T 14

37T S ohi-
uref, gfear aen
A 9O

14.1 yfuerr

T et f59 sotae 1 e vae w fhan s 9o, qeft ot aftaet
* gAYd T @S el Bl T 1948 H TR Y WiW ¥ Yged UE Ffrar
sferertra: frafa afererd (a1 area) of, S8 frafd srie fed o) sowie; e
(wi2) q1 Thelre Bid B ; gt fod diF solagie—helte, wie qen firg e €; 22
qerl dere (ShHEI: 4 TN 5 Soiaerel o @) | fordt fafa Afetent o seiserai &t stmafd
Teh T hellS gR1 1 Sl @ e 38k [afq— Soieiel o o= aieed @i giafda
o fFald B g golael o1 FEbE yoe ra fha ST 1 Sfau-goleiet T
(inter-electrode space) =i smch;Tﬂ\l'a'T EEIRE &mﬁaﬁa ATTTIF BIdl % Sl
TIAH gerere 79+ 9 | o1 o U3 § ThUHT ST Tl @l Fehd B g FfeRaal
T SR Shad el § TS 1 3R Yarfed &L ahd § (3Fld soee shad Th
& fegn o venfed & Wehd €)1 T w0 € for WS il o1 WeRueEn ared hed
2 frafa Ffeemet @ s gl R | o<t et €, afuss vt o1 SN
2 q yerer § WA 399 aedl (~100 V) i STevehdl Bidl 21 36eh |l &
T SfoFehTel STUeTehd & e fovaa-ar ot | it 81 sy 3ig-srawer
srefarers getaeitl (Solid State semi-conductor electronics) &1 WgHfa |1
1930 ® 39 9™ ¥ e T fv g 39 srewen stdreeh don Sl dftet |
T GATIT el & T S Al ekl 1 WAl a1 Sk YaTE i fEen i
fehal ST Hehdl 1 TehTYT, SOAT AT 3Ted ST dieedl S SuSTeh fehdl sreferern
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o TiET AT i WE uRatdd w Hehd €1 e <4 91 &1 98 € foh srefuern
el o Y ARkl HT SR N Yole @ 31 & i & w1 7, Fefh wwe
WA B STl et Afereniei/aredt o TiEE seieil 1 qw thelte § e feRa S
o1 q faifad T steEn Tatd H genfed i S ol STd=es gt § Sl
Ao e St faifad o w1 sevaeRal T8l gl 81 T8 SRR § Bl e B,
HH Yl o1 STAIT HAl €, A aieedl T HH il &, TR e oie Bl © 3T
T Torgereieran ar=st gidt 81 anyfeh gieal o i faffaa e o fagia ®
%@ FT drelt hete fwwr Zgal (CRT) feat swim Jefifas def don s
el  foran e 2, Sidreen TAERIeh! (Solid State electrons) TRTeN o T
Tor foagas feea feat (LCD, 59 foea we3l) afted g afazenfaa i s
@ ) erefurerh gl i S ®9 @ gug 9 @ oft 9gd Tt Yohfa ¥ Uiw
S e T (S FewiEg PbS) o Uk farteel fSer W1 ¥ 1 Uk Hueh fag
HAMTA o, 1 3TN WA T o Gg=a oh &9 F a1 S g1 ol

freAfafaa egemt & g9 s difdent w1 oo go sEuromst ¥ ui=g
HAWT T WY TEE (Junction diode) (2-Toiaiel &t Ffad) e fgyeta Gfy
(Bipolar junction) ZIf&R (3-sciaerel &1 i) St Fo arelwras gt =
== ® T R o ATHAT Rl U AT F IRue w1 o Ff w3

14.2 3T, TeTehl qT 3TeTeienl oAl AIiiehIOT

AT oF TR U7

Torega =etehall (o) S1UaT UAUEHAT (o= 1/0) F TTHE HM o STMHR W 3G U1

=1 9o § enfieror fopen S ®©

() &7g : TR FfRIETHdT Sgd HH (TS ATkl Fgd THH) Bt 2
p~102-10%Qm
o~10*-10°Sm™

(i) o7EferTeTeR : TTRT UTGRIEIShaT A1 TeTehdl ST qen fagaueh wsief o i o
BId B
p~10°-10°Qm
o~10°-10°Sm™

(iii) fEgavie : gt URRIeRdl Sgd SifreR (S7efaT efehdl Sgd ) eidl 2l
p~10"-10"YQm
o~10"-10"sm’!

TR UM p 91 o o HH el e 7 o Goeb ¢ AR Ky 10 e & o
off ST Tehd 21 o, forgerieh aared qen srererhl o ot 9 e o forg wfekiesha
1 TUE A € A Tk 9SS el 81 he g iR off €, S S19-99 79 79 erer
T S 9], T gd S|

TH ™ W gAN T STeErerh] o 1egT H © S %he YHKR o & Hehd Bl
(i) @rf® s7¢fareT% (Elemental semiconductors) - Si 3R Ge
(i) Zifs orefamera - S B :

o IHMEME - CdS, GaAs, CdSe, InP, 3TfI

o el - TYEH, Ak (Doped) Sy, |

o FEH FgA® (Organic polymers) - TeaEld, TelUfe, iefemaih

&g




srefaTeT SeraeiTeh]

- 1919,

Il qon W qRkae

ATTohel SUCTeel ATUhTel Sreferereh giral difcaen 3Tef=rers Si o Ge IR Aifi
SyepTal e SrdETeTh] W Bl SMUTfid €1 WY T 1990 o 9% ek SreEersh 3R
STH=ICToh! TG 1 SUANT hich FHd AL=Tcen! giokal o1 foreh gan o afass
% foTT ageth seiaeiieh! Qe Mfioh Seiarient i TEnfiTeh! o Wgwid o Hohd
e €1 39 1o § &Y ehael TRt e, foeivent aiferes stefErer! Si
qAT Ge o AT e g1 Hifad ®H| aifcaes ref=areren] =1 faa=m o fau =i f5=
Y SRS i TErtead foRa T 7 9 fed-a-fedt v § atferer Aife
afeferhl T oM Bl B
ol o o IMUR T
TR AT Hied oh IIER fhdl faged war] ¥ 39k fhdl soiaeid &t el 39
Tl T TRy e W R Fd #1 Wy oo W] Th-TR % R ST g
SE & ofd B Ol o Th-SH o oty Fene 8l W ©1 ord: ey wanet &
TRl ! STl ey STefesh TH-T 37 STl € 3R el ek foh Th-SW i &k
Tt €1 gHeh IRuTEEeEy TRt 3 W goieei[ Wi T w1 Yepla fRdt fagea o
% oA & TG 9 Tt = B S gl

fordlt fortedt o iR Ueieh SoieR[ &1 oT0 sifgdia feefy et © qen fl <
TRl o SR 3R o A 1 Yed wened w9 § wh S| @l gl 98l SRl ©
o e TR o FHof &R F9=1 B €1 3 Fa=1 ot & fSe STl o1 Sad afterd
Bl @l © Foif ael o1 Tl s §1 9 Sl T Ty warstehdr seleel o Sl
TR g &, Gaisiehdl d€ (Valance band) F&Ad g1 HASehdl 98 o S0 ford
&€ &1 el d€ (Conduction band) &&d g1 a1 foret sifafied s o, |eft
HAISehdl gelai HalSThdl 9 § wd 21 AR Frer o€ § eaq W e 9 %
FeaaH ®R Y off 9 @ O GaASRdl o o goleid SHT | e o8 | T o
Gohd &1 THEIE: wTer de fe gl 81 Wy 4 98 o€ Garsehdl s @i erfdertua
(@ehel) YAl B Al TR Tdsdgdsh $8eh ek S Wehd &1 UHI iifcdsh wciehl
o g

IqfE =T 9 qU1 HASHRA o€ % o9 15 R (STEe) ©, @ gaSed 9
& qeft solagiH Uias B € qo o o8 | i god goee Sueied Tl gl T
Tered et frgadelt = a1 B1 W HASRdT ST % 5 ToieA STel Sl 9w i
HAISTohdl S Gl <o oS oh §ie o1 e 1 UR T Hehd 2| G99 I SoiaR =Ter
é@ﬁ@ﬁﬁ%ﬁmmﬁgﬁﬁaﬁwﬁwwwiﬁ%mwmsmq«iw
S Hhd 21 T YRR FE IR =er AT § soieeAl qen wasd ae o Rfwed
BN % RO IO F G9ET 39 S

3T, 319 &H I foam &L foF N wames are Si 31een Ge fhea o g o
1 Bl B Si W STeid el Sl hen (n= 3) Bl ®, Sefh Ge W STeH el =eft
& (n = 4) Bl 8| ST ATEIaH Ham § 4 oA (25 3N 2p ToEA) B B 3:
g fFea o o solael i pd 9eN 4N g3l TRt eram wan | stfiehan
TRl T HET 8 (25 + 6p THHA) BNl 1 3F: 4N HaANSIRdl TSRl o oIy,
IeTed Tl &R SN B A 8N fafeorad ol T =1 1 12 Gad o o Fehd © Al
et Tt def & Tged @ g @, S freee ® weAmpet o st gt W frel s
? [‘SrE = o fagia’ — s <fEn]|

