AT 14

2 ([

YR SFIToh1-
ured, gfeqar e
g U
.
L e\ AN

14.1 iRt

TE gt foe gt &1 et yare wr fwman s geh, Tt sl uRkaed
F gAY T @< Bt €1 T 1948 H X &1 @9 ¥ Tedd UH gt
fereniera: fafa Ffeerd (21 area) off, s@ fafd srie e < soRie; e
(=i2) q1 el B B ; e fomw i seiagie—helle, wie qen firg B €; 32
o1 UeiS (HHATM: 4 1 5 Soiaiel o 91¥) | Tohrelt farta fcrent & seieel &l Sgfd
T a9 heile §RI 1 Sl @ a1 $&eh o= Seloiel o o= dieedl ol gRetdd
Feh fald W 1 TRl 1 FREba gere W fRa S 21 Siau-seleeiel T
(inter-electrode space) H FelaRAl o YaTe o oy faia smayas e 8, e
T Seterei 3TqH Ul W o1 o SUSH W ThUHT AU Tl @l Tehd €1 5 el
o SoleR Shael ShellE W TAIS i 3R Yalfed Y Hehd & (31eifd soiee shad Th
& o o yonfed & wehd ®) | 7€t wr @ T U 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
s7efaeTeh geaRitTal (Solid State semi-conductor electronics) @1 mg‘iﬁa RIEN
1930 H 39 9™ ¥ R 71 foh i 39 s1aen STd=ee qe 3! @ivE |
g G Bl § fof STH STAY dTehl 1 T q9 Sk YATe i faen &t fEf
e ST kel €1 WRTET, ST 9 3TeT Y dieedl S8 Idwieh ol st
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o TqHE SAE T S YA Y Hehd 81 LM o1 91 91 98 ® 6 e
il ¥ A e i YR T YIE T ST o iR’ € Bl €, Sefsh 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
9 AE fes Taifad T 1 Savgehdl 781 8idl 81 I8 SR | el Bl 7,
Il T SUAN HFLA 7, FH aeed] T R LA 8, IR SHte el Bl 7 3R
Tt faveriaar st gt 21 smefrer Fferal o at Fraffaa Aferenrent & fagia w
FE HH Al Shele R Zgel (CRT) et swam Jefifasm @i qon shogex
uﬁzﬁﬁﬁmw%aﬂmsﬁaﬁﬁaﬁ (Solid State electrons) uftger o e
T fagas faea feuwt (LCD, g9 foaea gemi) Ay g gfaeenfaa =t i
W 21 erefurers gfaadl 1 ST 9§ RS W @ off 9gd et URfa § 9Q
ST el AT (i FewiEe PhS) o Uk fehieet foraer Qe ¢1g 1 U gueh fag
AN o, o1 3TN A2 T oF Fgash o6 €9 § ol S 1 oAl

frefafad smam o &0 srfucs Gifdwt ®1 9 g EuRmet ¥ ufem
FHAUT e G eEE (Junction diode) (2-3aaiel i Ifaa) qen gy dfy
(Bipolar junction) Zifsi&eX (S-Wﬁﬂﬁﬁ) éﬁ@ aﬁmwg&mﬁaﬁ
T | T AR % ST R T A e wRuel w1 A s )

14.2  &Tqel, TTcTehl AT STHwTeehl Rl SIIeRTOT

STSAhAT oF 3TN WX
foga =TTl (o) Teran UfeRiEehdl (o= 1/0) o TTUel HF o TR T 31F T&I h
=1 gR 9§ i foRan s @
(i) &79 : TTHT WKL Fgd S (3TET Achdl Fgd TfUEH) Tt
p~102-10°%Qm
o~10>-10°Sm™
(ii) a7sfermeran : Skt UfRIETshal A1 ATctehdl eTgeH qen fargaieh ugref & o= =t
Bl B
p~10°-10°Qm
oc~10°-10°Sm™
(iii) fargavrat : ST UfRiEHaT ogd Ik (37T wTefhdl 9gd ®H) et ¢
p~10"-10"Qm
o~10"-10" S m™
T UM p G 6 o HH heled HIE A o Goreh ¢ AR K 10 IReR & e
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




c Y e [a
SEdh SR Th]

- T,

Il qon T ufkaer

ASTohel STt NTUHTSN STefwTeTsh Jferaal drfcaeh S1e=reish Si a1 Ge 3R Aifie
S7Te 7 SrefeTeral W & eeia §1 W 91 1990 o 9% FHiefieh e 3R
STeTCToh SEeTeh! oh1 SUANT hich i TeaTeish! Jfoadl o1 fashra gan fomd afas
% feT TEe ORI Ao e TR 1 T % e % wea
fyerd €1 39 3149 § 89 ohaol STTeTeh sredresh, favivert aifcasr stef=rershl Si
o Ge o 319 ek €1 Hifqa @M\ aifcees stef=neten! =1 fae=m o fau =e7 fom
G STERONS i SEea fha e € 9 fhe-a-fedt w9 o stfuemter difies
areferRl W AR] Bl )

Felt S o AR W

TR TAY] Hied ok STIER fhdl fagaq way § 3Teh fhdl Solae &l Sl 39
TARZ 1 IRYHOT e W AR HL B 1 W STl THY] Teh-TR o TR SR g
I I O E A S ThH-GW o A ke 8 S €1 o Fehese wumet o
TOAFHT 1 TRl HETd T IG-UE S Sl © SR Tel % fh Th-SW i
oIt &1 ook URuTHEEY R S W Teiaei i G w1 yepfd TRt faged wm
o TSR HI T 9 At 9= 8 S 2

et forteet o Mot Y Soae &1 TAT stfgdra fearfa gt @ aen forel =
TRl o AR AR o e 1 Ued Fene w9 H WH S| A& eranl FE HRo §
o Wedeh gl o Sonf & 9= Bl €1 3 T oot W TS Sl b1 Haa T
BIl @l & SHoif dsl w1 Fmiv i €1 o Sl WR S Garsiehdl seiaeil o Sl
T HHIT &, Gl o€ (Valance band) a2 GaShdl S€ o S0 feerd
o &1 =i §€ (Conduction band) Fed 2| o feret stfafiem w1t o6, @it
HATSTehdl SeieRi quqoma@ﬁ@ﬁ%lzrﬁiw%ﬁﬁmﬁﬂwwagéa
Feuad W1 Y Al e B o G 9 o gele Sl W = o€ | T o
Thd &1 W He s Red g €1 W o6 78 ST GArsehdl o€ & stfaertua
(Fhdl) I B Al Soiae Tadeh $9eh Hial W Fehd €| UHl ifeareh =Teteh!
o g 1

e e o q91 GASThdl o€ o o= HIE [ () €, dl Garsihd o8
o Tt soiael Uiag eid € a0 WeH o€ | IS qo seiae Sudsd Tél el I
uered o feoregadiel o1 <1 ©1 R GASTRdl S o @ SoiaeiA SRl Sl Wi hieh
GAISTRdl o€ U1 = 9 o ot 1 e 1 TR T Hehd | a9 A TSR =Ier
AT ¥ UET S © qe Gaehd s # R el T 39 29 © o o g

S Ghd &1 39 YRR TS UHAT AloH ST § sosHl don Gasiwdl o | Rt

B o RO HeH H HHEA I Hl 2l

3T, 379 &H I8 foam &Y foh N WRHET are Si 31261 Ge fhea o g #
1 g1 21 S H SR e, Gl HeE (n= 3) edl €, SEfeh Ge H Sy He wef
e (n = 4) Bl 81 SToh1 STeraq wall | 4 3oiee (2s 3R 2p seieeH) i 81 31:
9 fored § oI SOl i ol WM 4N gE| fREl dReH wen o eifuswan
TRl B HE 8 (25 + 6p SARM) B B 3: AN HASHA seAal o Ty
IucTed Soll R8N BI 4 8N Tarfers o1l &R o1 il hiE Tad S & Fehd € Al
TRt for sief & Tged 8 g €, S freea § wampet o e il w sk
g ['I w1 St faga’ - ot ]l

Si q Ge & fohted STerehRl H TEATYE o o9 i 3RA1 T, 31 SN &R 1 FHell
e J A | 22 5§, foe @9 9 v E, (799 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:

i e 21
3Gl o fagia

——an L HH ST o St Ge e o N
— \g\\%ﬁ Wﬂ.%l. ek Wﬁ’ TOR Tt
S ‘ NI o (e haNS W fofere ST B0 Atk gl ww
/@ o s forerf <, stofd Tew-gR | sAfue st
Pyl W &, A ol Hd 98l wtl Wy Th
E fopteet o W] TH-gE & §Ed Fee (2
e ¥ 3A) B T iR WA so TH-g
/% T 3R Freheardt T e o ot qRefien
i e 5N Xd €1 Wl STedl el o Seiae 3
Sifqeaeq (A IREIRe foRa) & waifues
N 39S H €, STelfeh il e a1 IS &
oo o SRl W1 Sl SGHId © Fehdl B
FFE T — AT Si a1 Ge fohed | Seiae SHtst

