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

2 A

3TTeToh el Toh -
ured, gferar qem
A Y

P\ 2

14.1 gfirer

TH Ifear 8 soaql o1 fafa yore wra fan S 9ok, 9t seiaeife aftget
F gAYd T @ Tt §1 W 1948 H INRX &1 WY ¥ Ued UH gt
rferenisra: fafa Fferrd (a1 area) off, s9 fafd sEe e < soiRie; e
(wIe) TN THelle T §; TrEe foed 9 soiaee—heie, wie 9o file ¥ ®; 32
A YT (HH: 4 91 5 oISl o W) | feneht feifa Afereht & gl 1 ey
Teh q@ hefle gRI 1 Wt & 91 39eh fafi= Soiaeiel o s dieeal o ufEfdd
Feh feld W T gl 1 Rt yere Wi feEen S 1 Sau-seieiel T
(inter-electrode space) ﬁsﬁa&:ﬁ‘f%m%hﬁaﬁ SR Ih %)l?ﬂ% Sl
TTAH geterRe ST9H U § oY o STU[SH W TehUhT ST Tl @i Fehd &1 T Jferaal
T Soiaei cheel helle ¥ TAS &1 3R Jafed i Hehd & (31efd seieei shael T
& e o yanfed 81 wehd €)1 €T Rl @ o UE gfekm ol WeRoan ared wed
& Frafa feemel @ ot gfemat emepR & =€t gl §, stferen Wik w1 SUHIT wLdt
& a1 e | W S dieedl (~100 V) Y SIavashdl gl 81 $Heh i &
TR SHoehRTel 3TdeTehd H qen favaaiaar oft %u gidt 81 ey Sig-sawer
s7efarereh getaitTal (Solid State semi-conductor electronics) 1 WgHE T
1930 ¥ 3§ 3N9™ ¥ e T fof i 3 oTeawen AduIeieh aun STeh! A |
I HATT el € foF S STa el s W@ a1 ek Yae i fen 1 fata
fore S Tehdl B| WehT¥T, o1 G 3TeY SIIYIeR dieedl Sid Stsieh fehdt sreferers
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H fqe et 1 g ufEfda w1 gehd €)1 2 < A 9 T8 @ T st
il o e STeehi 1 YT T YaE W 319 & i} & el 7, Safh e
TR € arelt fafd Aferhretiaredt § Tfaue seeeEl w9 e 9 U fRar s
ol 9o faffaad T stuan fafd | yarfed w3 S ol STHEes gl § aed
AT S1ere Aok Faffid € w1 steveehal T81 el 81 98 SHR § siel el €,
¥ iR 1 STENT HLd! &, HH dicedl T HTH HIdl €, SHehT S ol Bl 8 3R
Tt faveriaar o=t et 21 smefeh Ffaal o af Fraffaa Afererrent & fagia =
F wE deft helie faRwor ZgEl (CRT) fent s efifas def den shegex
Hired o foran San % GIESIEES séa:{rﬁw"r (Solid State electrons) aftger o e
dor fasae frea feom (LCD, 53 fhea ysel) Al g wfaeenfud &t
W ) erefrek gl 1 v 9 9 gugl 9 ¥ off 9gd Ued Yepfa ® g
S 9 et (e FehTEe PbS) o Tk fhed f@eh WY «1g 1 U Hueh fog
ARG o, o1 ITAM e a0 o Tg=e o &9 § fhan S g1 ol

frefoafaa srum o &0 erfurcs Gifdwt w5 F9 go sEuromet ¥ ufieE
HAWT qo1 G e (Junction diode) (2-3@a2iel i Jfa) don fgyeta dfy
(Bipolar junction) T (3-3aa2rel &1 Jfr) Skl Fo rdwras Jiwal ot
o | T AR T ST T A e e w1 v s

14.2 oTqedl, STeTehl qoT STeiaTeTehl Rl TIehTOT

STSTehdl o TR T
ToreIa =Tetehal (o) 21U UFIERAT (p = 1/0) oF AU A o STUR TR 3 G110 61
1 gR 9 enffereor e s @
(i) &7q : TR UfRiEehal Sgd hH (3Tl =eshdl 9gd i) et 8l
p~102-10°%Qm
oc~10*-10°Sm™
(i) orefermerar : Skl UfqUEIehal A1 ATctehdl eTget qen fogaieht usref & &= =t
Bl B
p~10°-10°Qm
c~10°-10°Sm™
(iii) fargaeret : T UfcRieehal Sgd oIk (319e] =efhdl 9gd ®H) edl 2|
p~10"-10Qm
c~10"-10"Sm™
FWR T T p G 6 o | Sherel HIfE A o Gk & 3R Y T 9 o smex
off S Herd B o, Torgadielt werel qen srefererhl o die 9 i o forw giakiveh
T GO I & O T AIUES T T FS T A off ¥, S SH-SiY o1 39 A
T o Fe7, T B S|
T A § BHN w9 s1efEeien] o 312 § B Sl e UK o 81 Hehd o
(i) arfas 37efaTeTh (Elemental semiconductors) - Si 3N Ge
(i) Gk =i - 39E &
e 3IFMEME - CdS, GaAs, CdSe, InP, 3Tf|
o FHEMH - TYRH, WA (Doped) Jeiearid, 3
o FHMEMSH dgah (Organic polymers) - rearsdel, QrelUel, Qe
|
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AYATTH SeTFTh]

- 1Y,

Ifear den Tl gRue

TSIl SUCTse] TTUehiyl STef=mersh Jferaal difcareh Tefemereh Si a1 Ge R Aifieh
FTe e STefaTerRl W & Sa 1 W T 1990 o 9% FHrefieh e iR
3TeTCIoh SgeTehl b1 SUANT hich i TedTeish! Jfoadl o1 fashra gan fomm afas
% ot TEe ORI T e TR # S % W % w
fierd 1 39 319 | BH ohal ST ST, TRt difcaeh stefETehl Si
A Ge oh 3TEII deh 1 HifHd W@ difcresh s1ef=retenl st foemm o fow ==l f5=
Y SEURONSA 1 TEdiferd fhan e @ o ferdi-T-fhet w9 o atferentsr Aifen
TefTerRl W AR] B )

Tl o€ o YR W

TR TN Aied o IER fRE fagaga WAy | Iueh fRdl Sl i el 39
TSR 1 IRYHOT el W R H B1 WG ST Y] Th-TR o TR SR g
3 T od ® A O Th-ER ok STt ke g1 W €1 ord: ket wamst ok
TR T TRl HeETd YUk - o7 S & 3R el % o Th-gR *l @
oAt &1 ook URuTHEEY R S W Teiee i G w1 yepfd R fage T
o TSR HI T 9 Tt 9= 8 S R

et fopteet o ot T Soiee &1 ot erfgdta feerfa =it € qen foreel &
TR o ORI SR oh e W Ued g w9 § W S @l gian TE o ©
o cieh SoieR o o & T Bid €1 3 Fa= Sl &qe S il b1 Had afterds
Bl @l & Sl dsl k1 Fmiv e €1 o el wR 5o Garsshd seiail o Sl
TR g §, GASehdl §€ (Valance band) F&dl 21 HaSehdl s€ & 39 feord
o &1 F677 9 (Conduction band) %ed B fam ferdt srfaftea ot o, |eft
HAISTehdl SoieR GaNSIhdl §S H @d ¢ 97 =er S | feiaq &R = oS %
Teaqq &R 9 off A 2l GASRd 9T o TR STEET § Her §€ H TET @Y
Thd &1 W =le st R g 21 W 59 7 S gasehdl o€ i stfaenfua
(Thdl) I B A SATR TAAAgES $Eeh W ST Geohd 21 UET Hifcsh =eteht
o g 21

IS e S T HASIhd 9 o e g R (fauet) €, @ HaArSiehdl S
o Tt el aiag B € a1 WeH o€ § S g soiee Suosd Tl el I
ueref ol forefauiel o1 <1 B1 g GASTRdl S o F9 Soiae oel Sl AT ik
HoASIRdl o€ q1 =Te 9 o &l i Ffe i UK H Hehd ©1 q9 3 TR e
o uEE S © qen Hehd o § o ol T 3= e 2d o e seiee
S Hehd €1 T8 YR T WihAT SeH o€ U ScigeHl aefl Harsehal a5 | fifeend
EH o SRl =Te %I HHEA SIS H

3T, 379 TH I8 foam &Y foh N TRHIET are Si 312re Ge fheat o g #
1 Bl €1 Si W STerad e, el e (n= 3) edl €, St Ge H Sy e weft
HE (n = 4) Bl S| TTH! aIad He H 4 el (25 3R 2p ToiwH) B 21 3
30 fored § 9 Soiael i ol GO AN g8l fRE aReE Fen o eifusan
TSRl HT T 8 (25 + 6p TeIFA) Al B o1 AN GaAISThal selal o fog
IueTed Foll &R 8N B 4 8N Terfere St &R a1 dl hiE Tad 'S o Fehd © 3T
o1 o=t i  9qea & Tohar 2, < foreat o wampst & s il w R
g [‘3mEi 1 e fagia’ — siew <fE]|