Si T Ge o Tohieal SeTeh! | TTATI[ST o &= i 3RAT X, 37 SN & 1 ol
de 7 A 22 < 2, fomen o= 9 siawe E, (Fo91 14.1) 1 9o & &
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AUhH o TH Y WAN Farstehdl goaHl 9 qula: o fre s gaisesar e g
Bl 31 S fSH AN ST &R B € 3% =1oiT 98 hed ¢, 901 I8 WH I W Yoid:

s | T e €| Ge el e % gerRi 59
i sifaqerTe (I URERes fohan) it it

e WS U €, STelfeh il el A1 HIS b
LI I SRl i ST SyHIfad @ Hehdl Bl
apE T — AT Si A1 Ge fohea H ot Sered
T GO ok foTT & choel SITRIaH el o Soiaeiql ol Sefiell B R W fa=R &1 &1 & sawasha 2
Si o oy sTer™ e dedl el € (n=3) Seieh Ge o [olq sTer™ el =eft el ® (n=4)| 37 I+
Tedl 1 STEIH Hel § TRl i W& 4 € (2s 3R 2p soER) | THi e § aedl sosel o
ol W& AN B TE| STRIaH el W gl i ffUehan §99 H&T 8 © (2s + 6p ToIHRA) | TEfaT
AN SR § 9§ 2N SR d, 2N s-37a%ey (el Feieq e 1= 0) | B 3K 99 2N oA e
6N W p-37eEe] § BIT| ST, b p— Seiei STaeery, e it s forst o werd <ifed s o fe@mn
T R YE AT T W YR A1 Uhel WHIS i ey @ (fas o 8 A

A ST o 98 TRETT] T 319 oM o fIT Teh-gm ok SR e 31T TRy i €1 fafi= qrarpet
o TSRl oh e URERe 3R o RN AEIdH el o T ToERl Wi St qRafid B Fehdl 2 (9
T 5 Tehell €)1 1= 1 w1 6N Ty, feht Sttt IRy H forgent wRameti o fow wdom off, o et
Th Foff g ot € [T A & B]I 56 ¥R 1= 0 1 2N gy, et S forger wrampe o
e wefum off, 9 ft Uk o9 o de H <2 Wl & [ o & B ol geurigds @] 98 9T wwd
oSS U T P H¥eT g YU @l B

TS o ot SEE i HH gUe B W, 991, Tk TH & Tl © S e 9% Th-gm | faer
F IR B T A ST W ] e el Sl STere e aTel e ST W1 S qed S
e o ff = =l St B 3H & W (Fem W 85 C), BIT Foil aved 7T @l SR S e e
sl SrEETd [aiHa g Sdr g1

Fqd:, AR WAE & = w1 g SR HE B W g, @ o s R 9 faved @ o ®
IR TH Fof HT E, ¥ gUF 7 W T (Fod & &7 D 3@) | W el sreeensi w1 wqol e
8N B T @ @ S % o st e T 2 (P ok s et S § @ e T 4N soRed) |
el Tiefer o1 7 ® o feet o o S sa € eraeemd (4aN) €, e wamEt | 9 g gaisrhn
THRA (4N) T

T 78 o (St GIihar s Heedl €) uld: o9 g3 €, Wik Hud o guia: @reft g1 Fud
S & o d8 Fed B
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e g 21
a1 ST fagra

41\1%];];1 5\4_25{8 (ﬁiqﬁgm) > W.FﬁmﬁSimGevmﬁN
3 chieezal T §| e TRHIY] o S 1 T
L. — o [ 1 haTST | fafoRd ST B A W A
. P ; e fafia &, s1eid Toh-38 § SAfHeh Sfaue
/ = e "0 W, s it @ @ g T
= E » foRted H T TH-TER o 9gd e (2
E j Y R Fehead! T el § W uReie




oo 14.1 2fEw) 399 =reM o § faH fem

Tl ®R I E, % &9 § 91 Gl o€ §
IoIqH S WR A E, % ®9 H 9@ T L
E.% IR I E, o A< 369 TH-TW &
st e agd ¥ el &R <@y T 7|
HSTRdl oS o Y qe e §g w1 aelt
& = o FIUA H Fo A AT (e
Sl R, E, ) Fed €1 AE Sauer wwed A
Tehfa R el el 81 T ik, A arerEn g
B gl 21 3 fafa= fefe =t o 14.2 9
Tl T qen A= gt faae @ T R
gwoT I : 98 o 14.2(a) & s@ieR T
feafd & ol # B 98 U uig & feufaq @
Forem e AT s 9 9 90 qen FarsThd
e ¥ w1 4 o € Auan Jed o8 ae
HAISTeRal e e & S fdeard e §

Il de T gy
i AN
________________________________ E,

Eg
e E,
TIITITIIII e I 4 N ST

fag 14.1 0 KW ot srefemerss § oot ST =1 feufqd,

T8 d f59 = A9 #ed ©, § oFad: foume e H,
o fiehe Soi eraeend et €1 Freen e 5@ gaisehar
dT wed €, § srcafus fee qoia: ol oo sroemd gkt €

HASTRdl oS ¥ TOER X § =i oS H W Wehd B I8 Teufa fera =rem o
fou srcafires T o soiee Suee U Sl 8 Se TSR S 3N &9 9
BI € o SolRiF s 7 WR 9 $v9 W a% T hich fagd wie Sl §9d &
24 2| SHfT 30 TR & qeiel 1 iy H el =eihdl S=4 gl 8

e T
B |E ¥
% |k,
£
(i)
/ﬁ?ﬁ
E. e

TSR BT el
o

I IS

Vv

w

Z

(b)

o 14.2 (

TR Sl

(@)

a) ¥Tgal,

TeFRAl H Fi

SAfqeT
/Wa’%’

E <3€V
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i

THIUT II : 36 ool | o for fot 14.2(b) ® <uifen o0 7, 59 feufa o o
AT E, Ao €1 € (E,> 3 eV) | FIe 5 § FiE serei Te 8| oF: HE forega
M E T B S 3 A o 7E R Sl st s st e ¢
fordt ot ardia SIS U SOl 1 HaISTehdl o€ 9 FeM o€ S 3 Sufed T8t e
S Gehdlll 78 fagantyl wsiel 1SS 7

THIUTIIT : 718 Tearfa 14.2(c) & <wiiet 7€ 31 3o/ weh uRfia W oy S 3faue
(E, <3 eV) &R 21 T 9IS SHaA & o HRO, FH oh A9 R, F Fereei Saeshdl
Fe & 5o ol A 9 o ¥ R S AU F R T o de H T TR
213 Tore (vafy S § %9 B §) 9o o | T 1 Hehd 71 3d: Erers]
o1 ity Sa SAfrer el g Toa fagade qeret @ e 2

TH SN H TH HTqSH, Sofhl qen Stefeerehl o1 SATTeR afishtul feRan B ST
3AM § W srefwrerRl | e uferan o foma o e

14.3 I 3T¢=AS

T Ge 3R Si 1 G RO 3@ ol Skl STk (Lattice) T =71 14.3
o fe@r € ?1 37 et i ER S o ed B odeh TATY] R 31 fshead
AR g o g Bl W S ® fR Si 3R Ge ® WR HaAIShdl solagiA gl
2| 3H! forteeiia T & Yei®h Si A1 Ge WA 304 =R HaAISehdl soisgil | 9
Th-Tah Soiaeid ol 3194 IR Tehean TRATIeT o Y T@HTArar i i Jgid @
2 qe UQ Y% Fieheed! WA % U Soe 1 GEWT o i 8 A€t wevn
Wﬁ 1T TELIISt T4 (Covalent bond) = ISRl e (Valence bond)
W%l@mmm%ﬁﬁ%ﬁ@ﬁﬁ%m@ﬁ%
9 -8 A F @ @ 7, e 3 Ted § 94 2 ) o 14.3 § e T
Si A Ge &I G 1 2-fadtg freqor o 14.4 7 gaenss w9 9 fS@mn
2, S weEash s W scfud oo 3 21 o 14.4 T eyl famor © fowd oy
T2 T ® (meft dy w9 gu €)1 U feufy e A W s @1 S-S

Tl 8, 5 TRl W SN FHE s U B o @ e

T W B TR T H S B TR § (FH gerR

TR T | AR F 7) | FE el e S

% O THIS H GHE! T G SIS FL A § 991 99
1 U Re o o 3t 8, S 5 14.5 (a) § fe@mn @
21 qo Tl (38T - ) &l 4 Fereist o §, o5l 9%
T AT (+ g) 1 Tk Rekd T BIg 31 €1 GH1S e
| 3Tew oTen T8 Re T T 8l (hole) el Bl Biel Gt
YT STEY dTel Ush STT9Tdl G &0 hi @ HAER

Fl
v I aref=ereR (Intrinsic semiconductor) § Hd sﬁag”r—i‘r
O csiTae — i S Eﬁrwneﬁaﬁﬁm,nh$wﬁé,aahu4l)
n=n =n .