! TS o 1T e ohorel STeIaH el o SolggiHl i Seisll # Sl W forear 3 &1 € sevaehd 8
Si o oy aeres wer ded el ® (n=3) Seih Ge o ToIQ STRIaH shel =hefll el € (n=4)| 37 <A
T T ARIH e W IoE B W@ 4§ (25 3R 2p Soae) | 3HT R | A soe ®
Tqul GEA 4N T TE| STRIAH hel § IOl i SIfRdH Had W& 8 € (2s + 6p $olH) | 38T
AN TR | @ 2N SR 1, 2N s-Fe (Hefa Faied e 1= 0) | el 3K 99 2N TeeH e
6N T p-37aee] | BT | T, 3 p — Sclareiq STareed e giit shen forst o wer et it o fe@ren
T | UE WA ®9 ¥ YR A1 Ushel WAIOST i feerfq @ (fem @A)

M A o e T Tk 39 TH o oIt Teh-gE o 3R ke 371 o1y a1 fafi= aeamped
o SeleRHl o St YREden TRl oh ShRUT SRIAH Shell o 5 Sl i St qiafd 81 Wehdl @ (98
IS Hehell €)1 1= 1 1 6N 1€y, fSert ot Ry o fager wamget & fau qday of, o e
Tk Foff de ol € [Fos § & B]1 36 YR 1= 0 i 2N e, et S fager wAmpet &
e wdww off, 97 ot Tk 1 Ff 98 H <2 Wt € [foF & &9 B % gayrgEs 3¢ ]| 9% ST e
o W TH Fo Ha¥er g YUk el &l

TS o S 39S ot YU g9 W, 9T, Tk T &7 1§ 9 g S Th-gW H faem
FHT S B ST T Fol T H Gl el S st e e wEed Hel w1 H gel S
areen o ot A9 =l Sl #1 5@ e W (Fe | &5 C), iF Fonf sfaver 7ET @ 3R FY aen et
il 7aeeTd a8t St 81

S, AR WASH ok T kI W IR FH T S T, A e d€ R ¥ A @ 9 @
I Th Fof T E, ¥ guk B o 2§ (FoF # &9 D @) | W il sreeenst %1 gyl gen
8Nﬁﬁﬂﬁﬁaﬁ%ﬁﬁaﬁﬁmwﬁ(ﬁaéaﬁiwwaﬁﬁﬁ g% H 4N JTeeq) |
el qredes a1 7 @ fF freet de A 3 3ot & s (@n) ?, foa wemet ¥ 9w g
RN (4N) T

THfeT 9% o (ST Faiesar s weel §) qUid: W el €, Wik $u ST id: et ¢ S
o€ 1 =T a8 FEd B

.
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Sl TR A E, S €9 H 1 A d€ |
SoaqH el W K E, & 9 F @ T 2
E,% W 9 E, % < 38H TH-3W
AUk fepe agd ¥ Sl &R SWT M 2
HASTehdl §'S o T a1 e §€ i qat
o | oh AU i Foil §S Hauer (e
Sl ST, E, ) Fed €1 Te Staa el
Tehfa W R el €1 T e, A sterE g
Bl Hehal 81 29 fefa= feerfaei =1 fomt 14.2 9
T T ® qel A STR! oo Wi T
g I : 98 o9 14.2(a) W <@ T
feafa & daed § 21 o wF uig # feufq ®
e e og A 9 9 90 2 qe Farsehdl
e afyer &9 @ o € stoan =eH o ad
GaArSTeha sg erfaeara €1 < stfaeao gl @

AT SRl - I91Y,

&

ISR TG I TE R
g 4 N Sfeen
________________________________ E,

Eg
A E
[ttt . ittt 4 N 3T

________________________________

o 14.1 0 K W fopelt erefemers o S o© =t feufaa,
T S 98 e o %ed 8, °§ 3da: fewre de ),
g wed ®, ° rctus e quid: Wi Sl sreeed gt €

GAISTehdl S 9 seiag Werdl 9 = de | S "ahd €1 g8 feofa fagm =em &
fou srcafies e o seiee SUTs U ST €1 Se GaTRdl S ik €9 9 e
BT o SelaeF 38k T TR § S5 TR q T Lok fagd =e i ged o
2d ¥ THiferT 39 yeR o geiell &1 Uiy wH 1eel dehdl Sod Bl Bl

m
B | Ec — i
% | E,
,E( .
R 5
@)
/ﬁﬂﬁ
‘E Eg >3eV
1S
E E, A
ELR sinen
e

(b)

sffaeara
/%n?ﬁﬁ':c:

E (Eg::
¥ | E
e

(ii)

t
<

(c)

o 14.2 (a) ©rgs,
(b) fagatieht aen () eref=rerenl & o o€ & &= 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 G T S AT 3 A AW T § T Sl S S s g
fordlt <t qrdia SIS W SoieRHl i HASTRdT S Y HIe 9T i SR SNl @l R
S Gehdll 7e fagaRtel a1 3R B

T II : 7 Teifd 14.2(c) ® <wifelt 7 21 39 T aRfad Wy o o i
(E, <3ewﬁm%lagégaqma%‘lﬁé?w FH % A9 W, FI Tela TaASTh
Yo & ot Sl AoE R o & FF Sl St B R Fh e de W e T
g1 3 sl (Fafy g ® %1 e €) WieH ST § T T Ushd 21 37 efuerh!
1 ik Sa Aok et B o o geief 1 g 2

TH S9N H THA UGS, WeTehi qe STeEIcIeh! i oA Siiehtor feha &1 Tt
3NN § TH STd=eeRl H e Uishan & foama | e

14.3 I 3ref=elsh

B Ge 3R Si 1 ol WHRU SR ol et Sofh (Lattice) ToT e 14.3
H @ ¢ 1 3 TS 1 ER SR T hed €1 Uedsh WRATY] WR S frenead
ARt g R el 21 89 S ® 6 Si 8RR Ge ® UR HaANShdl Soiae B
?1 3Hwt fopeela WA § Yo% Si A Ge WA 94 WX HAShdl TRl ¥ 9
TH-Teh Sl o1 AT =R ehedd WHISH o W GE9Iial - o1 Fgid Wl
€ T U Y Tehead WY o Tk ol W1 GEWrT S Sl €1 A werh
AR 76T Gegarsi a4 (Covalent bond) a1 GIisishar 37 (Valence bond)
FHEAM ¢ TH TE ST Gl € R I Teeid solae S Hefud wange o
are -1 T Hd wd ©, THE o ged § 99 B 21 e 14.3 ¥ fewE T
Si I Ge I G T 2-forfia fequr fox 14.4 ¥ s €9 9 fc@mn =
2, S Wewas s W eTfus 9ot 3@ ?1 fo 14.4 ww et femor @ fomd oy
T M F (uedt du s gu ®)| e fefa e @ W E o @1 S-S d
Tl §, 57 TRl w1 3R S el ure B e @ e
T W S TAE T I A B Ghd (G sl
TR e | INEH hid ©) | HOHE Fell e setsh
% D TEET H GHE B Y SAIAFA B S € el 9y

o U R @ &A1 ot §, S@ foaot 14.5 () | fe@mn wn
B o SR (STEY - g) el 9 Fieheres e €, el o8
A TR (+ ) T Teh Tokd LM BIg a1 1 FHS &FTHS
ORI el =€ Rekd T Ueh 8led (hole) heelidl €1 giet et
YAl AR O U STHRAT I U i dE HAER
LT B

s1 arefareran] (Intrinsic semiconductor)ﬁﬂiﬁsﬁiﬁ'ﬁ

1 W@ n, Bl FHEA, n, % TR B €, Fed
n,=n=n, (14.1)

Torm 14.3 e, fafaeta =1 safem o fay ot n, ! 9 aEk Higdl Fed ¢

d-forfta €1 S foree woe frad e gmﬁ%y@ﬁqmm%ﬁgﬁﬁgﬁgﬁé
SITIC o I 3.56, 5.43 SN 5.66 AT grepwrer giet off R S $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) o
fe@me v @ gfteq fwan ST @ehar €1 A9 o o1 R ok



FEEAST 99 T 2 H Th seieq e w1 (81e)
H % F W Ghdl B 39 TR, TH TH 63 & o,
BIel T 2 W T 9 T 1 W Tk el 31 T
TAfAIT 9 &9 § @ B T 1 9§ M 2 T =el
T e ST TR S serer YRY | e gaT o [
14.5 () <f@T], 98 e *I A * @ T o
gftaferd &t ?1 goa seiae ola: Wdadds =
o & w9 T § SR T R A9 o
W TH TARM AW (1) @ T TR R R 5@ e
oo & el +ft U STf @9 @ afd seE
&1 arEdfass T el IR gEeht Jui S o forg gl
1 TIfd hael T Fest 3UE 2| Rl arcafas fhea
o foea &= &1 fFa1 o worawd I8 B RS
fava =1 R 17w T T UHER TH B UW I
foeTdt 81 o1 © I =1e SoisRil o SNl SR
¥R [ T Bl YN L shT AN WO O R -

I=1+1,

RIESRIGRIRSIC e

e S ¢

) v i )
HONNC IR
@ N N 0" ----- o

Poe ; ;

: ‘ H @ Si 31el Ge

. o
0/ @ SN @ @

------ ESEESRIE]
.......—'" ----- ." ® R aa‘
' Pl .