Si T Ge o Tohted STetehl | TEATIS oF &= i 3R T, 37 SN &R 1 Kol
de q 9 § 32 5, {9 e e S0 E, (99 14.1) 1 9o & €
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AR & A I WAN GaANrhdl oeHl d quia: fox fe S gaiesar s g
21 o e fH AN o TR e € S W aig hed §, 99 98 WRe I W gula:

o 2 2
— s A oM ST fF Si 1 Ge fread § N
E\ - A E| e TRHTY] o S 1
\W N et o fafos Hemg gi = Feft Ty
> = feretfr @, 1ol Teh-gu § e s
) L W E, q TR S ad Bl Wy U
B foFeeen H e TG o e e (2
o ¥ 3A) T T iR Wl Toiae Th-g
A 4 iR Freard wo] I § W
& e fohal ohed €1 W STel el o goiee 3|
e (A TR ) 1wt
e l=n2) (n- " %WW%'WWHEQQTW%
i eI S ST w E E
o — (AT Si A Ge fFea o soae Hetedi

1 T o foTT & Sharet STeidH el o SOl i Sl # TR R fTER w w1 & sTavashd g
Si o oIy aTeram el dedl el ® (n=3) S Ge o ToIq STerad shefl =iefl el € (n=4)| 39 <A
T T ATRH HE H TRl B W@ 4 2 (25 3R 2p SoERH) | U R | Al seee B
Tqul G&AT 4N T TE| SRIAH el W Toeel w1 SIfhdd H9d T 8 € (2s + 6p $HRM) | TEfAT
AN SOSRHT | ¥ 2N SoieH dl, 2N s-37aedl (Fefa Faien §@a 1= 0) | B 3R 6 2N gl W
6N W p-3aeey | itl| T, 6 p - Seisei STaeed e it s/ fost o ward gifgs 9 o fe@men
T R UE WA B9 ¥ YEhd o1 Ushel WHIST %1 frefy @ (fam w1 @ A

M ST o 98 0] T 3| oM o fT -SSR e 31T 3TRY a1 fafir qrampst
o SolgeiHl o st YR TRl o ShRUT SRIqH el o 5 gererRil shi St qiEfid 8l Fehdl § (98
1 S Wehell B) | 1= 1 1 6N 3Tt fSient St yrRe o foreger qwamopeti o forg weew of | 3fe thetent
Tk il ag ot € [T # &5 B11 56 WK 1= 0 Wi 2N ey, Sent St forge WS o
fore wedwm off, 97 ot Tk o T 9 H <2 Wt & [fod o &9 B % gEgrgEs 3@ ]| 9% ST ued
o5 ¥ Uw F el g YUh &l &l

TS % T 3EY ot FY YA g W, 9, Tk TET & Tl € 9 I8 o€ Th-gR H faom
TS &1 SO THUETT STl &R hT o el Sl SYeree e ol THved Sl W) ki el Sl
ayeen o oft = el S #1359 & ° (Fe | &7 C), FiF Fonf sfaver 7@ @ SR FYd e et
il eraeyrd fafya g St gl

¥qd:, A TAS o i ® I SR FHW @ I T, A oo S R W favga @ W &
IR TH Fo HeT E, U 9o o € (Fod & &7 D @) | WA Sl sreensii w1 Hqul e
8N i R T T i o e ae fen T (Fee S ST e e § 9 T § AN sEen) |
Tel Tefeh @ e € o feet o o die sa € sraeamd (4N) €, e qEmpet § 9 g SR
RN (4N) T

AT 9% ST (S Faieear S wea ) qUid: W e, Sefh $H S id: el ¢ St
o€ @ =T d48 FEd 8

0 _J
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T Selaeiehl - TSI,

T qen el qRae

o9 14.1 Qf@'@ ggﬁ == ag o a0 fag cooiitiiiiiiiioiiiiiiiiiiiiiiiil 4 N SR

Sl WX K E, o ®9 H 91 FAShA 9 |
SeaqH Sl &R K E, & 9 F @0 T 2
E.% W @1 E, ¥ 9 % wam &
ik fene agd ¥ Sl T 9T M 2
HAISTehdl §'S o T ael e o€ i qet
o W oh AU I Foil d8 Hawer (AU
Sl ST, E, ) Fed €1 Te e el
Tohfd W xR o €1 Tw Aferck, HH sterEn I
B gl 71 7 fafa= fefe 1 fom 14.2 9
<9I T § 9 e gkl faeE i T 2
YT I : 98 o9 14.2(a) § @ T
feafa & waed § 21 ot uig #F fefq ®
FSTew e og e 9 9 90 qe Farsehdl
og ofifyreh &9 9@ R © Sfuen =er s qen
ISRl sg fdeara € s/ stfde e 2 o

_________________________________

________________________________

forT 14.1 0 K W foelt erefumerss o wor o & fefaa,
90 o 58 =er ST #Ed €, § ofdaa: fawma gen o,
srcafues e ot sraeend Bt &1 fraen o 59 s
e wed ¥, 9§ oreif fre qoi: w0 e st g )

ARl 4€ W ToieR Tl | =ler o€ § S Hehd 81 7e fefa fagd = e o
fau sreafires e o soeei S U Sl €| Se HaASTehd S 31 w9 9
BT € df ol 39k T TR W S=9 W qeh T ek fagd e il Had &
% | EifeIT 39 YRR o wEiell T Uiy H teel wietehdl $e9 el €|

EINES
B |E kS
® B
,E( .
¥
(@)
/ﬁqﬁ
‘E Eg >3eV
T
¥
(b)

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

sfaeara
/ EIGEACES
E (Eg = 0)
' B
¥e
@ (i)
| ; E,
E Eg <3eV
L J
(0
473
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TTOT IT : 39 Wil © S foh Tt 14.2(b) o <witan w0 €, 3w feofa o o
St E, A 2 2 (E, > 3 eV) | 9o 4 H g some T el o1: 1 faed
e TE T S A 3 A S e § o Sl stadel S St B &
ot oft e SIS W Scigel i GaISThdl S ¥ e oS Wi AR IS 7@l e
S Gkl T8 fargantet a=ref 1 SR B

THTUT I : I Teorfd 14.2(c) ® <ot 7 21 351 us uRifgd w=g oy o sfaua
(E, <3 eV) 311 g1 77 9 ST e o FRO1, FA % 0 T, TS T Foreenl
Ye 1 s Tofl o o & FF e ST F) IR e dS H g Hehd
g1 3 g (Tl g ® %9 e €) =ed 9T § i W gehd 21 37 syefarerh!
1 WY S eAferek A et fora faegadedt aref <1 g 2

TH S9N § THA UGS, HcTeh! qen STeeIeish! w1 SATdeh SiieheoT feha €1 el
STIAN | B STei=rcten] # <o Wishan o foma ® i@

14.3 5 3ref=Ireish

B Ge 3R Si 1 oW WHRU ST ol St Sefeh (Lattice) &1 oo 14.3
o fe@r T 21 5 st i ER SE A ed 81 Yoieh WA =R 37 feRean
T gRI B il 1 g9 Sd € TR Si 3R Ge W R HASThdl gl B
g1 sH Tl A o Yd® Si A Ge WA 10 WR HaANSIhdl goeHl B 9
Toh-Teh SR 1 3T IR e TAI[SH o 1 GEwifiar s i qeid @l
T T T YIS Fohead! WY o U ToidR w1 GEWAT W w21 AL Hewni
SAHRH F7TT GEqars 787 (Covalent bond) a1 Tasahar 374 (Valence bond)
FEAM § TH TE ST GhA1 © R I Teiid soieei 9 Hefud wanst o
we -1 T wd ®d ©, TEH o gea @ 99 g 21 e 14.3 § R T
Si A Ge H = &1 2-farfia feao o3 14.4 ¥ oz €9 9 fg@mn
2, S Hegdsh sy W T 9ot a1 21 o 14.4 T omeet famor @ o sy
T T (Tl oy o gy €)1 e fufa fre A W @ adt @1 S-S dr
SQdl 8, T el ol 3N FoHT ST Wi B ot § fore
T U PO ToldR I W N B Wehd § (GH seie
TAHR e H ANEH Hd B) | HHE Fell fhedd Sets
o T THIS F YA TG Y SIAHA FL A @ qe 9y

o Uk Rad @ o4 2§, SE s 14.5 (a) § fe@mn ™
2| o SR (3MEY - ) W&l ¥ feneiet o §, o8l 9
A A (+ g) T T Nekd T Big 31 €1 GH1E EFTHeS
O el =8 Rekd T Teh &led (hole) el €1 eiet FHrat
¥FIHS STENT el Uk S7T9rdl GFd &0 i aE HAER
LT B