. . . h
TorT 14.3 e+, fafasw =1 swafam & fou ﬂﬁnfﬁ eS| °|I'é°h TEdl FEd §|

dm-forfa ER S o weam foraw Sers ﬁdmaaﬁﬁagaﬁahwm%ﬁwﬁséagﬁ%
ST o FH: 3.56. 5.43 AR5.66 ATl mop-wrer Bt of R FW 1 o FF F 1 R @ 2 ¥ o

o 14.5 (a) ¥ fam@mn T 21 g & 77 B 14.5 (b) |
474 fe@y &1 § gfted fF o1 AT 81 A9 9 9% SR %




TeHars 5 T 2 W Teh soiged o IF 1 (71d)
H &g HL ST Tohdl 81 TH FhR, TH TH 63 o 918,
Bel T 2 T8l T 91 TIE 1 H U Soiae o T
U ST €9 | F 8 TF 1 § [ 2 W Fall
T A Y foh ST Solae™ IRy | gad gaTl o [fod
14.5 (a) 3f@T], 9% B &I TG w39 o o
aftaferd & #1 g solag qofd: wdsdrgdes =
TR o B H TG Ll € IR Tk fogd &9 o
W T TR GW ([) 30 T TR0 R R S e
foreea o ®El ot T sTIRA 94 B q9 F7Yq seiae
1 arEdferR Tfq Rl SR SR AU e o fog el
F T Shael T Hes SUM B et arafaess fered
T faga & &1 o & wora®y I8 A RIS
faa #1 $iX 7fd w0 §| W TER TH A U L
et ®1 o1 W Sca=T =T SoleRiHl o ShIROT geleRi
YR [ el Bl oW [ 1 A SOl e 1 s -

I=Ie+Ih

STfaTeTeh SelaRiehl — 91,

&
Rl de WA AT
) ’ ¢
MOBNCENC
E—— Seen N o-' ----- °
H L] H
: P ¢ @ St e Ge
L] e
@@ e o
o e @A 0—" ----- [ .ody
; i e T
¢ o | : sferd
o LSRRI % LI - o ° -
..... -
¢ B ¢ *
P o °

ot 14.4 Si 1 Ge &1 T F1 I-forfia Hazemsw

ooy fored foret @ W weEEst ey fean T

(|t 919 99 BU, FiE <21 99 1) | +4 T8 Si 1 Ge T
ofialt e i 3w 2

(14.2)

FET &AM 37 A 910 9% 2 R TIeE oAl 9o Bl o S g o |ie-Te
YH:9F1S 1 YehH il € o golaei Bldt & WY ga-g9ifed g § | areaen |
3TAY AT o I B 1 5L 36k T HASH 1 T o SR Bl 2| 39 qAHASE

1 FNO SoERA F Bl § 9ug H B

o 14.5 (a) 9270 A9 W SN el o FROT TIE 1 W a1 F6 a2 o S BH 1 HILTs
&y (b) fret giet #1 Gefaa S fq &1 Welfierd Fewon = ot ST g1 o geddrsh 9Y (T 2) 9 T
TR IR Bl T | W =ell Sl ® 3R S TIF W T el sigdl B

9 YR TIM | § T 2 G B o1 SR T S g 2
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—— ————— fo3 14.6(a) 7 TwiT R

A Ec I

ESCERIER

E. T=0KWR $¥ I arefarern frd
T fergaiel =t wifq SqeRR HLa B

Tg A e & ¢ fSEeh @R

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

Eg Eg
# g 1 T > 0 K W ardia S<fer
TR =eH 9 H§ e w9 9
T T80 T oid &1 geifery fereht
(@) (b)

IS enfarerR 1 TS de oM@

ot 14.6 () T=0 KT &% 5 sefarers fomaiet & wifq soer To91 14.6(b) ¥ TAMT STFER &1 21
I Bl (b) T>0 KW IR A Scq=1 geisi-giel e W o (+) TEH D o =oH §€ § g9
sl 1 el e € e fe 94 (0) gl =1 fefug #d €) T ¥ ¥ TR R TSt ST § o ¥

341807 14.1

476

qo A e H 98 Bd sl
T 2|

3IITETUT 14.1 C, Si 91 Ge H1 ATk (Lattice) T= F9H Bt 21 v o ==

C ﬁﬂﬁﬂ%ﬁ 2 &k Si T Ge 35 =R (intrinsic semiconductor) 27

A C, Si T2 Ge o TV o =R S seiae waen: fgd, gt qen =qef wan
H e &1 o7 T AR ¥ U soiee i SRR e o forg etmevas el
(ST 351 E,) W8 FH Ge o foTu, 389 aforeh Si o forg ok wo aaferss C
o foTT ghMtl 39 YR Ge 9 Si ® fo[a 9o o fou w@as soiagHl 1 9o aedsw
Bt & SEfeh C H T8 g gt B

14.4 Uz sreineeh

ol =1 arefenersh w1 STetehdl @k @9 W R Al €, W weI-ad W gEehT
el Sgd FH el 21 3 ®9 H, wiE oft gecqul seieifer g 37 srefurereRt
BN aehTid &l 1 ST Hehdl 21 37d: k! =Teishl H YR AT SEvaeh Bdl ¢ T8
3 arefurerhl | gl w1 STEN ek e S )

S fordt w5 ereferers ® i S ergfg ofcded WM W S % W i
fafee (ppm) A foeTE S @ @ STeh! =Rl § 2 A1 g5 8 S Bl 39 W
o SISl TYRSAT STECIR (Extrinsic semiconductor) dl 3@7{73 srefaTeTH
(Impurity semiconductor) F&d HICIED] STQI% Ea) Wﬂ'l‘ﬁw Tafsa &< @57
(Doping) = 7Y HEed © qen STSI%WT{I T (Dopants)mﬁ 2l
TG YR o 9519 1 F1RT (Doped) o7¢f=rcreh Fed 21 eraffsss Uar g1 =ifey S
o sTdf=Tees Usied o Sae ol faerd 1 w39 had fhked d 9gd ®A T
refTereh TeETY] feafaal st € S wifeul 39 W S o foie U sTeves v ag
2 T sufsiss o o1u) qon stef=eis usel o STUstl k1 WES @I GHM B

=Iq: HATR Si 316l Ge o 5 o feTT 31 WehR o 37afige STa fRT S 2
() o GASE (TSRl 5); S8 AR (As), TIEAT (Sb), HIERRY (P), 3T
(ii) T Gerste (HesERar 3); S 3fam (In), SR (B), i (Al), @)




srefaTeTeh SeiaReiehl — Uy,
Il qon W qRkae

319 g e oo i o srafson gr ford fon ;
TR AR H ST aEh! i T H AT e e e e
a1 & 5750k HR0 39 stefeTer i Hrerhdr TRafda -.... -------- .- ...... .—-~ ......
2 W 21 Si el Ge Ed WO o =qY TR b ' : ?
(=) & wee € geifee &\ erafqyor & forw frere. NP S .
Tt 4%

o dIel e U= o7 o dcd W1 99 98 STUel

I EU 9N WEUH! SRad gY HW & TR St ' FerR
ToRT S ofTet el o TLATY] k1 |5 Si 31efal Ge o é ! N f
WA & WS F O SR ¥ Uuk qA qw ¥ (+4) ""_' """ “Gay
o "ed o fou SwEm @W ol BrEdse g " """" ' """ ' """
TEgdSeh dw TR % qvEd TH-gE | id: Lo
9= wohR o < srefEre gl w1 i e @ (@
SRt 9o <= fean w2

<[l i
(i) n-9&I & efmerdn
HH AT o &9 Si A Ge (HANSTEHA 4) 1 TH QCXQ N
JoHASTe (TSR 5) a@ 9§ oTafhfsa e S O@ O 8

o5 14.7 5 T 0 €1 56 +5 HaSehdl sl ael
Si o Tk TAI] ! GfaeelTid shich STOAT T T80 OQ O
Yl § Sk soleRAl | § W, feheadl =R
faferspia Tt @ & oA €, Safn dree el (b)
ST TATY] ¥ el 5 5R1 e1 Tl &1 UH guer forT 14.7 (a) =q¢f TAST Si A Ge § TEGAST <A1 WA
2 o diwd Tol o forg o # W e A wn (As, Sb, P, 37f%) & aafig#or § &1 n-srefEerE|

TR TWET] o G9E Hig % 9§l THeR
IRUTHEEY 39 UM i Gad i o o savaes
I Foll Sgd HH B € 3 A e AT W
T TR o S H e T i oh foe Ja

(b) n-YhR o Tt T LRI GIH HATEATHE
T foae gfqeemdt g1 o Rer Fig i had T
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sifEE® | (b) p - THR o qgred
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Qi NI

@mﬁé@ﬁﬂmaﬂm%l“ﬁfuﬁmﬁmmwaﬁaﬂimém
Bl = Y R I €] GEH el ard W AT WEl AT AR 8 S
T qo1 TS 9 § B o9 9 21 39 YRR 4 a9 W AT o H el H o
7@ ®9 A g stk | o o SR gl #1 ardig g | etk §
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Ty ST faeto g9y &9 9 Giehe qe TRefeud @ T 98 W 8 9
ergetl, Teregauiferal qen srefereren] (A e Sget) W S i THeH W Hedw
C, Si 91 Ge F1 Yfalesrarat | 37X 3ok e a1 G Sl o i Ssf fadd
T et @ B1 e (SRHE), Si d9l Ge o fou Sl U HHI: 5.4 eV,
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ST A 0 eV Bl

