. -
L)
.'
- )
W 14 12092cH14

3TTeTh SolaRi-ehi-
uref, gfeqar e
LSRRI R R

S G M A

14.1 offiehr

T et S soaeEl o1 fafa yere wra fan S 9ok, @t seigeife aiget
# GoAYd T @¢ Bl 1 T 1948 H R #1 @ivl ¥ ved UHi gl
Ffererisra: fafd Jfew (o area) o, S9 fafd erie ad < oiwe; e
(wi2) qeN S BN 7 ; T foad fF o —hdie, wie qen firs B ©; 2T
T2 Yl (HHM: 4 A 5 Toraeiel o W) | foreht fafa fcrent o seeeii i Smgfd
TH a9 helie g F1 ST © a1 39eh A= soleeiel o e dieedl w1 gRafid
Feh [Yald § T gelal o1 TR TeTe Ww fRe Sl 21 Sau-soeRiel T
(inter-electrode space) i Eﬁﬂijﬁ % YaTE ok fFI'Q IEEIGREIEERETRKI % AT
T et 79+ Ul H a1 o T[S ¥ THUHT I Sl @l Tehd B 1 3 el
T TR headl el W TS &1 3R Yallfed o Hehd @ (37ld Soia[ ohelel Th
& faen & yenfed &1 "Wehd €)1 7€ SN0 € T U gl 1 WRoeE ared sed
& frafa Ffeeme @ o il R & 9t Bl 2, Afues vifer 1 SUH
T qe yErer § WH=Id: 399 aieedl (~100 V) i STEvaehdl Bl ¢ 36 Y &
TTohT SeehTel STUelehd wH qu fageraar ot 7 el €1 YR 3 saeer
arefaTeT: EF)W (Solid State semi-conductor electronics) <l ‘EI'IE"TTT:I aq
1930 H 38 3™ § fhar 7o fof = S qaen sied=e qon 3w i o
g el Bl @ foh 37U STOT ekl 1 G de 3ok YaTE w1 faen & it
feell ST Hehdl | WehTST, SOHT A1 3Ted ST dicedl Sl Ixioeh Tl sref=rersh
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H T el w1 Hen uREfda Y Fehd € eI 3 4 9 Te @ T st
il o e el 1 YT o YoE W 3G & Hiaw & e 7, Sl e
T B aelt et Afeeisi/aredt § TfaH soieil w5 aw sheie ¥ ure fan S
o1 Qe faffaa Tt steren fafa | yanfed @ S e st gidaa o sl
AT 3fere Sifersh affaa T = eegeshdl e gl €1 I8 SR | B el
T Yl 1 SYHNT Tl &, FH aieed] T HH HId! &, STk Staq oel Bl © 3N
TTh1 Targagoar st =t 21 enyfreh gfeaal o o faffaa et & fagia w
Fd FHE drell Hhelie o gsl (CRT) fAat suam Iefifas o2 qeon s
el ¥ foran s % e ﬁag"rﬁﬁ (Solid State electrons) qftger & W
Yo fagae fhea feuwd (LCD, 5a fohea gsel) Aied gR1 ufaeenfyd &t
B e ST A A e A 5 A e e e 5
WM el T (ofE Hehige PbS) o Uk fehiet feh W1 ¢ o1 U §ueh fag
AT o, 1 3TAr A TN ok FgTH oF €9 H fRAT S G ol

frefafad equr o &a snfurcrs Gifdwt w1 $5 gol sEurRomet 9 uieE
FAW qo1 G & (Junction diode) (2-3aaiel i Jfaa) e fgyeia dfy
(Bipolar junction) TR (3-3wia2iel i Jf) St o e gl i
== HOT 37 il oh SR ohl LA ATct S qRYeN &1 avi o &3

14.2 oTqeTl, TTeTehl a9 STeeTeiehl ol STeRTOT

STSTehdl o TR U
foreId <Tetehal (o) ST¥ET UfqUEHT (o= 1/0) oF AU HM o MR R 3G =10 61
=1 ghR § efieReor o s @
(i) &7q : TR FfRiEhal S Y (Tal Akl 9gd Tf) Bt 2
p~102-10%Qm
0~10*-10°Sm’
(i) erefemeran : St UfaIeehal A1 ATetehdl oTget den fagmareht uaref o e =t
el 21
p~10°-10°Qm
c~10°-10°Sm™
(iii) frgaRret : Tt URRiushal ogd Siferk (312l STefhdl sgd HH) il 2l
p~10"-10"Qm
c~10"-10"Ysm™
TR &Y T p 941 o o AH Sheret Hife A & e & 3R KU 10 IRer o @l
off ST Tehd €1 g, fagarieh aared qen sierershl o st 9 T o for gieRiehd
1 QUel T & A Th 9SS T 81 e S el off €, S S-S BH 39 1
o 3 9]7, TR erd S|
TG 31 T BAN B ereareren] o S1eHEA H ® Sl % YR o 81 HWehd 2l
(i) @rfeae 37¢f=meT® (Elemental semiconductors) - Si 3R Ge
(i) I srefarcres - ST &
e 3&FMEME - CdS, GaAs, CdSe, InP, 3Tf|
o HEMH - YR, WiEd (Doped) Sy, amfg|
e HEM® FgaH (Organic polymers) — HeiarEle, Welfei, Hretem®=
e
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3TefTeTh SISt - U,

Il qon W afkae

STl SUCTe ATUehTeT sTefeersh Jferrl difere s1efemersr Si 91 Ge IR Aifitn
7epTel e SrefeTerRl R € SMHa 1 W W1 1990 o 9% et e 3R
STHfETCTh! IgEIh! 1 STANT Hich e HwIeTsh! Jfaaal o1 fasma gan faag afos
o foIu sgetn goiaeitent aen ofifvaeh goiaeiieh! 1 Uil o WigHie o Heha
feld €1 9 31891 T 89 ohadl STaTeTed eTdareis, foviuet aifcare sd=ers! Si
Tl Ge o 37899 ek &1 Hifqa @\ aifcerer stef=neten! &1 fae=m o fau =ef fm
G SRS ] gEdfed fha wen @ 9 frd-a-fedt w9 § e A
areferehl TR AR B
Tt oE & YR W
IR AN Hied o STER fhE fogeq wam) § 9k fohell soiaed i Sell 39
TAF 1 TRYH0T e R R FL 1 T ST A Th-TER ok e T i
3G o o € A o TH-H F Ttk e @1 S &) ord: Freheee wHmet o
TSI h1 oTel HeETd SFeAferh UIE-UE o7 Sl © SR Tel a% foh Th-TW i &
ot 21 3Ueh qRuTHEaEy fRdt S H goee 1 T T gepfa feRelt farge aHm)
& TR H M 9 Ttus i 8 S 2

el foreeet o iR Tl gelei 1 1ol atfgdia feufa eidt @ qen forel &1
TRl o R SR o STawl w1 Ued e ®Y § U S| TS Bl TE) HRO 2
o e Tl o Sl & 9T Bid 21 A T ot & TS STt o1 Sed aferdH
B @Al & S as] 1 T &1 AT ol W s Haehdl el o Sl
T A &, FasTehdl 9 (Valance band) a2 Gasiehd o€ & S0 fiord
€ &I e 9 (Conduction band) F&d ¢ fa fwdt sifafiaa st o, gt
HAISTehdl gl HASehdl o€ § ®d 81 A% oM o€ § f1eaq T e 9 %
Toadq TR 9 off 9 T A SIS 9T % g ST § Fed o€ § THT 6
Tehd €| TG =Te o€ fod g €1 W W 98 o€ Garsehd s i tfdetud
(m)@m%aﬁg@aﬁﬁmmeﬂmmm%www
T g 2l

IfE e o€ 91 GASR oS o §i9 e R (auel) €, @ Asiehdr s
o Gl e TREg B © a1 =eH oS § 1T go goee Suaed T8l gl I8
weref 1 fargadiel o1 a1 81 WY WASTRA oS o T Sie ael Sl W Hieh
GASThdl 9 q1 =1 o€ o a9 i R 1 G- F Gehd 2| 99 F TR =er
o ¥ wE" W € qen Hasehd o€ ¥ fod Sl @R S Y 2d © 9 o el

S Hhd &1 T YRR I8 UiHal IeM o€ § soeRl qun Haisehar o | et

EH o SRl =TeH HI HHEA S Hl

3T, 379 BH I foam &Y fF N WHIRT aret Si 31e/e1 Ge fhea o o |
1 Bl 81 Si W STerad e, e wer (n=3) el €, Sieh Ge W Siad haf wheft
FHE (n = 4) B S| TH! aIaH Fa F 4 SR (25 3R 2p TRA) B9 71 I:
70 fored o o1 goeRHl i el W@ AN g2l fRe Sreram e o erfereRan
TR 1 FE 8 (25 + 6p SHRM) Bl 21 3d: AN WIS SewAl o eIy
IucTed Foll TR SN BI 3 8N Tarfersd o1l &R 1 dl IE Had o & Wehd © Al
o1 for=T St ® 9ged e g €, S freedt § st o s gl w el s
2 [ 1 ST fagi’ — g 3fEa])