. o [ & sfera
* R - o . ®---- ® >
_____ Q& @ ™

T 14.4 Si 1 Ge &1 G=A 1 F-foitg gazers

Fequ o 9 a9 W SEgast sTey K@ T §

(Tt 9y =9 g, S5 22T A 61) | +4 =8 Si A1 Ge FI
il g ol M@ Hear 2l

(14.2)

Tl e 2F A A1 I8 @ foh e geiaeial aefl Bl o S B o HY-|Y
Y7915 1 TR B & TTHE gee B o WY §T-ged e ¢ | e |
AT e o Ie4=1 B 1 &L Ik G h1 <X o SR Bl &1 TH G HASH

T FROT SSFA 1 B § HEE HE B

o | ° .
BOMRONNCN
.....

° ie s

: v Loe
N.@, @

éﬁ ie P
° —o { @& *®
...........

¢ [e Poe

Si AYdT Ge

(b)

o 14.5 (a) 9299 9 W I S ok HROT WM 1 W T AT A6 oiae= o 3T B T AR
TEY| (b) fFEt Biet &1 Henfad o Tfa 1 Wefiehd fequn = a1et o1d &1 o Weddis s (T 2) 9 Uh
TR YRR B T | W el Sl @ 3 319 M W T B siedl ¢l

T YRR WM | 9 M 2 96 B 61 A T i g 2
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—— g fo5 14.6(a) § 39T #ER

A Ec T

e

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 7= &1 T > 0 KR i Sufs
TR =Ter S § HiRe ®Y 9
T Ul T oid 21 gEifery fomdt
(@) (b)

I§ s w1 el S IARE

o 14.6 () T=0 KT % ¥ sefarems gt =1 «ffy srgge T 14.6(b) § ST STTER &1 81
F@ 21 (b) T>0 KW 9% A 300 SorA-a1at 0 R 97 (o) THH P TeEE HioH S8 § T
Tl 1 Frefd e & qen fga & (0) eiel 1 frefud s 2 M0 1 3 I8 | TS 9 ¥ o

38T 14.1

476

T FHA G § 96l T B
M 2

IETETTT 14.1 C, Si q¢1 Ge &I ST (Lattice) AT §9H 2t o1 A off ==

C fagadel € e Si 9 Ge 99 =@ (intrinsic semiconductor) &?

A C, Si G Ge o TV o 9R SfHd gerae sasl: fgdta, qota aen =qef wean
¥ 2 €1 7d: T WAl W Th ToeEE i 9 FeeH % e etevas St
(T 1 E,) o 1 Ge o o, so@ s Si o forg oft s a1ferss C
o faQ BFf| 36 YR Ge 9 Si # foR[q =1e & fau w@as seieel & 9e aeis
Bt € Wefh C ¥ 78 v el 2

14.4 UISN E=Ih

ot 41 erefeeTeh 1 el SHoh arq W R #dl €, Wg HE-ad W gHR!
eThdl S8 FH el 71 3 ®9 G, FE Ff Aoyl sl g 37 et
SN faenfd &t 1 S Hehdl ©1 37d: k! STetehal § YR AT G99 Bl ¢ 78
37 erferereRl | STl 1 SUER Sk fewRar S R

o fordlt s oo W @i SUgE oIl eTcued Wl W SiE i 9m ufd
fafera (ppm) ® fireé St @ A STeh! =ershdl | % T Ifg 8 W 21 39 YR
o U Rl 3TURS ST (Extrinsic semiconductor) 34l 37'{’]7? a7efaTeT:
(Impurity semiconductor) ed 21 alfsd AYfs el Wﬂ'l’*ﬂ"i?‘iﬁ THfga e AT
(Doping) 1 370 Heard € a1 ARG WA H9H%% (Dopants) FEA |
TH YR o 91 i F17q (Doped) 37ef=Tereh shed &1 Suftsier W&l e =ey S
A e 931 o e i faehd 9 H 39 hed fhed | 9gd wH Hd
srefeTersh wRTY] feerfadt bt & S =few) 36w i o fa U ovevass Id uw
2 for erafases o o10] qen srefrees Wil & STulSH T WS T HUH

<Iq: TSI Si 3161 Ge & HIGH o AT I IR ok Tafasih SwnT fovT S 2
() o TSR (Gl 5); S S (As), TEHAT (Sb), WEHRH (P), 31|
(i) T "atw (HarERar 3); 99 gfead (In), S/ (B), Tofaf@m (A1), el




AT SRl - I91Y,

Il qon T ufkaer

1d &1 I faa= w3 fF emfgor gr feva
YFR TeATeTeh] § SATAST deehl o1 9@ § giadd
Bl & TSeh SR 36 aTeaels 1 arerehdl qRafdd

8 W 21 Si S Ge Sd WROt % wged w0 D
(af) o gee ¢ wHifere en ergfugon & fow e L0 L ST ¢ TS (+5 HAS )
& A o e o % A o A one Q) (09)(RA) AN e
FT T AN WA WA g B E o e e o6 ¢ i EROTE
fohT ST ATt e o TRHI] T WIS Si 36 Ge o i 4 i
T & TS % SN IR $| 9F 9 A8 § ' ’ --- .
f W & R0 sw @ S B an TR
TGS del AU o TYE Th-gE ¥ quid: L
9 JohR o 1 erefurerR qarel w1 i e © (@)
Sept @ < feen e 2
RAlEZS
(i) n-YER & rEfarTern
T ST & &9 Si A Ge (FASHRAT 4) F TH QCXQ)_ )
GEEES (HAShdl 5) dd W STTHIEG Y S O@ Q SREHE
ot 14.7 % @ T 71 5 +5 Gkl a1l T
Si o Teh AT T Tfeaa Hich ST01 T T OO O

FIA T d TR oA H ¥ AR, Fhead =R
faferenta TrE @ Wy oA ©, e di=al gee b

SR TCATY] U el ¥ gRT g1 Tedl €1 Udl gqfery
2 fop diee soee & fag sy o 9 oF o = w)
TR WA o GEl HIg o 9N &l THeh
URUTHEEY 39 SO i Yo i o foT STIawas
AR STl 9gd wH B 8 AN TET kel 99 W
g NS ok SeTh B Yo T hid o fold o

o 14.7 (2) =9 TS Si A Ge H IIGASH Il 9T
(As, Sb, P, a1f%) o 319fagor ¥ &1 n-31e=mers|
(b) n-YR o T T FIEROTAA FIo TERATHS
fregor foad gfqeemdt < o fer wig 1 shad T
At gl oA Yl 3 THE Helg ol oh
iy @ T 2l

I 1 I o foT, 39 e i A | qe
F ok fou SHAEH H ~ 0.01 eV e fafase o
ST 0.05 eV Foil =ifeul 38 faudid et 1 srefumers ® ey a9 w foed
TR i aferd S @ i o faw (S ot 0.72 eV den fafeenta
H T 1.1 €V) ol AUl 36 YR Gosdisih Tufis faga = o fag
rfafier seieeiM UgM hdl € IR gHifert 39 <77 7)f5 (donor impurity) &d 2|
SIS TN g foRa <o o folu, SUere T U Soiaed i 9@ Jad €9
T erafrgor W R Fd B T Eu o qrg R FeR e et gHen fawda Si
T G Scq o Seiaeiql ol 9@ (T9H G | gieil o die) | a9 o 91y
agd %9 g5 Bl 2l

ferdit aTafHfsra stef=mers o =reieh Seie[l 1 el WEA n, IS o AN qel
il RO (ST B11) § ST Siael o HIOT 42 Bidl i ol WA n, Had
il Gid gR1 ST eiedl o ROl el €1 W el o GG i ) § gig gl
ﬁ?ﬁq&;%wéaﬁ%lmmﬁﬁﬁmﬁaﬁ?w&
St 2