— i —— R ——
E.—ee g% E, -
[ - T wen T
20.01eV
|2 Ey r
> < EA
1
%0.01 - 0.05 eV
(a) T> OK
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e T TLART o 9 el
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(b) p-hR o 37efeTeieh 1 Sl SS|
ISEAUT 14.2 A Aifew FFE 35 Si frea ° 5 x 102 w0 m? 21 @
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A AN ST, 7T aria Sa 1 o 8 3 s (n,~ 10 m) smafagor
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?zﬂfﬂ"'{, nezND g
i‘ﬁ?nenh=ni2,sméﬁﬂﬁ#@1
n, = (2.25 x 10%)/(5 x10*) S
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e Rl

14.5.1 p-n G w1 o

p-THR o Tafa®w[ (p-Si) AH=Teh *1 qaeh Fefashl (W) W fa=R wifsw|
TRYS €9 § qa9dsh g i 3Teq A6 e fhelt p-Si vefaet & 8 «m
i n-Si ¥ qRafda fran <1 wehar 21 et srefererss @1 0 w6 w5 sga-E
Yierard €| o1e Teferent H p-&5 TH n-&F @ p- 941 n- &6 %S9 Tk e1gehE WY R
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el 379478 (Drift) | 89 I8 STd 8 foh fohell n-Teh o a7ei=eres § Soiareiqi i |igd
(9Tl Tehieh AT | SeiaRil shl &A1) Biell shi WIgal i Gl § e erdt ¢ g6t
YR p-TohR o TH=TeTeh H gieil o1 Figdl Seiael i Figdl i ol § 21fus gidt
21 p-n °f % FEior & wEE, 99 p- TS n- HoRkl o TRl W Higdl geoTn
(Concentration gradient) o HI 'Eﬁ?fp—thtflqo T n-FHoTeh (p—>n) =1 fouf@ @
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T o RO EY W TR foeR Y venfed et Bl
e 1S 3ot p ¥ n 1 AR foald g € df 9% e WS wh St S
n-Thesh T BIg 1 81 T8 A <l (U SAEY) FR AR o WA R S B
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Thefeh TR AT Wi (A YA TE-STS &15) T W foreRfdd 8l St 2l
=l YR, Sd 2 Brel Figdl Joural o 0l p — n 1 AR foaid g € @ o
AT OIS T AR W (RO A6 B a1 € S FHvae g 81 S- g
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rd! &7 (Depletion region) &4 g1 7€ SEfT € AT Soiog a1 grel S |y
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<« e form %1 Bt 81 G % -l W Y Pﬂﬁ—ﬂﬁf&ﬁamp—
—> Telsh TR FHUMHE TH-91S1 &3 8 o SRl T | A

S AV T FUMHS AT H1 A Tk g & S 2l Sl B
0000 n TY &9 o SRl WY F p-THeh 1 Seiaeid n-Terdh i 31T
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w1 e # fog@ & uRed= e o %R0 gig 8 S 21 wveikie s | g
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(14.16) 5 2@ Tehd B fop ufefore omg o oR9 & ¥ 39 99a doh ogad dR-4R,
T 0, el © Se qoh T SIS W deedl U M= 9 9 3ffues | 81 S
39 AfvenafiTen dicedl o a8 SEIE 99 dicedl H 9gd Aig-d g gig w9
TEE YN | e (SRETdieR!) g el St 81 98 dieed sgei aieedr (Threshold
voltage) o1 He-34 dicedl HEaldl 2| 56 dicedl &1 HH SKATEH SMEte & fag
~ 0.2 diee o1 fafer erie & fau ~ 0.7 diee 2l

TeafefTR oo o S % foTy G §gd %Y (~pA) Bt @ qe aad o ufieds
o WY o fEeR o Wl €1 38§ Hg@ & (Reverse saturation current)
Hed 81 T FD foiv Wil §, oga e qesieien aEE (@S dieddl) W EN
A erare gfg &1 i 21 S/ ki g9 o fowman i faemm S ot 14.8 © Y
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@ =7 (14.6)
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30
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S

0. 050708V

o 14.17

TA TS AfTEEfeE H1 I= 10 mA ¥ 1= 20 mA o S19 T3S @1 i i 77
B S o T @ ol ®, ¥ o1 o | 1 UIer #d gY WiRie 1 gieher
T THA B
(a) 9% ¥ I=20mA, V=0.8V;I=10mA, V=0.7V®R

ry, = AV/AI = 0.1V/10 mA = 10 Q
(b) FFFV=-10V,I=-1 AR

3Ad:

r,=10V/1uA= 1.0 x 10" Q
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e i R, % faxi w fria sieear) wm et 2
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Treqan, f aieedl a1 910 U S o fon T ot
T e 9 stfues <8t afiuy 2
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HOT W& G o fad W dieear ¥ 9fg 8 @I g
2 q1 98 AEfRE 8 S 21 At uiuy ¥ wiE a9 dre
T&1 & @ 7 feega fria 1 ek sieed q e
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V, o TRE, WEfEReR dieedr § s wefs ufedd ey o @
Ak YN ST i ST Tehell 81 S U A, IR TEE W walfed
B ol U o srefeh IRedd B W ot SR dieedr fEa Tedt 31 9
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3T 319 I8 §He &1 JIH &L fh o9 dicedt | foga ow@
IHF hY 98 ST 21 B S 2 T TdT o SeieRAl (1o STee
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vesfeferen S W gig et 7, | W foa e Heeyt @ S 21 S
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TR § 3 GASTRAT SR ! S n-THek i SR @R o, Gied
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U 24 mA B Ry % fl W fawem =10.0 - 6.0 = 4.0 V | 380 &6 W B
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21 78 sefares 9 p-n W % i ) fafy w R STl @1 LEDs stef=mer o
Feior & U GaAs, GaAs-GaP S8 ereferers Syam ffy s € e faferolt gatsm

1 TG B 2

9'FT lni2ibe

489



% wifae

490

34180l 14.6

IR W 5 An=Ap 3R n>> p | THAY SgEEIF qEH] § f9=h 3R (An/n)
AT ATEH (Ap/p) F1 o § 98 HH BN WA W e Ig He Thd &
foF TRTOT-Y9IEl oF HROT STCUYT ATEHI gR TYAfEfieh aEE ¥ H faeeTE oi,
sl aEg O o fa=ens Sfax 1 erden e STHFl § A S Hehdl 2
TETY, ThTRT 1 diorar =194 o foy wieiemEE i adear § qvafeiies sy feafa
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(ii) Y197 S@Sieh A

T Tk AU AUHE p-n W SHITS e € S srufefen are o o fafemon
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e TS SR SrEfed Bl ® d Seleeia n — p Wi SR (STEl o Seu A
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(i) Fr=1 w=Te dieed e eTuateRd % wifeR|
(i) 3er foran, ™ BH & fou = g T2 =few
(iif) ST FeRTeT T S e 100 A T 500 A, 1oral SH I § 78 oIS (R
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S S g ifq TE @ 99 oft g BJT 1 2ot & wed §1 Hf 7R steme
el BJT e &1 Hiftd 8, sforg ew fom ferel wfgreran e BJT o forg ifore

T H T ITAT H
14.9.1 TR : A= agr ferar _
ot Tifre A A TR A R E O P TR A A A R AR e o o
# oma: T ? % gifer e 14.27 o @it ooR < ¥R & @6 ) El ni n o
(i) n-pn TFRRT - T n-TFR & FHA0F & A TS (SHSH qU
GUES) p-UFR & AECEH % TH e (MHR) G YUF FRT @ F Is
(ii) p-n-p TRET — U p-YHR & AAHd o I ©e (ISih qell o
TUesh) n-ehR o =k o Toh @S (3MYN) gR 9ush fhu s € i BT

fo 14.27(a) ¥ f& p-n-p 91 n-p-n fa=ma o aeeres feum 3wt V7]
Y €| ferell 2R o < wel ot Hier fe-fae g €1 S e 'R g
off fir=1 €4 €1 p-n-p 991 n-p-n TRTEA 1 Tl S oITel SRS Fdlieh!
o [ 14.27(b)] 91 & fag <ifeex o wenfea &g o =1 fgen gwiia €1 s B
it o diera g == feg T e (i
o 39 (Emitter) — I8 5 14.27(a) H MW STTIR TR *1 TH 3R &1 (@)

e Bl &1 98 AW WeS 1 WY ¥ raffya el 21 T8 e

TEIfEd o 9 fT TEEEIE AR AEE H AN A H Y w81 SN Silhd
o TR (Base) - I8 Shsld G Bl €1 I8 370 YAeH AN HH STAIET Bl B
e TIWEF (Collector) - I TE TSI NI UM fhT T IgH&TH AT ATEh!

o SAfIRTT THT <1 GURYT shidl €| HUTEsh Thofeh FIHNUT SarHf¥a gl 8 g

e ¥ TE ISl 9 990 Bl 2

B UE € @ b ¢ foh R p-n G % weor § @i oh SR-UR wH
BIEl & o o @1 TRt it o Scesieh-3NUR |y qe SuR-SaEe |
R B &% g 21 fre giferex 1 wrl gonelt 1 gHen % fau 'Y g G .
T B &S i Ui R S e we fRd Iifee o efiet W 3fea SR NLlsg
Sieedl SIUTeR i STl € df ifeel o i & o e aresh T i 2
ifTeet 1 e fa=-fae gaeHl o for fi-famr wehr @ fpan St 21

