. -
L)
.'
- )
W 14 12092CH14

2 A

3R SeTeRhi-
ured, Iferar qem
A T

L W M ©

14.1 ftrer

TH gfear S8 soaAl o1 fafa yere wra fan S dek, 9t seiaeife aftget
F Geld o @< B 1 T 1948 H IR #1 @iel ¥ Tl UHi gt
rferentsra: fafa Fferd (= area) off, S9 fafd eEe e < soiRie; e
(W) U HefE BN €; TS T i selRis—shele, wie aun firg B ®; 39
e Yae (HHE: 4 91 5 SISl & W) | fareht frafa ferst o sersriql @1 syfd
Teh q« whefle gRI 1 Sl & 9o 38 fafe= soiagiel o ot dieed i aRafda
HTeh fald W g gl 1 Rt yere W feen S 1 Savu-seieiel e
(inter-electrode space) | SeiaRHl & Wag o g fafa smawae e 8, er=en
TTAH gerer 379+ U W o1 o STU[SH Y TehUehl ST el Wl FWehd &1 3 Fferra
T Soiaei cheel helle ¥ TAS &1 3R Yalfed i Hehd & (31eid seiaei shad T
& e o yanfed 81 wehd €)1 €T Rl @ o UE gfekm sl WeRoman ared wed
& Trafa Ffeeme @ o it SR o 9t gl €, tfueh wifer s STH Tt
& a1 e | W S dieedl (~100 V) Y SIavashdl gl 81 $Hoh i &
TehT SHoehRTel 3TdeTehd H qen faveaiaar oft %u gidt @1 ey Sig-srawer
s7efareTeh getaital (Solid State semi-conductor electronics) 1 WgHE uq
1930 | 39 9™ ¥ fhan T foh 5 39 ST sixEreis 9o 3t i |
I HATeT el € foF S STa areenl s HE@ den ek YdTe i e 1 fata
feRe S Tehdl B | WehT¥T, o1 N 3TeY STIYIeR dieedl Sid Stsieh fehdt sref=rers
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H fqee et w7t gen uREfda wY Tehd €1 2 1 9 91 e ® T sl
il o e STeehi 1 YT Ao YaTE W@ 319 & ik & e §, Safh e
TR € et fafa Aferhrstiaredt § Tfau seeeEl S aw Shelie @ urw frar S
ol 9o f7affaad T stuan fafa | yarfed w3 S ol StHEes g § aed
AT 3fere SAfereh faffaq T 7 segashdl e gl 81 98 SR | B et
¥ 3l o1 STHNT HLA 8, HH aiced] T 1T HIdl €, kT Siel oal Bl & 37
Tt faveriaar et et 21 smefeh Ffeal o af Fraffaa Afererrent & fagia =
Fd T Al helie RO gel (CRT) foeh Sqam Jefifasm g qon shegex
Hired o foran San % ST séaa‘rﬁﬁ (Solid State electrons) aftger o 9
g fogae feea feawt (LCD, $a foead yset) OiHed g afawenfud &t <
W ) erefrek gl 1 v 9 9 gugl 9 9 off 9gd Ued Wehfa ® g
M o et (e GehTEe PbS) o Tk fhed f@eh WY «1g 1 Uk Hueh g
ARG o, 1 ITAM e T o Tgaeh oh &9 § fhal ST el ol

frefoafaa srur o &0 erfures Hifdewt # $9 9ol sEurmst 9 ufea
FAWT e G e (Junction diode) (2-Toaiel &t Ifa) qen fgyea Gfy
(Bipolar junction) &R (3-zca2rel &1 Jfa) St o s gfaar &1
o N T AR A T A 5 e w1 v s

14.2 oTqell, TeTehl a9 TeeTetenl T STeRTOT

STTehdl o TR T
ToreIa =Tetehdl (o) ST¥a URIER (p = 1/0) o T A oh STHR W M &1 &1
=1 gR 9§ iR e s ®
(i) &7g : ST WAl 9gd w0 (3Tl Heihdl 9gd M) edl 2
p~102-10%Qm
o~10*°-10°Sm™
(i) srefermeTan : SAh! UfRIEIhal a1 ATl sTgel qen fogareh ugrerf o o= =t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™
(iii) fergaere : Tt UfRivehal Sgd 31k (12l STefhdl Sgd HH) el 2l
p~10"-10"Qm
oc~10"-10" S m™
FWR T T p G4 o o | Sheret HiTe A o Gk & 3R K T¢ IREr o @l
off <1 Fehrd 21 org, forgaiedt weref qen srefrerRi o w98 # o faw gfaieskan
1 GO I & A T AUEE TEl ¢ F g R off €, S S8-S19 79 T 1A
T r 917, T g S|
39 1A | AN wfa stefEreren] o e W ® S ke UK oF 8 §Hd o
(i) T 37efaTcTh (Elemental semiconductors) - Si AN Ge
(i) Gk =i - 39E &
e 3IFMEMEH - CdS, GaAs, CdSe, InP, 3Tf|
o FHEMH - TYRH, WA (Doped) Jeiearid, MM
o HEM® Sgah (Organic polymers) — Heiarsdie, Seidfei, Hreemmi
EIIE|
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AYATTH TeTai el

- 1Y,

Ifear den Tl gRue

STohel STt TS S1efwrersh Jferaal difcash stefemeiss Si a1 Ge IR Aifies
FeTe T SrefaTerRl W & Sea 1 W T 1990 o 9% FHrefieh e iR
STeTCIoh! SEeTeh! b1 STANT hich Fd STe=TeIsh! Jfoadl o1 fashma gan fowd vfas
% ot TEe ORI T S TR #1 S % W & T
fireTd ®1 39 1A § B9 oholel AehTe(eh Srefeeish, TR difeeren srf=einl Si
ol Ge o 379 ek &1 HifHd @ difcereh tef=reten! &1 fae=m o fau ==f fom
G SRS i FEattad fran e € 9 fre-a-frdt wq o erfereniyt Aifien
TefTerhl W AR] BT F)

Felt §E & AR W

TR TN Aied o AIER TRt fagaa Wy | Iueh foRdl Soee @i Sel 39
TR 1 IRYHOT el W R HI B1 TG ST W] Th-TR o TR SR g
3 T oA ® A O Th-gE ok STcfus ke 71 W €1 ord: ket wamst ok
TR T TRl HeETd AU G-I o7 St & 3R T2l ah o TH-gR *l g
oAt &1 THoh URUTHEEY R S W Toieeia ki G 1 Yepfa foRet faged T
o TSR B T 9 At 9= 8 S 2

ot fopeeel o “fiaR Wcieh Soigeia i oTaet erfgdta Teerfa =it € qen foreel @
TRl o TR SR o O 1 Ued Fend 9 § Th SE TE el FE Rl @
o Wedeh gt o Soff T 91 Bid €1 A =1 ol &R TS Sotl okt Sed aferdH
BIl @l & SHoif del skt Fi0 i 1 o il W) o garsishd seiagiHl o Sl
TR GHIfe &, GASTehdl s€ (Valance band) &l 21 GaShdl sie o 9 ferd
o€ & e § (Conduction band) ed g1 fam fordi etfaftem o1 o, @sft
HASTehdl S HaASTehdl s H wd &1 9% 9o o8 § feaq &R =eH S %
Feuan W1 Y i A ® o G §% o Solee SEH | =l o€ H T
Tohd B WA =er s R g 81 Wy S 98 o€ GaAisehdl 9g i rfdetia
(Thdl) I B d Sl TaAages $9eh HIat S Gehd 2| U@ Hifcreh =retent
H B 2l

I e oS qe1 HAShdl o8 o o= g N (Saue) 8, @ Gaisehd o5
o quft seiai aag B € qe weH o | %IE g soeei STore Tl gl T
wered o foregauiel o1 <1 ©1 g WASThAl S % @ Solaeia oTel Sl WK hich
SRl d€ U1 =T 9 o ot i e 1 IR HT Hehd | a9 A T =Ier
o uEE S © 9 o A 4 fe Sl T 3 HL A © T o seae
S Hehd €1 T8 TR T€ WihaT Ao o€ § SoierEl au Haishd s § e
B o HIROT HTe HI HHEA 3= Hl 2l

3T, 379 BH I8 foam &Y foh N TR are Si 3126 Ge fhea o g #
1 Bl €1 Si W STera e, el el (n=3) €l €, Sieh Ge W Seiad el weft
el (n = 4) Bt 81 37! aElaH Hall | 4 Seieei (25 3R 2p SeieeH) Bid 81 37d:
79 frea W ol Toieel 1 el WEN AN g1 TRl STeraw whem W eiferehad
TRl 1 TG 8 (2s + 6p TAFH) Bl Bl 3: AN HaAISThal SeiaHl o fag
U Foll TR 8N B A 8N fafee ot T a1 a1 i Gad o€ a1 Tehd € 7ol
o1 o=t Sef  9qea & Tohar 2, < fofeat & wampstt & s il W R
g ['oi w1 o fagla’ — & fEn])

Si TN Ge o Tohted Sl | TRAM[S o o= i 3R W, $7 SN &R &l Hell
de q i § 32 51§, {9k 9 9 e B, (99 14.1) 1 9o & €
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W Hifae!

