD @R, T B S § THihd IR9Y (IC) & i &1 9 oehor & wRoT ameffieh fsht
FHHR T TS B T SHBT T T IC o G T B "Rt off| IC Ut sl gt & o
Tgd ¥ iR, gfadieren, G, el ar-geft U & Yohw e €1 o HEehigeeR’ o fawm o
T BT AEGHIGEER Tk UET IC B © S fordt svegeX ® @eft gemiett 1 9aifd 31 @ S’ 98 s
e TG o i Hl hsit o T, D A1 FHHEFH = 2§, el &1 IC HT Fagem R 91 1958
o 2og siic W S fhowt g fRan man g forw 3= T 2000 W Aed TERR YIH R T
IC =1 fafor srefemeren fopteeti o Tohel (Stuen fom) W wiRIfALIE! 9fhan gR1 feran ST 81 39 JahR
TAEd g1 Wikt S (IT industry) Seeas ® fedt 21 fuset &2 af § 1C #1 Sfecmand 9 T
& Sefen 9ok @l 1 AT R fache @ 21 fuscl o ekl & el WEifiht o ekl oreehio
T ST ShUIE i Tk Te ol &1 &1 §1 INTEL o SeseeTsh e I+ & 1970 ¥ 98 =am
o o forell fr (IC) &1 w9fd emma &% S od & of1e < T B W ?1 98 @R o 499 AW 9 wetea
21 gfa fou il ot Gen o <Remet 9 9 9fg e W 2 9o a§-x-ad el 1 emar ¥ gfg
B W ?, R off 3 Tt 1 orden 3 T €1 oM Wg o SMUR TR UE Gehd el @ € fF ¥12020
T 39 e 40 GHz (40,000 MHz) W J=1feid 81, 3T H Fal Sie, 3Afue <&, a1 TS oh
P H1 gor | el T B rdueis e 9o e Wit ® fovwies dfg i e |k
e S50 gR el 3TeS & ¥ 39 WehR oFekd feRdl ST ehdl ©: “AfE Tereiferd aed Sei Srefeeisn
@ & Aifd gfd R d HE Yoo T34 (Rolls Royce) FR Fd oM 5 @@ Hidd q8 sl SR 39 ek
Easicilict: e sl ‘

Tor14.43 ‘90 7 AR 91 SHh HaASH
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10.

11.

12.

13.

AT SRl - TSI,

Il qon T ufkaer

AT
yefTerh SAWH SIE ST SiHEIeh o leREl; Sh— gEe, ity
THIHd URuY Tfe W ge w7
STeTel ell shi STeteh LT Ta TRHTY] SOl ity sedt € o fean e fag
T1ef foRgauredt, uTg steren STef=Te SRl
Tqel 1 eRiehdl Igd FH (1029 105 Qm) 8, fagaieh el =1 wfrieeha
agd I (>108QmY) 8, Sefeh Srefererehl 1 gfdieshdr eget @i fagadeh
vl % weA Bl
e difeaeh (Si, Ge) T € W Aifiw (GaAs, CdS @) 2l
TS e AN i’ el € Y aTeshl (g SR Be) i
Itk qered 1 S’ o1 @ SR A FHtT SHeH o qRUTHEEY 9w B 1 S
STeTeR # TRl H WA (n) Bl F1 WA n, THE Bl 81 B Savad
®Y Y JAE YO g s RiwEr €
Y6 ARl H ST STIA oF * STAHHU’ | STe¥ A8 i U@ IRafdd ohi
ST Gehdl 81 TY 1Tkl 1 STusef stefereid wed €1 3 q TER (n- TN AR
p- THR) o B 2
n- ¥R & ek H on >> n SEfd p- ¥ER o SEEes don >> n
B R
n- YR o 1ETers § Si Sl Ge S THEaST THY] (I61) 9 As, Sb, P
TS o T ST W JI feha STl &, Selfeh p- Wb &1 S1efeirers Si 37eqa
Ge i @t waEm (Ul S¥ B, Al, In 31 o rafasr 9 wrw fawman
ST 2l
Teft TEmelt ® n_n = n2| 38k it gxrel yuiaen faga ST B B
e o = o= e AT (S o IR =er §T) B 7, T gded
Td 2| GASThdl ST 1 Sl W 9 i Sl Hi AU B 2| HASTRAl 9
¥ goft et @R quf ® Safes =rem S qoidan fea steran sniferes 9 9 gfikd @
Thd 2| fREl o1 o wer de W goee[ T i o Ty gad B € @i
ATHA o AU ST B €| AAHar BT HH FAShal 9 (E) o ¥ SR
e ST (E) o T o AL Foli- Al qu'(ﬁﬁ'{ Al 2| TSR 9 9
TAF SOHT, FehTT 1ere T ol g W o€ | Swfe Ry S gshd
S erefeTers ® yerfed um § gRedd S #d 2
ﬁga—frgr%gEg>3ev,aﬁmw%gE;o.zeV@rSeV,mﬁa@aﬁasm
E =0 @
p%n‘\:l"r%T'{:l‘lﬂ arefeeTsh gfraal i gt €1 W U G St @ ol selae Srer
Bt ed =l 3P HIS H1 Th B W a7 w1 @ S G fave duss’ 7g
SR 2
e STIIYE dieedl i IRAfdd hich G4 fawa Txeh sl gRafda fram S Fehar
?1 SRR S99 (n- Hofsh 928 & RO FR ¥ 2R p- et ol o T
R § Heg ®) | Uferert =4 2 Wt 8, S wy=ieien 9@ o gig e S 2
a7: ferell p-n G SEIe § SUfKiieh SE™ YR 1 7 e (mA H) B ©
Sfefeh qYEIEI S99 9N 1 A 9gd w9 (WA ) B 2l
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14.

115,
16.

17.

18.

19.

20.

21.

22.

23.

24.

TS i FAEd! (ac) dieedl o Tl (Femed o &1 T faen § wfqsfia
) B FA | A1 S Gehall €1 TR 1erel SUgH fhoek & AN W e o
dc dieed e i ST Gkl 2l

Fo fafime yaeH sEE ¢ e g

S SFIiE T U & fafire wisE gEe ?1 9 SEiE |, uweikie 91 o
ek THfye Sieedl o YT SR ThIUE agdl © (WS dieedn) | SR SIS 1 98
U1 Fieedl fEFE o w9 YA R S 2

p-n T i 5gd T T 316 k1T SoiRieh il W i &g o WA foRa
T ©, STET W o A el H W Uk el B 2 () BRsEE, T e we suee
1 YR T Hqw O GREdE @, WehTe i diedl /IO | Wee gl g1 (b) 9’
el HIeH Foll ol forga-svoll # IRafia il €1 () Tl Scsich SAS IR SHig
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