TRTET o1 SUEN T 9 § & YhR U FRa1 S Tkl €1 Uol €9 9 THH
TSR Yaeieh st Aifd 1l A b faw fopan T on i ot famme =1 eafida TR
T S T 81 R T g9 o % w9 o off g9 Suant fean s
T EH 3 AT € TRl oh fawa W e1eae ik 78 S R e weew it
! ST e 3 TR THIARE T FRitea Ry ) ()

T BT I8 S 1 T H R e ) Yae st i HeH o 14.27 (a) n-pn

- . ) . ) I A1 p-n-p TN
B 2T 1o Seesish-3MUR Wiy o SUfieh o, qe SuR-Hues | 1 SR e S
% el SEe o vade i A s w21 59 frofa O o 14.28 ° A (b) n-p-n T ponp
TR FTHER: V,,, TV, BRI F3d gL A T 1 I T Rl 7 T R
1 W IrAfea fohan S 2 ol S0 SHR! ik STaE] Thed 1 TH Scdsieh qell TR
o a1 dedl iV, 27 GTeesh Q1 SR o e &1 aeedl iV, g F&d 493
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#W 21 T 14.28 ® <A TR W@ Swafts efifa

SR W TS 2, Safeh s9oh o7 it Sul: Scafsieh

JU GRS W GAfSA €1 o1 37 < fagd wEt 1 wEw:
Ve @ V. 5T Frefa e 21 37 aftwell fome scasie
Sfs <fid gl €, 3T SR de ISl % arE
AT faga W_A H V,, 9o WURH IS A=
Tt faem wem # v, g frefud e s 2

3TEN 379 BH TSIl H§ ORI 9 o 9l o faug o

'Lfc TR U R S ScHSih-3MER GfYy W swfefiren
AT qo STHR-GUES 9 W wEie auted B

AAMF: SIS SHoih § TS dehl Hi 3=
gigal gt &, f5Ed 8 p-n-p Rl # den seieiq
n-p-n ARTEY o TEHET dewh B B 3 TgEeish desh
YR & § SFcfersh TEa § Jov hid 1 SMHN ATk

qqen 9ol %H W1 § SuiafEd el ©l ofd: 98l W

TEHEIH dEhl H W& %A el Bl p-n-p AT A,
YR W Hifeh T8 n-TehR 1 Af=erh 8, o7 : dgEES
TEH SO Bid ¢l Scasieh § UN H YAy % ol
feehTer Bt oEl SUfkerd Toiei= hi shH TEA i 30 o
T oA B ek SUR-Tee G qvsiiiien 9 e €,

Y3 B, S TH §f R sTeuiE 9R® % €9 § U9 B €,

G 1 ST | IR Yok HUESH | UET S ¢ 3R
IUfeerd Bict a1 o STeX ¥ 3 oo solgel 9 Ha

& foru anuR =fifFa &t oK fa & © SAYer 9uEs o
O U o forg EfY Bl U ek Sresh 2fiTe W g
Y &1 SR ) TEfeT gdel a9/ Sl @ difeh sl @

forr 14.28 9P dieedl ®1 AIFAM (@) pnp ) Toafefo Ao AR SRS T % FeT T
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‘;,"I;ﬁ‘l'{?{ qr (b) n-p-n ‘;’Iﬁr@'{l

MR 2fier W A SR | & 9R R |

T &M 3 4 ek I 98 € TR e s
B o HRUT Teh Jed YR Scsich-3MHR HfY & Fa9 hidl €, TRy SHoh Afrehier o
1 Gor TeEiEiien SEfad STUR-wes G w1 AR Hie A S € qen SnuR
Y M ol U S qowl S Sl ¥R U §gd sid 39 g el 21 9 g
sufefires o Wik 1 TR SIel el ¥R 9 Soie W HEe; I 99
@ frefid X @ eufRes arm sEie # yerfed o a/ 1 A [, + L 89 T
T § o e W L = I, + [, TRg 3MER 8 I << I, + [, i [, 51 ifermier sm
R et § STeT A w1 o9 HUTesh W =l Sl 21 37: SR R Scasieh N
1 T 9gd S Y Bl B

TER W IEIH H YA hIA Sl R SeHSi W [, SeR Bt 21 3 YRR
TR fima § frfd e, & qon waee ofifia @ frfd o 1, ) o1 e fg
Toh § T ® [aun T 14.28(a) W few@s M o @i emgwE gr o] fe
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IS T [, WIEH & [ TN STOR 9 L1 30 81 Steffa-
I = I.+1, (14.7)

THUE M E RO~ I

el W el =1 T shi 90 =1 faete ®g o)1 1 fon o geem 81 W seaeHl
=1 Tfa =1 fen om0 w1 RKen & S fauda 81 39 wehR R p-n-p 2 §
ISk W SMUR § FAY el € SHieh n-p-n TR H ¥R YR 9 Sceish § 799
HA B SeEsis | el w6 o1 1 I i <wid

foRdt n-p-n TR # SgEEIH T ST AEH] G ST TC qefi ok foamor
p-n-p 2 o g9 & &1 wg o 14.28 # 9T SER ¥R o 99 Th-SW
o ek faadia 21 o 14.28(b) SoiaeiF 9g@Ed® aEs ¢ freh! 3Mgfd n-7%K &
&5 gRI 1 Sl 81 3 Tael p-WehR o 3R & %! U ohid & i TUEsd W 989
FT HIEH W I, ] F| W e ¥ w76 7w fred frem v 2 gifms
F1 Gl ororeen § ISl SN G T ¥ Yy o ®9 H 18 Ll © Seis
MR-GTE T S gfadier o &9 H wE FHeAl R

14.9.2 U« Tifareey uiug fa=ma qor i stivenafurs

ot Tiferex o o i 2fifFer STered Bid € 3cafa (E), STeR (B) A1 GU8F
(C)1 2ra: fordt gfmer # fawy/fria 9aem 39 YR o B =T fh 370 9 &g T
(E, 1 B &1 C) frow den frfq o sufs &l safan fet 2ifere =6t ffafaa d
fa=mal & @ frdt w fore § Hafa foen S g B
373 3 (CE), SYF 3TYR (CB), a4 3YF3 Tigs (CC)

Tt w1 ATk =aTaeh ST SIS Scsieh CE fa=mg o foran s € era:
B U == i had gHT fa=ard qek & Wi Wi 9 n-p-n fafee o
1 SYAN Sfish GERT 1 BH eroe wel gl gt qe & ifim Wil p-n-p
it ¥ SIOER hid THA STel TR omgfd =1 Yol Schfdd e et 2l

e 2R o1 3T CE fa=md o &ed € fer s qen
IeSieh o W= qefl Tid GUEs qen Scesish o = el @l

YR SeEsish dieedt § V,,, IRedT o e ER o/ L H i
IRedH BFT aT ST FEeTdl 21 3H TR GiEsh-Schsith Qu
areed V| Rad o We GOes 4 I, H qiedd e e @“A
srfreTierfiTes et €1 o9 78 @ R 7 srfiremerforsi st Ves 3, Vee

e srfrenerfores Tt s €1 399 98 et g © R

&

—&—

iI

E

@

CE

SMYR 9T o 919 SIe® U § o 9iedd e 2l
o 14.29 & T@iw U ufwyr &1 SUAE Heh el

n-p-n INTEX o @1 sifenatores qen fria sifvenaftoes 1

R,

VCC

o 14.29 3w oSt fa=ma o
n-p-n e o i qen feme

eI foRaT S ekl 2 sTfyenafoTe o eTeaed o o aRaer-—sgeren|

C,, Ffufe=me o feer srfureteriines =1 s1ee e o forg
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100 — V,=10.0V

I
0.2 0.4 0.6 0.8 1.0 Ve (V)

(a)
| [ emaR W (L) |
i i 601A
//SL E —_50uA
\ : 401
/7 | o k
//r— } | JU“[
A
i v f 1012
0 2 4 6 8 10 12 14 16

HURE ¥ ISR areedl, (Vi) (V)
(b)

o7 14.30 (o) 7= oW Afaenefoer qen

(b) v=dt ffa stfemerforer|

SR U [, T STUR-3cEsieh aleedl V,,, 3 a4 0T
(T ) Wi WA Bl V,,, T L, R @ 1 steme
F o fay WU Iesm-aeed V,, e
Sl €1 gA e 38 wwa e stfieneifies ara e
T Bl € S IR Giwmd o H el or:
TTEh - ISR Aeedl V%l a1 Sifeish T@n S &
for omuR dutew Wiy weafkfos sofoa © 4
Vip= Vg + Vi @811 Si T o faq v, &1 91
0.6 §0.7 V& 21 37d: V,y, 0.7 V & T 37tk
T =fen) FfF V% T2 w7 gife i vEe