Si T Ge & foed STl § TEATYET o o9 & 3RA T, 1 SN &R 1 Hsll
a5 2 it # g2 w2, fTs dm sl e E, (o 14.1) %1 9o 2 2
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% et

A o WH Y WAN Garstehdl oaHl 9 qufa: fry fe o gaiseshar se g
%|W%W4wagﬁ%3% T 48 hed &, 9 T8 WA Y W qld:
R 2 2l

s e HA ST f Si A Ge foreea # N
\E\ 6N s A | Y I o Seieel i A
\\@ N — 1 [ ™ FHeeti 7 fafaed Fod gt af Tt wmmg
/@ o s faafira =1, 1ia Th-ge § SAfeeh e

g pyre W e, I g e ot @il Wy T
£ fopeel W AT Th-gHY o wgd Tihe (2

> v ¥ 3A) T § iR WA SorH TH-gW
Y IR Frehead WA sl 9 off IRefs

G et foa Td €1 Fa Tedl el o Soia 3
ifqeras (A UReaRes fohan) i gaffues

2] IAVE A €, STelfeh Hedl he a1 IS b

S SARA I T gAIfed @ Hehel B

T 8 — AT Si A1 Ge fhed | geiaeid Hest

1 GHF o foIU g6 ohelel aTRIaH H&l o Sl &1 Heiell § il T fomaN & 1 & Savgehdl 2l
Si o foTT Teraw wE dEd FHE 2 (n=3) SEF Ge & AU Sr@rdd Ham 9ol a1 T (n=4)| 3 2
T T aEAH A W o B GE@ 4§ (25 iR 2p SoaeM) | THAT e ¥ A sede ®
Ul G&A 4N T TE| STRIAH el W gl i Sifehad Hud §@T 8 € (2s + 6p TR | gElT
AN SORA | ¥ 2N SoeRH 1, 2N s-37aee (Faf Foied §& 1= 0) | 8 iR 99 2N o e
6N W p-37aeel] | BTl| T, o p — Selareil Sraeed Re gt S forst o werd <ifes s o e
T | ¥E TAE ®9 ¥ YR A1 Ushel WHIST i feerfq @ (fa w1 @A)

A AT for o8 TR Tk 31 oM o oY Toh-ge o @IR fiene oI 1R ohed B fafr weamopett
% oAl % o= UNEfE R % RO AIRIA Hel % 37 el i Sl uRafad g gehdl § (d8
T o Gehdl €)1 1= 1 1 6N SFareTd, f5eht it IRy # forgem wamogeti o fore geem of, ora thert
Tk il ag St € [ # &5 B]I 36 TR 1= 0 Wi 2N ey, et S foge wAmpet o
fore weam of, 5% oft U o1 Foff de H T2 Wl & [Fosl o &5 B 1 WEugds 36 ]| 98 9T v
4T W Th Foff el g YUE @l

WAL o die SEd i HH YU B W, 91y, Teh ET &5 371 © 9 e 9 Th-ge | foerd
FL I 21 FI AU ol TR R Had Fraelt Sl sterwen F9 arel WAy el w1 H gad Sah
e o ot = =elt St 21 3H 4% H (o ° &9 C), BI Foif Hqwer 781 wal HR F94 q«y fraei
FoIf rEed Ay & st &l

fed:, afs WES o e T g0 IR FH e W T, A St o€ R 9 faved w1 o ®
IR Th Foff T E, § 9UF & W € (Fo & & D @)1 9o Tl sreweneti i wqol gen
8N i o | T ¥ei & g a fon w1 2 (Free ok e e S99 § @ Tew § AN s |
el el o T © o et o § S salt @ st (an) ©, foan e § @ Wt S
TR (4N) B

TafeT g ST (ST Gl d HEam ) quid: 9 g3 ¢, Sk Hudl § gufd: @t g1 Fud
4T & =TT d48 FEd B

472 ‘
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ikl qAT T qIY

fom 14.1 faw) sod wem o § FEE fom o ansmen
ol TR BN E, o €9 F q01 FAhal o€ ¥ e E,
oA el WX FE, o € H 9 T
E o SR q€ E, o A< 394 TH-§H &
e fire 9gd Sl &R ST M R E,

HASTehdl Si€ o 39 a1 =ed S 1 aet
& ot & AU F Ho dE HaUT (Il
ool st £, ) FE # o ofow e - Smmmmmmmm—m—"m—m e
Wehfa W R ot 81 7 afursh, i sterEn . A
B TRl 71 39 fafv= feafaedt = o 14.2 9 srida: foerer e §
g T R A 9 s fade w1 T R S, o S

2 TR 9 Ol

m%q;ﬁ:f—gﬁjgm'z(a) ﬁaﬁﬁaﬁg faT 14.1 0 K W frdt srefares o e o€ &) fafa,
T =g Tl e 59 9em 9 wwd ©, 9 ofdd: favre gen o,

WW%WWQW%HWW et Frene ot sraamd Bt €1 Freen ST 58 waisehan
g s ®Y ¥ Rom B 1o weq §e qe Ste Fed §, F sre frove quin: A s st 9 ¥
TSRl sg fdera €| w/a AfdeT e €

ARl o U TOe Wil § wier S H S Gehd 81 g8 frfq fagm =eH &

fou ercaferes T o soiee SUTs U Sl 81 S ARl S AR &Y 9 o

211 © Al Solag 9ok T TR 9 $vu W e T hich fagd =er i g9d o

2 2| THiferT 39 ywR o gerell @1 Uy wH S1een =rerhdl 399 2l Bl

FAfqeara
/ e o
| =
% |5 e E (E, = 0)
et B
ES ES
(1) @ (ii)
/ﬁ?ﬁ
|
E Eg >3eV T EC
15 F E,<3eV
E E, i ! o
IRl e v
v ;
(b) (c)
forx 14.2 () vrga, 473

(b) fergaRielt qerm (c) sref=merhl & oft el o s 3fal
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%W wifae!

TRTOTII : 39 90l § S o fost 14.2(b) ® <wifan o0 €, 39 feufa § o
ST E, A 2 € (E, > 3 eV) | 9o 4 H g soe el enl o: B
e e TE B A S A A 7E & el siadel SO s g
foreit off ATt SIS @ SelaiAl i HAISEhdl oS W =Ie o€ i 3R SHied el TR
S Gehelll T8 fgaiet usie w1 SR R

TRTOT T : TE Tearfd 14.2(c) W <9l 7 21 5o ush uRifid g oy o sfava
(E,< 3 eV) BRI 2| o J& ST e % FHROT, FW % 4 R, F Telae s
Yo 1§ o wofl St o & FoF Sl ST ) IR Fh e A § T we
£ 3 gl (Taly e W 9 e €) e € § T Y Wehd 21 37 fefarersh!
1 giedier Ian SAferek &l g foren forgadeh gsref <1 g 2

TH S9N § THA UGS, TeTehi qe SAEIcTshi 1 oA aiiehtor fehell B 1 ST
3TAM ¥ BH TRl | e Ufshan o fama o e

14.3 5 3red=eish

T Ge R Si 1 HeW WIYRU] SR ol fSHeh! Sersh (Lattice) To o 14.3
Y fe@r € 1 3 TSl i R S T hed €1 Wedsh RHIY] WR S fenean
wEE g o el 81 89 S ® fh Si 3R Ge W R WAl golai[ B
£ THF! fFee™ M H U0 Si A Ge WA SR 9N HaSEHAl s § 9
Th-Th SR i T aR fehedd WAV & W Gg9fiar 39 i Ygia @l
2 a1 TH i (ehead] W] o Ueh ToieiA i GEYT i il ¢ A€t Wi
SR TS GEqarst 99 (Covalent bond) I FiSiahar a4 (Valence bond)
FEAM T T AA W Gl © foh I TS goiee[ A e st o
we S-S Tfd w ®d 2, foed 3 gear 9@ oY B 71 T 14.3 § fewrd
Si A1 Ge i G &1 2-foria feuo fo3 14.4 ¥ =yazeras w9 9 fe@mn
2, Sl "ewdsh §¢ W T ot a1 81 fo 14.4 T eyl feor € fwd 9y
T T E (Wl du s gu ®)| e feufd e @ W @ S @1 S-S dr
T §, 3 SOl H1 IR F Sl W B onTdt © o
T U PO ToEA I H AT B Whd © (G o
TR e § AR i §) | SO Tl [T Seish
o T WAET H GHE T W SIS B < Al 9y

x U U% R o o @ ?, S| o 1405 () § @ mn
2| Horl SR (ST — q) ST § Fieretent 31 ®, ¥l e
FTE S (+ g) 1 Tk Tk T BIg <l &1 G916 G
| 3TEY STl Te R T Tk BT (hole) el €1 Bl FHre
YA AN A Uk SR I HU HI A HTER

T 2
v I AR (Intrinsic semiconductor)ﬁﬂalﬁ 3?131?{[33[
O csi7Ge IS o SRR I gﬂa’raﬁm,nhéawgﬁﬁ%,wh(mn
n,=n,=n )
Tora 14.3 e, fafas= o srafem & fag gt n, ,—*ﬁ ﬁhg EITéE izl #eEd B