AIUHH o WH Y WAN FaArstehdl oeHl 9 quia: fory fe e gaisear s g
21 o e i AN oo = i € S W aig ed §, 9 98 WY I W gula:
et & 21

e HH AT foF Si a1 Ge fohed & N

AT 1 Wik TRATY] oh gotereiql shi T

N — 1= ;:ﬂaﬁwaﬁﬁﬁrﬁaaw’ri%ﬁﬁﬁlaﬁwﬂm

o o fereafira i, 31efid Weh-gE 9 3Afereh SHawet

pyrml el R F, @ IO St 9Et Wil Wy Th

fRea o TRHIY] TH-TR o agd ehe (2

¥ 3A) B ¥ SR HiAT TR TH-gR

Y R Frehead! o] el o ff uReien

e ot €| Ga STed el o Sold 39

sifqeae (A1 UReAReR foRan) i waifes

=n2) )" II9E YA B, Selfeh el el =1 hig ok

1 I AR BT SN AYIfad © Fhdl B

gt g — AT Si AT Ge fhea § Solae Seel

! TH o oTC & Shoret STerqw hel o ol i Seiell H TR W faeR w #1 & STevashd 7

Si o oIy o el dedt el © (n= 3) S Ge o ToIq STeiad shefl =iefl el & (n=4)| 39 <A

T T ARIH e W TOEAl B W@ 4§ (25 3R 2p Soae) | THT fEed | Al seae ®

Tqul GEA 4N T TE| STRIAH el W Toel %1 SAfhad Had §& 8 € (2s + 6p $HRM) | 3EfT

AN SOSRHT | ¥ 2N SeieRH dl, 2N s-3aee (Hefa Feien §e 1= 0) | B 3R 39 2N e e

6N W p-3aeefT | Biil| T, o p - Seigei et e gt Sian fost o ool e s o @
T R UE TAiE B9 ¥ YEpd A1 Ushel WHIUST %1 feefq @ (faw w1 @A)

A AT o 78 1] T S S o fIT Teh-SR o SR ke 3T SR s 21l wmmopet
o SRl o ot UEAReh Tsha1 o T STEIaH el o 9 Seigeil i Sy qietad B Hehdl B (g
1 S Wkl B) | 1= 1 1 6N 3Tt fSient St yrRy o forger qwamopeti o forg weem off, 3fa thetert
Tk il ag ot € [T # &5 B]I 56 WK 1= 0 Wi 2N ey, Sent St forger WS o
fore wedwm off, 97 ot Tk o T g H <2 Wt & [fod o &9 B % gEgrigEs 3@ ]| 9% ST wed
4T 9 Th FHofl T g YU el &

AR & o TEE W HH gUEd g1 W, 91y, Tk THn & o7l € W e S Th-gR | oo
FH A B S TS ol T R Fad el Sl teen A9 arel WHIvS Sl W1 1 Had S
ayeen o oft = el S #1359 & W (Fod | &5 C), FIF Fonf s7aver 7@l @ SR FYd e et
il yeeeTd e g sar 8

3qd:, A TWAWS & = H Iq IR KW F AR T, A ot o R ¥ faved @ W
IR TH F9 AT E, © 9o & 9 2 (Fod & €51 D @) | W Sl syeensi w1 wqol wewn
8N 1 T & < S o el ate fean T ¥ (Pt o S vl Al § ¥ uoE § 4N sreen) )
el Tidfeh o e € o freed dg o O sa € eraemd (an) €, TaR et o 9 g garsehdn
THRM (4N) T

AT 7% S (S Faiosar 9 heam 8) qUid: S g ©, Safh Sl o quid: @t 71 S
o€ @ =T 48 ®Ed 8

T _J
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AYATTF Telaei-eh! — TaTed,

ikl den wel aigy

fert 14.1 3fE) g =rem o § fa  fm s an R
Sl WX K E, % &9 H qU1 TSRl d€ § = E,
SeaqH el &R K E, & 9 F @0 T 2
E. % SW A E, o "< 309 TH-g@ ok
Afush fepe agd ¥ ol &R 9T 7 2 E,

GAISTeRdl g o Y qe =eH ST w1 qol
& I ok FAA B Fof A A (3Tl
o st £, ) e 41 stww vl @ e e
yehfa W FeRk a1 81 7 i, u steren I .
8 Tkl 71 37 fafa= feafaal =t fot 14.2 sra: faremer wen
T 0§ qe A g R & M R TR, FOT ST,

2 TR 9 O

W.I:Z!gmu'z(a)ﬁw“g foT 14.1 0 K W fordt enefemes § o= de =1 feufaai,
fofr & wed 3 21w ww g R R e e e e £, s e W
WW%WWQW%HWW sreafues e i staeend Bt &1 feen de f59 gasemar
I oo T R E SR A A WM o on d # srers Fre ol o s @
SRl sg fdeara € < atfae e 2 o

GAISThdl S 9 SAee Wedl 9 =l S | o1 gahd €1 ge feofa fagm =em &

oI, ercaferss S | gelaia SUTe HU 2l B Sa HaSIehdl g i ® 9§ e

Bl € df o 39k T TR W S=d W q% T ok fagd oied i gad a4

T E1 THIT 39 YR o a1 WioiY Y el =ieishdl S=4 gl ¢l

Afqear
/ e o
e
E‘ E, ESS E (E,=0)
1 E, (B_: Ey
(@) (@ (ii)
/ﬁqﬁ
ﬁ Eg >3eV E T EC
Is Eg <3eV
. ] % l
)| EV .
< . ’ EV
. i
(b) (c)
o7 14.2 (a) urgsH, 473

(b) TergaRielt qerm (c) sref=rerht o it el o s 3fal
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W wifae!

THTOTIT : 39 Wil ® S/ T fot 14.2(b) o <witan wn €, 3w feofa o S
St E, e B € (E, > 3 €V) | 9o g H g soee el enl 31: B o
e ToE T S A 3 A S 9E § o Sl st S it e ¢
ol oft e SIS W Soigel i HaISTRdT S U =o' i AR I el o
S Gkl Te fargadel gl 1 SR B

THTOT I : I Teorfd 14.2(c) ® <uridt € 21 3899w ufkfd g @ e S
(E, <3 eV) 311 g1 77 d¢ S 2 & FRO1, FW & 9 R, Fo See Farshdl
Ye 1§ s wofl o 9 o & fF el ST F) IR T e dS H Tgd Hehd
£ 3 soia (Al gen W &9 B €) e S | T Y Fehd €1 31a: o7efarersh]
1 URRIY S eAferek I et foa faegadeht aef %1 g 2

TH S9N H THA HIqeH, STkl qeN STeIcTsh! < oA ofiehtor fohan &1 SFTet
STIAF H B STei=rcten] | =re Wishan o foma ® i@

14.3 5 3rf=eish

B Ge 3R Si 1 oW WIHRU ST ol St Sofh (Lattice) o1 oo 14.3
H e T 21 3 el F1 R S T Fed §1 Yok TRA] 9R S feeaH
T gRI B gl 1 g9 SFd ® TR Si 3R Ge W R HAShdl 3ol B
21 zHe! forteelia T o Yo Si A Ge WA 3104 =R GaAISThal soel o o
Toh-Teh SR o1 30 AR Tehedd T[S o T GEwWIfar s i Jetd Tl
2 1 U8 Yoieh e TRAIY] o Ueh Teiae b1 @EW ff i €1 FEl Wt
SAHH J7TeT TEqarsi 78 (Covalent bond) a1 geishar 3Ta4 (Valence bond)
FHEA ¢ TH WE ST a1 § R I e solee 39 Hefud wane o
wie -1 T i ®d §, TEH o gea § 99 g 21 e 14.3 6 R T
Si A Ge HT = &1 2-fowfia fequ o 14.4 ¥ Hazeres &9 9 fK@m@n T
2, S Hewah s W T 9t a1 21 fo 14.4 T oneel fasor @ o sy
T T B (Tl oy 9 gy €)1 e fufa fre A W @ adt @1 S-S ar
Al 8, 3 el b1 3R SO Sl e e et ¢ T
T U PO TodR I W N B Wehd § (gH seiee
TH e H ANEH Hd B) | HHE Sl fhedd Sets
o P THIS F YA TG Y SEAIFA HL A @ qe 9y

o Uk Red @A oA ot §, SE fas 14.5 () § fe@mn T
B g TR (ST — ) el ¥ Fevert o €, 9% 9%
T A (+ ) T Teh okt €M Big a1 1 FAE &FHS
ORI el 7€ kT T Teh 8T (hole) el €1 Biet et
¥FIHE AN a1 Uk STT9rdl GFd &0 i aE HAER
LT B

I sreferereRi (Intrinsic semiconductor)ﬁﬂiﬁ Wﬁl

1 @A n, Bl F1 HEA, n, F TR B T, Teifd
n,=n, =n, (14.1)

forT 14.3 A, fafasw a1 sEfE o fag wﬂ@ﬁqmwm%
T-fodr €1 S ffea e foad e gﬁqmﬁqgg@?ﬁqgmgﬁm%ﬁgmgﬁegﬁfa;
SITIE o FA: 3.56, 5.43 FE5.66 AT gropwrer At o TR FW 1 A o fF TIF 1R T 2§ S