I sreferereRi (Intrinsic semiconductor)ﬁﬂiﬁ sﬁag“ﬁﬁ

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

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

474

1 14.5 (a) ¥ fe@man w0 81 2l 1 G w5 14.5 (b) @
fe@m gn 9 gfied fwan ST wWehar ©1 A9 At W€ SR %
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TGS 58 T 2 9 T 3ot e wm 1 (2e)
H g FX S Thdl T T8 YHR, TH TH 63 o 918,
BIel T 2 T B T 9 T 1 | ek SeleriA 31 T
TOfCTT ST9E &9 § @ 8l T 1 9§ ©[ 2 T =el
T A RIS T ST Solee IR | o gaTl o [
14.5 (a) Xf@T], 98 B I A ® 3q fman o
gftaferd &t ?1 goa soiae[ Pula: Wdadds =e
o % wT T A § IR T fo A o
T TH TR MW ([) 3@ | TR0 ® S e
frea o &l ot T oTYRa o4 B 9@ FrYa sl
1 aTEfaeh A ST 3R THeRT Ui w o o e
1 TIfd haet T Fest 39 2| R areafas fhwea
¥ for@ &9 #1 a1 & woa®y T8 T RIS
fava =1 R 77 w1 T THER TH B W I
et ©1 o1 © Seq=1 =l geleriAl o 0T SeleRi
BN [ e Blel G [ RTINSl e [ e -

I=1+1,

T Salaeiel - TSI,
T qen Wl qRae

;e S ®
¢ v i )
RONROIN O
Bl S AL o*' ----- S
! e : ; [ ]
. : ‘ : @ Si YAl Ge
o e {
0 N e X e L SR
'@ ------ LSEESRIE)
-7 o ----- c" ° L)
[e Poe poe T '
o o ) st
o - - W TEEEEPN ®----- ¢ >
=
..... DM e
° ie !
@ L ®

TorT 14.4 Si 1 Ge &1 T =1 -Tadta ewacas

e e f=1 99 W gegast ey feam e

(|sft 59 99 g, HE T2 99 7 ) | +4 T98 Si A Ge HT
il s 1 3@ Hear 2

(14.2)

TET £AM 37 A 10 8 © R <o seideAl 9o el o 3o e o |ie- T
TG 1 Yo Bl © W Solaei i o WY gA:F 9o eid &) aremeeen o
AT AR o I B 1 &L Ik TAHASH 1 5T U Bl 21 TH T HASH

1 HRUT TR 1 Bl § HEE HEA B

LI o °
) . ------- '@. ------ i
s O N &N

. o i
Si AU Ge
(b)

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

T UHR WM 1 9 WM 2 9% S 1 STHRT Tl Rd e e
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R — e e o3 14.6(a) # 9T ER

A EC T

e ol

E, T=0K W &% s eref=retes frd
T fogauet &1 wifq SHeRR Hr B

Jg ddg e & 2 faue wR
I=9 @ (T > 0 K) R FS Forae™

E, E,
T 7= €1 T> 0 K W i Swiferd
TR e ST U ¥ 9 9
T U0l T o &1 gHifery fepet
(@) (b)

IS erel=rerd 1 TSl o SR@

o 14.6 () T=0 KT % 3 sefae et 51 oifs smoew T 14.6(b) § ST STTER B B
I 2l (b) T> 0 KW =R adia Sci=1 geisri-glel el o I (=) T D 3R HoH |48 | g9
el w1 Trefid @i & qen fed 9d (0) el =1 fefa s ) T E1 A TR W AT o 9 I e

3480l 14.1

476

I A e § el e 3
T )

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

C fagadeh € Sk Si @ Ge 99 €@ (intrinsic semiconductor) &7

A C, Si 71 Ge o WAV o R S sorded el fgda, T qen =gl wean
H e €1 ;T WANEh W Uh Teiaeq ol o1eR Freher o fory stevash St
(ST 1 E,) o %1 Ge o o, se@ afere Si o fog ok Wt e1fers C
o fau BFM| 36 YR Ge 9 Si § foR[a =1 o faT wdsl soiagl i S el
eIt € Welfeh C | 7@ 0 Bl B

14.4 U FE=CTR

et =1 erefenereh 1 wTetehdl $Uh A9 W R wd €, W He-ad W gHeR!
eAshdl 9gd HH 2l ¢ T ®9 H, HE ff "ecqul soeein g 39 st
S Torenfid =&t w1 S Hehdl 21 37d: Seh! =Tetehal H GUR HiAl 69 Bidl 21 T8
37 srderersht | Tgfgal 1 SUAN ik feRan S 21

S fordt g s § i SwEd oTgfs oTey el S g o fa
fuferem (ppm) o foeTe STt @ df STeh! =ershal § g T gfg B Sl 81 36 YRR
o YRl I S7UFST STEfAITH (Extrinsic semiconductor) 3Tl 37'{17% 37T
(Impurity semiconductor) %ed €| aifed 1l 1 GauHgds fafsm & a"T
(Doping) @1 a7 HEldl © a1 g WA 379F%% (Dopants) Fead |
39 YR o 91 i F17q (Doped) 37efeTereh e €1 STuffisien &l gl =fey S
o s 9eie o o ol fagd 9 # 39 haa fohed § 9gd A Hd
srefTereh qeATY] fefadl i g SR S1feu) 39 W i oh folt U STevEsd I A8
2 T sruftsrs o o10) den ereferersh usef o STUETl T WSS RIS THM B

=Iq: HASTh Si 316l Ge o HIGA o fIT 31 Wb o e1afiigier STanT &y o 2
@) o GASE (TN 5); S8 AR (As), T (Sb), HIEHRT (P), M
(@) & Tae (HaERdr 3); 99 $feam (In), I)F (B), Tqfafem (Al), o)
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AYATTH Telaei-eh! — TaTed,
T qen Wl qRae
e &H F8 fea= 31 for srafagon g7 foee i i i

TR TEICTR] T TS TR B W W URGAT e o g
1 & TSTEch R0 39 aTeieersh shi werhdl qRafid . ...... .- ...... .--. ______
& STl B1 Si A¥El Ge e RO & =qe T P : . ,
(o) o ueed € gelifere &w erafasor o forg frehe L ¢ ‘,“/’_'\ e (+5 97 3 )
o dER St died off oF dd k1 9EA g8 STl _. _______ 5) ._._.___ nggvﬁ SRR
FIA gL T HEHHT sHad gL H € T erafso [e [e s TR TR
o ST oTel 7l o T 1 WESASi FAGeF o @ L.
] & TS % TN G $| 9 9o A8 § "'_"""
5wt o faw swm B ot freEsw w0 e g e
JoHaSeh Tl STAHY0 oh I9ed Ush-g8e 9 Juid: Lo v
=1 YR o T erefurern werel w1 fmin s @ (@
et aofa = fean e 2 .

<l shlg
(i) n-9&I & el
M ST fR 89 Si A1 Ge (FASRA 4) &I Th QCXQ | s
g (WAl 5) ded 9 STafafya Y Sk O@Q -
o1 14.7 o fe@mn w0 €1 e +5 Harsehdl aell de
Si o Teh TRHTY] 1 FREAId ek 791 T T80 OO Q

HIA T d Tk oAl § W AR, Fhead @R

fafeeri waret @ oy s €, Sefr diedl sor b)

SR A Qo e T S @ S A o 4 7 (o) wraed s 81 Ge F S
%wvmﬁm%maaﬁméﬁwm (As, Sb, P, 31f%) o 3Tqfaso1 | A1 -7t |
WW*?WWQ“_W%'W (b) n-ohR o TTet T THROITT TR AR
TROTREET T TR B G P o AL TRIFE oy Foesf et =men & Feom e 31 1 7
SRR Sl g0 HH BN ¢ SR WA FH AT W v gard s v S 5o g seee &
I SR o Sk | o T i oh fIg Jo et femn w A

I €1 3T o feTT, 39 SeiaR i WA g
& o fau SHEMAEE § ~ 0.01 eV den fafasw o
W 0.05 eV Feil =gl zHeh fawli foredt 49 srefumers o e a9 w R
TR o G ST ¥ TIFA & fau (SEftEm | o 0.72 eV e fafeeni
H AT 1.1 €V) el AUl 6 YRR Josdiseh Tafish faga = o fag @
rfafier seiagiv USH hdl € 3R gHifert 39 <77 979)f5 (donor impurity) &d 2|
S T gN foRa =e o fofu I T U Seree & 9@ Jad §9
T erafagor W R Fdl 21 T mEuE o qrg R el @ et guen fawda si
T GNT Icq o Seraeql i T (FHH §&A | iell oF |ef) | ad oF @y
agd +H Jfg Bl 2

forelt saftfsa svf=rers o =eih oAl 1 el HeAl n, TSt o ANEH qe
it SIRoT (ST BR1) ® ST SiaRl oh hIOT A1 Bldl i Pl WA n, Had
it Giq gR1 3= el o ROl el €1 W] el & JH:GASH i ) § gfg gl
ﬁ?ﬁ%&wﬁaﬁ%wﬁv&mw@ﬁﬁ@ﬁaﬁ?wgﬁ
St 2