Aane N

e w9 ° few W €, oG Sfueiw 999 9%
UR-TUEH WY Too Gg=iaieh arafdd @l €1 o
Vo | 9 3V E 20 Voh T H TWeht et
sAfrenaifor W o S weRd B 9 Vo " 9 Vo,
4 gfs & ®9 & ¥l gidt &, 597 I, W 74919 T799 &1
gHen TRUTHEEY, V,, o fafi= oml & fag few
ANTAITOTRT o ok TNIS TaGH Bid ¢ 31d: hael Th
faarr sifiremeifors frerffta (@=m1) & gafa giar 2
o 14.30(a) # TRt iR =1 ot frarer sifirenerforr
T T R

I, %1 T7/a Tt V| e o |19 [, | IR
1 U101 e Rl sifyenafres ura feran smoweRar
g1 78 v 2 fF 5 Vv, H @ 9fs e € @ S
& ¥ B YR TN SMUR & © Sorae ¥’ a4 | Jfg
Tt 21 550k UROTHETEY [, e [, S H ST §9
# gfg Rt 21 38 9% Wi B © fo w@ [, H 9fg

et € @ [, H o gfs B 21 1,5k fafe fraw A w1 aen v, % e g g
oehi § BH fria rfrenerfores o g1 §1 era: fo 14.30(b) W <IiT STER SMeR &m
1% faf=1 wef o for fam-fam frfa sifwenafores 8 2

31 SHl-Free den fofa erfirenerfornt o o el %1 sw ofaed & 5o

eyl ac Wl o qReher | A9 KU SER fRan S gehdn 21

@) far wferrd (r) : 39 39 YR TRfyd R s 2, foa v saste
Aeedl (V) W SER-Scdsteh dieed H qRei (AV,,,) o IROMEEY AR 4
H oRumH SR (AL, % STIIE H o Ry wEd 81 98 uRed e (ac
gfeiy) 7 qen =9 Faw sfyenaforr g/ gar ff OFIRN ST SRl @ TR 9 A9
2T 1 ToeM o o | uRatdd erdl 8

_{AVi)

"=,

(14.8)

r, A FT §hel § TS TR W 9% FB off 8 Tt B
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(i) ffa gfedier (r) : 39 39 R oRefia foren st 8, foa emem um R
HIEH-ScEsH dieedl H M (AV,,) T TOEs o H IRomH S (AL)
ST i frlq wfa@e (r) ed €

o _[AVe)
o =\"ar. ) (14.9)

fria sfirenarfines = <l € foF e o v, o o1fq g o o6 faa 1, @
Faerd: gfg et 81 391 wRU 98 § for snuR-dures Gy avefkiies smfad e
? e iy wfend oreen o €T R orka o, gifeel HgwW oeen § € qen
sifrenaifoTes oF 39 W H, ¥R 1 SR Seed V., (=V ) 51 @ fawe s 2
SV, 1 A ATER-HUE FiH ol T SrRied i o g Sieeesh sieed
T atfersh B & @V, ¥ ufteds & W [, ¥ 9gd w9 gfs et 8 i sifuemefones
% g T & T w1 ufaen el she - wem s 81 e & feia afay
I GEd: SUR-TEH Y o 99 g FEGE fmar s @1 fela wfay o s=
IRATT (100 kQ HIfE 1) EF 1 RO 39 SETS 1 TwEiieh S@fdd e 21 sed
e ff oy e ® for fofa eifiyenerfires & emfive 9w W wEfe it g
afereen ¥ 7, Wiy 9gd & A e 2
(iii) IRT FaEieh O (B) : TH TH YRR IR R S 7, R wuree-Scsie

e (V) T TEs 9/ H 9iEd (ALY $R e o o o ufted

1A= A

(AI) ST I YR A O (f) e 2

(14.10)

TH o7y frer oRT iy +ft hed € a1 Skl | STt gil 1 A B chae

I, T I, 1 ST TG Y q1 89 2Tt T de B 9T B €1 37
I

Pac =1 (14.11)
ot 1,9 1,3 e o fesa: 9 et 8 9o 59 [,=0 8 /@ [,= 0B T, B,
T B, T FH T aaR B €1 31 SAferewrer qReheri o fa B, w1 s fwa
ST HRl Bl Vi, T L (A1 1) Ufees o wer B, e B, I A eier after
2 2l

ITEUT 14.8 531 14.30(b) # =wiq 7 fefq stfremerfors | foreht zifsreet o6 g,
TN B, % WH GRERfed HIMC Safk V= 10 VE G911, = 4.0 mA 2|
Xl

(AL I,

Bac —LEJVCE; ﬂdczg

Vo @ 1, o fRT T A6 W B TP, o A I A6 H o [T BH 56 THR
T 9 TR €1 [, % KU T A 9 8 FF ¢ 9 st [, < A o o fR
T stfreneaforl W faER #d E1 T I, = 4.0 mA. (I,= 30 T 20 pA F AT
SARTENEOTRT T ST FIY Vo = 10 VR H TF | [, % q 09 Tt w3 &l

S'VI lni2ibe
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GEl

Al = (30 - 20) A = 10 pA, Al = (4.5 - 3.0) mA = 1.5 mA

T2, B, = 1.5 mA/ 10 pA = 150

B e 1AM M T o Toq o1 @l V. = 10 VIR [, = 4.0 mA o T&I& I, A
1 STTAN TS 2@ 9 fohg T 31 sifvenaoeni o fag g, o =1 7 aiesen
FHIC T $7h1 ST9d T Fifor)

EEUSN X

T, I, = 4.5 mA 3R I, = 30 pA % foT
By.= 4.5 mA/ 30 pA = 150

T I, = 3.0 mA T I, = 20 pA = foag
By =3.0 MA / 20 pA = 150

T TR B, =(150 + 150) /2 = 150

14.9.3 TR T I o w7 A

I T S ATt {99 (S CB, CC @91 CE), E-B a1 B-C |fvml o o1& qen
TEITeH &5 S S, Wishd & aU Tw o SHR W e 1 STANT Teh i
& &Y § a1 51 Tehat 21 99 5 &H Teet € 9uiq # goh € g9 chadl CE famam
Toh &1 HifHa W qen et i =t e gomedt sl ¥HgH o foe 39 i o g=ed
& qA IEET T B STIA] A Shisd W@l

v

>V,
b)

o7 14.31 (a) CE T ¥ SR a@faa el

(b) 3T STFaeAaTon|
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S T T SYART ek A T STl
21 3Heh faia Tt Zifeet =1 T woels o
w9 H ST w3 o fou 39 9fsra &7 | gt
HTT BRI
(i) TTfeT faer & v o
g\ fo9 14.31(a) ¥ MU CE fa=m@ # omuR
TR e o SHaeR ol faveror sieh et
&1 fog & ®9 § yaeH 99 S §AE S
g uftwy o fraer den frfa vel ® fras
dieedl FEH 1 SEEEN W EH 9w B e

Vs = IRy + Vi (14.12)
[
Vep= Vo= IR, (14.13)

BT TH V,, Tl dc w1 sieear v, qen v,
1 dc Frfd dieear vV, 99l 31a:

V= IRy + Vi 0T

Vo=V~ IR

3T I8 2@ o V,oh I © 0 a5 WV,
o oo g Bid ©| faferssi oifsreey o v/ @
V, % U9 0.6 VI ®H Tl ¢ R ik
T | Tl € qe I, Y B L

oqa: V, =V,

V9 V, %1 A 0.6 V¥ ifue g S 2 @t gifrex S stawen # o S € o
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fia o o ¥ [ B 81 T W% [ R HE ged W FRA dieedr v, e g1V,
" gfg eF R & T e q%%ﬁ?ﬁ‘%aﬁ?wmvamm‘%ﬁam 39 994
wwm%mwﬁmwm 1.0 V& %9 T8 & Sl

T AT, afteds RfEd 8 ST @ qen iR Waw srewen ¥ ug = 2l v,
% T ¥ oiR gfg B R Pl deed § ok wH e € qon 78 T SR o
T B Fenfd 9w Y et e B ARk T v qen V.o o W e, [ ¢ aeR
Frafad T w1 FaRul Afaeteror’ ?ﬁ%ﬁ‘%[ﬁﬂmmb)]ﬁi%ﬂ%qﬁ%ﬁﬁ
WWHWWW%W%WWHWWWQEW
off U9 &7 2 ¥ Sl W ufads o Washar 7 gidt S 7 guiar ® {6 ofdsh sraen
q afep staen § qen G sTaen ¥ HqW oTowen § WehHU 9gd TR el el

3TEW, 379 W 9% W T i fom &7 Aifq o8 % i €1 5 9 VS
mw@m%aﬁ?%aﬁwﬁmﬁmmﬁw Vsmma:lfww

m%laﬁvwmwﬁw%ﬁ%aﬁw ﬁwﬁqﬁﬁwﬁa
w&mw‘m%ﬁﬁv 1 O Sgd %H, T & Al Frere g 21 v i
e T s § A g A T8 e o’ i ferfd § s § o o e
Taw Reorf & wren ST £ o 9 e et | el S #1399 9% ke @ # R
I &7 &Y (FH) A I=F (SAfHF) T T ARTR I dh a1 Tgw AT
o TRIed W & fhdt ffvea aicea @ = SAu@n W & ®9 | Refig &3, a
B IE € Thd € foh i @y aw it o1 fem i 3 3@ ® et Sea
Rt T o1 R &’ #2181 T TR § 8 39 39 YR 9§ ot %
& fop it 1 gz 7o oy fraw s== ffa WM e @ st gt &1
T geu Frawr o ffd weH v @1 oifset & fow uftny 59 yehR fesmea fag
S § T zifeet et off afr steren § @Y @