474

1 14.5 (a) ¥ fe@mn w0 21 2l 1 a6 5 14.5 (b) @
fe@m gn @ gfied fwan ST wehar €1 AW Ol o1 R ok
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TGS 58 T 2 9 T e[ e TM 1 (2e)
H % FX W Ghel g 39 TR, TH TH 63 & o5,
Biel T 2 T e T 9 T 1 H T Sl ST T
TAfATY ST &9 ¥ a1 Ble T 1 | T 2 T =el
TN e ST TR S Serere IR | e g o [
14.5 () sf@u], o7 s/@ 1 7fd =1 39 foran o
gftaferd &t 21 gad soiae Iula: Wdadds =eH
o % T H R § SR e e
W T TEERH U ([) 2@ ¢ T @ fF - e
frea o &l ot T TYRa 94 B 9@ FrYa sl
1 rfoeh T BRT 3R THRT AU H o T et
T A et Tk Fes SUE 71 fRE areafas feed
¥ for@ & &1 a1 & woa®y I8 T RS
fawa &1 3R fq w3 1 T TER TH BA G L
firerdlt ©1 o1 © Ieq= e gl o R0l Sela
BT [ e Bl G [ ShT A1 Sl e [ e -

I=1+1,

G EGECIEC I G
Fforrar dem e afuer

RSN
o ----- 0' """ "'. ----- °

¢ H @ Si 19l Ge

' ---------- 0 B

* SR 'o ------- SR ¢ aﬁqﬁv
_____ e

oT 14.4 Si 1 Ge &1 9= &1 =TT Howacws
frequ faed f=1 a9 W TegEst sey fKam e

(|sft 99 99 g, HIE 22 99 Tqel) | +4 T8 Si A Ge HT

il IS I 3A L B

(14.2)

FET &AM 37 I 910 8 ¢ R <o seidAl 9o Bel o S B o |- T
TG 1 Yo Bl © oY Soiaei id o WY g9 e € e o
O] STEeh! o S BH 1 & S0k YA:HASH i <X o SIeR Bl €1 36 YA

1 HRU SARA 1 Bl & Hog HE 2

1%13145

Si AU Ge

HWWWWWEFWWIWWHWWM sm%maﬁsch‘ﬁﬁﬁh‘rwww

ﬁmﬁmaﬁvmﬁﬁmwﬁfaﬂwqm%wwﬁawmma%mw (M 2) ¥ T
TR RIS B T | W el Sl 2 3R S0 TH W U B sigdl gl

T THR TE 1 9 WM 2 9% B 1 STH THaR 20 g 2

475
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W Hifae!

R — e e 5 14.6(a) ¥ WY TER

A EC T

e ol

E, T=0K W & I eref=rers frd
T fogauet @1 wifq SHeRR H B

TJg ddE e & T fouer ww
I=F @ (T > 0 K) R FS Faraed

E, E,
T uged €1 T> 0 K R ardig s
TR e ST H ¥ 9 9
T Te0 L od 81 gEifere Tt
(a) (b)

EE I e B el e

o7 14.6 (2) T=0 K™ &I 4 sefares fagaus &1 oifq =5aer ot 14.6(b) H 9T STHHR B 21
I 2l (b) T> 0 KW =R a3 seisA-8iel el T (=) T H TR TeH 48 | 9T
ol 1 fefud #wd & qon Red 94 (0) eiell 1 frefyd & 2 M0 13 IR R ST 9 | oMU T

398Ul 14.1

476

J TEE HEN ° T9El B B
a1 2l

IMETUT 14.1 C, Si 991 Ge &1 Seish (Lattice) TR 99 Bt g1 A off ==

C fagaieh € S Si d Ge 79 €= (intrinsic semiconductor) &7

A C, Si 71 Ge o WA o IR S Soraeid el fgd, g qe =g wan
A e €1 37: T WAEh W UH Toaed i oTe] FeRer o fory stevash Sl
(ST S E,) o FH Ge o o, s aifersh Si o fom ok &t eifers C
o faQ BMM| 59 YR Ge 9 Si § foR[d =1 & fau W@ soiaeHl & §e qeiw
eIt € Selfeh C H @ 0 Bl B

14.4 USSR

et =1 arefenereh 1 =Tetehdl $Ueh A W R wdl €, W He-ad W gHeR!
ikl Sgd FH Bl 71 3 ®9 G, FE Ff Aoyl seeie g 37 sttt
SN faenfd &t 1 S Tehdl 21 37d: Sh! STeishal § YR AT G99 Bl ¢ 98
37 spefrerhl ® sryfgAl w1 STEM ek fRA S /)

S fordt g s § i SHEd oTgfs ey el § S g o ufa
faferm (ppm) o foed St @ df SEeh! =ershal § g T gfg B Sl 81 36 YRR
o URIAl I S7UFST STEfAIGTH (Extrinsic semiconductor) 3Tl 37'{17% 37T
(Impurity semiconductor) Fg&d &1 aifisa sIfS W%TFﬁ"FTEF fHfea e w57
(Doping) @1 a7 HEAdl © a1 g WA 37975 (Dopants) Fead |
39 YR o 91 i #I7d (Doped) 37efaTereh hed &1 Tafhsier UEl g =fey S
T ST eI oh Sk oh! foehd 7 il 39 ohodl fRed d @gd % §d
sreferereh waTY] feafaai st € B el 38w i o folt U Teves v ug
2 T srufsrs o 1] qen erdfurersr utel o STUETl T TES ORI THM B

<Iq: TANT Si UET Ge o TR o U 3 YR o e7uffisis ST fh o )
@) o GASE (TN 5); S8 A (As), TIHEA (Sb), HIEHRT (P), 3
(@) & Tae (HaERdr 3); 99 gfeam (In), I)F (B), Tqfafem (Al), )
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AYATTH Telaei-eh! — TgTed,
Ifear den Tl gRue

319 B9 98 foe=m w41 TR srafagon gw fea i
YRR TEICTR] TS TR B W W URGAT e o g
I & FSreeh 01 3] StefEee Rl ekl qRafd . ...... .- ...... .--. ______
B STl 81 Si el Ge e RO & =g g9 P P . ,
(o) & Teea § weifer o orfem & fow Frbe L S & oW (+5 W)
o fR ererl died o o ql 1 WEA g emdem _. _______ (8) . ._._.___ T B AR S
T gY qU1 WEUM! sad gT i € foh Srufgoy [ [e s TR TR
o ST ATt el o AT F WS Si AT GeH o 4 .
] & TS F SN IR 2| T9F 9 A8 ¥ "'_"""
5wt o faw s B o B w0 e o 6
TEEASTR T STAMHH0 o 9= Th-ge § Uid: vl Lo
=1 YR o < ereferersn qel w1 fmio wd € (@
et aofa = fean w2 .

<qdl shlg

(i) n-9&I & Efercid
M it 9 &9 Si a1 Ge (FASHAT 4) HI Th QQZQ | S )
GEEEST (HAShdl 5) T W STTHIEG Y SiE O @ O ®
o1 14.7 9 @ 721 81 S/ +5 GaASThal o el
Si o T TXAY] ! Giaeenfid ek ST9T T T80T Q O O
YAl § dl THoh TRl W W WR, feheadi =R
faferenta TRt @ @Y S €, SafE deal seren ®)

ST Y] ¥ G e B S T 8 U T oy 34 (o) el w1 Ge F e A )
%%VWWQEWW‘#W@%’WW (As, Sb, P, 31f%) & STafasmt ¥ a1 n-sred=mer|
WW&?“*@W%W%'W (b) n-F&R 3 TETel T HRUTT T ST
TROTHERET 36 Fererid bl G 3 o fa siowas oy fraw gfaeerdt <@ & fer #ig #1 Faa T
WWG@WW%@TWW&TW? rfafiad guTEt SFTeTR ST oI SO Gag ol &
IE AefICTR o STereh | Hekd T L oh feId o S S— “

I €1 32X % foTe, 39 SeiaR i WA § g
F ok foTu SHAEH | ~ 0.01 eV den fafaei o
ST 0.05 eV Tl =1feul zHeh faudia et 41 erefurers o wver a0 w et
TR 1 G ST ¥ TFAl & fau (SEifEm | o 0.72 eV e fafeen
H AT 1.1 eV) el =Mfet| 36 UhR Jawdrseh sTafse fog@ = & fag
rfafier seiagiv YeM el € $IR gHifert 9 <77 979)f5 (donor impurity) &d 2|
S Y] gN foRd =e o fou Iuere T U Soiee & 9@ Jad €9
T eafagor W AR A 21 T Eud o qg ) FeR T el sEeh faada Si
T G Id o Soiael i A (9 9@ | Bicll o @) H a9 o @Y
ogd %A Jfg B 2

forelt saftfsa srf=rers o e oAl 1 el WAl n, ST o AMEH qe
TSt RO (ST BR1) ® ST Sial o hIOT 41 Bldl i Pl W& n, Had
it Giq gR1 S0 el o ROl et 81 W Sl o YH:HaeH B L A gy ol
ﬁ?ﬁ%%wﬁaﬁ%wﬁv&mwéﬁﬁu@ﬁsﬁtwﬁ
St 2