TH YRR STUMASU & Sfad TR Y wIels solael &l S § el wi S hi
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o R L)

(b)

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

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

T 890 S Teh gt
Afafed HocHeh STEY & 91y

gfaeerdt FET wE] i R wi

A 3L g el I @ 2

o o gfg 1 S Tehdl {1 o1 GerHaIStR STufge o @1 STufigor g

W fre A e W Solee dguede e dlgeh qell B STl

Y aEF I W §| THfAU 39 YHR ok il i n-¥HR &

yefarerer hed 21 el n-wehR o erdferers o fog
Tle>>l’lh

(ii) p-9&K & arefemers

-9 1 SAefeerh 99 991 © 9 Si AT Ge (FgAGAST) o IU-11T 1
st ewifgal; S- Al B, In onfg orfdfsm =1 st €, st@n
ot 14.8 o fe@man T 21 edfises o Si A1 Ge *1 37U ThH SEA
TR A Bl € SR THIAY F8 TA0] i SR 9 Si wArgEt ° 6y
o1 Gehdl ®, Wfeh wiefl SR 5 S o T evEeh Seieid Sueied
T B o RO el o S § Hhel e @l ard ord: st W
Ao e Frereey ] & Wte gy H U R steen g e © ol e
14.8 & <91 TN B TR Seieh W USIE Si WHIY] B & T T T
TO T €, ke o T o el Fel T g o g e b
T o AU FgE R Ghel T Y IR T T R TH el 57 Sl
21 T& gl FeH & fou SUeed T@dl €1 A S A & e ®
Fraarst fasida TH] TSt Si RHT] o | Seiaeld Tl HIEERI hich
T FUHS AR &1 Sl ©, 9o 59k g Gt =4 X 81 <
& THferT Tnemer S § g p —ueref o STafHye WH] h S g
B o WY Weh FUNCHS 3G9 %1 Hig el Sl &, Siar fast 14.8(b)
 fearen w0 21 e T € R T 76T WA (N,) TR B < 81 98
EIel =Sl STTd il oh Ao @ Safeh e Sl o1 @i oheiel 41
S €1 21 39 YR, UH Y=ol o fau, giel Sgeensh g qel selaei
AU ETH desh ¢ sHife rease ewfs 9 emafafsm 49 st
p-JHR & 37efaTeieh el B | p-FHR o o7efareranl W QA :Gars wfeman,
I S sl BT W@ n, ¥ FT on, B S 81 3T p-UER
sreaTeTshl ok fog

n, >>n, (14.4)
[ 37 A o1 U8 © 6 fReed U 997 BUNHSF ISl aAIT @l

(14.3)

& Fifeh TR SE dEeH] W AV BT AT Serh H AT FHiel R ET
&1 a1 o g GHH e faada gt 2l

St STdaciol H dgH@IH ¥ dEhl 1 YTIAT oh HRUT A9 G 3cd
Y A oh ToIU agEET aTeshi U e o 21 et Bid & 31 36 YK
9 T B W §| S SaiHseh Ueh YRR oh 3ifeh YN aTeehi Wi fHerd |, S
TEEET Tesh o Sd 8, YT T T SeUIe e i ISl Fisdl i T | Terwdl

F T

SafaLoT gy STefeTh] i TSl o WA YHIfed et 81 "l sidEern] o
ThY0T H <[l SRl o HROT AR Sl e (E,) 92 Ul SRl o R0l
sAfafed St ST (E,) St 2l 21 n-UehR o Si STeEIerhi o el 9 e §
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Sl &R E,, A% 9 i 7ol E, ¥ S A9 el ¢ 901 36 TR ¥ FI seiaed agd
FH STl 1 YR BH W ATeH S H Jo9 R S 21 Hel q T SRS Sl TRH]
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T Selaeiehl - TSI,

il aem et uRkae

ISR B S €, T Si o 31 37eq (~10'2) TWHTY] & STertehd eid €1 o To
14.9(a) # TIMT 3TER =1 o€ o Sffeehie seieei <an gfsdl 9 € oM ©1 get
YHR p-YFR o Aefaresl § T ol &R E, Fash o o ot § $9 SR @ ¢
[ferT 14.9(b) 3@ || 9gd %7 s MR B W F HAST qT § FE TRAE,
o TR W HIA W Ad T I I TR H ROMHF @A F I 21 [ fasmed &
Y H T 30 YHR I FT Whd § fF 957 FH Foll ki MY § FA Foll ®RE,
Y HAS oS W T Y Fehal 81 Ho1 U hid W Seiai S i R 3 & waih
B e w1 IR T ©1] W el qrd W TR el qHTY] SrEHiehd @l S
& e HAS o W eiel a9 S 2| 39 WohR el 1Y W HAST o § el w1 s
TE B9 § uget sreEreih] o SRIg o Nl Bl ¢ ardig @ o el
TRl AT Bl 1 Wikl §9 YR ¥ i Sl @

nn, =n? (14.5)

Tl ST e g9y &9 § Giehe qe URefeud @ W T8 Wl &1 9
et Temauieal den srferersl (S5 qen Sruge) H fd i THgH o e 2
C, Si 1 Ge &1 Fiakierhareti § 3fa¥ 7eh =lei a2 G sl o s ol 3fauel
W fAuk w1 1 wEA (SEHE), Si AU Ge & AT Sl HaUA FAN: 5.4 €V,
1.1 eV a1 0.7 eV 21 Sn ot =9 9 o1 dcd © W Ie oI € ifeh $Hoh Feh<ol o
Tl SR O eV B

ECEEIE]

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

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

IETEAOT 14.2 UH ifow fRE s Si e § 5 x 1028 WA m? ?1 3@
TEHAST As ¥ 1 ppm Wigdl W SAAHis a1 <1 €1 selag a0 gl S wen
ufterfem ST, faan 2 fF n, =1.5 x 1016 m |
T A ST, T AT S i SO 9 3= geae™ (1, ~10"m™) safagor
¥ SO TSRl ®1 o § oy )
EESIGLS n, =N,
I nn, = n?, WA Tl H Hen
n, = (2.25 x 10*)/(5 x10%?)

~4.5x%x10°m3

2021-22
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% HifaeRt

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

p-n G AT ot fmtor qer

;

seiRA fgwe (suame)

BT faawon

14.5 p-n Gt

p-n G (p-n junction) gd Hi tef=Tern Il @ @, R o w ga
THEE B 3 3derersh gfdl o fageioor o foru @ oF sHeer i wHgEl STedd
Heequl €1 79 B UE THEH o1 YA w1 foh fenelt Wi e fmior ohe grar @ qen
TR S dieediett (= a7 off ed €) o yora | +IE G fFg IR TR
w2

14.5.1 p-n Gf&r a1 fwior

p-UFR & fafasia (p-Si) re=ras &1 qaet qefasw (Aw) W fa=ur wifsu)
IS 9 ° Ta8aSh SRf§ ® 3Tcd 7 e vl p-Si Tefeisht o F® 9m
1 n-Si § IRafdd franr <1 wewar 21 Rt srefemers @1 fwior wE w1 Sga-d@
Hfrard & 31 qefasht H p-8 T n-8 99l p- 9 n- &5 o S T gl G 2l
feredt p-n Gfer & fmio & gm 1 Aeeyel gfwand et & — a4 (Diffusion)
T YETE (Drift) | 9 € Sd © foh ot n-YepR o 3ot o geteiqi i @igd
(W Tehish A | SeiagHl k1 G&AT) Biedl 1 Wigdl 1 g o stferh gt 21 gt
YR p-UhR o ST H Biell ohi Hixdl Seiael sl Sisdl i gorl § ek sid
21 p-n Gfu % fFmfor &% @A, 991 p- T n- wowl & G W FiEd a0
(Concentration gradient) o HIOT BIA p-%cish T n-Helsh (p—>n) =] foafa B
& AU TR n-heleh § p-Thelsh (n — p) 1 AR Toaia e €1 e 9@l Sl 3
T % FROT WY W T IO g/ vefsd B B
SE 1 g p A n i IR foafkd g ® @ 9% o1 e U et <
n-heTsh T SIS 31 1 T S a1 (6 SE) =R AR o A gRy se g
o HROT et Bl 81 S-S geeRiA n — p T 3R foaia g W #, @ o n-
el T UERT Wi (A1 A S-S &) Ueh WA forehfdd 81 St 2l
Tl YR, 56 hIE Bl Figdl FUKl o RO p — n H1 3R faafia g € @ =@
T OIS Uk A U (SR 3TET) Big <1 € S e g 81 S9-S5 g
foafid e €, RUTcH® A (EUIHe TE-9S &%) 1 Uk Wd G ok
p-eish R foehfad gt St &1 G o IHT otk W faewfad 3@ Tg-=ret &
4! &7 (Depletion region) F&d &1 78 THfeT @ Fifeh soiae= qe gt < |y
o AR-TR SR T | 97 o € o THok o STawN oh &5 1 58 HL ad ¢ (Fo
14.10) | 39 BT &5 i HISTE AISHhIHI o SHS AN i Hife
< <eh %1 i B1 HiY % n-Heleh W U @ﬁﬂ—ﬂﬁ&ﬁﬁ%p—
—> TheTeh T FRUNCHe TIH-=TS! &1 8 o ShRYI Y T EAeHS