T-fadfta #R St forea S foad e
AT a FHI: 3.56, 5.43 31N 5.66 A Bl

474

ool § 7e st o A € fF o Tee %
-T2l B o T W § TE < o T 1 W T B © S
57 14.5 (a) | fe@rn w0 81 el %1 a6 o 14.5 (b) §
fe@my &1 9 gfted fran 1 wehar €1 A9 o o 3R %
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HEGAST 4 TH 2 ¥ Tk soiaeq o TH 1 (31a)
¥ g AT W Gehdl 81 3@ YN, TH TH 63 & oG,
Bt T 2 T8l TR 941 TWH 1 H Teh Selae 1 T4
T N &9 § a1 8t T 1 9 T 2 W Tl
T A T foh S seleei= URY | o gen o [
14.5 (a) 3f@U], 98 B@ &t Wfd &1 39 o A
Gftafera &t 21 g gelae qola: wdsdgEs =
TR o B9 | T ial © 3R U fagd & e
W T TEFRA GR (1) @ T TR @ S e
frea o #et ot uw o1qfd o4 B a9 Ty sl
1 Ao T e 3R SHeT 9ui i o Ty Brell
%1 T eheel T WES SUE 81 fordl arfas fheed
" faga & &1 ffa & worasw I8 g TR
fawa &1 iR 77 w21 TH THR TH A 6N L
ferdt 81 o1 9 I 1o TRl % HRT TR
U [ T B G0 [ T AN SO e 1 e -

I=1+1,

T
¢ b )
- .-c ----- SN e Ny e
B M M
! e ! [ ]
i e Si 31 Ge
L} e
@/ @ @ @
------- BEEERIE
@@ @ =
e e T
- e - L LEREEEE . o+ ¢ -
EGECE]
_____ IONRC IR ;
Py H ;
) LI ®

o7 14.4 Si T Ge T TE=A &1 -faiig razemTs

fregn fad fr= am ® gegast ey fRamn mE

(Fsft 9 99 g, e 2 99 781) | +4 98 Si I Ge &1
ofiadt Is 1 R HL 2

(14.2)

FET &AM 37 A 910 e ¢ R e seidRiAl 9o el o S B o WiY- T
Y-GS 1 YT Bl © e g il ok T YA giod g § | WreeEen |
O] STEehi o ScA= BH o1 T S0k G :HANSH i <X o SRR Bl €1 56 YA

1 FROT ST H B HEE HE B

e ° )

L@@
.....
P Poe .

o imm1t Lo
N @, EON
..... BN o TR
ST T

T 2 —— s . Lo
-o--.-o ------ N e e
.....

L) ) Poe
Si 1ol Ge
(b)

o T 14.5 (a) 9599 A9 W I el o BRI TE 1 R B q A6 SAae oh 31 8F 1 HAILTH
Y& (b) frdt giat w1 Hefad e fd w1 WefiRd fEuen F9 aret 9 1 o gegarst s (UM 2) ¥ TH
TR YRR B T | T Sel Sl @ SR 3T T W U Bl sigdl B

TG YHN M | 9 T 2 9 Bl 1 A L i s 2

475
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7 — — 3 14.6(a)ﬁww

A EC T

ESEERIEE

E, T=0K W &g 41 aref=reiss feret
T foegaielt 1 wifq =raEr w2

Te qdT e & ¢ e wR

=9 @ (T > 0 K) R FS TeiaeA

E, E,
H 9ged €1 T > 0 K W ardig 33fer
TR =e S ¥ AR ®9 9
T TR T o g1 gt fee
@ (b)

IS erefaret w1 Sel S SR@

o 14.6 (a) T=0 KT 5 5 stefarers fogaedt 1 oifq ooer To7 14.6(b) H T STTER ¥l 21
I 2l (b) T> 0 KW =R ada S geis[-8ld Tl R I (=) THH D e[ HoH 88 § <9
el o1 Frefid @ @ qen fed 9 (0) el = fefua s ) T 21 A IE R TS 9 9 e §

38T 14.1

476

J THE & H T8l B B
3T 2

ITEIT 14.1 C, Si a1 Ge HI ST (Lattice) HET GaH 2t 21 e off ==

© ﬁlﬂﬂ'ﬁ%ﬁ 2 Safh Si g Ge 35 arl=rers (intrinsic semiconductor) 22

A C, Si A1 Ge o WAV o 9R dfed seige swasT: fgd, qota aen aqgef wean
¥ B Bl o1: T WIS ¥ UH Teiee i e fher o fau sevash Sl
(TR ST B,) T FH Ge o oI, 98 oo Si o fofg ok W atfrs C
o foTT 2Rt 39 YR Ge 9 Si H foe[d =e o fau w@as sl &t 9e el
B ¥ Sefer ¢ | 98 09 et &

14.4 3TUSET =R

fopelt S erefecereh 1 el SHek @rq W IR el €, W He-ad W gHeR!
=TeTehdl 9 W el g1 36 9 W, I f Heequl selariieh e S arefurerehi
SN Torenfid et 1 S Hehd! 21 37d: k! wTetshal § YR AT a9 €al €1 98
3 arefererRl ® rgfgAl w1 STEN Hiek fhar S R

v ol U5 efurers ® 9 Sugw o1yl ofded Wl H S $w 9m i
fifera (ppm) o foeé St © 1 SEeh! =ieishdl | % T ghg 8 S 21 36 YhR
o 1A S S7URSAT A (Extrinsic semiconductor) 1Al 37{]@ 37T
(Impurity semiconductor)a%'@f HICIES] N{[F@ ED| l:ITEIHT"-ﬁ"{EfEF fafya e a”T
(Doping) @1 a0 el © 71 g WA 39F%% (Dopants) Feaw |
79 R o U1 1 #1fed (Doped) 37¢f=reTeh Fed 21 UL U@l B =6y st
A eredarers e oF Sk bl fashd 7 1 39 had TR W 9gd &9 §d
refaTereh TRATY] fefaal i g e w1feu) 39 W i oh folt U STevEs I ag
? o orafsger o o1u] qon ereferereh wSrel o oYUl W WES oI GHM €

=Iq: TSR Si 3161 Ge o WIS o foIT 3 YR o erufiisies S9A foh o )
(@) o G (GANERd 5); S R (As), TIEA (Sb), HIERRY (P), I
(i) T warSTe (HaERar 3); S9 gfeam (In), SR (B), Yefuf=m (Al), el
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319 g0 I foo=m &3t & smufyso grn g
YhR TG § ST deehl 1 HeAl § g
B & TSreh ol 39 Srisreish shi =ershdl qietd
g STt 21 Si 19T Ge #ad AR % =g @
(ert) o He ¢ sHifaw gw srafis & fou free
o dIER el Uied o o dcd T 99 I8 oTuel
T Y AU FEUH R gC H € b erafago
AT ST aTel Tl oF IXATY] 1 WIS Si 3A2ET Ge o
TCHIY] o HIES o OHT SR g1 Uk 99 TE ©
fo O o fau SHam B 9 Eese qen
Yo dcd YA o qvEd THh-gER § JUid:
=1 yohR & T erefurers gl @ fmi #d €
et aof = fean = R

(i) n-UHR & el

oM ST fF 29 Si A1 Ge (FASHAT 4) &I TH
YEEASTh (ARl 5) del W SAUHE Y S
o1 14.7 9 fe@mn w0 1 N6 +5 HaAsThdl aell e
Si o Ueh THTY] H1 YITEATId ek STI1 LA Tg0T
HLA T A SHh ToeRMl H 9 =R, fehead =R
o Teamet @ Y o §, Seien el selei
S TCHT]  gaet §e g (ST el ¢l UE gHiey
2 foF df=ed ToeeA & fou 54§ 9m o 9 9/
TR W] o Yl hig o WM ®| ¥Eeh
IRUITREEY 9 SeaR i Jad i o foT STeweeh
P STl gd A Bl 8 S HERT el d9 W
IE TR oh Seleh | o T i oh g Jar

ikl qAT T I
AR RN
B -
5 _____ ./f\uaw@ﬁ (+5 ToirT)
®. '@ .@ T
LS, SR S
______
Il‘(a]':
<[l hig

©
3
i

(b)

o 14.7 (a) 919 FAST Si O Ge § JoarST @1 W@
(As, Sb, P, 37f€) o STAMHAT ¥ 1 n-TE=rersh|
(b) N-UR & T3 T RO Y HTHS

Frequr fore gfaeermdt g o R i ! had Th

fafter goel ¥ STES 3K 369 Geg oo o
a1t fe@rn T 2l

BT 81 ST ok foTu, 39 Sl <l TCHTY] § Ha
F o fau SHEAETE ¥ ~ 0.01 eV o fafaswq o
AT 0.05 eV Foil =gl goen fawlia foret 451 srefemers o wver a9 W fmeh
TARI I afSTd oS Y T o foqu (SHfem | e 0.72 eV aun fafasia
H S 1.1 eV) el Afet| 9 YR Jaaarsish sTafgse foga e & fag wh
ATAfER el JaH Xl § 3R THAT 38 37 s (donor impurity) HEd
3TafHsrR RETY] GNT fagd =e oF U 39eied T U Soiaei™ i 9E& Jad €49
T erufago W PR €1 T e o qg ) R T | gwen foada Si
TRATY] R 37T Yo gelagil i & (THF & | el o 91) ® ar & Y
wgd %A Jhg Bl 2

ferelt srafifyra sred=rere: o = seiagl 1 el el n, @S o AR a9l
fsfl Ton (ST BR1) © Sca SiaRAl oh ROl 441 Blddl i ol WA n, had
Tl Wi 5T SeaT eiell o hROT Bt 81 W el o JHANH i < ¥ gfg el
ﬁ@‘%@mﬁqﬁg%wgﬁaﬁ%mmﬁﬁmﬁaﬁ?wﬁ
St Bl