TH YRR STUMASU % SfEd TR U el solael i e § gl %l S i
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o : [ L)

(b)

o7 14.8 (a) wqg=arst Si =
Ge o o | st wEt
7@ (In, Al, B 31f}) @
SUMHAT § S p - FHR A

sEfETA® | (b) p - YR o uq1ed
T TR G B arel

T 890 S Teh gt
AfafRed o STEYT o 91y

gfaeerdt FET T i R wie

A ITY oG el I @ 2

o o gfg 1 <1 Tehdl 81 31: FeraIerh STaffseh o WY STafhs gn

W frd w1 srferesh W SoieeA dgaede ey dige qell B eIy

HEY aEF I WA §| THAU 39 YRR ok eIl i n-FHR &

s7¢fareTah Hed 21 TRt n-yHR & e & fog
Tle>>l’lh

(ii) p-9&K & arefemeres

-9 1 Aeferh 99 991 € 9 Si AT Ge (FgAGAST) o JU-11T 1
st erfgal; S- Al B, In onfg erdfdfsm &1 <t €, S
ot 14.8 o fe@man @ 21 edfdses o Si A1 Ge w1 379N TH SEA
TR A Bl € SR THIT g8 TRA0] i SR 9 Si wArget § wy
T Gehdl ®, Wfeh wiefl SR 5 S o Ty STevEeh SeieeiA Sueied
T EH % HRO A & TH H G AL 2l el 37 s wamy
e e Frereee WA & W= Wy § U Rf steren g g @ o fam
14.8 & <wiian N }1 SHifeR Seteh W USiE Si Y] B % TIH T T
TR el €, ke o UXAY] o STel hel 1 hig soieeid 39 e ol
A ok AU FgE R Fhel T T8 Ik 3T T R TH el 5 Sl
21 T& gl FeF o fou SUeed Wl €1 A S A 9 e ® o,
Fraarst faside 9] TS Si T o |1 Seide i AR Hich
TTed: RO ST € S €, 9o 39k Heft warsht s g g S
& THfeTT Tremer S § 9 p —usref o sTafHye WH] w S g
Bl o WY Uh BUICHS A9 %] HIg Hel Sl =, &l o1 14.8(b)
 feren w0 21 7% T § Tk 7787 WA (N,) T Bl < 81 98
EIel =Sl STTd el oh AT @ Safsh e Sl o1 @id ohelel 41
S €1 21 39 Wb, UH el o o, gie SgHeTeh aeeh 9 seieeiq
U ded ¢ sUifery s g @ smfafym I st
p-YHR & S7efaTeish el &1 p-FHR o o7efarcranl W QA :Gars e,
I S selael w1 ge niwmneﬁaﬁﬁél 3Td: p-YHR &
srefaTeTeht o forg

n, >> n,

(14.3)

(14.4)
M 21 A 91 U8 © 9 bl U GHY BUIHF IeTHIdr ST T@dl

& Fifeh IR &Y ] W A&V BT T Serh H AT Higl W a9
&1 a1 & & 9HH U fauid gt gl

St STiaIciehl H IgHEIH ¥ dehl 1 YRl oh HROT aIdd G 3cd
ICUIYT TTEhl o foIu SgHEIe aTeshl o fieH o i 1EeR e § 3R 30 TR
9 T B S B ST STufseh Uk YRR o Sfush YN areehl i e 9, S
TEEES dIedh o S &, ST T H U AEh! h1 S Higdl i TH H T

FW

Safasor gy STefEeTshl i Sl ST WA YHifad Bl 21wl sl o
ThY0T H <Al SR o HROT AR ol STerEel (E,) 9 Ul SFfgal o wro
A St ST (E,) St 2l €1 n-UehR o Si STHEIehi o el a¢ i@ § A

478

Sl R E,, A% o€ HI 76l E, ¥ S A9 el 8 901 39 TR Y FI seiaed agd
FH STl 1 YR eH W AeH o€ § Jo9 F S &) Fel a9 0 SAfhie a1 wH]
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T el - TSI,

IfFaar dem Tt uikae

Tehd 81 S ®, W Sioh 31fd 37eq (~10'2) WA & Trehd eid 81 37d: fost
14.9(a) ¥ 9T 3R =eH g | sifrenisr o <@ syfgal o € omd &1 &t
THR p-JFR o STefereshl § T o1 TR E, G o & oid ¥ $9 FR e €
[FerT 14.9(b) 3@ || 950 %7 s MR BH W F HAST dT § FE ToRAE,
o TR W HIA W Ad T I I TR H ROMHR @A F I B [ fashed &
9 H &9 3 THR H FT Thd ¢ o 9gd HH S F YT T BA ol WHE,
Y HAS o W T T Fehal 81 HST W hid T SeieR SUR i 3R M § waieh
B e 1 3R 3T ©1] WHT el qrd W AR el TRHTY] iR = S
& e HS o § eiel a9 S © | TH YR el a9 W EAS o8 § el sl o
Y@ B9 § uget seEreih] o SR o Nl Bl ¢ areiy g o erferern o
TRl Al Bl 1 WKl 39 YR ¥ i Sl @

nn, = n’ (14.5)

Tl SUe e g9 &9 § GWieehe qo Uiefeud € W T8 el &1 9
et Teraufeal den srferersl (A9 qen STugedt) H S i THeH H Heww 2
C, Si 1 Ge &1 Hiekierehareti ¥ 3fa¥ $7eh =ler a2 Gl sl o sre Sl e
W fuiR w1 wEA (SEHE), Si AU Ge & AT Sl aUS FAM: 5.4 €V,
1.1 eV a1 0.7 eV 21 Sn ot =9 9 o1 dcd © W Ie oI € ifeh THeh Jeheor o
Tl A0 eV =

ECEEIE]

(@) T>O0K
T qdE S seeRH-gld g™ (b) T>0K
T T TR o 9 S

T 14.9 T> 0 K™ (a) n-YHR ok 3ief=cish qen
(b) p-R o 3Tef=Teish 1 Ho SS|

AT 14.2 A Wi fRE s Si ffed 5 x 102 wEw) m? #1159
TEHAST As ¥ 1 ppm Figal W STafHisa foha S €1 selag qen el w1 we
uftehfera wifste, faam & 6 n =1.5 x 10 m
T A TSI, T A9 S i SO ¥ 3T Feia (n, ~ 10" m™) srafasor
¥ SO TR 1 e § o #)
EESILS n,= N,
I n,n, = n?, sHfAC B H He
n, = (2.25 x 10%%)/(5 x10%%)

~4.5%x10°m3
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W Hifae!

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

p-n G ATt fmior qer e

|

seiRA fgwe (sTuame)

BT faawon

14.5 p-n Gt

p-n G4 (p-n junction) sgd @ srefrern @l S9 e@e, iR aft w1 ga
THEE B 31 rdfuraIsh gl o faveioor o fau Wiy oF oraer wl gHgEl eTed
Tequl 81 79 0 I8 GUeH 1 I w41 & fmdt gfer o1 fmfor ok grar ® qen
TR S dieedielt (72 a7 off #ed €) & g | +IE G fFg IR TR
Fdl B

14.5.1 p-n Gt @1 fwior

p-9FR o fafaswi (p-Si) steferes &1 udelt wefead (dwR) W fa=ur wifsm)
IS 9 ° Ta5aSh SRfG 1 3Ted 7 e vl p-Si Tefeisht o @ 9m
1 n-Si § IRafia franr <1 wewar 21 Rt srefemers @1 foior wE w1 sga-d@
Hfrand &1 31 qefeht H p-8 T n-8 99l p- 9 n- &5 o S T gl G 2l
fedt p-n Gfer & fmio & gaa 1 Aecyet gfward eidt € — &9 (Diffusion)
T YaTE (Drift) | 9 € ST © Toh foheit n-yepr o 1ef=eres o seleiqi o1 gl
(U Tehish A H SeiagHi 1 GE&A) Biedl 1 Tigdl 1 gor o siferew et 31 g
YR p-TohR o ST | Biell ohi Hixdl Scidel sl Sisdl i ol § SAfueh sidt
2l p-n Gfu % fFmfor & @A, 991 p- T n- Howl & G W FiEA a0
(Concentration gradient) o RO %ﬁ?fp—th_c'ﬁF T n-Helsh (p—>n) =1 foafa B
& U 3R n-eleh § p-Theleh (n — p) 1 AR TaERa B €1 e a@hi Sl 3
T o RO G W Tk foRR0l U vefed et
ST 1 R p A n i AR foafd g @ @ 9% o1 e U et <
n-heTsh T SIS 3d1 1 T8 S <11 (e STE) =R AR o WAl gRy S g
o HROT et B €1 S-S 3eeA n — p 1 3R foia g W §, @f o n-
el T YO Wi (A1 s S-S &%) Teh W forehfdd 81 St 2l
Tl Weh, STl hIE Biel TiKal Y07l o NI p — n %1 AR foraia e € af e
AT S Uk ST T (FETeh TeRT) Big <1 € St et g 81 S-S B
faafd 84 ®, BUTcHs e (RUHS TE-1s &%) i UHh WA G b
p-esh R faehfad gt St 21 G o <HT werehl W faswfad 59 w-ar & &6
grd! &7 (Depletion region) F&d &1 78 THfeIY ® Fifeh soiag= qen gt st |fy
o -YR ARfTeR I § 9T O B o SHeh ek ST ok &1 %1 B R 3d ¢ (Fe
14.10)| 39 B & 1 TR WEHIHIR o ITG AN i Hife
< <eh frEw %1 it B1 WY % n-weleh T U @ﬁﬁ—ﬂﬁf%ﬂﬂ%p—
—> TeTeh R FUCHeh Ta9-dTst & B oh Rl 9y | YHAHS