3444 ST | T A H1 SR TH e &5 I & < &
coe® n 39 & o SR G F p-Theldh Hl ol n-Helsdh hi 3R
oo A TfY o n-FeF FI B p-Helh HI SR T B 21 T
— forea & o ROT ST el BT 39 A HI STTTE FE B
<—— &

fora 14.10 p-n @fy a7 =+ g

480

T TR T STATE 9 S foh o o & faadd B €,
yerfed B 3TRY T =t © (Fa 14.10)1
AR, Toreor ¥ =4 Bl € qe 3T9eTe uw e e
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T Selaeiehl - TSI,

T qen el qRae

21 SE-Sg oo gfshan Bt St €, WY oF <l theteh] T SiaenTei

AT 8 Forfi 2 T 1 7o ferge 2t Y e  ofig A Fored ©0°
THAEEY e O H off gfg 2l {1 98 YT 39 TG qF Tl &l —>| W [e—
T @ 7% fF 3 I ORI (FIER0T O Qe STveETe M) aREr § w6e 5000
T & ST 39 TR T pon W 99 S 1 WEEren § pon 9 W) Pogsse "
1 2 faga uRT T e j:;

n-&3 ¥ TRl i B T p-&3 § 2l i Wi o RO IHT &3
1 W F FAR-TR TF fIEiR I B I B 39 fava R yad 9 (@)
TR Bl € o 98 e ekl o SR Were w1 feRid shiar © foren /

ey e w fefd Se= @ Wit ?1 fe 14,11 ° @ a6
e § qel gHeh ToR o e farvferiar guitan e 81 n-vered A seieRi
@u § e p-usiel 4 selee e fohy €1 3W YR p-uwied o @ - .

n-el eI 81 SR 6 0o W p-gnt H AR ge B M a1y () e e
F1 ol 1 WA FIA E S TH A N TR W 9T (Barrier (- o) () fan fet s o i
potential) &&d 2 =T T

IETEY0T 14.3 1 p-n GY I9H o fAC 89 p-THR o A= oI Th g1 Hl
n-YhR o e 9 wifdes ®9 9 GAfTd T p-n G W@ ST e 22

T TN HIE off UEt, 9 fRae € guad @, S-wmavety e ofad (~ 2§
3 A) U wEl e GeEd et $iR ghlie wHHeid ®R W it geh (e
Tqd Hueh) Hea & M Yafed BM aTel STee areehl o fore Wiy uek fafesrar

Vo

€'PI lop2ibe

I e HIER HAM|
14.6 e S O_| = I_O
P % o
s eEre (99 14.12(a)] 0 ®9 H TH p-n G ~7 e ~ uf
et & foreh fadl W oo Wueh S @ € il ww oA L ot a T
T IS AR Aleedl STIUIH i 5T Foh| 39 Jfo o 1 e
B B erefereieh S/ i Tdiehieds ®9 | T 14.12(b) o @
frefud foran = 2 M
IR ) feen aRurdt o erqER far@ o/ w6t faen @ ° A1 °©
UfereT (Equilibrium barrier) i <31idl 81 (Sefeh smig p n

(b)

swfefyrer sMfgd (Forward bias) 8) fawa =1 e@E & . .
ol T AR Seedl V STIIgE i URETTd R ST Hehd 8 ¥ 14.12 (a) ST ST, (b) pon
p-n Gy eEE &Y fomn foneht e o wrreeen ¥ feafa fo= SIS

14.11(a) 921 (b) # g9 TE B

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

g fordt stefETers e o 3 Ol oF e IS ael dleedl VI YRR STIYIE i
St ® fop St b1 o i p-hers W qen ol e n-elsw 9 Gl
& [ 14.13(a) 721 (b)] @ 38 SRR FEfad wed &
YT AT dieedl U TefEerss <Ee % Bl &% o ol W g § e
T o p-TeTs qe n-elE W fAYEUE 09 Bl @ (ST FROT 98 § o gl 481
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O O

— | W |je—
(S
(S

P (=1e) n
o
(S
<4+—E

&5, 9% &5 Sl IS AW Tl ¢, 1 YekY n-Felh ISl p-Heldh b
w1 qor § srcfues g1 €) | STugE sieear (V) 1 fEen siafafa
(built-in) fava Vv, 3 fawdia 2t 81 58er TRomHEEY, B TR H "
azaﬁ%amﬂfwmﬁwz‘raﬁ%[ﬁam 13(b)] 1 sufefsmes «@m
H goret Afereht S (V, - V) AR
aﬁwaﬁww%ﬁﬁfwﬁmwm@aﬁaww
Bl ST, qe1 Shad o g A6 Aed S IoadH el WR W o, 9gd HA
T § WY i IR FH oh U Tevae el 9 Y U, 374 H fagd

Vo

—_
(b)

o7 14.13 (a) 3wl =9 |

Fell U B ST 39 YR foEd om | gfg 8 S

Y dleedl oF HRUI, TolagH n-THelh g & Wl UR &R
p-elsh W TEEd & (STl o STeulyl 9 €) | 56 WehR p-Thetsh o el
G ol R ek n-THelsh W TEEd B (SRl o 1Yl e )| S
qIE § TH Al 39 WRH I AU A6d A :&90 (Minority carrier

1 R YeTfed el A B9 STue Siced! § HIH! gig T S ot Afereht S8
J:S HTET T2 ST qe Aok e § Sl 1 € IR 9 & AU Sevad

pon ST SIS, (b) U9 99 e ction) e §1 6P #1 S W o e W, G @ G S S
(1) T S 0, (2) T 92 et it g Y G §, oo aedh Higdl § Hewul g @ S 8|
afeedl & faw, 97 (3) 359 92 gy wigdl gAudl % HRU p-Weld H G % fhAR famia g

Hieedl o fam)

10088
1000®
P 10088
100@®
MCEER

ro1
&t &fa
ECEE I

p-Helh & T IR R €9 W 21 36 YRR n-weish i G %

for R © forafid €t n-wheteh o o R W 98w € (Fost 14.14)1 <M

TheTeh! TR STAYT STEehi i 39 TIfd o RVl fagd o yarfed 2 ot
n 21 Tl SRR S N 1 W Bl ToRul SN el geteR e

&wgmwaﬂwm%wquﬁnmm:ﬁaﬁw
H B Bl

14.6.2 U9S(SITeh 99@ W p-n G SRS

o 14.14 sfefoe s o segy 9 fedt ordETes S@ie & < fa)i o o9 #ig @l dieedr (V) 39
aEF FAAT (Minority current YR SYIH I € foh 928 & o fifFd #1 n-weish @ q1 Fo0

injection) |

482

Mt i p-weteh | Sied @ [foe 14.15(a)], @ @S &I gv=iiis
AT (Reverse bias) Fed &1 TG dieedl i Afushien fawemm
aefeTersh o B &5 o Fal W B B1 IRl STuged dieed i faen Afuent fawe
%1 o o THE Bl 21 3Heh IRUTHEREY TRl i S o Sl ¢ qe BE &
1 <er ® forea ® qiady gF & wRu gig B S {1 gveEieiien e o g
Ufereht e (V, + V) Bt @[99 14.15(b)]1 T8 n — p T 3R SeiRMl & T8
T p — n &1 AR Tl & T8 HT THA Bl T1 TH FhR, SIS oh SRR T8
1 qor o 39 feufq o forwor um srcafiss | el S @)
Gfer o faga & 1 fxen U B @ f afg p-weis W oA S1eEl n-Hesw
R B A Agfese fa Fd THa G o e 31 W, At S= Sk SgEeEs
& H 99 {2 SO STEAY STEehl o SH STUETE o SRVl faEd ¥R S BN AE
AYETE YN FD PA IS HI Sl &1 THoh Tced i € 1 R0l 7€ ¢ T &
SMEeh i T(d 3ok ST etk § GfY oF 3O 3R 9gH&Ih Hoish ol 3T B
2| TR e o STYeTe ¥ (W pA ) of gl © Wy g8 ofa: e areent
% RO YN (mA W), &1 qer | T gt}
TMIE Yd ¥ (Reverse current) STy dleed! W Aty MR 71 gt
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T Salaeiel - TSI,
T qen Wl qRae