TH YRR STUES0 % SFHd TR U el Solael %l e § gl &l SEA i
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000
OO0

(b)

o7 14.8 (a) wqgwarst Si o
Ge o e ® st ume
T (In, Al, B 37]) o
UMY | & p - YR I

sEfEe® | (b) p - TR o &1
1 EROTA GIF B STl

FILcHh 89Ul S Teh Joret
AR U 3TET o |Iel

gfceemdt et 9G] F R i

T 3Y HeIg el H @ 2l

qor ® gfg 1 S Gehell 31 314 ToHE ST o Qe s g

W e IS st U goiee dggEde HEY dlge a9l Bl STedrs

HEY qEF o1 WA B THIAU 39 YR oh SfErciehl &l n-gHR @

srtfarere Fed ol fRdl nysR o enfEras o fau
ne>>nh

(ii) p-9&K & arefemeres

p-IHR 1 el 9 9 € S Si A1 Ge (FqEAST) o TU-I1T T
st ewifgal; - Al B, In ofE odfdis| &1 wdt €, S
oo 14.8 o fe@mn = 21 erufdses | Si A Ge *T U UH w@Ed
TAR HH B € SR THlAT g8 RA] i SR 9 Si wAEt 9§y
T Hehdl ©, Sifehd =2l S ¥ S°M oh folu STevaeh SoieR[ Sueied
T M % RO W & TH H Ghel AL €l il 37 et o
e <N Fieheeel WA o = Wy § T i steren gt g @ S
14.8 ® g9t 7o 21 FAifeh ok o USiE Si WA Bt & WM W Th
TSR =Edl €, fehe o TR o Sel el w1 i Toieei 3 T o
P o fIT e R gehell © FTH8 STk 104 TIH R T el 5 Sl
21 TE gle7 e o foIU IUCTed @l €1 &4 H A 9@ TE ¢ T,
st fasdte Tmm] YSidt Si A o WY Seaei hi WIRRN Hieh
GTed : UM ST 81 STl ©, 921 $9eh gl Gt a4 U &1 <
&1 THIAT TIEROT 9T § Y p —T1e o A WA S S e
Bl o WY Ush BUICHS 3G9 %7 Hig el Sl 2, Siar f=5 14.8(b)
¥ fe@ran w71 7 T T o Tk 78T WA (N,) TR gl 31 21 98
B A I B % sifafaa © SafE 9o SoieRerl %1 S e S
S & B 1 3H YR, U8 ugied o fau, giel SgHes aee qefl o
HeUHETH dEh B | SHifery B Rifg @ srafafym I st
p-FFHR & efeleis Feeld €| p- YR & refercrsh] o 5T Ui,
IS W soiRl BT WEA n, ¥ H on, @ W 1 OT: p-URR %
ARl o fog

n,>>n, (14.4)
o < AT o1 e © T f3h2er Uk GHY BUICHSE SSTHIAl ST TEdl

(14.3)

& i SfIRa TEY dlge] W A&V 1 A SeAs § S g W AEv
®1 AT % & GHA Td 9dd gt gl

UGS SHICTh] H gHeas U AEehl hi YoRAl o SRV 999 §NI 3=
Y e oh foIU agEEre ameshi U fie o 21 STee B 8 3R 39 WK
3 I B 9 71 gEifer srafses U YR o Sifiue ¥ aed & e 9, S
TEHETH 8 o S €, ST T H Yl SIeeh] bl ol Higdl i S H g

FW B

AU GRI SAefeIcTh! 1 Soll Sg G JUIfad erdl 21 ol sref=erhi o
W01 | <71 SR o HROT AR el ST (E,) T WE S5 o HRoT
Afafia St ST (E,) 97t 2t €1 n-UshR & Si STHeIehi o S se e § I
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Sl TR E,, e o€ F aelt E, ¥ Fo = B ¢ a1 39 TR Y §9 s 9gd
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TR SereRl-ehl — TaTe,
T qen el IR

AR B ST €, T3 Si b 31 3169 (~10'2) Taw] & Siehd e g1 ord: fam
14.9(a) ¥ 39T AR =eH o€ o STfenisr o <ar Syfgal 9 € omd 81 56t
TR p-FohR o STefeIesl § el Sl ¥R E, TSt o€ & o § 9 S e §
(et 14.9(b) 3f@T || 9gd FH s 2MYRT e W F HAST qT ¥ FE SRAE,
o TR W HEH W odl 8 SR SH W 1 KA A Y 3l 21 [ fohed ok
w9 T 3 39 YRR H FE Ghd € F 9g7 FH I H AW F TA Il “RE,
T HAST o€ | THT HY Wehdll €1 Sl WK i W IR S i AN I B wieh
Bie A= w1 3R 3T B1] WH el 99 W AR el I ST € S
T de HaSh o § g 99 S ©1 39 YHR e 9 W GAST oS § gl 1 o
7@ ®9 | gt srefrerhl | ot o wR g €1 ardig gre | erefererht o
TRl al Biell 1 Higdl 39 YW o¥ed i Sl @

nenh=ni2 (14.5)

Ty ST e g9y &9 9 wieehe qo IRefedd € W 7€ Wl &1 9
ergetl, fargauifer den srdfemeranl (31 qen sTagelt) ® SR 1 gHeH H HeEw 2
C, Si 71 Ge &1 Fiekiushaeti # iR s7eh e qe GaAs SISl o sie Sl S
W R w1 A (SEHS), Siddl Ge o T Sell SfaUel wAL: 5.4 eV,
1.1 eV a9 0.7 eV 21 Sn it =¥l Jq o1 dc © W I€ ©Ig € ifeh 3Heh Fehiol |
Foll AA O eV 21

EXl
e

o

(@ T>0K
T qUE Sfd Seiee-gia g (b) T>0K
Tl Il TR oF 9 SerdRd

o 14.9 T> 0 K™ (a) n-YR ok f=rares qen
(b) p-YhR o 37T 1 ol S|

ISEIOT 14.2 HF oo frell 95 Si ffeat & 5 x 1028 w9 m? B @
TEEAST As @ 1 ppm Higdl W rafafsd foman S €1 selagiql aen gl w1 gen
it i, fean 8 7 n =1.5 x 106 m
A oM S, T qrdia Sifd w1 o1 ¥ S Selae (n, ~10'° m™®) sTafasmn
Y I AR BT qor W A0 B
e, n, = N,
%nenh=nf,mﬁﬁﬂﬁ'ﬂ@l
n, = (2.25 x 10**)/(5 x10*%)

~4.5%10° m®
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%W wifae!

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

p-n | STATS kT TwioT e w

:

TR g (317amE)

B famror

14.5 p-n Gt

p-n T (p-n junction) s&d & srefrers el S gEe, T o w1 Ow
THTE B 3T refEish JfeRal o forveioor o foiu Wi oF sUeer sl wHEEl et
Heequl B1 e B € HHEH o YA w1 T et @iy ot fmfor S gran @ qen
e S deearel (52 a7 off #ed €) & gore o *iE G fFg TR SR
F B

14.5.1 p-n Gfr a1 Fmior

p-R o Tafetertd (p-Si) 1= &1 uaell weferhl (dW) W fa=r sifsm)
IRRE €9 | dagaeh LG 1 Te9 A e fohdll p-Si wefeisd! & F8 9m
1 n-Si ¥ qRafda fan st g 21 et erfereres w1 fmio @ 1 sga-d
Hierand ¥ 31 qefereht W p-8 e n-&5 99l p- 9 n- &5 % oe T el EY 2l
ﬁwﬁp-nﬁﬂ&ﬁﬂfﬂaﬁwﬁwm@?ﬁ%— fargeur (Diffusion)
qAT 379978 (Drift) | 89 F8 WA 2 o Tohdl n-TehR o Tef=rereh § Soieiql o1 @igal
(9T ehieh ST | Seioiql o1 HE&AT) Blell o1 Wigdl &1 gl o fereh eidt 81 g6t
TR p-Yh o STefETcrh | Blcll shi SISl Sl ol WISl o1 Jorl | SAfereh Bil
21 p-n G o fmfor & wHE, 991 p- W n- weehl & U W EiEal geEom
(Concentration gradient) o HRUT %ﬁﬁp—w U n-welsh (p—n) =] foaf@ B
& T SoleR -l | p-Telsh (n — p) i IR fo@ia eid €| e ol *i 29
T o RO G W TH R W vefed B Bl
6 12 oA p W n w1 AR fomfa g € @ 9 o 9 U st g
n-heTsh T SIS 3d1 1 T8 AR Sl (& &) = SR % TWHS gr e g
%Wﬁﬁlﬁm%lﬁ'@—ﬁ'@i’?ﬁ@ﬁn—)pﬁaﬁimﬁﬂmaﬁ%,ﬁ%}%n—
Tl T YRR (A1 HATEE S-S &) T W foasfad 8 S 2l
@W,Wﬁﬁﬁﬂﬁ%%?@penﬁwmm%ﬁa@
AW S T A WE (RO STERT) Vi a1 © S e B 81 S-S B
foafd B9 €, ®UTcH® EY (EUHS -9 &%) ®1 Uh Wd G ok
p-Whetsh TR forehfaa giel St &1 Gfer o ST etehl W faenfad 39 wg-=f &9 i
&I4T &7 (Depletion region) &d &1 78 THAY B Fifeh seiae qe gidl st |y
o AR-UR AR T 9 oid € o 8ok Yokl STAN b &1 %1 g L od ¢ (T
14.10) | 39 BT &5 1 HIITE AIShHI b THS AT i Hife
PR — 1 B 1 G % n-heish TR LI @Q—Hﬁ%ﬁamp-
—> ThoTeh T SRUMCHe TOH-=TS1 &1 B oh hRYT Ty T &S