Sooe ST | TS A H1 AR T e & 31 2l Sl 2|
o8 n 3G & o SR G & p-THeldh H oia{ n-helsdh hi AR
oo A TfY o n-FeAF FI B p-FHelh BT SR T B 21 T
— forea & o 0T ST el BT 39 A I S7TTE HE B
<—— &

o 14.10 p-n Tfy I+ =+ gfwn

480

TH YR TH ST9eTE ¥ S R o ¥ % fawd 2§,
yefed B 3TRY =T =t © (Fa 14.10)1
AR, Toreor ¥ =4 Bidl © 99 9ere un e et
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AYATTF Telaei-eh! — TaTed,

el qen Wl qRay

21 S-S oo gfshan Bt St €, |ier o <l hetehl WX SRt

A & Tereafi 2 ST 1 T forge & 1 o afig A o ©0
HAEY AT O | off gfg Bl {1 98 UHH SH THI qF Fordl @l —>| W le—
¢ @ a9 T 3 M 9RIE (FreT aR Qe ST H) qREmr 3 6E 5000
T & S| 39 YR T pon WY 99 S | WEEREen | pon G W) Pgsee "
FE e fagd ar TE e j:;

n-&3 ¥ Sciael S 81 qef p-& | Bl i W oh RO I &=
1 W F AR-IR TF IR I 8 I 21 39 fava 1 yad 3§ (@)
YR Bl § TF 98 AW del o IR Ware w1 oy s @ fogen /

ThoeEy e S fefd Se= @ Wit ?1 fe 14,11 # @ a6
Trerereen ® qen gHeh fl o die faveiat <eian T &1 n-uge | geeeE
Gu § e p-usiel 4 selee e fohy €1 3W YR p-uwied o @ - (4

n-el eIk 81 SR e 0o ¥ p-gnt H AR geA B M g 1 () e e
F1 ol 1 A FA S S TW AT B TR W A (Barrier (- o) () o feet s o 6
potential) F&d | 1 fava

IETEY0T 14.3 1 p-n §Y I9H o T 89 p-THR o AL=as w1 Th Gg1 Hl
n-YehR o e 9 wifdes &9 9 FAfTa Y p-n G 9@ S Hend 22

T L HIE off ST, 9R R €1 guda &, SR-wmevety e sfad (~ 2§
3 A) ¥ el e GeEd et iR gaiiy wHved ®R W Al gaeh (e
Tdqq Hueh) Hea & M Yafed B a6l AT areehi o fae @iy ue fafss=ran

Vo

€'PI lop2ibe

I TR HIER FHAM|

14.6 31ei=ceieh eSS =
O—I R I—O

e eEre (99 14.12(a)] o €9 H TH p-n G ~7 o S~ uf
et & foreh fadl W enfor Hoeh S @ € @ifm ww oA ot a T
T IS TR Aleedl STHIIF hi 5T Feh| 39 Jfod o 1 e
B B erefEreieh S/ ol Tdieid® ®9 § T 14.12(b) o @
frefud foran 2 M

IR ) feen aRurdt o AR far@ am @t fRen @ ° A1 °©
fereT (Equilibrium barrier) i <31fdt 81 (Sefeh smig p n

(b)

smufefier s@fEd (R d bias) 8) fawa %1 s@iE & \ .
feﬁﬂa@aﬁm(v% ﬁ)‘q‘ﬁ)a'ﬁam < T forT 14.12 (a) aﬁamgaﬁgzrg (b) p-n GfY
p-n Gy eETe & forr Tt s o areeaen o feufa fom STEIS '
14.11(a) o1 (b) H S9fl € )

14.6.1 3mfafyter s=@ o p-n G @S

g fordt stefaTers S o ] Rl o o g aTel Sieedl VI YR STIYIE i
St ® fop a2t b1 o 2T p-whers W qen o 2 n-helw 9 Gl
& [fo7 14.13(a) 721 (b)] @ 38 SRR FEfad wed &
ST AR dieedl U STefErers SEe % BiE &% o ol W e © e
T o p-TeTsh qe n-elE W fAYEUE 0T B § (ST FROT 98 § T g 481
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O O
—>| W |&—
(S
(S
P (=1e) n
o
(S1<)
<4+—E

&5, 98 &5 el IS A6 Tl ¢, 1 HalH n-Helh YAl p-THeldh b
HiRIel 1 qor § srcfueh g1 €) | S ugE sieear (V) 1 fEen sia fafa
(built-in) fawa Vv, 3 fawdid gt 81 s6er TRomHEaEy, g TR H Her
azaﬁ%awﬂfwmwéaﬁ%[ﬁam 13(b)] 1 sufefsmer «Em
H gore Aferekt S (V, - V) B R
aﬁwmaﬂ%ﬁﬁwﬁmwm@w%w
Bl ST, q1 Shadl o 1 A6 e Sl I=daH el WR W o, 9gd HH
T | WY i R % o T sevaes Sl ye Y U, ofd: H fagd

Vo

—_
(b)

o7 14.13 (a) 3wl =9 o

Fell U 81 S 39 YR foRd o | gfg 8 S
MUY dleedl oF RV, TolaE n-Helh g & Wl UR @R
p-elsh W TEEd & (el 9 1oyl 9 )| $6 YR p-Theish o Eiel
G ! R ek n-Helsh W TEEd ® (SRl o 1Yl dEe )| S
qIE § TH Al 39 TRH I S A6d 3490 (Minority carrier

1 R YeTfed el A B9 STue diced! § HIh! gig T 3 o Afereht e
J:S FTH T ST Aol Aok G & aeeh! i G UR T % foaw st

pon SR SIS, (b) W9 994 ction) e §1 6 #1 S W o B W, G @ G SR S
\(Ummqy@]ﬁ‘:‘ﬁ AEh! 1 Higdl F1 qorl H, A9 desh Fisdl § Hewqol gig e s 2l
aieedl & faw, @1 (3) 359 92 gg Wigal YAl @ HRU p-Weld H G % fRAR foafa e

ieedl o fam)

10088
1000®
P 10000
100@®
MCEER

ro1
&t &
ECEE I

p-Heldh & T IR W €9 91 €1 36 YRR n-%eish i G %

for R @ forafd €t n-theteh o o fR R 9ged © (Feot 14.14)1 <M

TheTehl TR 3TAYT STEeh i 39 TIfd o HROT fagd &M yanfed M ot
n 21 el SRR ST N 1 7 el ToeRoT e ae goiaei forron

éswgw&mamaﬂah%ﬁm%wﬂmaﬂqﬁqmm:ﬁﬁﬁw
o B el

14.6.2 UIH(SdTeh s W p-n G SRS

fora 14.14 sfefos @@ o seqw o fwREl = erie & < U o o= o 9™ dieed (V) 39
e 3Td:&90 (Minority current WWW%%M%WW@HW@HWW

injection)|

482

Mt *l p-weteh | Sied € (o 14.15(a)], @ @S &I gv=iis
AT (Reverse bias) Fe&d €1 STUI dicedl o1 SIferenier e
arefaTerR o gt &7 o foR W e |1 F8T Sy dicedl w1 faen dAfuen fava
%1 TS & THM Bl 21 3Heh IRTHEREY ATkl i 1 o6 St € qe giE &
1 e ® foe@ o qiady gF & wRu g B S @1 aveiee aee o gt
Ut e (V, + V) Bt @[99 14.15(b)]1 T8 n — p T 3R Seil o 918
TN p — n ! 3R Bl & Yo HT T HLA S| 38 TR, S o ffIF e
1 qor ° 39 feufq o forewor ¥ ercfie wH el S @)
Gfer o o & = feen et et @ fop = p-heteh W Seleeq 3t¥el n-welsh
R B T Agfese a4 T G o e 31 WY, af 5% Sk g
& H 99 T SO STEs SEehl o $H 3TYATE oF RVl fagd Ui 39 Bl A
YETE YN FD PA IS HI BNl &1 THoh Tced i € ol R0l 7€ ¢ foh &
& i T(d 3ok ST etk § |fY oF IO 3R JgEeIh Holsh i 3R Bl
2| STl e o STYeTe uN (WHd: pA W) o gl © Wy g8 ofa: e areent
% RO ¥ (mA W), HI qe | T gt 2l
THIE UdM ¥ (Reverse current) STy diced! R Aty MR T gt
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AYATTH Telaei-eh! — TgTed,

T qen Wl qRay

IS STEehi ! WY o Tk Heish o ER ol e TgdM oh foll oY
dieedl €1 qaTE Bl ©1 ¥R STWeR dieedl o URumd gRI HifHa e erdt
W e Y % S Bershl W ST SIeehl Sl Higdl o ROl WG Bl 2