9 YR UMY o 3fad @R W =i soiaeql i G | glal i T & hi
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(a)
TE g

(b)

o7 14.8 () =qg=ast Si =
Ge o Wa | T3St el
A= (In, Al, B #1f}) =
SIS | S p - YhR I

s | (b) p - TR o TSTe
T IR T g arel

TS T80 Sl Tk e
srfaftea o 3Ew & W@

Jfcredt et TET] i fer e

A SHY a5 it i KEm 2

o | g 1 S Tehell {1 o7 TEHANSI ST o @Y Sy g

W ferdl o et W SoleRH dgaede Y dlgeh qell B STl

SMEY aEF o1 ST §l SHI 36 YRR oF SpfErerhl %l n-gHER &

a7efareieh hEd §1 fREl n-UhN o erfeEres o fou
ne>>nh

(ii) p-TFR & il

p-JhR 1 SAefEeTeh a9 ad1 © S Si AN Ge (TqeEAS) W -1 T
st ewrfgal; S@- Al B, In onfg erofdfsm =1 ot €, S
ot 14.8 o f@mn wn 21 erufises o Si A1 Ge 1 U Th ol
TAF A el § SN 3l Jg TRET] diF 3R U Si WHTE 9
T Hehdl €, iR Hiefl SR &Y oM oh foly SMavesh seiaei Suasd
T B o HRU el g S | Hhe T 8l urd o7 Bt wEg
e = ety T & o 5y o U fife stean g e @ T e
14.8 ® <9ifan o 21 i Sk o ISiE Si WA Bl & TH W TH
gl =Tedl €, f1ehe o TRA] o STel el k1 hig goiere 39 e
A ok T FIE R Gohell © FHE 3Tk 2107 TIH R TH el 59 Sl
21 FE gl =oM% fu SUersd Wdl €1 &AM 3H AF 9 9% ©
Trearst fosde T TS Si THIY] oF 91 Seieei i WK Hich
TTed: RO ST 8 Sl €, 921 59k qeft Farsht s g 8 S
& THferT Tremer o § 91 p —usref o Srafhss WA H ST Hag
Bl o WY eh BUNCHS G %7 Fig el Sdl &, Stan fast 14.8(b)
¥ femmn w0 21 7 T € TR T 787 WA (N,) TR B <1 81 98
Blel S ST gl oF Sffaiiert @ Safeh el Soisril sl &id aherel =l
S E B 39 TR, U9 weie o fAu, giel SgEee aieeh qell o
UGS ek ¢ sifen BrEde ol @ erufafsd A srefwrerw
p-THR o efeTeish el B p- TR & S7efarersn] o TG qieha,
I S T BT W@ n, W HL n, B S 1 T p-UER ok
SreiaeTshl o fou

n, >>n, (14.4)
S 3F AT 94 e © o (el Ueh GHY RUNH SSTHIAa] 91T 3@l

(14.3)

& Fifeh SfdRa Ev dlgen] W STEY BT A Sereh I il W STET
&1 a1 & & 9uH U faudid gidt gl
SYE STdaIciohl H IgHEIH U dehl 1 YTRAT oh HROT 19T G 3cd
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YT STEehi o ToIu gEEIs el § fier o aife 3R e € 3R 36 WohR
o T B S 21 g S7ufiseh Uk YRR o Sfush YN aTeehl i e o, i
a@?mmaﬁ%,mawﬁmmﬁﬁ%mﬁmﬁm
FW Tl

TSl G eIl 1 Holl oe GCEA GAIad Bl ¢l "l e o
FehT0T H Trel SRIGAT o HRO1 Al il fee (E,) qe el Sfgal o ol
A Sl 1o (E,) St Bl €1 n-Uehn o Si STHIeh o el 9 @ I
Sl WR E,, 1@ § H el E, ¥ S A 1 € a1 76 TR Y FB 50 agd
FHH Sl hl YT BH R A0 o H T F S &1 he q9 W AR Il A



31T Sl eh! - TR19,
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 WA E 3 I AR H FOMHE AT FL a1 71 [ foshed o
Y H &9 3 YR F FT Thd § % qg7 FH Soll FI YT F TA Foll WRE,
Y HASH oS § T HY Fehal 81 Holl UK hid W Selai S i SN A & Seieh
B = HY AR 3T &1 THT kel qr9 W SAfeRTe Il TR iR @ S
& e T o § eiel o9 S €1 39 WehR el ard W A S gel shi S
Y@ w9 W et sreErernl § Sl o R el 81 ardid e W e |
TRl q elell 1 Wil 39 WehR oA i Sl ©

nn, =n’ (14.5)

T Sk a0 0y &9 § Gieehe 991 qiehiedd € W 98 el &1 °
el fergauifer den srefemersnl (31 e aTUel) ® S ol wHH H e g
C, Si T Ge 1 Yfaiuhasti o fa¥ ek = q2 Gl Sef o ot il fale
R R HT B wEA (SEHS), Si qU Ge & AT ol A FAHIA: 5.4 €V,
1.1 eV a1 0.7 eV 21 Sn +ff =19 79 1 d € T Te o1g © FTeh 38k Yoo §
Tl HAA O eV =1

T St
=

(a) T>OK
TF A S seRE-sE g (b) T> 0K
T T TS o 9 S

o7 14.9 T> 0 KW (a) n-T&HR o Af=rcisr den
(b) p-¥hR o 3Tef=eTeh 1 Sl S|

ST 14.2 U Wi fhdt 5 Si ffea § 5x 1028 wE] m? 21 5@
gt As ¥ 1 ppm Higdl W STafufsd e S 81 seie[l qen gl %1 gen
wftehfe s, far @ & n =1.5% 106 m
TA &AM ST, F8T a1 SO 9 S Saei (1, ~10"° m™) srafasor
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

~
20.01 - 0.05 eV
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http://hyperphysics.phy-astr.gsu.edu/hbase/solids/pnjun.html

p-n G STErS @t Fmior qer @

:

SR fewe (STuaR)

Bl ferewon

14.5 p-n ¥

p-n §fY (p-n junction) dgd & aﬁmwg&wﬁéﬁmgﬁw 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 dreediet (= a7 off wed §) o g | *IE G fFg JehR oeer
EZoil

14.5.1 p-n Gf& &1 FEior

p-¥HR & fafeia (p-Si) teres 1 Tdelt weferrt (W) W fa=m Hiful
IS 9 | a9 SRIf§ i 3Ted A e fhefl p-Si Tefashl o s 9m
%1 n-Si ¥ URafda fran <1 wehar 21 foreht srdfererss o1 fefor @ @ wga-@
Hferand &1 31 qefereht H p-8 T n-8 qel p- A€ n- &5 o e T gl G 2|
Wp-nﬂfué?ﬁnh&wﬁnﬁwmgﬁ% — fa@r (Diffusion)
T YaTE (Drift) | 89 I8 S © T el n-Yehr oF 1ef=iets o Seleiqi o1 digdl
(9 THish TG | SelagHl 1 GEAT) Bl 1 Tigdl 1 gol | 1fu gkt 21 g6t
R p-TohKR o STeiarcreh § Biel hi HIxdl Scidel 1 Tisdl i gorl | SAfueh 3l
21 p-n Gt % Fmior % @HF, 991 p- TF n- Fewl & AU W Higd wEo
(Concentration gradient) o %R0 Bld p-Hetdh H n-Haleh (p — n) i fo=Rd B
& 1 39 n-Telh | p-Helsh (n — p) 1 3R fo@fRa g €1 e el i 3™
i oF SR WY W Ueh TR0 ¥R Veted Bl el
e IS Sela p W n I R foRd g € df 98 o We Uk St S
n-eTsh T SIS ¥d1 | T A <1l (& SAE) WR AR o TAS gry S g
%Wﬁﬁﬁm%lﬁﬁ—éﬁsﬁﬁgﬁnepaﬁWﬁﬂﬁﬁ%ﬁﬁﬁ%,ﬁﬂ%n-
Thelsh T YA i (AN UAHS WE-TN &) Teh WA fashfad 8 S 2
THI YR, STel hIE Biel WiKal Y07l o R0 p — n %1 AR fordia e € al o
AT 0 T A U (RN STeRT) 1S <dl € S fyeel gl €1 Se-Si g
foafa e €, RUTHsh AW (RUcHS WE-W &5) % Th WA G o
p-Heid W faRfad gt St €1 | oh I el W faswfad 38 e-a 6
4! &7 (Depletion region) F&d 81 98 THlAT € sifeh goiarzi ae et o Efr
o SN-TR SRR T & I ofd € o SHeh Yo STl ok &1 w1 B1E Y od © (Fe
14.10) | 39 G &1 1 AT WIEehiHeX o 9 9N F Hife
D Bl €1 WY o n-wersh W HHH @H—Hﬁf & ql p-
—> TeTeh T RO TIH-<18 & B oF SRl 9y W HAcHS

s AR § UM ST Y R T forga & 3ca=1 =t < 21
co8® n TH &3 o R WY o p-THelh H Seided n-helsdh Hi 3R
Sooe A< | % n-Telh 1 eI p-Welsh i AR T HIdl 21 56
s faega &9 o FROT YA AR FT 39 M FI 37YTE Fed B
< B e

for 14.10 p-n Tfa a7 Ft gfepan
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AT SRl - I91Y,