(i) et gatde & v o
Zife #1 yad® &t ifa ST § @ % fag g9 v, aen v, % o= o % fe
&5 1 IYAN K| 3H T o aeh WN FI YU (o9 § gRedd o iy el |
fterda 1 <X Bt e HE 1 98 KOs it € wifh FRd A Vi - IR,
IR, T 21 7 o 2 fF S- 3 e CE woia 1 Frdwr et & ofg @
%swlﬁﬁaqmmﬁw%ﬁaﬁ%awﬁmaﬁﬁmﬁmﬁwww
21 4fk &9 7% 7 R AV, qen AV, frfd qen fowr sicedrstt # stew ofed § qa
AV/AvaﬁuaﬁasaﬁaaﬁqﬂﬂaaﬁWWA FEd 2
aﬁmﬁaa?qwﬁgaﬁwﬁaﬁmv 1 2 rad AF , df 9Rgy
AV, / AV, diced afed & CE Jade 1 Al =aeR Ml 80 el i aeed
WA ?W%%Waﬁ%ﬁﬁawmaﬁaaﬁﬁwaﬂﬂﬂw
HY Tehd

7 W € f fid sieed V, = vV, — IR 3T, AV,= 0 - R.A L,
g6l YR V= [,R, + V, ¥
AV, = R AL + AV,
W, AV, F1 0 AIR, % H %I o1 § 109 o §OM 8, ¥7: 79 CE yaeish
(fe 14.32) 1 dicedl Afel i 38 YR e T Fohd &
Ay=-R.AI,/R,AL

= PoRe /Ry) (14.14)
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Bl B, =AI/AL, [FHE (14.10) §]1 T8 YR YaHs & &9 H ST FH o
fern ifereet o wfera &= o Wass 9 o1 ST fan S Fehan 21 2T &1 T
yad® (CE-fa=m¥) o &9 ® 37Tcl o9 ¥ faw@r o == fohan smam|

14.9.4 TRTeT-vad® & w0 ¥ ( CE-fa=m)

T 1 oredeh o ®9 § YeIferd i o Tolg 98 3fevaeh § o g9 36eh =e
fag =1 3ok Titha & o 7o W sl W Faa w3 A g9 aRor 9 o W 9
o Hed o fog o GRgEdl Vi, o1 | Ford o 99 de SMuR ¥ I e g dqen
TETE e ¥ I, oft frra gt STl de deed Vi, = Vi - LR, St frea @
V., T [, & TeIeM O JaEish o gerer fog s i w2

I SYfd Vo e Softed o forelt fret o6

H l i B AT HR v, ST H FE A

c Rc Fieedl de SHR IE" TR ST 3 al STER-4R

AN v, T HIEF UM I, WA W S URee STt
i E Vec g ST THe URUTEET WEE 4 [, W o
I% S ey i 8 s st el aieed

V, % 7A " off Tegedt afedd 3= S §g

forT 14.32 CE =X ya4® &1 T T qRue
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HefEt g0 de dieedies i 2Te%g ik B9 a9
= gen Frfa o i W ac 9RadH & A9 & B
Yaefer o ST faeror § g4 fodt ac e
T foer 7 foran 21 o ®9 4 gerden! o1 SuEi gerad! fae i yata w@
o forg femen sman @1 AF ST foer 14.32 o <9ifT o @R g9 fRet ac fraen fama
v, (TR Yaftfa T 2) i 9V, (de) R eaRifia w3 21 Fria 1 Soes qen
9y & ot 9 feRa S 2

et off garfer 1 frarfafy =) T § 9HgH & faT 9ed 89 9% A © TR
v,= 0| 7@ frfq T R s foe & SyE $6 W, 36 W e 2

V., =V +IR (14.15)
Tl yeRR e urer o fag

Vip= Ve + R, (14.16)
S v, A T 2,

Vet U, =V + Ry + AL (R + 1)
V8 e w few wfm@w (r) [ (14.8) 3fa] den [ H ufied 9
e foral =1 Weha 21 39 THR
v,=Al; (Ry+T1)
=rAl,
I, % wftadd & 1 ¥ off ofec g 81 e weie (14.11) # wRenfid w=et g,
Eal| ﬂfﬁlWﬁwaﬁWWWﬁﬂTﬁﬁmﬁﬁz

Al i

ﬂac=A—IB=¥ (14.17)

T ac ¥R @ (A)  Fed €1 WA rfa sfaenafoe o e a9 | g w1 AW
B, Fhe i 21



STfaTeTeh SelaRiehl — 91,

IfraT qen Wl aRay

IR V1 7 T 7 I, wR0 [, H 9fEds v, den gfitee R, % fa W
e & ufedd S L 2

T gRedHT I T (14.15) R 39 YRR @A ST Tkl 2|

AVopo=AV, .+ R Al,=0

SAUET AV, = —R, Al

V™ TftEds i sicedt v, 31 T (14.10) § &6 W< 3 @

v, = AV, =8, R, Al

Yaels i dieed oo ¢

o _ AV

AU = —_—=
v, TAlg

i

R
= —ﬂ“cr L (14.18)

RO Tog 98 Fefid s @ for fria dieed sen o fowr dieear o faada 2|
2R SAfenetfires 1 SWied A | W4 I8 U T CE fa=me o um
afer g, 2t 81 o & aieed dfed A, Tl o TW WhE Al A F AW
wfe qen dieed dfed o UH%hd o &9 § o Y Fehd & T &9 |
A,=B XA, (14.19)
I B, TMA,F TF 1 T afus €, o1: 76 ac Wi afer e it €1 qenfa
T T WY B =Ifey foh Zifere i wifs s it e 81 frfd W S== ac wifm
o fau smavas S o g WS Hi St 2l
3ITEY0T 14.9 fo 14.31(a) # for@ oMfd V,,, & OV ¥ 5.0 V a& e fofan
S W 1 Si TR % A B, = 250 TR, = 100 kQ; R, = 1 KQ B T2V,
= 5.0V ¢ 98 WA g & 5o Ziforet S ofewen # €, @V, = OV ae V=
0.8V, (a) 98 =I7qH STHR &N YNehfed hifae 58 W Zifet dgw stawen | 15
ST (b) 39 YR V, &1 98 7 foed ifee e i’ &1 «ifa & i (o)
V, %1 98 IR 1 HifS et g feaw it ' qen ‘feomr a1 =t feefa o

T 2

&l

faan gam € fF wgw@ WV, = OV, V,, = 0.8V
Veg = Voo = IR

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

gafe I, = I/B = 5.0 mA/250 = 20pA

o Ta diced f5E W it qwi 980 S ©

Vi = Vg = IgRy + Vg,

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

o Tae dieear foaa - giferet afaes feafa o @ 2

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

0.0V & 0.6V, & == e’ ‘fa= i’ stawen ¥ W@ 2.8V qe15.0V & ==
g ‘T o’ e o wm

o T, S I, %1 9 0.0mA ¥ 20mA ok s qiafda g 2, o 2iferet |fwa
sToen ¥ T 21 W R H, I, = BI, W Bl ¢ W oRel §

Ic< ALy

6'VT lnir2lbe
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% wifae

IETEIUT 14.10 fFdt CE-Tfret o & fau 2.0 kQ & S@sia gfades o fog
i W 2.0 V?| 5 wifeT 2t 1 9/ yas® 100 @1 4fE de 1 SER 4R
1 UM fa=e 9/ #1 10 T B 2, @ 2.0 VHT MV, dviies | wafa
FiRE® R, %1 91 9 e Aot 9 Jfaus o f W de favemm o wResfea
ifery| (Ferst 14.32) 1

g ffd de aieedl 2.0 V 31d: ac §U®® &7 i, = 2.0/2000 = 1.0 mA 37d:
SMER | S Al fo e oW i, = i, /f= 1.0 mA/100 = 0.010 mA

dc STHR HW = 10x 0.010 = 0.10 mA

FHIHIT 14.16, R, = (Vi - Vi) /I, T8 "Fd 8L % V. = 0.6 V,

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

dc WIBF ®W I, = 100x0.10 = 10 mA

14.9.5 TAWRUT yaelsr qon iy Sifem

T 2@ ® T o fordt yads ¥t Sew few faee fafia e s @
T o vetdd famel o w9 ° Tl e 21 gEen w1ef 9% € f6 o & fla 7

34180l 14.10

fam sty g fod difem o g faw fama
E«'i&‘ [ Feln e fam & e ac fRia Ao @1 g we ),
&l <ifert o1 frfa former @ gfawfer g 21 W@

J,, IH o fow ww yedes & fomn smar 21 fwla
faa &1 T 9 Ry faee & wen § @

:
iy © (i) P H T €1 wee i gfe S fawga s
o 14.33 (o) ¥ TR0 A6) Toh o : Wiadiierd 2t oftwer e H I H A 9 E 5% A @