Tyafeli 9 | fedt wifds wwafsi¥ (Critical reverse) aieedl
% TaRAe ORe &9 o dieedl R fe 7 St 21 79 dieed |1 9o
gieed (Breakdown voltage, Vbr)mﬁ%\‘h—ﬂ V=V, q9 Mg e
o/ | a5t ° 9fg et 81 Tl 7 o 99 dieed | oted iy FH W
off a1 o st qiads & S @1 afg gvEieie o/ sl R e
ufuer R A BE (SR Seareek i fAfdse fofen o ®) 9 = Hif
7 fohe ST @ p-n WY T B STCH 9% T 9R off 98 o0 79 9§ Ay
B WY 1 SAfdaw B o HRU SRS T B Sl 21 UH o ff e el B,
Sd SIS SR Sk B € e STfes oW SHd 9F 9 e 8l

forelt T/ o VI AMYenaiies (STIUga &I T8 dicedl o Hed o
&9 | ¥ HT TI=R0T) T T2 HE o T akRuy om@ o 14.16 (a)
d (b) § fe@mEn w B SMEiE W dieed i Uh UREHE (A am
o) | e gl ol @ 9o eme WSy Hi T dieed &
ufafda feran s wehar 21 seeal o fafa=1 aHi o fofg o/ &1 96 AR

O O

000006
000008

P ececess n
000008
000008

(b)
o7 14.15 (a) WY s@9

4 s (b) WARS 9= F o
ferept fasqal

foran ST 81V SR 1 o WtE Wk W, S A 14.16(c) ® fgEmn ™, g
BT 21 A AR, ewiffite ame WO % fau g9 faeltie # ST w4 ©
Fifr (S Tz S o Hgmn T on) sruferd O stfuss @ Sefe fauda
9§ HH HN I A ok ToIT Teh HIEhIUHTE 1 SUAN e s 21 ey o

100 —
80 —
60 —
40 —
20 —

G )
\J
™S~
L1
P n
Val
frefiidier
(mA)
/i/i' |ﬁ5|_nf
T
CE)GFE#E(BH
1(|)0 8|O 6|O 4|0 29
P v
P n
A
HTEehTTHIR
(LA)
|ﬁ<—>|%r

(b)

[ | | .
02040608107V
10 —

20 —

30 —
I(ua)

(c)

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

I o YA afuy, (c) fordt fafesria smre o wfawdr V-1 stfiremerforen | 483
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W Hifae!

484

3Tl 14.4

(14.16) H @ Fahd B T smufefirer oo & oy o ¥R 39 999 e ogd dR-+R,
S 0, St & 5 q foh S W dieedl Uk fHfyea 7E 9 stfuss | @ Sy
39 IfvenafiTn dicedl & 9% SEIE a9 dicedl | agd de-d g gfg 9
TrE ¥R o ede (SREiT) Jig @ Sl €1 98 dieed gef! gieedr (Threshold
voltage) &1 - dicedl Heddl &1 39 dieedl 1 I SAREY er@ie & fag
~ 0.2 diee qen fafaes gEE & fag ~ 0.7 dee B

Ty 9 W gEe % fau ORI Sgd 9 (~pA) B ® qe 9o ¥ gieda
% WY T feer o Tt B 3 gy HFJW YR (Reverse saturation current)
Fed 81 Wy F faviv weriol o, sga eifeen uesfiien 9o (9 dieedl) W ER
A e g @ S 71 e it 39 fav fhen Y foe o egunT 14.8 H
T ¥ WHRU 329 Al SIS Yl Wqw W & oh A YA e fhy W )

TR < T fae= 97 @t # & p-n SHie go €9 ¥ OW % WG S had
& o o (ewffyen smw) fEfia s @) vl s gy s ge
¥ swffrs a@E U w9 T €1 TH O H STEM JAEd (ac) Siced o
feweanor & fore fomean 7o ©, 59 ored oMt o wweman T 21 eHEiel % forg v
T 31 Hifasw T 99 7fow gy Fed &, w1 dieedl § @ aRadT AV qen
faga =m0 o o IRerdT Al U’ o &9 W uRed s e

AV

Iy = AL (14.6)

ITENT 14.4 Tt ol e/ &1 VoI sifvenafirs o5 14,17 § <91 T 2
SHIE &1 Yfle (a) I, = 15 mA 991 (b) V,, = -10 V T uRehferd i)

I (mA)
301

10 cereeeeny

-10V
@

0 0.5 0.70.8V (V)
— - 1pA

o 14.17

A SHle ATeetfoTs @1 I= 10 mA ¥ 1= 20 mA o <9 TRl @1 1 9ifd A
T S qa g @ el B, 79 i o e 1 UeH % gU URRiY 1 g
FL GHd 2
(@) 9%  I=20mA, V=0.8V;I=10mA, V=0.7 VR

r, =AV/AI=0.1V/10 mA = 10 Q
(b) 9 A V=-10V,[=-1 pA?

Ad:

r,=10V/1uA= 1.0 x 10" Q
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AYATTF Telaei-eh! — TaTed,

Ifear den WA gRue

14.7 €y TS &1 fT=®Rt & 9 § ruanT

ot wfer @i & V-I sifemarfors & 59 9% 3Ed © T o7 shaat a4t fagd om

Yalfed 8F Sa1 € S/d 98 SR aEiad gl 81 31d: A fhe sEe & ol W
I JATEd! alcedl STIIIe i STl =k o ohael ST AN | qRYe | ¥ YaTted
B v eEe swfkfien SEfad 1 eEE % 39 Ul @6
SUHRT YTl dieedl i ey e o fohar s & qen
79 % o fou 5 aieg & SwEm % § 39 s
FEd €

IfE e o fR W iz gAadl (ac) dieedl SuishH
o HAIfSd e 9faly R, o 919 AR iS¢ d 18
o o W FFad ac a9 & 39 = o oo e
TR sTafed €, Teh TEHM sieedl gieT=r gl 56
ehR 1 forpa 9faer fo 14.18 < foga afuy # eirn
T € 9 oo feert qituy wed €1 SEwE i
fgdroes Fectt =fifel A 9o B W difed ac dieedr &t

Y e 21 W A W Sieedl oS Bl @ dl gEE
iyt aafed eiar & qen Je faga &R ol =er sl
21 & A W dieed RUTHS Bl 8 d SHiE qvEieiih
arEfed Bl © R o8 foea wrer el s gvsieiien
qEE § SIS 1 HgW WY o 0T gt @ qen gy

R, % UR@: dieear AW deed
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TH ST 1 SEYT Sieheh Sl (-ieh! b1 THE o fo1q YH =R0T Y& i 2|
Tel TH YA AT i Feheh TR o P Faud @l (2 aifas 72
Fed 8) d% & Hiftd Wil A s R €1 9 SAwE e o g9 s
wonfer den uEERl W feman St 21

3kt Uiy & U H TH T W H ST gH et feel 1 ST of gehd
g1 feom =1 feafa & SR ety ‘et stean ‘o’ W AR wear &1 S qenm
‘ot B € @ frla W 1 g @ qen S wehren ‘3tfeh’ gian €, « fid | 0 g

NN S -1
; F\J /Y F .
v

()

TerT 14.27 (a) 31384 9 (b) i@ fa=al

21 T yepw feora w1 feufaat 21 wehmer w1 forameiiel a9 o forn fa= o6t = 4
‘ST’ e ‘e’ w1 feafadl § wEd B

14.9.1 Wit e

2 Teh UET ST URu (Digital circuit) Bl € St Faeh den frfd sieearet & d=
fordlt Ty difeher ae o1 TTel il 21 SHIfOT o9k ®9 § 32 clifore 712 shed
&1 712 & 1 FRO1 98 & TR 3 Go1 o YaTe i 1t i 1 s w9 H Suhn
fohT ST et = wifSies 12 NOT, AND, OR, NAND @1 NOR &1 Heieh aifsreh e
=i ferdll wdter g0 ST HYd ® e $Heh Weh[d Wi Ueh WM HRON gy g
o STan @ S 9l Hwa el aeh T GASHl qe SHeh SI-37qy fld aeh &
! S &1 AT WROM wAiforeh 2l o SEeR i WHgH W WerEd widl ¢l g
wAifsteh el o1 e1efeTersn iRl 1 SYAN ek S ST Hehl B
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W wifae!