ik ST T NS ST F 3N T Fega & e 21 e 2|
coee n 39 & o HRU G o p-THelsh Hl ola{ n-Helsdh hi AR
Sooe qe WY o n-FF FI S p-FHelh HI SR T B 2| T
N foed &5 o HRUT ST ATEH] HT TH TG H 7TAE FEd 2
< Tl e

o 14.10 p-n 9fg a1 &1 gfwan

480

T YR TF AR U S faeRer am o faudd 2 €,
Jenfed BT 3R T et & (F 14.10) |
AN |, forewor ¥ =4 Bt © qeN 3T9aTe w7 gt

2022-23



ECEIGEER IR E
Il qon T afkae

B SO-S9 faeRe yfeman gt St €, G % < ekl W STaueRed
arerer & fereatid B0 S ¥ 389 fogd &9 &1 o § gfg ekt 8 foreh
TGy TTaTe U | ot g Bl 81 98 A SH THI qo wordl @dl
2 5 7% Top 3 <A ad (forawor & qen srvare om) i § q6e
Tl 8 S| T WehR Tk p-n G o Sl &1 e | p-n @i W
HE A2 fagd ¥R e g

n-&3 | TRl i BT T p-&F § Bl ohi W o hROT IHT &=
1 G o R-UR Teh fa9alal Sea=1 g Sl €1 39 fava 1 een 59
R Bl € o 98 e Gkl o 3R Were w1 feriy wear © fordes
Ty WrEEE] 1 fEfd Se= @ St B e 14,11 # @ e
greeee § 9 gHeh Y o ofte favenae s e 81 n-verd 3 gee
@ € 9 p-ugre A g S fhy €1 39 WeR p-uie @ e
n-uSe AT B Gk A n-gF @ p-&F #Y S gl 1 fa
1 ek o1 I a1 € 37d: 39 fa9e 1 9 UfereT f99e (Barrier
potential) wEd

O O
___>I‘V k$__

(SISl
SIS
P (SISl n
0000
SIS )

<—E
()

oL

(b)
o7 14.11 (9) =¥ 9= H

(V = 0), (b) fom foret s = gfy

T favE|

IETEY0T 14.3 F1 p-n G 99H o T &0 p-ThR o =TT ol T 9t i

n-YR o FfEAH ¥ Hifdw ®9 Y AT X p-n G I@ R 22

TA Tl HiE ot TS, =R fRat € gHae B, ST-wEve e stad (~ 2 | %
3 A) ¥ wE R GeEd el SR gEfiu wEve s R W it g6 (e .
Had ek ) Hea gl I YaTfed B ATl STeN aTgeh! o fae @iy e fafes=ar N

w

H] TE FIER H

14.6 31¢=eish SEE goce
O—| p S n I—O
sfEee eEe [ 14.12(a)] a1 ®9 ¥ TH p-n 94 ~7 = =~

Bt & former fll W ifeass @ueh S Bld © difer 39 dfY Wl’

TR IS Al dleedl STIYIE i S "k | 39 i o ] 2fHiaa
B B TR SIS i Ydlehieds & | T 14.12(b) |
frefia fopan T 21

TR =T faen aRuret o STaR forpa o =1 faen wwn
UfehT (Equilibrium barrier) @1 39Tt HEGEICRIRIS
sfefyr srfgd (Forward bias) ®) fawa & e@e &

A i
oI & BEED
(a)
Do
P n

(b)

el R ST e V SR e R e w0 1412 () S ST (0) pon S

p-n Ty SRS & fom1 fonelt s < Arereren § feefa fo=t
14.11(a) 921 (b) ® S T 21

14.6.1 Wiy s=@ o p-n G ™S

TS T Ydish|

9 foreht etefaers SMe o 1 Tl o o9 SIS a1l dieedl VEH YR STIUIE i
STt & o 928 1 ue il p-hosh W 9 RO1 il n-hotsh o HAIfS whid

%[99 14.13(a) 920 (b)] @ =0 SRATe F/afdd F&d &l

SR SATIRIY Siced] Ui ST=Terh SEe o gt & o Y W g € 9
G o p-wels qel n-Telh T fa9ed g B @ (S SRl U © T g 481
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O O
o0
e
P =)
o0
o0
<4—E

&5, 98 &5 STel IS eV TEl €, 1 WY n-Felsh Al p-Teldh b
HieRIe Y qor H ercfush e ®) | SIUgeR dieedl (V) w1 faen ofq:fHfifa
(built-in) fawa v, o fawdid 2idt 21 58er TRomaEEy, B TR F1 6
w2 S 2 Ao Ui S W A A 2 [ 14.13(b)] | SR
¥ goret ekt S (V, - V) B R
ﬁwmaﬂ%aﬁﬁfwﬁmwmﬁmg@w
Bl STQM, T Shad o &1 7Y a6 St Soaad el &R W o, 9gd %A
T | G i IR 3 o T evaes Sl Wi Y U, 37 A fagd

_

(b)

o7 14.13 (a) sufefes arg o

Fell U &1 S 39 YR foed om | gfg 8 S
YA dicedl oh &R, ToideH n-Hholdh g & Wi IR W
p-elsh W TEEd & (Sl o STeuiyl a9 €)1 3 WhR p-Thotsh o el
T i IR ek n-helh W TEed 8 (S8l o Tyl aTeeh ©)| Sufkiven
TG | B AT 36 YW 1 SICUINT @S A&Vl (Minority carrier

! YRT YaTfed Bl A &H STI9gaa Sieedl | STkl gfg T S df Ufkeht S8
JZS FTHT T2 ST q2 1ok e § a1 | IR 9 & AU e
v,

p-n ST SIS, () TF 99 e ction) wed 1 6l o T W o e T, 8 R SEhe st
(1) fomm o=t #, (2)

deedl < o, 791 (3) 559 9 3q Wigdl YOl o WUl p-HerE F WM % FRAR famf@ e

dieedl o fau|

4{ P
/r
I

ECE]

10006:
{0000:;
1000
{0000:;
‘000D :

/T\

&
S

FE 9 e} o1 Wiz 1 qoe §, Seui o wiEd § weerut gig @ w2

p-olh o S IR W 9E™ W €1 TH YR n-heish shi G ok

form @ forafd €t n-theth o SR R R 9ged € (Fot 14.14)1 SH

Theteh! W STAY STeshi 1 39 T o R fog o yarfed g9 @t
n 21 el SRR SEE YW 1 HF el ToeRor &R ael geiei foreon

éﬁmgtrr@r&aa' ¥R ST A BT 81 36 HR 1 9 9 e
o 2 2l

14.6.2 UYH(SITeh 9@ W p-n G SRS

forg 14.14 2fefors a@a o seaer o9 fRdl A4S SRS & o f9 o 9 g o=l dieed (V) 39
e SAAT (Minority current  YehR SIS YA € b 92 o o el i n-hoh @ Qe B

injection) |

482

e 1 p-wers W wied © [ 14.15(a)], A SHEE &I gvEiiie
AT (Reverse bias) Fed 81 YT dicedl i AR favedm
areferh o gl & o fol W e B1 F8T Sy dieedl 1 fien Afuen fava
%1 TS o THM Bl 21 3Hoh IROTHEEY UfHehT shi 1 o6 Sl € qe grEt &
1 =it ¥ foe@ o o™ 9 & wRu 9fg e Sl 81 gvaiies aee o g
Aot S (V, + V) Bt 7[99 14.15(b)]1 T8 n — p 1 3R TeiMl & T
qN p — n 1 3R Fell & Y8 HT T Il 21 9 YohR, TS o SHfRres o
1 g o 39 feufq o faero um ererfus %u @ o 2l
wifer o faga & it feon U Bl € for Afg p-weis W geE 21eEl n-Fesh
R B AT Ao G H THT G ok ke 31 WY, 9 3% STk TgHeIh
& H 99 TS SO STEs SEehl % 39 TYdTE o Rl fagd ¥ 3 | g
HYETE U D PA HIfE HI Bl &1 THoh Teded I B 1 R0 T ¢ o &9
AEh! T 7T IToF STCUY ok 9 G o6 JHA IR 95T Hersh i R Bl
21 sfafyTes aPEe § STvaE o) (W pA ®) o el © W T s e areeni
% SR U (mA ), &1 o § g gt 2
TS YT ¥ (Reverse current) 3TYIE dleedl W 3Tty R &l 2|
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3TefTeTh SISt - U,
Il qon W afkae