ST Aeehi ! W o Th ek o T Hoish I TeaH o o &
ezl €1 Tat Bl §1 ¥R STYeR dieedl & Gy gr Wi e et
W Te Y % SH Beishl W ST el il Higdl o HRUl Gifd g 2

qyaffyTes 9o o fRd wifae wafefte (Critical reverse) aleed
% TaRIAEN ORed &9 § dieedl W 9t 72 St 21 39 dieed w1 9o
gieed (Breakdown voltage, Vbr)ﬁ?fgl 6 V=V, 9 SHS WeERh
o) A a9 9fg Tt 81 Tl 7 o 9Ed dieed | ored iy F W
Fff urr & srafus ofted= e smar ?1 afE wwafkfe o/ s R s
ufue R A 7 (SR Searee s fAfdse fofan o ©) 9 9 Hiffa
7 fohe ST @1 p-n WY T 31 ST@T 9 T R ft 98 T7Ad 71 9 31feh
B WY 1 SAfda B o SRl SRS T B Sl 21 UH e o e Tehel
S eRite ST SEfhd e & 9o Swifiin Y SHd HE 9§ 3t 2l

forelt T/ o VI AfYenaIfies (STIUga &1 7§ dieedl oh el oh
&9 H 9 HT Ta=Ron) &1 T8 HE o fau aluy om@ o 14.16 (a)
d (b) § fe@mEn w B| SHEiE W dieed i Uh UREEE (A um
o) ° e gl w1 @ e eEie W STIga #1 T dieedl i
ufafda feran s wehar 21 sieedl o fafe= ol o fore um &1 =46 AR

OO

0600006
LR

P ececese n
0600006
CEEER

ot 14.15 (a) TERRE T=w
4 s (b) WA 9@ o
Uferept fasral

foren ST 81V SR [ oh WtE W W, SiE A 14.16(c) ® fgEmn ™ 8, o
BT 81 A AR, swifefite e 9o % fau g9 fhediel 1 ST w1 ©
Fifr (S fuze Sgum o qugmn T o) syiferd Oy etfus @ et fauda
qEE | Y Wl A0 o foTT Teh HIEshIUHIET 1 SYENT feRa T €1 3 fem

100 —
80 —
60 —
40 —
20 —

= )
\J
™S~
L1
P n
Val
frefitdiet
(mA)
//rr |ﬁaa
T
CE)GFE#E(BH
1(|)0 8|O 6|O 4|0 29
P v
P n
bVl
HTEehTTHIE
(LA)
|ﬁ<—>|%r

(b)

[ | [ 1.
0204060810 "IV
10 —

20 —

30 —
1(ua)

(c)

forT 14.16 f&Ht p-n G SEIE #1 (a) SRR a4, (b) walirw s 5 V-I sifaenafors o5

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

484

3Tl 14.4

(14.16) H <@ Fahd B T smufefires smo@ o Ry o o)1 39 90 as sgd dR-+,
ST 0, Sl & 5 q foh S W dieeal Tk e 7m @ sifuss | @ Sy
39 Afvenafitn diced o 9% SEIE 99 dieedl | 9gd Ael-H & gfg FE |
erE ¥R o Wede (SREiT) Jig @ Sl €1 98 dieed 3gef! gieedr (Threshold
voltage) &1 2~ dicedl Hedldl g1 30 dleedl 1 HH SHAfEd er@ie & fag
~ 0.2 diee qen fafdent gEe & fag ~ 0.7 diee

e 9 W gEe % fau ORI Sgd #H (~pA) B ® qen 9o ¥ aiteda
% WY T Feer o Tt 71 T gy '\‘Tgf'-?l' YT (Reverse saturation current)
Fed 81 W po oty yeheon o, wgd eifush wwafEfire S (s dieed) W R
o e g & S 71 e it 39 fau fhen Y foem o egunT 14.8 | &Y
T ¥ WEN 329 Al SIS Yl Wqw W & oh A YA el Ry W )

FR G T fgo=T I8 K@ € 7 p-n SEE 99 ®9 ¥ 9N % YaTE Hi chad
& e o (ewffyen smEw) iEfia s 21 sl s gfaiy s ge
¥ swffrs a@m U w9 T T TH IO H ST TS (ac) Siced oh
feseanor & forw fomen o B, S99 ovrel et | wwemen T ) eMEEl o faw 'm
T 31 Hifasw T f59 7o gl wed §, H1 Cdiced § @ gfEdT AV qen
faga om0 o o gRedT Al S’ o &9 gRetd S e

AV

Iy = AL (14.6)

ITENT 14.4 Tt fafeeni e@ie &1 VoI stfvenafors o5 14.17 § <91 T 2
SIS &1 Gl (a) I, = 15 mA @M1 (b) V,, = -10 V T uRehferd i)

I (mA)
301

10 cereeeeny

-10V
@

0 0.5 0.70.8V (V)
— - 1pA

o3 14.17

T SHle fTerelfoTr &1 I= 10 mA ¥ [ = 20 mA & i< Tel 3@l 1 Sifd A
T S qa g @ el B, 7 i o | %1 oM % 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) I G V=-10V,[=-1 pA?

Ad:

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

Ifear den Tl gRue

14.7 €y TS &1 fTe&Rt & 9 § ruEnT

et @y s & V-1 sifuenafors o &9 9% <@d € fF 98 o auf fagd oum
welfed € a1 € W 9 STufkien St e 81 o At fhe gEe o i
T JAEd! alcedl STIIIe i ST =eh o ohael Sl AF | qRYel H ¥R Yalfed
B < eEe skl sfad #1 SEE % g9 Ul
SUIRT YTl dieedl 1 ey e | fohan S & qen
70 % o fou 5 oy & swEm s § 39 s
FEd 2

g TS o fal W &S Jomad! (ac) ieedl AvieH
o HAISd e 9faly R, o W19 A9 iS¢ 1 18
o o W Fad ac a9 & 39 = o oo ere
smufefores Smafad €, T TeaH dieed! SeTi=R el 58
ehR 1 forga 9faer fo 14.18 o forpa 9wy o <ok
T ® R oo feert uitey wed €1 SEwE i
fgdoes Freett 2fifel A 9e1 B W difed ac dieedr &t
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o 14.27(b) W 9T @R, T S diced! Tl 1 ST H3d &1 37 el
AHT RrTer e 21 Sishig uRtaell o frasht qon fofa dieedsti & shae < AF &
(2 0 denn 1 9 Frefia foan man ©) emgea 2

TH ST 1 SEYT Jieheh Sl -eh! h1 THEM o [o1q YW =R0U1 Y& i 2|
Tel TH YU AT i Foheh TSR o FB Foiygd wHEe! (= e 72
Fed 8) a% & Hifdd Wl A e fafite e 9 sw faee o gt s
wonferl e quEERl W feman St €1

3Tk uftyer & &9 § 89 AW W | ST H aret feaeii 1 3{@I0 o Hehd
g feorm & feafa & R gemer ‘e’ Stoen ‘o’ W Fel war 1S9y
‘ot B € @ fria W 1 g @ qen S ety ‘3t Bl €, «f fvid | 0 g

Nt 1
; F\J \/ F .
v

()

e 14.27 (a) 31784 f99a (b) 3i&ia fa=a

21 Frowr yerre feorm w1 feafqat 21 gemer 1 franiial s & foe fem 1 a
‘ST’ e ‘A’ w1 frafadl § wEd B

14.9.1 difster e

T U UHT 31T 9RuY (Digital circuit) gia1 8 S ol qen friq dieedet & o=
ot Tfyera aifeher Wael o1 UTer shiar 81 SEifeTy =amqes &9 | 3% alifor 712 sed
&1 712 s 1 FRO1 I8 B Fof 3 Go1 o JaTe i Al i €1 s w9 H SuEnt
fohT ST et e ifSies 12 NOT, AND, OR, NAND @@l NOR &1 Heieh wiifsreh e
=i ferdll wdter g0 ST ed B e THeh W14 Wi Ush HedHM HROM gy qRfea
o STan @ S 9t Hwa el 9ok T GASHl qe1 Sk SAq-STqe fid deh s
! ST &1 AT WROM wAiforen e oF STEER Wi WHgH W WewEdl il ¢l g
wifseh T2l ol Sreferers iRl 1 SUAN ik SR ST Hehel B
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% Hifaet

(b)
o 14.28

NOT 72 &t (a) Teh Tdish
(b) T IR

494

3qXUT 14.8

(i) NOT Iz

Ig Halifersk Fetd e © e Shaet Tk fowr qen wk frfa e 21 97 afg fewm
‘0’ a1 fria Sea= s © qen Afg faw 1 @ d o frfa s hwan @1 erufa
T ferelt o1 o1 310 fefd T qehfid &t Sea= Hial ©1 TET R0 § R 59
SehHE A Fidemed ot wed ¢ fo 14.28 § 39 gR 1 A9% &Y § YA eH
Al Yofieh qefl STh! TeIuH HRON & TR R