Il qon T ufkaer

{1 S-S farawor gfemen et St €, G o ST thotehl W SiaRishTeRt
a9 & TR 810 9 21 39 faea &= &6t o o 9fg 2t 7 fores
HALEY AT O H off g Bl {1 98 UHH ST TG qF Tl &dl
2 5a o Tor 3 SHT urd (foeRor ¥ qen S{UerE YN uRE | w6HE
&l B W1 39 YehR Ueh p-n GfY o STl €1 Sreren ¥ 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 fa9alal Sca=1 & Sl €1 39 fawa &1 ool 59
THR Bt B Toh 7€ TORT aEeh] o 3R YeE o1 feriy whial © foEen
ThoraEy HrEEE 1 feufd a8 Wt @1 e 14.11 ° iy
e | qen gHeh ol o aite faveriar guiEn e 81 n-vered ¥ seie
Gu § e p-usiel 4 selee St fohy €1 TW YR p-uied o Wi
n-wre ¥ 71 ik fa9a n-gF ¥ p-& ®T SR ToeeH! i
1 ekl o1 FITH LT © 31d: 39 fav9a 1 WH: ey fg9e (Barrier
potential) Fed 2l

O O

— | W je—
[SIS115)
[SISLS)

P [SIS115) n
000
[SIS118)

<+—E
(a)

_N

(b)
o7 14.11 (o) =@ 99 ¥

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

=1 fava|

3MEIT 14.3 1 p-n HiY I7H ok AT T p-YehR o He=TeTsh H1 Th U1 i

n-YehR o e 9 wHifdes ®9 9 GAfTd T p-n G 9@ w22

T TR Fi o TE1, 9% foRat € THAA o, STy fhed Saud (~2 9
3 A) ¥ wel T GEd Bt SR sEfiy waveT TR W sfdfeee 9eh (31el
Tqq Hueh) Hed & M Yafed B aTel e areeh o fore Wiy uw fafssrar

Tl TE FIeN HIM|

€'PT Ini2ibe

14.6 3re=ee SAS | o |
P e
sEee SAE [f99 14.12(a)] a0 ®9 ¥ TH p-n 94 ~ goss ~

et & foreh fodl W oo Wueh 98 @ € @if ww oA

R IS A Slcedl STIIIE i ST Honl| 39 o o & fHaa
B T eI S i Ydihied® &9 H 93 14.12(b) |
frefud foran T 2

TR =T faen aRuret o ST7aR for@ o &t faen
fereRT (Equilibrium barrier) i <31idl 81 (Sefeh sMie
sl s@fad (Forward bias) ®) favwe =1 s@e o

/T\ Ha%
B & e
(@)

o

(b)

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

p-n G4 S FY for foneht o o armeeen ¥ feafa foa
14.11(a) @1 (b) H 9l € )

14.6.1 3Wfefyter s9@ ¥ p-n G STNE

TS 1 Tdieh|

9 frdt stefeETers eEie & 1 fOdl oF e 1S Tl dieedl VI YR STYIE i
St ® fop a2t b1 o 2 p-hersh W qen ol 2 n-etsw @ SIS

& [f99 14.13(a) 921 (b)] @ =0 S7fRAre a/afdd F&d &l

YR TS dieedl U 1T e o gl &5 o o W g © aen
G o p-Thelh Gl n-Telsh W fa9add 0 el € (39T R0 I8 ¢ Tk Bt 481
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(1)
(1)
p (=12) n
(S1]
(1)
<4+—E

&, 98 &5 el IS MW T ¥, P Uil n-Toleh SAEl p-Thoteh oh
TeRIel kT o B STcafers il ©) | STuge dieedl (V) 1 e sfq:fafda
(built-in) fasa vV, 3 faoda eidt 81 s6ep TROmHEY, B W 1 e
w2 T % Ao A S FH A T 2 (£ 14.13(b)] | SR AT
F ot Aferet SR (V, - V) B 2
H&Waﬁmaﬂ%aﬂfwﬁﬂawmﬁ%ﬂ@w
Bl ST, q1 Shal o §1 ORI A8 Sl SedaH el R W o, 9gd HH
e o |ft Sl IR HH ok U sTrevae et e Y I, 37 HH fogd

Vo

(b)

foT 14.13 (a) 20Ul =9 o

Fell U B S 39 YR foea O | gfg 8 S
SYIE dlced] o HRUI, TodeM n-hod B & W TR AL
pwmq@ﬁ%(wémm%)lsﬁerWéﬁm
TP %1 IR ek n-Thetsh T TS © (STEl o STeulyl diEeh ©)| Siaiieh
TE § TH Al 3H WA I ST A6H A& ( (Minority carrier

1 YR Yellfed BT AfE T9 SI9ge dieed! § Il gfg Y < o Aferept e
J:3 HTH T ST A9 Aok Gl  Seehl i G UR T % T e

p-n ST SIS, () U9 99 jpiection) wed #1 6 1 HH1 T T ok W, T W 9 e s
() Tt S8 5, (2) T 92 oreegt o g 1 qer H, Sfeuel aesh s ¥ "oyl gfs € S 8
aieedl & o, @ (3) 359 920 gq Higdl YUl o RO p-Helh HI WY o fhAR foaRa g

Sieedl o TT’I'QI

10000 :;
10006:
P ‘oees:
10000
‘oo0e:

rop
&fd &fta
RN A

p-Hclh o SR AR W 9" W €1 TH YR n-Boask i G

forR o forgRa et n-Wetsh o gt fR W wged € (Fert 14.14) 1 ST

Thelehl TR 3TAYT STEeh ohi 39 TIfd o HROT fagd & yanfed eF ot
n B el SRR ST YN 1 7 il ToeRul &R aell goiei foron

%wgmmwwm%lwmwv&qmm:ﬁﬁﬁw
o i 2l

14.6.2 UgHIfefyten am=9d o p-n G STaNE

o 14.14 sffos a@@ o eoqy e fodl e edie & < W o o9 ®iE 9@ dieedl (V) 39
aE& U0 (Minority current  JHR WW%WW& ¥ 29 1 n-Tels ° e F/

injection) |
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e 1 p-hersh | Sied € [ 14.15(a)], @ SMEE &I gvaifime
STAfGT (Reverse bias) Fed 81 STIF dicedl i SAfeehien favedm
arefTers o g &9 o foR W e B1 T8l Sy dicedl 1 fRen Afuen fava
1 TGN o THM Bl B1 3Hoh IROTHEEY Uferehl shi 1 o6 Sl € a2 gret &l
1 e ¥ foe@ o ufadd eF & wRu gig B S #1 avefeies aee o g
et Sa (V, + V) Bt € [ 14.15(b)]1 78 n — p &1 3R seiorRi & Jars
T p — n T 3R Bl & YaTE HT T FLA T 39 TohR, SIS o s am@
1 qor o 39 feafa o forewor ¥ ety wH el S 2
ofer o faga & =t faen UE gl @ for afg p-horsh W gl 212l n-Helh
R B AT Aoz G HA THI G ok Fehe o1 WY, @ IR STk TgHEIh
& B 99 fa S| A SEehl o 3H STUETE o SRVl faEd ¥R 3 BN UE
HYEE N FD PA IS HI Bl &1 THoh 3Tcded I B ol R0l T ¢ T faw
SMEeh! i TId 3ok STCAIY Hereh § |fY oF IO IR JgE&Ih Helsh i SR Bl
B ST SREe | TYeTe ¥ (W pA ) f Bl © Wy g8 3t fere agent
% HNO ¥ (mA §), HI qer § T Bt 2l
TS YdY ¥ (Reverse current) 3TIIIE dleedl W ATy ¥R &1 gl