TCUIST STEehi ! WY o Tk Heish o TR ol deh TgdM o Tt oy
dicedl € At gl Bl ¥R S9ge dieedl o IR grI ifd el et
WY TE Y % ST Betehl W U STEehl i Higdl o HROT WifHd Bl 2

qyEfeiyTeh aEE | fodt wifdes 9vafef¥in (Critical reverse) dieed
e ToR[auN 9Red &9 # dieedl R f9 72 el 21 39 dieed 1 9o
aieedr (Breakdown voltage, Vbr)av_z»'?l%I e V= Vbrwmqﬁm
o H oSl 9 9fg Bl B1 TRl d foh e dieed | ored 9fg R W
ff o o rcfie aftedd 8 Sl 81 9fs yvafelirn o i e 9w
ufwer R oA 7 (SR Scaee g ffdse fopan o ®) @ = difa
T fohan S 1 p-n WY T 8 STEH A Th SR ot 98 oTHd 9E W Sy
B ST @ Afadw 8 o HRU SR T 8 S ¢ U a9 S & 9§,
v SrEE e arfhd B ¢ qen SR R SEd 7E 9 sifue @l

et sm@e & VI SAfvenafies (STYge i T8 dicedl o Hed oh
®Y H YR w1 fa=mor) &1 1emeH i o fay ufiy oma o3 14.16 (a)
e (b) § @ T 21 eEie 9 dieedl ® UH GRREEET (A HW
iR ) @ Bt gl Sl @ 9o e@ie W eude 1 T dicedl i
gftafda foran s Gl 21 dieear & fafa= 9 o fow &m 1 96 e

O O

000008
000000

p 000000 n
000000
000000

<4+—c
() o
/ 1
Vo </
—
(b)

o7 14.15 (a) wWARRE a9
T s@E (b) WaRen aoa o
Yferent fasmal

foran ST @1V SR 1 % WtE T W, St e 14.16(c) B fEEmn w2, e
T 21 e Afve, enifefire e O % fau 79 faetie # ST w9
Fifer (e T Sum o o T o) Suferd e atfues € Stefer fauda
9§ HH UM I A oh ToIT Ush HISHITHIE 1 SN e smn €1 g o

AT (V)
VY
N I (mA)
[ A
P n
g
HEATTHTeY —
(mA) 100
Iy | - 80 —
/| [ 60 —
LA
40 —
FeeHeT
@It 20—
100 80 60 40 20
1 1 1 1 1 I I I I > VW)
[ v 0.2 0.2 0.6 0.8 1.0
pl/r|1 br : 10 ]
i 2 20 —
(LA) 30 —
| e I (uA)

BN

(b)

(c)

e 14.16 f& p-n Ty TEIE &1 (a) WIS 999, (b) WA a=E § V-1 Afqenefoes &

o o

T o AN 4R, (c) fordt fafasia smre & wfaedr V-1 1firernsfoms| 483
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484

3qTe0l 14.4

(14.16) H <@ Hehd B Toh srufefires o o o9 o o0 @ 999 e oga diR-+R,
T TG, GG B Sa ek o SIS W aieed U HivEd A o Sifes 1 8 S|
39 Sifenaforen dicedl o 915 SIS dPY dicedl | 9gd of€l-H & gfg w9
TEE U | Wieleh (1) gfg 8 St B1 7€ dieedl gl dieedr (Threshold
voltage) a1 %23 dieedl Hheddl 81 39 dieedl 1 HH SAIH SEe & fag
~ 0.2 diee qen fafasi g@e & fag ~ 0.7 diee 2

YR I W e o fu o 9gd 9 (~pA) Bl @ qe a1 § giede
& WY T fer o Tt 7 e 9?‘/?"7?7@"71’ YT (Reverse saturation current)
HEd 81 T b ToRiv Wil W, Sga eifeen uvsiaiiien 9o (@S dieddl) W EN
¥ s gfg &1 S €1 SEie w1 5 faww e 6 faee o oee 14.8 H
T ¥ WERU SEYF Al SIS Wdld Wqw N & oh 3 SYAN el fhy Wi €

TR G T e 97 K@ € 7 p-n SHEE 99 9 9 9N o YaTE %I chad
& e o (el aew) gihetd s €1 uvstkien s giali s ge
o emfefyrn SEw wialy &9 e 21 9 0 1 AN YAl (ac) deed o
feszentor o forq femen 7o ©, TS/ oTel o o ww=en T €1 SHEEl % forg '
s I wifaes U 59 7fos gty wed &, i ‘Cdieeal § @ iEda AV qen
farga o o o 9RedT Al S’ o &9 uRed s e

AV

r,=—-
@ =g (14.6)

ITENT 14.4 Tt fafasi emie &1 VoI stfvenafirs o5 14.17 9 <wifan T 2
THAE &1 G (a) I, = 15 mA @97 (b) V,, = -10 V T R sl

I (mA)
30

7 B :

-10V
®

0 0.5 0.70.8V (V)
— - 1uA

o7 14.17

TA SHie AfTeeiiorr % [= 10 mA ¥ [= 20 mA & < e W@l 1 wifd qrd
B S gt fog @ ot €, &W o1 o F1Em o1 qeH #id g Hiekid 1 qieher
T Hehd &
(a) 9 ¥ I=20mA, V=0.8V;I=10mA, V=0.7 VR

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

3d:

r, =10 V/1uA= 1.0 x 10" Q
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ECEIGEER IR E
Il qon T afkae

14.7 Wfg SIS &l fTeaw/t & ®O ¥ 0N

fordt @fer eme & V-1 sifuenarfors & &0 98 @4 € fo 98 haw ot faga um
Welfed B <A1 € W de Sieh St g €1 ofd: Afg fhet Srie o i W
SIS JeATed! dleedl STIYG 1 ST @ <%k oF chadl ST 91T H qRael § 4R yarfed
el ST e swffiTe arafd 1 e o 39 T
UGN Fererdt dfeedl w1 feeedior i | fepan S @ qen
T % & fou f5e 9Ruy &1 SwEn @ § 39 Resn
e T

I} TE o ol W HIE yEd! (ac) dieedr Aviied
H wAfsa @ie 9fade R, o Wel SO 1 STl A8
o Tl W Fad ac Fow o 39 oefaw o oo eme
afefyrer arafed €, U SieHM dicedr giter=r gril| 59
YR 1 fogga uRuer foa 14.18 < faga ufuey o o
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wed §) qh € Wi Wi 3 wAree e g @ skt fad w0 gaed s
yonferal qen e | feRan S @)

3R U9y o &9 H g9 39 R H ITAM BH drel fa=i 1 3T o ek
g e &t feafa o S/gaR yonmer ‘o’ Sregen ‘o’ W R e B1 S e
‘St B € d a5 1 B @ qen S et ‘e B €, T | 0 g

5l /N /L//\ AV.\/ / .
; I\ /o f .
v

(a)

TerT 14.27 (a) 31784 f9Ha (b) siwa fa=al

21 e e T & fearfaat 21 g =61 framehiel <=M o foro fem 1 o @
‘aﬁ’am‘aﬁyﬁ’aﬁﬁuﬁa‘fﬁ@ﬁ%l

14.9.1 witsteh IS

T Weh UHT 31 UREY (Digital circuit) Bl 8 St Frawht den ffa diceasti & s
forelt Tfyera aifeher Waie ol WTer a1 21 SEifery oamaes &9 | 3= aifor 712 sed
1 712 %8 1 HRO1 78 € foh 3 Gol o yaE w1 FEfE ed 81 o w9 F seE
foh T M @l G wifseh 12 NOT, AND, OR, NAND @&l NOR €| Y&ieh wifsreh e
%1 fordl wdier g0 2T wd ® qe THeh Gehid Wl Ush oI HRON gy gieifea
o St @ S geft we e aoh S HASH qen Sk STH-37a frla qeh &
1 WA 21 TATH SR @it el o SHORR &I GHeH § Hewdl w1 3
st T w1 eTefeTerR Ffe@l 1 STAM Foh SEMET ST Hehdl B
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%W wifae!