(ii) OR 7=

frel OR T2 & ue ffd & @i < =1 iferes Tae Bid &1 fas 14.29 ¥ 39 g &1
Toh Yeteh qe WeaHE | geiie el @1 3eH feld Y1 € S = @ e A steren
fEer B 1%, g4 1 s1ufd afg i ot frow 3=a € 4 frfd == =i 21
I TOTAT aifeher Wferew o SIfafRed 39 e 1 SUAN TS qTEYT Hi
Heifed e | fohan s gehar @1 39 Fefafed se@ | T fhan w2

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

o 14.29 (a) OR 72 &1 T Tdish (b) ORI i HIHE HROM|

I2EI0T 14.8 =37 14.30 ¥ fu 7w f991 A 921 B & fau ‘OR’ 72 o fifd ey
! IEIfed 3eTsT|

g Trefafad w e difsg

® (<t W, A=0,B=0; wW@TY=0
® (Wt ThH A=1,B=0; sEETY=1
®( Wt dh A=1,B=1; s@EETY=1
®( Wt dh A=0,B=1; s@EfTY=1
®( Wt dh A=0,B=0; sEETY=0
@t Ut A=1B=0; sECY=1
® (>t & fdq,A=0,B=1; s@EfqY=1
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T Salaeiel - TSI,
RIESRID It i T
TEMAT Y 1 90T 99 € e S| e 14.30 % @ w2l
BE LB g
Ii t4| !
A 5 I—
(fraw) L
p—H |
RN @
i _] 3
Y ' ’ !
(fa) E
o7 14.30
(iii) AND 71
fret AND e ® = =1 atferes faret 9o U fid gid 81 AND 712 &1 fid Y oherel
1 Bl © 5@ fo91 A den Fae B S 1 €1 39 T2 o1 doh Ydieh qel FeaH |l
o 14.31 & g9t 7 ) o | o o
A
- A
1| o0 0
o——
B 1 1 1
(a) o)
o7 14.31 AND 2 &1 (a) T Wdiid a1 (b) T GROM|
IIMEIT 14.9 A 3R B TE91 o TGl i SR 14.8 o6 FHM oAl
AND T2 ¥ 9 foifd ey &l whe shifeg)
'
o (<t = fuu; A=0,B=0; 3afT Y =0
o t Ut TH; A=1,B=0; 3EfeTT Y = 0
® ¢t Ut T A=1,B=1; FEfT Y = 1
® ¢ Wt T%; A=0,B=1; EAT Y =0
® ¢ WUt d%; A=0,B=0; EAT Y =0 o
° tsﬁteﬁ; A=1,B=0; T Y=0 j
o >t = fag; A=0.B=1; EAT Y =0 E
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34T 14.9

34180l 14.10

TTh 3MYR W, AND T2 &1 fifd @y =i fo # g9 SR @it
ST Hehl B

o 14.32

(iv) NAND 7=

I€ T AND T2 € f518eh1 NOT R 3178 idl 81 afE Foer Aden B A ‘1 €
fopfa <1° ¥ @1nl 39 W2 1 98 9™ 3@ NOT AND =He8R o %RUT &1 7 2|
5 14.33 § NAND W2 &1 deh Fdieh qe1 TeaH= |Ron g9t 7 21

NAND 7l ! ®Efes T2 o1 96 Fass e ff shed 8, #ifh 37 1 o T
T Y 31 A T S¥ OR, AND @1 NOT U T Tohd & (3199 14,12 TN

o -
o| o 1
P . o] 1 1
1 0 1
B 1 1 0
(@ B

919 14.33 NAND 72 &1 (a) T Ydish d91 (b) IaH= 9RO

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

! Wha Hi|

'

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

il aem et uRkae

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

i
OT'PI ln:2ibe

(v) NOR T

THeh q A1 Sffuesk e aen s fria gl 81 OR W2 o uv=id Uk NOT @fhan
Y T § NOT-OR T2 (3127l shafed NOR 7i2) Ut il 21 5 i feer A
e B0’ B € Tl Y oheret <1 B €, e |t wen Fraw ot A € o e
‘1’ 21 T 14.35 § NOR 712 1 deh Wiieh a2l H|M GO 9l Tt 2|

— = |O |O

[} Rol (o

o 14.35 NOR §R &1 (a) Tk Wdish 9ol (b) Toa®w TR

NOR gRI %1 HEf3 g U@l 96 Yaseh gR AT Sl 21 Fifeh sharel NOR
T2 o IYAM § &9 gl e S AND, OR, de1 NOT sl &% Hehd 7 (31919
14.14 991 14.15 <f@n)
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o U oTaT : h@eT Wenfient o wfasy

Tft IR YUNferEl % TSd R THid URuY (IC) Bl ¢ 9 B e gl Sgd gl o e,
Sefifest, CD @R, et % g ¥ Thighd Ufue (IC) ot B €1 8 oIeehion o shRor seffies it
HE T G Bl U1 AT T A1 IC o Ha A &1 et ot IC U seiaifaes gferat © o
agd 9 ey, ufadiues, 9unfer, dah arR-g+ T € Yo o B 21 e CHEse’ & fawe o
1 B WIS ITAE Tk UHT IC Bl © S foRdt sheged | geft geieti bl g i € 99 98 @i
GeR Tl T i i Shofl SaE T, ShiF G1 % Tl 8§, B S| IC 1 Gayem SfashR 9 1958
¥ 3o siic W S fhowt g fRar man fgeh fow 3= T 2000 H Aeel QSR g]H fRAr T
IC 1 Tmfor erefenerss foreeell o Thel (1o@n f9) W R 9k g fohan S 81 56 oK
TAES g1 Wikt SE (IT industry) Se=as ® fR 21 frget &2 a9f § 1C #1 Sfeeand =g
& Srefeh Tqoh AN 1 3T R fachs @ 21 fusal o ekl § el Senfiht | ekl oreehio
T ST FHX F AIR T TR o1 K T INTEL & TeHETe e W A T 1970 | I8 Farn
o for ferelt o (IC) 1 gfa eman & g o ® @9 &1 T e Sl ®1 98 X @ 779 T 9wt
21 9fq fou gferedl =t Sem o <Remiet €9 9 9fg o W 2 9o a¥-x-ad el 1 e | gfg
B W 2, R off 3 Tt 1 eTden o T €1 oM Ygi o SR R UE Gehd el @ € fRF ¥1.2020
H 3I9d= el 40 GHz (40,000 MHz) W J=1feid 81, 3T | Hal Bie, At <&, o1 TS oh
FE T gor | el G& B TuTein SEN 9o X WrRifient | fovwies 9fg i e |k
e SSX01 g1 W oTe0 €7 W TH WehR oAk Tehdl ST Wehal €: A Toreiferd aTed SeNT SieEeish
I & Aifd gfd L d@ HE Fod TG (Rolls Royce) FR Hd e 5 @@ Wl d9 wull K 38 ek
Easicalict:i e iU ‘

YT
1. 3refeTes adHH S e i Teeite gfwEl; S eErs, ey,
Thid TRU scfE & g 0o gaief )

2. 3feE el shi Seleh WL Te WA Sl Gifved sidt € o fean o fagw
TR1ef foRpauret, wTg steren STe=es Shml

3. oTgel 1 yfRieehdl 9gd HH (1029 105 Qm) 7, fogerieh wsref 1 wferiessan
Tgq A (>108 QmY) €, Seifeh sreferern! i UiRivsmhd orget iR foeaaed
weelf o HeA el @

4. fuTe i (Si, Ge) U & WY AR (GaAs, CdS TEIR)
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10.

11.

12.

13.

14.

15.