(b)
o 14.28

NOT 72 & (a) Teh Tdish
(b) TEHH 9RO

494

3qYUT 14.8

(i) NOT Iz

Tg Fifee o e 7 o ohaet Tk e den ww frla g €1 T Atk from
‘02 a1’ frla Sea= st € qen Afg faw 1 @ d o frfa s v @1 erufa
T ferelt o1 1 31T fefd T SRl ®iat Sca= Ll ©1 T SR @ TR )
SehHE A1 Yldeimed ot wed 21 fo 14.28 W 36 gR &1 =AU ®9 § ITAN B
Al Yolieh qel STeh! TeIaH HRON & T B

(i) OR Wi

fret OR T2 & ue ffd o @i < =1 ik faeT gid &1 fas 14.29 § 39 g &1

Teh Yeteh qe TeIHH GRSl Wl 21 3o fid Y1 © S o qt few A steren

fEer B 1%, g4 1 € s1ufd afs i ot frow 3=9 € 4 frfd == &1 21
I MO difehes wioheti oF SAfdfead 39 T 1 SYAM TS qUTEY

Heiferd = | fman S wehar B1 39 Fefafed semr § T fear e 2

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

o7 14.29 (a) OR 72 &1 Tk Ydlsh (b) ORI i HIH HRUM|

I2TET0T 14.8 557 14.30 ¥ fu 7w f991 A 921 B & fou ‘OR’ 72 o f7iiq aimeq
! Eifed SeUsul

g frefafead w e St

® (<t W, A=0,B=0; wW@TY=0
® (Wt ThH A=1,B=0; sEERY=1
®( Wt dh A=1,B=1; s@ETY=1
®( Wt dh A=0,B=1; s@EfTY=1
®( Wt dh A=0,B=0; sEETY=0
@t Ut A=1,B=0; s@EEUY=1
® (>t & fdq,A=0,B=1; s@EfTY=1
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G EGECIEC I G
il dem Tt uRkae
TEfely Y o1 aUrEY o9 & g Ste fas 14.30 9 fe@mn w 7
Lt &b 6
| - |
A i —
(Frm) L
B— |
R @
| 1 [ <
YJ: : _l =
(fa) E
o 14.30
(iii) AND i
frdt AND e < =1 siferer Tar qen T ffd 814 €1 AND 712 1 ffd Y shae
1 Bl © 5@ o1 A den a9 B <1 1 €1 39 12 1 doh Ydleh qel WoqwH HRof
o 14.31 9 <9t T € o | o o
o A
1] o0 0
o——
B 1 1 1
(a) o)
o7 14.31 AND 712 &1 (a) deh Tdish Q1 (b) | GROT|
ISETUT 14.9 A IR B 991 o qEUl 1 3220 14.8 o GHFA St
AND T2 ® 9« fid qUT®9 hi Th hifsu|
'
o (<t = fuu; A=QyB =0; 3afT Y =0
o t Ut TH; A=1,B=0; 3EfeTT Y = 0
® ¢ Wt TF; A=1,B=1; T vy=1
o ¢ Wt T%; A=0,B=1; EEAT Y =0
® ¢ Wt T%; A=0,B=0; EEAT Y =0 >
° tsﬁteﬁ; A=1,B=0; zafel Y =0 i
o >t = fag; A=0,B=1; Efem Y =0 E
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496

34Ul 14.9

34180l 14.10

T 3MYR W, AND T2 &1 fiq arey =g fo ¥ g9t s1qar @i
S Hehl B

o 14.32

(iv) NAND 71

I€ T AND T2 € f5T8eh1 NOT R 3178 id 81 afg faer Aden B A ‘1 €
fopfa 1" ¥ g1nl 38 2 1 98 9™ 38 NOT AND <H68R o ROl &1 7 2
5 14.33 § NAND W2 &7 deh Wdish qe TeaH= |ron g9t 7 21

NAND 7l ! ®Efes 72 a1 96 Fass 12 i shed 8, wbifh 31 1 o Fam
T Y 31 GAd T S OR, AND A1 NOT Wl ¥ Teohd & (319 14,12 qeT

e -
o| o 1
a(l | Y o] 1 1
1 0 1
B 1 1 0
(@ B

o9 14.33 NAND 72 &7 (a) T Ydish d91 (b) IaH= HRO

3STEI0T 14.10 = fS@m e f1a91 A 921 B & falw NAND 72 & fid Y

! Whd HiT|

'

o t<t = fay; A=1,B=1; e Y=0
® ¢ Ut TH A=0,B=0; AT Y = 1
® ¢t ¥t TF; A=0,B=1; TEfAT Y = 1
® ( Tt TH; A=1,B=0; TEfeT Y = 1
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T el - TSI,

IfFaar dem Tt uikae

® ¢t Ut TF; A=1,B=1; EEAT Y =0
ot Ut T A=0,B=0; AT Y = 1
® >t o fag; A=0,B=1; TEfAT Y = 1

i
OT'PI ln:2ibe

(v) NOR T

THeh & A1 Afush faw qen wh frfa @ ©1 OR 712 o ug=m T NOT Efshan
Y w4 NOT-OR T2 (31971 shafed NOR 712) Ured il 21 5 <M feer A
e B0’ B € Ffd Y oheret <17 Bl €, eteifa |t weh Fraw ot A & o e
‘1’ 21 T 14.35 § NOR 712 1 @eh Wiieh a2l | GROf g9 7ot 21

— = |O |O

QSO (O |+~

(a)

o 14.35 NOR §R &1 (a) Tk Wdtsh 991 (b) oa®w= TR

NOR gRI %1 HEf3h gR A¥aEl 96 Yasieh gR AT Sdl 21 Fifh shaed NOR
T2 o 3YAM § 39 9l e S AND, OR, de1 NOT sl &Y Hehd 7 (31916
14.14 991 14.15 <f@n)
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W Hifae!

g Ue AT : et Wenfient o wiasy

gft IR YUl o TRF R THId UREY (IC) Bl €1 aidd § we It oFd gfeal SiE #w,
IS, CD @R, ¥ ®iF 31fE ¥ Thiehd qRuel (IC) o el €1 519 eahior & %R enyfie fosh
H T TS Bl A1 AT T A1 IC o He A 71 et ot IC U seiaifae gferat © o
agd 9 e, wfadiaes, 9enf, et ar-a+f T & Yoha o B B o ‘HEsieE’ o fave o
AT BT HIESHITHER Uk TE IC Bl © S Fordt SegeX ® weft goiett 1 HEifd 31 © S 98 @i
e Tl T i H ol TeE TE, i W1 hHhH =l ©, Wet I IC 1 Feuem MfashR ¥ 1958
T 3o $ic W 9 fhowt g fRan man fgeh fow 3= T 2000 H el R g]H fRAr T
IC =1 Fuio) srefererss foreall & Zwel (3tuen fav) W wiafadmms Sfwan grn foman s 81 59 g
THE g1 Wikt SER (IT industry) Seas ® fR 21 fawet &2 auf § 1C *1 Sfeern g
& STaifeh 3k el shi e PR fache w21 fusel e <urenl | shoger dreifient § Aeeha oremion
T ST FHX F TR T TR o1 K T INTEL & TeHeTe Med A ¥ 1970 | 98 Farn
o for ferelt fom (IC) 1 gfa eman & 2 o ® @9 &1 T e Sl 81 W@ G} 9 777 T 9w
21 ufa fog el &1 gem o sReminl ®9 9 g e @ ? qe av-s-ad sheed i emar § gfg
B W R, fRR off 3 Tt 1 eTden 1 T €1 oM Yg o MR W UH Gehd el @ € TR 912020
H 3I9as el 40 GHz (40,000 MHz) W J=1feid 81, 3THY | el oI, Atk <&, au TS o
F HT qo | el TR B STETerR SE qOn X WEnfTh § faewies gfg w M W
e S50 gR1 W 379 €7 § TH WehR oo Teh el T ekl €: “AfE Toreferd e SEn StefEeish
I & Hifd gfd L d@ HE Fod 99 (Rolls Royce) FR 4 e 5 @@ Wl d9 wull K 39 qreh
T I AU Gkl T&=d Bl ‘

|
1. 3refeTeTs adHH S ST SidEIe Solaie giaadl; S e, TR,
THIFHT TRIY T H W g g1 2

2. 3feE el shi Seteh WL Ta WATY] S Gifyed et € o fean e fagi
Terel forgaiet, uTg Steren A= B

3. oTgel 1 yfieehdl 9gd HH (1029 10 Qm) 7, fogaaeh geref ot uferieshar
Tga A (>108 QmY) €, Seifeh steferer! i UiRivsmhdr erget iR forpaued
welf o HeA Bl €

4. efuTe difE® (Si, Ge) U & WY AR (GaAs, CdS TR)
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o

10.

11.

12.

13.

14.

15.

AYATTH Telaei-eh! — TgTed,

Ifear den Tl gRue

I AefEerh AN SrefEerh’ e €1 el dreshl (Sole IR ele) @i
Sufkerfa werel 1 S’ o1 @ SR A FHg SHeH o qRUTHEEY WIw B 1 A
ST H ol i e (n) B F W n, WA B 21 B STeRas
®Y G g GFE I soeeE RiwEr €

I[G ARl H ST TIRA oF * STAHH0’ | STE¥ a@ehl Tl WAl qRafd i
ST et 71 TY SreaTerhl i STUse SiHETerd Fed €1 3 A TER (n- FRR SR
p- THR) o B 2

n- ¥R & HdEE H n >> n SR p- ¥R & FEEEE Hon >> n
= 2l

n- YR o Erers § Si S1eEl Ge 1 qu@aAS| WA (I61) S As, Sb, P
TS o WY TAHA0 § e feman STl 8, Soifeh p- YR o1 Aef=iers Si 3tera
Ge = BrEAs W] (WEY) S B, Al In 3K oh Srufsor ¥ g femen
S 21