(a)

(b)
o 14.28

NOT T2 i (a) doh dish
(b) TTHH TROM |

494

34Ul 14.8

(i) NOT Iz

Ig Haltveh gy e 2 e sheel Tk a9 den T frld g €1 T afg e
‘0" 7 d 1’ frfd Seq=1 e © den Afg frer 1 @ @ 0° Frfa Sco=t ahea 21 sverfa
7 ferelt Forer o1 1o fofd T SR ®idt Sc= Ll €1 T SR © TR @
ShaF A1 Giaeiged ft wEd 71 99 14.28 § 26 gR &1 9% &9 § ST 2N
STl Gedleh qe SR HHME HRO < T 2

(ii) OR 7T

et OR 712 & Ueh fid o |19 <) = stforek e B 21 T 14.29 © 39 gR &1
Toh Yeteh den TeawH GRoft gt el 21 se ffd YU ® S ar fer A sieren
o9 B 1€, g 1 € erefa afg &g off fow s=a @ @ frfa s==a 8 2
IR T aifeher fspanett o ifafted 3@ e 1 ST W] wWIEY
qeifaa & | fRan S gehar 21 28 Frefafad see § ww fRa = 2

ol o 0
A o | 1 1
Y
— e 1| o 1
B 1| 1 1
(a) (b)

o1 14.29 (a) OR T2 &1 deh Wdieh (b) OR 2 &1 HIHM 9RO

ISTEI0T 14.8 93 14.30 ¥ fu 7w fawr A 91 B & o ‘OR’ 12 & ffd @meq
1 =rEfad SedET

T frefafed w e G

® (<t W, A=0,B=0; s@EETY=0
t, 9t %, A=1,B=0; zHETY=1
t, 9t T, A=1,B=1; zHETY=1
t, ¥t %, A=0,B=1; zHETY=1
t, 9t @, A=0,B=0; zEETY=0
t, 9t %, A=1,B=0; zHETY=1

([ ]
([ ]
([ ]
([ ]
([ ]
® (>t & fa,A=0,B=1; szECY=1
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AR SeArI Rl — oo,

T qen el g

3EfeT Y o1 qT&Y o € B sten fa 14.30 | fe@man ™ 7l

o7 14.30

(iii) AND 71

fFdt AND 2 § =) =1 sifres Fawt 9o w frfd 8l 81 AND W2 &1 frfd Y shaat
1 81 & 9 fawt A den fow B S 1 81 39 1 o1 dok Udie de SedHE aron
51 14.31 9 g9t 7 )

A
. Y
o— |
B
(@
o 14.31 AND 712 7 (a) 9k Udier i (b) TcgH@ HROM|

IAEA 14.9 A 3R B a9 o TOEYl i 32T 14.8 o GHH Ao

AND T2 ¥ g1 frfa qimey &1 w@ha hifs)

'

o (<t o fau; A=0,B=0; AT Y =0
® t WUt T%; A=1,B=0; AT Y =0
o ¢ Ht TH; A=1,B=1; ESISI G
o ( ¢ TH; A=0,B=1; AT Y =0
o ¢ WUt T A=0,B=0; AT Y =0
o t H ¢ TH; A=1,B=0; AT Y =0
o >t & fag; A=0,B=1; AT Y =0
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3aTgl0l 14.9

(b)
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33T 14.9

3qTeY0l 14.10

THeh 3R W, AND W2 1 Tl qarey == fam & g9y erqer @i=n
S Fehell 2l

o 14.32

(iv) NAND 72

Ig Teh AND 72 € fidert NOT gR 3178 &hidl 1 4f% Feer Aden B <A ‘17 € i
forfa <1 =& &M 39 e 1 g€ 9™ 39 NOT AND S5eeR & Rul fan wn 21
9 14.33 § NAND 712 &1 deh Sdier 92 GcaqH SR <9 T 2|

NAND T ! @ref3eh e o1 @rd yaisrh 12 ot hed €, it 39 72 o
T Y 3 GAYd W S¥ OR, AND @2 NOT e ¥ Tehd & (199 14.12 7N

e -
o] o 1
N . o | 1 1
1] o0 1
B = 1 1 0
(b)

o 14.33 NAND 72 &1 (a) dh Udieh 0 (b) Iaq 9RO

IEEI0T 14.10 = fE@m 7u f991 A 9o B & falw NAND 72 & fd Y

1 T HIfSy

'

o t<t = fag; A=1B=1; THY Y = 0
ot ¥t TF; A=0,B=0; ESISUR G
ot ¥t TF; A=0,B=1; ESISUR G
ot Ut TH; A=1,B=0; AT Y = 1
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ECEIGEER IR E
T qen el IR

ot Wt TF; A=1,B=1; /AT Y =0
ot Wt TF; A=0,B=0; AT Y = 1
® (>t o fag; A=0,B=1; AT Y = 1

i
OT'¥T ln:2ibe

(v) NOR T

THeh T A1 3Afuek e e s a8l 81 OR W2 o 3= Uk NOT S
9T F ¥ NOT-OR 712 (372fal shefed NOR W12) Wil eiel 81 Sfal g1 ot A
U B0’ B1d € o i Y oherel 1 Bl €, effd | A Wb e 3 7 € ot e
‘1’21 for 14.35 § NOR 72 &1 deh Udieh qen G| qrof g9 w4 8

== |O |O
=10 [~ |O
|10 O |-

(@) )

o 14.35 NOR g1 &1 (a) Tk Wdish de (b) TeaH HROT|

NOR gRI &l HEf3 gR 21¥aE 96 Yaseh g1 AT Sl 21 =ik hael NOR
T % ST 9 29 gt e S AND, OR, 921 NOT Wi & §ehd & (31919
14.14 de1 14.15 <f@n)
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%W wifae!

it Ud TR : hWeY Wrenfient o1 wfas

guft g quNferdl o BS9 TR Tehishd UREY (IC) Bl €1 odd § wme gt ogd gheEl Sid %R,
efifet, CD &R, Ul ®iF A€ § Whishd URuY (IC) ol Bid &1 & oeehiun oh shror afeffien it
O T WA Bl U1 SEhT T oA IC o H9e T B Wehdlt ot IC e seteiten gferal © o
agd 9 2oy, gickives, Genfsr, gt ar-geft wh & Uohs | B &1 o ‘e’ o fave |
AT BT RIS Ush UG IC Bl © S Ferdl sheged o geft geiel Bt Haifd il ® S 98 @i
G TEHT T shid i Shsit o T, b 1 HEwH =il §, Tl M| IC 1 Faqed fa=hr 99 1958
¥ 39 TR W 9% ekl g R mn fres forw 3= 992000 ® el WERR S fRAr T
IC 1 frmfor srefeneres foreeell o Zhel (31o@n fu) W R Sfhan g fhan S 81 36 9ahR
TrEd gel GrEifieh! SE (IT industry) e ® Rk 21 fusel o2 oo § IC #1 Sfeemnd 9
€ Saifsh 3o el shi ST TR T & 21 freel e gurenl o shoget Sreifient § st erehion
T YT HE H AR T AR o A 21 INTEL & Tedemas M [ 3 T 1970 | I8 =arn
o for ferelt fom (IC) 1 Hf eman &% g o ® @ &1 T @ S @1 ¥ ) & 77w T 9w
21 9fq fou el =t gem o =Remet €9 9 9 e @i 2 9o ai-s-ad el @i e | gfg
2 W R, TR ot 3 Tl 1 ST o TR €1 odHM Wi o SR W UM Wehd el ® € T §1.2020
T 3ue® $FeX 40 GHz (40,000 MHz) W J=Ifeid 81, 3THY | Hal Sie, 3Ifue <&, a0 S o
R HY o H el TR Bl etduel SE qen el YRk § foewies gfg i e @
foreaTd X0 g Tl 3758 &7 9 TU UGN e fohdl S Gehdl 7: “afE Torefeld ared SE sieerer
I w1 Hifd wfd @ IS Tod T (Rolls Royce) FR W e 5 @@ Wil a9 il 3R 39 ek
T T STUET ekl & Bl ‘

|
1. 3Tefares IdHH 3 TR S Soiaie gfaadl; S SEe, TR,
ThiFd TRUY Sefs o g got garef &)

2. 397 il i Seleh GTEAl Ud WRATY] GO Afve it ® T f&an man fagm
1o} foRauredt, oTq steran StefaTerR gRmI

3. «getl w1 wfcRieeRdr sgd w9 (1029 105 Qm) B, forgaiiet ugref ot wfeadieraman
agd e (>10°QmY) €, Safeh ereferetel 1 FiaRierhar engeti iR fagaeh
vl & weA Bl

4. srdaTeiss difcss (Si, Ge) 19 & |9 Ak (GaAs, CdS 1) 2
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10.

11.

12.

13.

14.

15.