AT SRl - I91Y,

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
oFff o o srafus oied= e s #1 At wwefkfnn o/ s e S
uRwe R oA A (SR Searee g fAfdse fofan o ©) 9 9 Hiff
7 fohe ST 1 p-n WY T 31 STET 9 T aR ot 98 T7Ad 71 § Afesh
B WIT dl Afqaw 8 o ROl SEie T € S €1 UH e o 8 Hehal €,
v e SfEien aEfHd B © qe SRR N SEd 7E 9 St 2

et T/ o VI AfenaIfiteh (STIUga &1 7§ diced] oh Hheld oh
&9 | ¥ HT Ta=on) &1 T2EE w o fau aRuy om@ o4 14.16 (a)
de (b) § fe@mEn w B1 SMEiE W dieedl i Uh URREMER (A EW
) W ee) gl Sl @ e SEie W SIgE 1 TE dieedl i
uREfda feran s wehar €1 aiteedl o fafea= ol o folg 9m &1 46 e
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T 81 e AR, ewiffite S WO % fau g9 fheftie # ST S ©
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3cTe{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
TrlE ur W Wiedes (SREiR!) gig 8 Sl €1 98 dieed geil aieedr (Threshold
voltage) @1 23 dieedl Heddl 81 30 dieedl w1 HH SAREH e@e @& fag
~ 0.2 diee qen fafeswit grie & fag ~ 0.7 diee B

Tyl SEE H SEe o fu ¥R Sgd w9 (~pA) it @ qen g o qieda
o T e feer s Wt §1 39 9l §gW &R (Reverse saturation current)
FEd T g T2 iy yehon #, sga eifuss qvafeiyn 9 (99 dieedl) W R
A sme dfg & S 71 SEie i 59 faww fpan w1 fae=m ot ot 14.8 H &Y
T 1 YRl 329 ol SIS W WqW N &5 o 3 S el fhy W €

FR <t T fao=r g7 fe@rd ® & p-n SMie go €9 9 91 o TAE H had
s & feen o (swfafirr 9 wfhsfd s 1 gvafeiien 9o gy w1 ge
o smfefern o@g gfedis 9 &1 €1 39 U H ST AG (ac) dieedl &
e o fau feran n @, fo ol eTqum & @HEmEn T ©1 erEel & for ' m
T I Gifdek T f5 7k gferie wed €, i Sieedr § o gied AV qen
foga a0 & o qRed AI'Sh 3’ o ®9 § IR Hid 8:

AV

T, = AL (14.6)

IETEIT 14.4 Tret ol s@ie &1 VoI sifsenefins o5 14.17 § <910 T 2
SIS 1 GilE (a) [,= 15 mA T (b) V,, =-10 V R fafea Hifsa)

I (mA)
301

10 ceveeeeny

0 05 08 V
—0— - 1pA 8

o7 14.17

T TS AfTEafe Hl 1= 10 mA ¥ 1= 20 mA % s e @1 &1 Hifd 77
B S qo fog 9 ol B, B9 9 o | 1 UeH #id gY WiRie 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) I FV=-10V, [=-1 pA®

1q:

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



AT SRl - I91Y,

IferaT qem el g

14.7 wfg sEs & feesi o ®9 T SHuam

et e smEe & V-1 stfuenefors o &1 98 <@d € fF 98 oo quft faga «m
Yefed €H a1 € W 9 STl St e 81 3 At e gEe o i W
IS YA Aleedl STIIE i ST 1 =k oh shael SH 9 | IR § &R Yarfed
B < eEe ewffin SEfad &1 <@ % 39 U W
SUHNT YTl dieedl i ey e o fohan s & qen
9 w1 & fou | 9y =1 IEn w9 ¢ 39 el
FeEd 2

g SIS o fadl W FiE Jamad! (ac) dieed AvisH
H HAIfSd e 9faly R, o 919 A9 & S¢S
o o W Fad ac a9 & 39 = o oo e
o STafad €, U THE9H dieedr giter=R et 3
YRR 1 foga 9Rue fo 14.18 o fora 9wy # etk
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SEUTcsh g 8 Tefud o © o i dieear sen § e sieedr o foadd 21

2T AfTenerfoTe &1 SWied = § g94 98 U TR CE fa=ma
afer g 7t 81 38 T dieed Afer A o e o T whE afer A em
Wi qen sieedl @i o [UAE o &9 H oo T Tehd 2| Mo B9 o

A =B XA, (14.19)

<k B, TMA, o WH 1T ek €, 310: 7 ac Wi @fed W gt 21 qenfa
&4 7g 9y e =ifen T Tifeaer +iE wifem S gfea e 21 fifa W S=a ac fm
o ToU Teeas S 92l g &M i St 2

3ITET0T 14.9 o1 14.31(a) W forga am4fd v, & OV ¥ 5.0 Vash afeada fean
ST FhdT 81 Si TER o T, = 250 T R, = 100 kQ; R, = 1 KQ & T2V,
= 5.0V 1 I8 WHd g¢ fF e 2iforet Sqw steen ¥ €, @V, = oV v, =
0.8V, (a) 98 =ITqH STHR ¥ Uehferd Hifse 58 W et dgw eawen ¥ w5
ST (b) 39 YRR V, %1 98 A foed gifae  fem o’ &t ifa &0 w3mi (o)
V, 1 9 IRE A Hife et gifsreet R stfe ' qen e a1 w1 feafa |
@ 2

&

fean gam ? % Hq@a WV, =0V, V,, = 0.8V
Vee = Vee = IcRe

I. = V../R, = 5.0V/1.0kQ = 5.0 mA
gafeq I, = I/B = 5.0 mA/250 = 20pA

e FoRT dieed fo| W et Sqwar T80 &3 ©
Vin = Vg = IgRg + Vi

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

o Teg dieear forae == gifereet sfqes feafa o & 2

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

0.0V a1 0.6V, o o= 2T ‘ fea= o1f ' stawen | Wl 2.8V 991 5.0V & si=
78 feg 3’ erawen § wwm

o S, 51 I, 1 H9 0.0mA ¥ 20mA % S ufafia 2 2, af Ziferet |
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 foiu 2.0 kQ o ISt 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

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

dc TR &/ = 10% 0.010 = 0.10 mA

FHHIT 14.16, Ry, = (Vyy, - Vi) /1, T |G 8L % V. = 0.6 V,

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

dc WIB® HW I, = 100x0.10 = 10 mA

14.9.5 YARUT Yol qgn it Sifem

T 3@ © T 9@ TRt yadE ¥ U e taw e fafe e s
@ o yatda fare o g | frid e 21 wwen w1ed uw € T yafe & a7

3qTe0l 14.10

T
EAISEEES
e J ffa
* AR
«— qiger
(@
T,
1%;\
2 1 A e
| (JTa & gR
/ gfad)
n-p-n T, frfa
—
I m—
(b)
Y Y
I I;
X Z X Z

t

v

(@) © (i)

o 14.33  (a) TS AR 916 U @ gfqafead 2ifemes
Yot &1 Sifes & w9 H v w0 &1 fagia;
(b) T TS LC 3iferd (HUTEsh WA ) ; a2l (c)
T I & HRVT U i SR i T S T
Taq (= fmfn) |
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e o € 8W ac frfa firerr 21 s ol A,
Sifers @1 Tl forer w@a: glaaiferd e 81 e
YA o fou ww yadw € fomn s 21 frla
foa &1 tF 9 yRfas faa &t Fen § @
feer &I g gAdia (igd®) # R S
21 3@ URHA W HAHE G Fed T,
o 14.33 () W K@@ mn #1 gEle W
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



AT SIS Teh]

- 1919,

Il qon T ufkaer

3R 1 Toh| Treadl, el § 9Ues ORI &1 Ush TElf¥ (Surge) TaTfed &M
IT U Fedl T, ¥ e T ¥ foges a3 T 14.33 (b) ¥ GeEn 3
SR 4 @ T R AE UW A R AW W ey A€ UEE Wi, qfeh X 9
Y T efR-+R Fedt €, St fos 14.33 (o) () ® f@mn mn €1 et T, den
Feel T, &ﬁaﬁwﬂaw&wwﬁ%wﬁwﬁ@%maﬁw
§ (v 2 o areE W 99 FEW @ FRi R TR0 §) | e g &
FRO T, W qE U (IESE o) ot X W Y 7% Sedl ¢ [(FF 14.33 (o)
(n)%@hwuﬁwﬁ@@%@WT ¥ ¥R (FUR® ¥UR) Y A W
wgEdl § 2T ggw el 3 T @ 7 ¢ 6 W gH WOEE N
A Afeshad A W T, qe o1a AR eIk T 9% Tehdll i o1e TUES
%mﬁaﬁiwﬁaﬁqﬂﬁﬁw% zafau T, o fehe ga=a &3 FgT 9% 8l