AYATTH Telaei-eh! — TaTed,

T qen Wl qRae

TS e AN stdTere’ Feed ©1 ST ekl (TAEA SR BIe) i
Skt werel 1S9’ o1 ® SR A FH SHeH o qRUTHEEY 9w B 1 A
ST H SoEl i @A (n) BE FT TN n, WA B 2| B e
®Y G g 4FE I goeeE Rt #)

Y6 ARl H ST STIA oF * STAHH0’ § STe¥ A8 i H&A IRafdd i
S Gehell ©1 WY refwTerhl i STagelt tefesh HEd €1 9 T TN (n- TR SR
p- THR) o B 2

n- ¥R o HdEd d n >> n SR p- YRR % SFEEEE Hon >> n
= 2l

n- YR o et § Si 12l Ge w1 GeES WA (I@1) S¥ As, Sb, P
TS o QY A0 § e feman ST 8, STeifeh p- YohR o1 et Si 3tera
Ge i @t @ (Ul S¥ B, Al In 1 o erafsor 9 wrw faman
S 21

Teft qEnell ¥ nn = n2| Tk e Tere qoiaen faga ST B R

e o T Ta= el o (FASHl o€ SR Aer o9%) B ®, N seeee
@A B | HAISTRA ST H TS A o€ B FSA H AU FH S| GASTHA 9
¥ geft ol W qul € Sefer 1o S quiaan Rea steran s1ifyres &9 9 gfid e
Thd | fRHl I o ATer dT ¥ ToieeE T % o fau g @6 ® i
ATl o AT SRR B €| AAwdl Bl | HASehdl 9% (E) % ¥ SR
W%(EJ@?W@?HW FsT - 3T qu'{ﬁm‘{ Tl 21 GASTRA 9 9
TAFZH SOAT, YeRT e Tz il gR1 Ao o€ H SAfea fRu S gk €,
S ereferes W wenfed oM H UREdd Sea= wid 2

foegd-Telt 2 E,> 3 eV, 1= 2g E, = 0.2 eV ¥ 3 eV, Selfeh wge o fer
E =0 2l
g

p-n Ty TRt refererR gl w1 g 71 S UE W S @ @ soeee steE
Biel Wed Tl 3 g i Teh ‘g &R’ o w1 @ S |y fawa Jees’ 2
IEE 2

e STIIIHI dleedl i qRafdd hich |fY fava e ot aRafdd fwan ST aehd
B Sl a5 (n- B S0 & HOMEE fR W IR p- Terk 92 o oHw
R | ag 8) o Ulerest w0 &1 St ®, Sfafeh qeeieiimen a9 § g € 9 2
a1d: ferdll p-n G SHEE § Sufkiieh @™ R 1 7 AU (mA ®) e ©
Seifeh TTHEIYTeR STEE HR %1 A 9gd %A (WA W) B

TS & YA (ac) Aieedl o fShivl (JmEd ¥R 1 T fen § yfqafa
HT) B T H A1 S Gehall €1 He 7ere SUgE fhoek & AR § e o)
dc dieed 9w i ST Gt 2l

Fo fafire yaeH sEe ot g 2
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500

1.

14.1

SR SHE T U & fafire whisE gEe ?1 W sEiE |, ek ame o
ek fHfyea diced o UTEId U UehUE dadl @ (@S dieed) | SR SIS 98
o1 dleedl fEFe % w9 H §A T S 2

p-n | i SE T T ST k1T SR ikl U shid =g o YA foRa
T, STl 9 o et del B 9 Tk e B B (o) BReEE, fed B SueE
1 IR FeftT T o)1 e &, FehTer ki <ol Ao H Werash g6 €1 (b) TR
el HISH Fsll o1 Torga-Svell # IRafid il €1 () Feh1el Scsieh SRS IR gfie
R TS S diced] R SeiagiA STSH o STl Weh1Yl 1 ScAS el €l

& fosia oRRae & S 0 @R 1 W) ¥ oH g 19 SR 1 Goer & &1 T8
HHTa Al o o &1 G L 2

. Tomw ook dforan aem T A FEEYUl SidE qRuY @ §R (Logic gates)

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

faemuia faua

sefaTeThl | et e (E, 31 E,) feepforenfta 2, fwe aead € f6 3 o o
fopeft faferee To o fror 7t 21 it gwy wea € 5/ oy U fost 2w 2 o
E, &8 E, W @t @i T & 7@ 3% A% Ao o Fel Wk 77 W AR
ATl o€ ol &N o YT W Ol =IeT

difcreh arel=omhl (Si 1@l Ge) § 3iR p- refraehi § sTafageh! %1 39 o €9
o gf-ifase oteh 9 i 2| AT steETernl § wiel WEHish o s o
URerd ateiETerh o YR W off TRede X Heha €1 SN, ey GaAs ¥ Ga
3R As 1 o 1: 1 8, WG GaAs ¥ Ga-FX FTell 361 As-UeR dell Hasl:
Ga,  As,, 3991 Ga,, As, , & Thal 2| WEFG: Q6 w1 Sufedfq stefemerhl
il A HE R B R 2

MY I o TR |, g TehETd I AYET TRYL i Tk Tohd ‘99’ § THhigd
FW 2, e Tigd 9fwer (IC) #ed 2

T

el n- vHR & fafasi § fefafad § 9 SF-91 9o 9 272
() TOERH TEEEH aEw B IR et W] sfis B
(b) SORM TCUEETF dEF © AN qEEas QLI SITHYHR 2l
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14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

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

(©) T (fgeR) sTcqdEr® ded 7 IR Tagast o] STuffss ¢

(d) & (faeR) wgHeET oes § SR St ) sfbges €

G 14.1 § XU T FHorAi § § HH-F p-YhR o Ne=erhl o forg e 272
whra, fafersri 3R SEifem, gl § R WAt goiee &1 SRl oI S

oE el g YR HaASehdl SR = o€ gr € T §, S hH: (E)e (E)g,
T (E),, & TR & frafafed § 9 HF-9 wHem a1 82

(@) (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 ¥7 2, i
(@) n- &% ¥ o ol 3 STHRfYT B &

(b) ¥ fawale & HRU G o IR 7T 3 )

(© p- 47 ¥ ST, n- 89§ T WA @ o

(d) ST g

S p-n G W AR 9E@ ygE Rl S @, 99 9

(a) fawa ok s&m 2

(b) SEHETF dEsH “RI Hl YA I I 2

(c) fawa Tueh &1 HH HT < 2

(d) W & ¥ & L

aref et feseentor ®, A% feren emgfa 50 Hz © o i srgfa a0 82 wam fraw
e A A feed PRI A S

HE p-n FIASAEE 2.8 eV ST AWl ol el ¥ wierkfud €1 i 98
6000 nm * TR %1 TG FT Tehal &2

ITfafed ey

fafesi wamEl #1 gen 5 x 1028 9 m® Bl 98 @y @ @Y ki o
5 x 1022 TRE] 9fd m? 3R e o 5 x 1020 AW 9fd m? ¥ srafafye foman mn
1 TeTgH 3R Bt T T 1 afeher Hifg) e € n = 1.5 101 m®| fan
T 9519 n- YR KT ® A p- THR H1?

foret 3t erefares # St S E, 1 WH 1.2€V 81 ST 2l i serei
Tfefierar 1 qor | ShTRT W € qel aq R AR T8 }1 suhl 600 K den
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300 K T ThdsH 1 371 S0 87 98 WU fF 39 ames Higdl n, 1 A9
faeieel 58 WohR = @il ® -

EQ
n =Ty exp| o o
B

Wt n, T feeri 2
14.10 Tl p-n G SMEE § ¥R %1 39 YR =T a1 ST Fehal €
ev
I=1, exp(szT lj

el 1, %1 SR WY HR hed €, V TRE & Rl W sicedr & qe 9% smfkfs
T & A oo e TR 9 & fo o 21 [eEe ¥ wefed
T 2, ke, SIceSA i (8.6x107° eV/K) 7o T WH A1 21 Af feft fau
T T % fA [ =5 x 102 AT T = 300K T, 7@

(a) 0.6V TR Aleedl o fau swffes um = g

(b) % sMie & ol W dicedl &I F@H 0.7 VR S d ¥/ ¥ fovat gfg &t
S

(c) Tiaer Wiy femamn 22

(d) 3% wwaEfees Seed w1 1 VE 2 VR S @ 9% &1 91 1 5

14.11 39! f95 14.36 ¥ < ufier fu 7u ¥ 9% <9iise f 9fuel (a) OR 72 &1 wifd
ZEEN Al & SEfh qRae (b) AND 72 i 9ifd & %

A A®
Y Y
B
B
(a) (b)

o 14.36

14.12 9 fiu 7u fa5 14.37 ¥ ¥afSa NAND 72 Sifsa 99 sl Goam= R

TR
IR

o7 14.37
3d: 39 9RUY gRI k1 WM arelt gened 9ok Gigwan o1 srfufauior smifsm)
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T Selaeiehl - TSI,

T qen el qRae

14.13 i 7 fam 14.38 # <wiie sgem wfteer g e @ i NAND e 92 2
T S 9igel gR1 i S aTelt aek wiwanew w1 sifufauitor wifsw)

Ao— e f | o

(a)

o7 14.38

14.14 T 14.39 % f&T 70 NOR 72 g qfiuer 1 gegme groft fafew ik g9 qftue
BRI eguIfed aeh dfshansti (OR, AND, NOT) ! sifufiuifa sifsmal
(g%d - A=0,B=1 d9 3R NOR 72 & fa9 A 3R B, 0 & iR 39 YR
Y =1 2 3 YR A 3R B o g HaeH o faw Y o 99 9w #IfU) OR,
AND, NOT 5Ri =1 HeaM GRoil @ qeil Hife 3R Gt fosheq o sHifsa))

o7 14.39

14.15 95 14.40 ¥ T30 MW shaed NOR 712 ® &9 9RUY ] T TRON ST A1
R9l g1 Ao qeh |isRAtel (OR, AND, NOT) @i sifafeifa swifs)

(a) (b)
o7 14.40
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