3TefTeTh SISt - U,

Il qon W afkae

I e A s’ Heed €1 SaY deshl (e 3R wie) w1
Suterfa arel 1 S’ o1 @ SR A FHig SHeH o YRUTHEEY 9w B 1 A
ST H Soel i W@ (n) BE F1 W n, 9AE B 8 el Seas
w9 9 YA FEY o SolE Rt 2

IS SALATTR] H IUYSH TIXSA oh ST’ ¥ SN Aokl i WA UfEfdd i
W Fehell ©1 UH AefeTerhl i SUge SreEersh ®Ed §1 | TR (n- TR SR
p- THR) & T F

n- ¥R o SHEe® H n >> n S&fd p- TER o SiHEesE Hon >> n

B 2

n- YR o 3fefErersh § Si ¥l Ge i YEEAN WA (S76T) 9 As, Sb, P
TR o T SAH0 W 9 Rl Sl B, SEfeh p- YR 1 Al Si st
Ge @ BrEast @] (W) W B, Al In 3R o eTuffsor 9 g femen
ST R

Teft zEmell ¥ non, = n2| 3k e weref ol faga e w2

el o ) O S A (HASHT 9 IR "o §8) B 2, T geeE
TEd €| HaASThdl S 1 Foll =Ie 9 i Sl i STUeT W | GaAlSehdl o€
¥ geft ol = quf € Safer areq S quiqan e steran onifers €9 @ gfid
THhd 21 frdt I o Teq ST ¥ golged e w0 o fT ge e € e
TR o T SRR e 81 Seehdr 1 EH Hasehar J€ (E) % e iR
e 9 (E) o 1 % 7 Fell-siaiel B, W FwR F3dlt €1 gaemma o ¥
TAR FOHT, TR Al fagd STl g1 wler Se # 3wt Ry S wehd ®,
S sreieTer ® yarfed oM § ufedd SO # €

forga-0 89 E,> 3 eV, 1#feiIereh @ E, = 0.2 eV ¥ 3 eV, SHlfh #igeii & oy
E =0 2l
g

p-n G Gl erefereres il w9 ©1 S UE |y St @ o soiee st
B e ST 39 HiS i Th ‘gl T’ & =l @ S Efy fava e’ 2g
IR 2

e STYGH aleedl ol URafad wieh G fava Jusk 1 afafda fean s g
?1 TR SEE (n- el 928 & FUTHS R ¥ 2IR p- Fofeh S o s
R | Fag @) | Uieest %4 81 S 8, Safeh qveieien aod § ghg g S 2
31d: fohdl p-n G eEe ¥ ewfkfies a@@ ur %1 9 eI (mA H) e @
Safeh UTETEIYIR STEE G 1 I 9gd HH (WA H) B 2

TMEE H g (ac) Aeedl o fTehio (et 9w i T e # gfaatid
) B TANT H A ST Hehell 8| WIS S1erE SUgeR fheet o W 9 R o
dc dieedl 9rsd i ST Hehel B

T fafire yaeH sEs ot g 2

2022-23

499



%W wifae!

500

1.

14.1

IR SEE TH UE € A ybeE sEE 71 9 sEie |, weikies auy o
e T slieedl o 9EId U ThiTsh Sedl € (WS aieedl) | SFR S/ErS &1 98
0T gieedr 999 o &9 | YA feha S 2

p-n Tf¥ i Sga Tt HIHT 316 1T SR il U A =g off FE
TN ®, SRl 9 o el TRl H W Uk o B 2 (a) BRIeEE, feH HieH SueH
1 IROME WY Hgw UR 9RedE 8, FeheT St diedn J19H § GerEen g 21 (b) @R
el IS il bl Terga-sstt 8 UREfia sl 21 (c) Fohml Scisieh SHES 3R SEe
e S 9o Slieedl g0 Seiee SIS o 0T YehTel h ScAEA Bl

. o faem oftwer € S 0 3R 1 &R ¥ =9 gU Hsh1d S 1 Huer wid &1 98

FHRT geARI e ok oo™ 1 G Ll B

. fovm ook @feran arem w ae TEEYl SidTa 9RuY deh §R (Logic gates)

FEA 21 ¥ OR, AND, NOT, NAND 3R NOR 72 2

Taemuie faug

sefaTerRl § st o€ (E, ot E,) feepforenfra 2, frwe aeod 2 f6 3 o o
fepedt fafree wor ® feorm et 81 it gy wien €) < 319 U fot S € o
E,_ 312/l E,, W YErd S ¢ € 79 3% A e 9 Feh W o a7 W A
ISRl S el @R & Y W A =Ifey)

difcarer atefeneteh] (Si 212@T Ge) W 3R p- afeferersh] o STufHsen! =1 39 & ®9
o gi=Afeee wteh 9 td &1 AT srewremshi o wiel e S| §
Yied srefenersh & YR | o IREdd Y Fehdl 21 Serewond, 31eyl GaAs H Ga
3R As 1 396 1: 1 €, "G GaAs § Ga-Tg arell 1276 As-T=T arell gl
Ga, , As,, 3151 Ga, , As, | B T 8| WA I 1 Iurefa re=rershl o
o W wE R Y bR w2

3MyfeR I o afkaer |, i qehETd e ST gyl S T Uhe ‘fuu’ § uhigd
FW €, 9= THiFad TR (IC) Fed T

T

et n- YR & faferrta o frefafa § § wFE-91 Jwe g 8?2
(a) Soiae SgEETF dRS © IR FrEast wam] sufays €
(b) TR FCTEETH dEd & IR TEEArST WA Uit 2
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14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

3TefTeTh SISt - U,
Il qon W afkae

(0) & (faeR) srcuders des & SR dodars] ] sy €

(d) B (foer) sgHETs aew & 3R et wamn) st 2

1 14.1 ¥ KU ¢ oAl § 9 HH-91 p-THR & e & oy o 22
e, fafereia ot SHfm, Y& § =N Gaisih goaeia &1 geh! fagar S

€ U G YHFRA WA SR A o 5N & T €, S F: (K., ()
T (E),,, o TR &1 frafafed & § $H-91 wwem 1 82

(@) (E)g < (E)ge < (E)c
b) (E) < (E)g. > (E)g,

fa 9 p-n WY W, B p- & ¥ n- & 1 R fouRa g €, wEtn
(a) n- & ¥ Yo TORH I= SR w

(b) A faweiay o HROT EfY o IR TG FW B

() p- & § BA-Hdl, n- & H 3Th! Figar 4 iferm 2

(d) ST G
mp-nﬁammﬁ:ﬁmwwmw%ﬁa%

(a) TawE que sem 2l

(b) TEEETF dEH YN i I H Il 2

(c) fawa qurek 1 %7 HT 2 B

(d) ST H 9 e =

et feseentor o, =ifg fan el 50 Hz ® @t ffm engf s €2 wam e
st 3 0w e ¥ fr e = 2

FE p-n BIASAE 2.8 eV 8 AWl o el ¥ Hientad 21 a8
6000 nm 1 TR HT HYFT F Tohell 7

ITfafed 19

fafershia wATel w1 §& 5 x 1028 9fd m? {1 7@ @y @ gy e &
5 x 1022 9] 9fd m?® @R 3feam o 5 x 1020 W] 9fd me & srafufsm feman wn
1 TeiEH 3R et 1 e 1 afteher il e € R n = 1.5 x 101 m=| fean
T I n- YHR H1 T AT p- FhR H1?

foell 991 snefarer # S AU E, 1 A 1.2€V 81 3H 81 Teier gersg
Tfeefierar 1 qor H HTRT w9 & qen ag R R @} s@hl 600 K den
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14.10

14.11

300 K W FCThdlsl 1 1 STI 87 98 T & 39 o Fisd n, F a9
feftar 5@ yhR = B © -

Eg
n=noexp o
B

et n, Tk feeria 2
ot p-n G T § YN Ih! 39 YR oFe el <1 g @
ev
I=1, exp(szT lj
el 1, 1 ST W YR hed €, V e & FRl W sieedr § qu 9 swfkfie
A o AU oFTeash g IeEiien a9 o Ty SEoes 1 [SEE ¥ werted
T B, I, SicesH adie (8.6x107° eV/K) @2 T WH A1 €1 Af fereft fau
T TEE % faw [ = 5% 1072A T T = 300 K 8, 7@
(a) 0.6V W diced o fau smfefes am # srft?
(b) afz sre & ol W dicedr &I JgH 0.7 VR 3 a ¥/ § forat gfg &t
STaIfT?
(c) Tk wfader fehamm =2
(d) afg gvafefyrr dicedat 1 1 VA 2 VHE S a1 &R 1 7H F1 8?2

Rt foat 14.36 ® 1 ufwy fxw v €1 77 <wizy for 9w (a) OR 72 1 wifd
EER Al © Saih I9Y (b) AND T2 &1 wifd e i 2

A A®
Y Y
B
B
(a) b)

14.12

o 14.36

= feu U o9 14.37 § HAifsd NAND 72 Haifsd 9figer 1 TeME 9ro

ERIEY
e EEDS

o7 14.37
31d: 39 IR9Y g HT SN arelt genef qek i k1 afafaitor swifsm)
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ECEIGEER IR E
Il qon T afkae

14.13 7 f1 o 14.38 o <y srgem wftwe fig mg € f77 NAND =2 92 2
T <M Uil gR1 k1 WM el deh Wiswansti @1 ifufauitor wifsuy

- re ]
B.—} DO*Y BFED—DO_'Y

(a)

o7 14.38

14.14 o 14.39 % KT 7 NOR 72 Jo el &1 Fead Grvit fafey @ik 39 uftae
BN 3TUIfeld deh |ihansT (OR, AND, NOT) @i sifufquifa sifsw)
(gd - A=0,B =1 @d 58 NOR 2 & &9 A 3R B, 0 & 3iR 36 ¥R
Y =1 B 6 ¥R A 3fR B & SH FaSHI ok fof Y % A 9 *ifsul OR,
AND, NOT gRi &1 He|M |ROi @ qarl Hifse eIk el fasheq ara sifs)

o7 14.39

14.15 o9 14.40 ¥ 33T 7T shaet NOR el § s el i T|E RO SA18T] H1
qfger g1 STifera aek |iwaet (OR, AND, NOT) i sifafeifa sifsw)

@ (b)
o7 14.40
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