ST @1 S8 € s feer 7t S, a@ﬁT@Tﬁ‘fWﬁWWWWHWﬁTUT
Wﬁﬁmwﬁ%wwﬁ%ﬁaﬁ%lw RS U Y 9 Z
FT SR Tedt 7 [ 14.33 (o) ()] TG, FUET ¥R & e & HRO FHEcA T,
o fiohe G &7 &1 &9 Y& & S | 39 ISR T, Hl T, § e g
89 feed & (URfaw w=E TR % W we 89 9e T o1, § 9% 6 o
famdid £)1 THF FRU SESIF U IW THT 0F AR Hed & 9 9% 98 20 R
T UET WU SR TR #e-snw (foms’) @ W zHen otef @ fF o[ qenm I
ST SIS 1 TETE T S $1 Tafe 2R S YRR s (S A
Jom AR T F T o) T am die s ¥ TEe A% g 9 W e
U 81 Hefd, TR Jeel Waw eraeen ¥ S v, R we-effe ¥ iR fme
qAY G el H ol M@l B W e ¥ e AR R amaw e
% 1 fE § oW wwe dH-uiue w1 g ufmy (e T, ® Wk
L Ao HIfE ¢ weE § A §) o e W R #w 81 v g

Rger i SR g (v) & 97 e @ S feifa s 2 o <o frg st
R Ifad M

V= ondic (14.20)
51 14.33 (b) & ufgy o 3% o1 THEERG TRy e %1 3R Sigl T 81 ghian
30 GHERd GUEF i wEd ¢ A gHEid giuY SfHR ®1 AR e i T
TR TR Fifers Heih| e TA HR o ok TRuT (S RC) A1 IHR0T wfiger
i gd & o fafe= yepR o <ifers sd @ S/ shielfue <ifes, gée <iferl, RC-
et emfsl

14.10 3icheh SAGRIehl AT deh (ATSeh ) T

el srgamtt o o yaiehl, et S8 gorareifer afkedl 9 emraeht afe= @ T
ol 379 Fieedl AUaT fagaumieti & fame Taaq e aRad-a aieedrstl steEn uriel
o &0 H &) 39 YR o el Sl Had ¥l H7eT [G7er hed 21 o 14.34(a)
o W U € Wi ST e geitan e @1 e 14.34(b) ® U w6E T ®Y
Tyt e & O dieedr o el fafasd O & 9we B 39 YRR o Farel i
frefud w0 o fou fgemamd sfehl o1 SUFM 9 Bl 81 fganemdt sfea yomet |
S & B 3 ‘0’ (19, 0 V) 91 ‘1’ (I8, 5 V) Bl 1 3ieheh geraiieh! § & oheiel,
o5 14.34(b) ¥ ST ER, 321 &1 dicedl SR o1 UM & & 37 fqell !
R g77eT FHEd &1 Aehra uitue o fFraef qen frla diceaisti o hael a1 7H &
(2 0 denn 1 9 Friwfta fopan T ©) e 2
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% wifae!

TH S9N 1 Se9T Seheh TOIFeh! 1 THSH oh ToIq YoM =0 Y T B
el B9 AT HASRA F| Sheh SR o Fo JaAd Trael (N= aifa 72
#ed §) a & Wit Wi 3 e fafme g0 9 okt el B gartid s
yonfer e el § T St 21

3T IRYY & &Y H T T R H ITAR e ot T 1 II of Fehd
& e ) feorfa & o1aR wehmer ‘31" sreren ‘3fith’ R FAel Ear ?1 9 weRm
‘oA’ B € @ frla W 1 et © e S WeRret ‘@it et ©, @ Ria W 0 '
B o weprer T w1 feafeal €1 wepmer =i fopamsiiel s o fog fem 1 =
‘o’ eregen ‘e’ @ feorfad § @ 2l

4

(b)
o 14.35
NOT 2 & (a) e Tdieh
(b) F&HH TR

504

MAN . S4BT
BRVEARAVAN 6 E
A
@ (b) o

Terr 14.34 (a) 31784 79 (b) dFE |

14.10.1 it e

T T UHT 31T GRUY (Digital circuit) il & St faeft qen fafa diceareti &
s frdl Y= ifeher ae 1 Ulel il €1 SEIfeIT =9 ®9 § % ot
Tz FHEd 1 T e w1 FR I8 ¢ Toh A Yo o aTe i fafE #w3d 7| s
®q § ST fRT T o1el i witsieh 1€ NOT, AND, OR, NAND @21 NOR &1
Yook clitsieh 12 i fohell welieh g1 SfiTa ohid € e SHoh et bl Teh HIHH
ROl grr aRet fran Siar @ st |t Hwe favt 9eh S wESH qen S
-3 Tefd qeh &0 1 i B GIHM ERO At el o SHaRR
THFH | erFdl Fdt 71 37 it 1ef 1 teereis Jfral 1 ST Hich S
ST Hehdl 2

(i) NOT 7T

Tg Felifesh Forod e © e Sharet Tk Faet qon wek ffd g 1 7 afk frew

‘0’2 a1 Fid Sea= e © den 9t e 1 d 00 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 e - Ietef,
RIESRIGD It i Ee

>
=l =10 |0
= O =0
=== O

(a) (b)

917 14.36 (a) OR T &1 T Wdleh (b) OR T i1 HAHM HRUI|
ISWIF O difcher Tihanedi o AR 39 T 1 SYFN TS U i
Heifia @ o foran s gehar 21 39 Frefafad sere § s fRan e 2

IEIOT 14.11 957 14.37 ¥ g 7w fo991 A 92 B & @ ‘OR’ 72 & fwiq
TEY ! =AEifad 38|

® (<t W, A=0,B=0; sH@TY=0
° A=1,B=0; s@EyY=1
° A=1,B=1; s®@TY=1
@t ¥t dh, A=0,B=1;, zafemy=1
° A=0,B=0; T Y=0
® (LW T A=1B=0; sHEUTY=1
e t>t Ffau, A=0,B=1; z@emy=1
TEfAT Y o1 90T o| € e S| e 14.37 % @ w2
tho6 g

a

(fta) fort 14.37

(iii) AND i
Tt AND T2 © < =1 stfuh farst qen ue fid 814 21 AND 712 &1 ffd Y sherel
1 Bl © 5/& o91 A 9o Tae B S 1 €1 39 T2 o1 doh Ydieh qel SoqwH Hrof
ot 14.38 & gt 7 2

A

. Y
o——
B
(a)
B 505
oI 14.38 AND T2 &1 (a) dF Udish @ (b) | QRO

— = |O |O
— O |= |O
— 1O |O |O




% wifae!
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3qE0T 14.12

34180l 14.13

IITEAT 14.12 A 3R B F99 o qOEdl 1 IO 14.11 & GHA e
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

sﬂaa?emar{q? AND 2 =1 fifq qored = fo o seify sgEr @i
S T B "

<
[ S
=T~

(iv) NAND 7ie

I Tk AND T2 € fST8ah1 NOT §R 178 %3l €1 9 faw Aden B3l ‘1 €
i 1’ €Y BiaTl 39 Tie %1 98 9 38k NOT AND =aeR o ol fea = 2|
1 14.40 § NAND 72 1 deh Sdish ael GIqH RO i 7 21

NAND 2 ! |rafsn e A1 916 g4t e ot Fed ¢, e 9 el & T4
T T 3T Feld T S OR, AND T2 NOT 91 % Hehd & (3191 14.16 TN

X -
A
Y
D_.
B

(@

— | =0 | O
=l K= Bl k=]
Ol =]+

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

! Wh Hifsal

&l

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



31T Sl eh! - TR19,

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

Lot ot Lt
foT14.41
(v) NOR 7=
TEeh &1 A1 3fush o9 g ek fia giar 81 OR W2 o 9= Uh NOT Efehan
Y w4 4 NOT-OR 72 (3726 el NOR 712) Wil gl €1 Sfel <1 8 A
T B0’ B4 € i Tria Y oharet ‘1 Bia €, AUiq 7l Tk e R A & o few
‘1’21 T 14.41 9 NOR 712 1 Teh diieh a2l | GRON g 7ot 2l

|l O |O
— 1O |—= |O
OO |O |+

(a)
(b)
o 14.42 NOR R &1 (a) Tk Wdish del (b) Tea®@™ EROM|
NOR gRI &1 HE® gR 219al 96 Yase gR A1 Sl ¢ =iife hael NOR
T2 o IYAN ¥ &9 g W S AND, OR, 91 NOT Ui &% Gehd 7 (3159