Tt <Emelt ® non = n2| 3k sAfafead wee i faga e B B

wered & <) o= el AT (A 9 SR der 98) B B, T gee
@A B | HAISHAT ST B FSA AeH 9 H] Hl HI U FHH ¢ | FAITRAT o
¥ geft ol R qof € Sefer e S quiaan Req sreren onifyss €9 @ qfid
THhd 21 fREt 3 & =em dT § Teide Tfd B o foT e w6 ® SR
AT o FAY ST B €| AAwal Bl HH Gl 9% (E) % ¥ SR
e ST (E) o e o HET Fol-SFAaet qu'{f'-rﬁ'{ Tl B | GASTR o€ 9§
TAF HOT, TR Nl fagd Sl gRI = s ¥ Sufe Ry S g §,
S ereferes o yenfed oM H UREdA Sea @ 2

fogd-Teft 2 E,> 3 eV, st g E, = 0.2 €V ¥ 3 eV, Selfeh #gei o fere
E =0 2l
g

p-n T Feft srefererd gfedal 1 g 71 S TH G 9t @ o solae e
Biel Wed Tl 3P Hig i Teh ‘g &R’ o w1 & o ‘wiY fawa Jush’ 2
ST R

e STIIIH dleedl Sl GRafdd hich Wiy fava Ay w1 qiafdd fean s g
B SR 99 (n- B S0 & HOMHH fR W IR p- Tk 92 o oHTw
R ¥ Heg ®) | Uferent =4 & Wt 2, Sfen gy=iaivme 9o o ghg e W 2
a1: ferdlt p-n G SHEe § Sikiyeh STEW o1 1 7 AT (mA ®) e ©
Selfeh TTHIYTen STEE R b1 i 9gd HH (WA H) B

THIE i JEd (ac) dicedl o fEseehto (Ycamadt o i U fun o gfasfia
HT) B FAT H A1 S Gehdl ©1 GG 1o g fheek o gEm @ i
dc Sieedl IS 1 S Hehdl Bl

Fo fafire yaeH sEe ot g 2
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W Hifae!

500

1.

14.1

ST TEE T UH &l AT yEee eEs 81 SR SHEiE o, gy aod o
ek Tfyera diced o YT R UehTU dadl @ (WS sieed) | SR SRS i 98
o1 dieedr fEFe % w9 H §A T S 2

p-n | i TEA Tt T 316 1T SR ikl Ut i =g o YA R
T ¥, STl 9 o el avel § | Tk o B Bl (a) BieerEe, s wieH Susm
1 IR FeftT T R GReH |, FehTeT i diskn W | e g 21 (b) TR
Tl HISH Sl o1 farga-Feil § UREfdd Ll 21 (c) Fhil Scsish SIS 3R SRS
e TS 919 dicedl 5N el SUSH o ShROT WehTYl w1 ScAled Bl ©l

Fo a9 uRgy 8 St 0 3R 1 W) 9 o9 gU B S H1 GueH Hid 8| 98
HHT ARl o oo 1 G L B

. Tomw ook dferan oo T A FEEYUl Sida qRuY T R (Logic gates)

FEAM &l ¥ OR, AND, NOT, NAND 3R NOR 72 &

fa=mona faua

sefaTeThl | s d€ (E, st E,) feepforenfta 2, frwe aeod € f6 3 o |
fenlt fafime o o feora T €1 Srolld THu w1ea €1 e 319 Tk Tor <@ € forem
E, &8 E, T @t g 7 § 7@ 3¢ A% Ao o4 Fel Wk a7 W AR
GSThdl S Sl TR % YT W @ =y

difcereh arel=Iehl (Si 3161 Ge) § iR p- el & srafggei %1 <0 o &9
o affaee seeh 9 id €1 AifiTen refarashi § qrer WEHehohdg oad §
e srefeTers o YR H off TREd X gt 21 Ssrewnd, oreyl GaAs ® Ga
3R As 1 o 1: 1 8, g GaAs § Ga-To¥ el 3161 As-UeR drell Husl:
Ga,  As,, 3991 Ga,, As, , & Thdl 8| H=a: 6 b1 Surefq steemerhi o
il A A R B FREE e 2

MY I o TR |, T TohRETd e AUEl IRYL Tl Tk Thd ‘fou’ § Thidd
FW ¥, 9% teiga 9wy (10) Fed 2

T

el n- vHR & fafeasn § fefafad § 9 $i9-91 96aq 9 82
() TOERH TEEEH aEw B IR et W] sfis B
(b) SORM TCUEETF dE® © AR qEEars QL] AL 2l

2019-20



14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

AYATTH Telaei-eh! — TgTed,
Ifear den Tl gRue

(©) T (fger) sIcqder® aed § IR Tagarst WHv] suffss ¢

(d) & (faeR) wgHeEr aes § 3R St wam) safEges €

G 14.1 § XU T FHorAl § § -9 p-YhR o Nef=erhl o forg o 272
e, Taferen= iR S, Y& § SR Gasth soae 21 ! Torio Sl
T AT 5 YoAFR Werohal IR w1 o g A R €, w: (B, (E),
T (E),, F TR & Frafafed & & HF-9 wem 91 87

(@) (E)g < (E)g. <(E).

b) (E)c < (E)e. > E)g

© (B)e> (E)g> (E)e.

@ (B). = (E)g = (E)q.

for S99 p-n &4 9, T p- &9 § n- &7 1 iR foafa @ 2, i

(@) n- &% ¥ o ol 3 STHfYT B &

(b) ¥ fawaleX & HRU G o IR 70 3

(© p- &7 9 EA-E, n- &7 § T AR A 3

(d) ST g

S& p-n WY R SRS M S A S ®, 99 98

(a) Tawe Tues sem 2

(b) TEEEAH dTeh YN whi I T Il 2

(c) Tawe Uere &1 %7 & I 2

(d) W & ¥ & L

aref et feseentor o, A frewr emgfa 50 Hz © i ffw ergfa an 22 wom faw
s & i T freaTd 1 P R A 8

HE p-n FIASAEE 2.8 eV ST AWl ol AefEeh ¥ Hiektud €1 i 98
6000 nm 1 TR F1 TG FT Tohell T2

ITfafed 19

fafesni wamEt w1 gen 5 x 1028 9 m® ®1 9% @y @ @Y i ok
5 x 1022 TRE] Ufd m?® 3R e o 5 x 1020 wAw] 9fd me ¥ srufafye foman mn
1 TeTgH 3R Bt T T 1 fteher it e € 6 n = 1.5 10 m®| fen
T 9519 n- YR KT ® A p- THR 12

foret 7t erefares # St S E, %1 WH 1.2€V €1 S0 2l i serei
Tfefierar 1 qor | STRT wH € qel aq W) R € }1 s@hi 600 K den
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W Hifae!

300 K T SIehaist 1 1 ST 87 9 W & A% o WiEd n, w1 A
frefear 30 wohR =He BT € -

EQ
n =Ty exp| oo
B

Wt n, T feeri 2
14.10 Tl p-n G SME § 9N [ 30 YR oFe fohan <1 gehel ©
ev
I=1, eXp(ZkBT lj

ST I, 1 SohfAd HW HN Fed &, V e o fad W sieedr ® 91 97 sk
T o feT o 9o Tefifie 9eE % fAu #onees #) ITEE ¥ yerfed
T 2, I, SIceSHM i (8.6x107° eV/K) 7o T ¥ 19 21 A fereft fau
T T o A [ =5 x 107"2A T T = 300K T, 7

(a) 0.6V Wi diced & fau smufefee umr # grfte

(b) 3z SMIE o Ol W dieedr &l 9@ 0.7 V& 3 a ¥/ ¥ forat gfg &t
i

(c) foer wftiy feramm 22

(d) 3% T Seed F 1 VE 2 VER S @ 9R 1 91 1 3

14.11 39! fo5 14.36 ¥ < fger fu 7w 21 o8 <9z foF 9uy (a) OR 7@ &1 wifa
RN Al & Sarh gRae (b) AND 72 &1 9ifd & i 2

A A®
Y Y
B
B
(a) (b)

o 14.36

14.12 9 fgu 7u fa9 14.37 ¥ ¥aifSa NAND 72 Sifsa 99 sl Seaw e 9rof

AT
IR

o7 14.37
31d: 39 9RO gRI k1 WH arell Jened deh T 1 srfufaeior sifsu)
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AYATTF Telaei-eh! — TaTed,

el qen Wl qRay

14.13 i 7 o 14.38 # <wiie sgem wfteer g e € i NAND e 92 2
T S 9Rgel gR1 i S arelt 9ok wiwansti w1 sfufrafor wifsw)

. v
B.—} }.Y B'—[DO—}.Y

(a)

o7 14.38

14.14 T 14.39 % f&T 70 NOR 72 g qfuer 1 gegme gnoft fafew ik g9 aitae
BRI euIfed aeh dfshanati (OR, AND, NOT) ! sifafiuifa sifsmal
(g#d - A=0,B=1 d9 3 NOR 2 & &% A 3R B, 0 & 3IR 3@ ¥R
Y =1 2 3 YR A 3R B o g HaeH o faw Y o 99 9w FIfsU) OR,
AND, NOT §Ri &1 HeaaM GOl & el St 3R Hel foshed wre i)

o7 14.39

14.15 o5 14.40 ¥ T30 TN shaed NOR 72 § &9 99 sl THH TRON ST A1
R9l g AW @eh |ishared (OR, AND, NOT) @i sifafeifa sifsw)

(a) (b)
o7 14.40
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