14.18 T 14.19 2f@n)

14.11 UTdhigha URue

TRge =l S &1 WA f9fY 39 TR ® : SMEie, T, R, L, C S Seeh
1 T 5= AfSd g1 ¥ qR gRI Wieed Hhich el Sl ¢ Ty o Mfashi
o 918 Sl Y A S GRT ST SN HH W A TH IRuY T B Ul
9ok fdfed T aRaer ¥ fovera g den &9 yema-Ueh 8id o) Tk 90 gRye
(forqd oga @ @1fra w2 S R iR ¢ den Gfwa gfaal od sm@ie iR aifaet
gl) &l Tgarers o fRE B wwha st (A1 fov) & R Fffq & &1 g
J golaeife dreifienl o wifa @ & 21 U® uRuY ® wHigd IRy (3FNRe
affe-1C) wed &1 Fad fagga &9 9 WA &1 SH ol G, gEiforis
QEF’)WWQT%I giiferfes veg <) ek II&RT 1 ASH ©, T (monos) 1 3¢

€T'PI lnribe
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e’ Bl 8 Tehel 3 7219 (lithos) =T 7% glaT € Teer| Jerer:
R R Do ‘o' @ f gt a7 ated 3 fop ol aftwer et ettt feeed
<SS P (o ) w fff §1 Ay w e 9gg 919, T 1 mm
x1mm =1 398 *ff Bt e "ehel &1 fod 14.43 & T & ©
ag fo a0 Gelt wifies serer o w7 ?1 36eh Fw qm 9

T g IV 01 s mm s STERe g fean T € @i fav @ e fm aw e
fog 1 fm ATl WASH b1 9 <71 Heoh| 3 Tl § € sl W & 2|
frawr el &t Uhfd & STUR W THigd qRuel & |
Tl W el ST Hehel B: () G AT STEY Tehighd TRUL

b) Sifher Tehishd Uiuel| aeh Tehigd Uiy 31E
farell o1 GIfyd hteh SIfushan ae <JAan Al oF IRER § uRafdd R 3% ety
AT Had &1 34 €| FHiq o 319 q Few o SRHr g €, e 9 e
o WY Washa: uiafdd g 21 Wash Thiga qiuel § Fod sffus swEm
GishaTeneh Fae (Operational amplifier) 2.

Ao Thiehd qRYy 39 Tavell &1 SEeA w3d 2 foeh sheiel g1 7 21 &
T wliferer el SiE Rl B B Wil oh W) (3AUfd Thikd Uiuy ¥ uRuy
TIal A1 ATk 2l T GEAT) oh SMER W Tehidhd URYLl &1 AHHI0T fHan S
21 S D IC 1 Tl Thet ST, SSI (Wifser T2l &l §&T < 10)%ed € @l F9
= Hifean whel SERM, MSI (e T2l sl T < 100) , ST Thal SRR, LSI
(SfTer 12l T W& < 1000) T A @lSl Whet SERM, VLSI (aifaTeh el st g
> 1000)| Tehishd e o o &1 Greifieh! oga sieal @ W 98d &R W
AR Seared BF 9 3 srfush R 8l Y

gt U TR : et Welfient w1 wfasy

gft R YUNferdl & TRF R THIHA UG (IC) Bl €1 add § @ gt oFd gfee Sid #w,
IAfasH, CD @R, T BiH S ¥ Thishd IRGY (IC) & i 21 TS ehor & wRoT aeffies fsft
FHHR A S B T SHRT T T IC o G T &1 Hehlt off| IC Ut sl gt & o
Tgd ¥ iR, gfadiere, G, e aR-gsft T & Yohw e €1 o HEhideeR’ o fawa o
T BT AESHIGEER Tk UET IC B © S fordt svegeX ® @eft gemiett 1 9aifd a1 @ S’ 98 s
e TG o i di hsit o T, i 91 FEFH = §, el &1 IC 1 Fagem MR 91 1958
o 2oy siic W S fhew! g R man g forw 3= T 2000 W Aed TWRR YIH R T
IC =1 frafor srefemeren fopteeti o Tohel (Stuen fog) W wiRIfALIE! 9fhan gR1 foran ST 21 39 JahR
TAEd g1 WrEifiTehl S (IT industry) Sieeas © fet 21 fuzet &2 auf § 1C #1 Sfecand 9 T
& Sefen 9ok @ 1 3THY TR fachs @ 21 fuscl o ekl & el Weifiht o ekl oreehvon
T ST ShTIET i Tk Te ol &1 &1 §1 INTEL o WeseTsh e X+ & 1970 ¥ 98 =am
o o forell g (IC) &1 w9fd emma &% S o & of1e &1 T § W ?1 98 @R o (799 AW 9 wetea
21 gfq fou el ot gen o wRemat €9 9 9fg e W 2 9 a8-x-ad el 6 e ¥ gfg
B W ®, O o 3 Tt 1 orden o T €1 oM Wgi o SR TR UE Gehd el @ € TR ¥12020
H 39 e 40 GHz (40,000 MHz) R J=1feid 81, STHY | Fal Bie, 3Afue <&, a1 TS oh
FHE H1 gor | el G& g erduTeis e 9o e Wit | fovwies 9fg i e ok
e S50 gR el TS &7 U 39 WehR oFekd feRdl T ehdll ©: “AfE Tereiferd aed e Srefeers
g w5 Aifa gfd R d HE Yoo T34 (Rolls Royce) HR Fd e 5 @@ Hidt q8 sl SR 39 ek
A HT AU Gkl T&=A BT ‘

Tor14.43 90 7 AR 91 SHh G
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10.

11.

12.

138.

AT SRl - I91Y,

Il qon T ufkaer

|
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 1 (>108QmY) 8, Sefeh Srefererehl 1 Hfdieshar eget Siv fagaeh
welf o HeA el €
el difeeh (Si, Ge) T € WY 9w (GaAs, CdS 3@1) 2l
s e AN i’ el € SaY aTeshl (g SR Bie) i
Iufkerfa wered 1 S’ ToT @ SR A Ftg SHeH o qROTHEEY 9w B § 1 oS
STefaTeTehl ® oieel i WA (n) BIEl #1 WEAl n, TAM B ¢ B STavash
®Y Y JAE YO g s RiwEr €
I[G ARl | ST STIA oF * STAHHUT’ | STeRl S8 i G IRafdd i
ST Gehdl B TY 1Rl 1 Susef tdfemeid Fed €1 3 q TER (n- THH AR
p- THR) o B 2
n- ¥R & HEeh H n >> n SEfE p- YR o HEe d on >>n
B R
n- ¥R o 1fETers | Si Sl Ge S TugarS] WA (I76T) S As, Sb, P
TS o T ST W g fehan STl 8, Selfeh p- YehR 1 S1ef=iers Si 37era
Ge i @t waEm (Ul S¥ B, Al, In 31 o TafHsr 9 W fowan
ST 2l
Teft <emelt ¥ nn = n2| $8ek sifafte gxied yuiaen faga ST B B
el o % 9 el dg (HAShdl §€ R e §8) B §, T geleE
Td | GAISThdl §S 1 STl W S i Sl Hi AU B | HASTHAl 9
¥ goft et @R quf ® Sfer =ed s qoidan fea steran snfees &9 9 gfikd @
Thd 2| fREl o1 o wer de W goEe[ T i o Ty ga B € 8N
ATEHA o FAT ST B €| Ahar BT HH FASehal < (E) o ¥ SR
e ST (E) o T o AL FHoli- AT qu'(ﬁﬁ'{ Al 2| TSR 9 9
TAF AT, YR el fIE[d ol gR1 Ao o€ § Sufsa fhe s gshd €,
S efefeTers ® yalfed Om § gRedd Seae % 2
ﬁga—frgr%gEg>3ev,aweimw%gE;o.zeVQSeV,mﬁa@aﬁaﬁm
E =0 @
p%nu'faﬂﬁf e gfraal i gt €1 W U G St @ ol el Srer
Bt Wed A=l 3P HIS H1 TH B W o w1 @ S G fave duss’ 7
ST 2
e STIYYE dieedl i IRATdd hich Gy fawa Uxeh i gRafda fram S Fehar
B ST o9 (n- Weteh S & FUTcH T ¥ IR p- Botsh 928 o s
R § Heg ®) | Uferert =4 & Wt 2, S wy=ieien 9@ o gig e o 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 & G (ac) dieedl oh Sl (FEd 81 i Th {9 § gfaataa
) 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 ThUE agdl © (WS dieedn) | SR SIS 1 98
U1 Fieedl fEFE o w9 YA R S 2

p-n T i Sgd T T 316 k1T SoiRieh il W i &g o WA foRa
T, STel T o ATt ael B @ T a7 B 2 (a) BRisEE, e wie SueE
1 YR T Hqw 6N GREdE @, WehTel i diel HI9H | Were gl 2l (b) 9’
Tl I Soll ki forga-Shstl ® GRSl 81 (c) Fh1l Scdsish SIS 3R S/
e S 919 dieedl R eiaR SUSH o SNl YN 1 SR el gl
T Th n-p-n 3T p-n-p T g 21 9271 AT Ao (wdel IR 21eq
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