: gt T R
Jaeeh &1 Sfes & w9 ° fohen s 1 fagia; 59 = A N

(b) T WA LC Iferst (Fuesh ®ie) ; a9 (c) w1 ST Y YRR 9 B9 21 U o % fo=

502 SHTA T oF HROT U i SR i T e To S A A\ St
g (A fmion) | 5 T B
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srefaTeT SeraeiTeh]

- 1919,

Il qon W qRkae

RN Bl Tk | TUseqdl, TR o 9Ues o &1 T 7l (Surge) FaTfad g
IE ¥ pea T, ﬁalqw St 7 foes fa &t f9s 14.33 (b) § wE 3
S 4 @ T R TE U AT R AW R e e UES W, afew X |
Yazsaﬁ%ﬁiaaa?% @}mﬁ—r1433(0)(l)ﬁﬁmmwélgﬁFﬁT L
el T, o o9 GTHTE AT oh hI0T s aRud H TH e e
¥ (M % o areE § 7@ FRw @ Rl B g )1 o gaeRe S
FROT T, H I8 U0 (ISR W) ot X® Y T Fedt @ (e 14.33 (o)
(i) é@anﬁwﬁgﬁ@‘aﬁﬁT H ¥ (FIEE aW) Y A9 W
Tl @ 2T gg B Sl 81 SHeh aﬁ%%ﬁwwmwﬂ
AT AfhaR AF W 7, 71 319 3R fesh T o7 Ghdl|l Jfw o9 GuES
o1 W SR ufedT T @ 2, WA T, % e gudTE &7 9ga a9 @
ST 21 S g erst feer gt ST, éﬁﬁTﬁTﬁgﬂﬁwwwug—vrﬁw
g B W ISk R HA B Y B ST §1 e, GMEF 9N Y § Z
*I SR Tedl € [ 14.33 (o) ()]) R, G U % T & FRU Heell T,
éﬁﬁmwmwmwﬁw%lmeﬁTﬁ@m@n
& femar & (IR Wﬁm%wmﬁawwm g 78 fHan 3=
foadd 2)1 sUh HNU ISl YR 39 T 9% SN e & 6 9% T8 720 W
T TET WU R IR Fe-anw (foesx) = S gmen ief € R L odem I
I HST 1 WA T S @1 gHfery SR oot yRfier stareen (S wif
TUH IR A HT T off) H aIw e ol ¢ Tk 9% Y0 Yk WY w@a:
T ?1 tufd, TR Ted Gqw ereen ¥ W €, fR we-ai o ik f
AIE T S W ol M@l 1 W STl ¥ -3 AR TR A e
% &1 o ¥ @m g Iwm-ufuy @ guwafa e (Fee T, B WRed
L 7o HeIfE ¢ uvdEE § e ¥) S e W Rk Fw 31 W seenad
ftue 1 SR g (v) & 9 egfa @ St feifa st @ fo e feg stafa

T Iferd &

1
Z[ZTE\/E] (14.20)
o 14.33 (b) o U9y ¥ 3% o1 GHEARG IHUY FUES 1 S SIS 740 2| SHT
U GHERd GaEe giferd Ed g 9 geeEid IiuY SUR i AN e i g
FEERT SR e HET| e T YR o & IRy (S RC) a1 g7 fge
ft 210 & o9 fafirs goR & Sifes od & SI9 wiafie qifes, 8ed fes, RC-
e mfz)

14.10 37%heh Toia(eht a9l qek (TR ) A

sl srgamtt o o yaieh!, et 99 gorreif e IRl @ srast aferd s
o1 3 Sieedl stuan fagaumsti o fame 9aq e aRadHra aeediet STeE st
% 9 H 9| T YR o Fqel i Had e ey f4ver wed g1 Tt 14.34(a)
o T T € Wi e fare wiian e 21 o 14.34(b) § T R @ &Y
Tyt e § e dieedt o shad fafaed WM € 9E &1 39 YRR % el i
Frefid =@ & fou fgenur sfel o1 ST W B ¢l fgenud st yoment o
ohael 31 &l 3 ‘0 (319, 0 V) 91 ‘1’ (J¥, 5 V) B €| heh Sciei=ehl H & ohered,
1 14.34(b) ¥ <MY 3ER, 321 T dieedl T 1 ST Hid 21 g7 Toqrell =l
HRT G777 Fad &1 g uftue § Fraef qen frla dicedisti o oheet 31 7H &
(e 0 e 1 | Frefa fean e 2) e 2
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W HifaeRt

TH TN 1 SETA Ieheh SASITh! ol THSH o I JeMm =R 9= 3l 2|
TET B9 3T TeATT H heh SRS oh F© Jagd THEe! (F= aifas 7
ed §) ok € Hifa @i 3 e faime &0 @ s farel w gare s
F| St T 1 ST hotgpoiedl, i wfgat, e, Jarel, siaifies o
yonferEt qen SeEERl | TR S B

3T U9y o 9§ g9 394 - B IYAT T 9t fa=i 1 330 o Hehdl
g1 o =1 feafa & SgaR genmer ‘o’ Styen ‘et W A9 ar €1 e g
B 1 R I e R B o IR e P e e o I e e R O |
21 Frae verre form =1 frefqat B e =) franial 990 o fou o= = o a
‘ST’ Sreen ‘o’ W Teurfadt § wEa €

A

Fleedl E™

MAN S B
/ \/ N \/V\/w E
i
(@) (b) -

(b)
fer 14.35
NOT T2 &1 (a) T Wik
(b) I RO

504

ot 14.34 (a) 31989 fa=at (b) Aw faa

14.10.1 difsges e

Y e e T s URUe (Digital circuit) B & S Fraeh @ it steearet %

o= fordlt Ty aifeher Gy 1 AreM ohial €1 SHifaT =ar9e ®9 9 3% el
7z hEd 21 71 Ted 1 HRU e € foh A gu1 ok yaTe i Rt s 21 s
w9 ¥ 3YF fRY S a6l i wlitses e NOT, AND, OR, NAND @1 NOR |
T ifSien T2 i fREl Wdieh g SATd ohid € qef $Heh TehTd ohl Teh HIHM
|l g oty feren Stan @ s @i dwe frasht 9eh W HEsHl qu S
- frfa 9ok @ & Swid 81 HOmE SRl @it el % SHeRR i
e o WeTdl il €1 7 wiforeh el i eidEIeieh iRl s SUANT ek oAl
T T B

(i NOT Iz

g Faifush garyd e & e chaet T e qen wh ffa e 21 @ afg fre
‘0’ g ‘1 rfa Sea=t e @ qen afe few 10 @ o eia S s @1 st
g fordl Fraw =1 e Fifa W ogohiia SR Sc= il 21 TE S0 ¢ fh
3 IHAF A Flociwe ff Fed ol To 14.35 7 39 gR % 0% &9 | ST

2N aTe Wdie de ST IEH SRR & TR 7

(ii) OR 7T
foret OR 71 o Te Tid o |1 g a1 SAfuer forw Bid &1 55 14.36 § 39 g &1

qeh Udteh a1 TeaHH |RU <ueh TR 21 ey frla Y10 @ Sta o ot e A steren
e B 1€, 21 <4 18 el afe g off fraw s== @ df frla 3== 8 2l




STfaTeTeh SelaRiehl — 91,

Il qon W qRkae

— = |O|O
= O |0
=== | O

(a) (b)
o9 14.36 (a) OR T &1 T W% (b) OR 2 i HIHM TR
IR 0T difcher Tishanedl o SAfaad 39 T &1 STIN TS qUIEYT i
Heifud @ ¥ foran S gl 31 39 Frefafed semon | e fwa w2

IETE0T 14.11 531 14.37 ¥ i 7w f991 A 921 B & fa@ ‘OR’ e & fia
TOTEY i =Eitad Seds|
Ta frefafaa w s §feg

® i<t W, A=0,B=0; sHCY=0
®( W T A=1,B=0; zWEqY=1
®( ¥, A=1,B=1; szECY=1
et W( T A=0,B=1; sEfquy=1
®( Wi T A=0,B=0; sEETY=0
@t Wi T A=1B=0; sETY=1
®(>( & f,A=0,B=1 s@fMuY=1
3Oy Y 1 0TeY a9 &) B St fas 14.37 | faw@mn w2
S
.; i g ! |
A Lo : [
(Fem) | | ' A
s—t |
N
(fia) o 14.37
(iii) AND 72

fordt AND e ¥ T =1 sifuer faw qen we frfd 81 €1 AND e 1 frfd Y shaa
1 2 @ Sa faw A qen a9 B EHl 1 81 59 1 1 dek Udish dl YoaHE groft

97 14.38 § <l T B o] o 0
A
& | Y o] 1 0
1] o0 0
o—— |
B 1 1 1
(@)
B 505
o9 14.38 AND T2 &7 (a) Teh Wdieh e (b) Tcdq™ 9ROT|
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3aTe Ul 14.12

34180l 14.13

ISTEUT 14.12 A 3 B 999 o 0Tl 1 S0 14.11 o I SAfS@)
AND T2 ¥ 9w ffd aReq &t whe sifsl

'l

o <t = fay; A=0,B=0 THAT Y = 0
® ( W T%; A=1,B=0 FWAT Y =0
o ( U TF; A=1,B=1 gEfeT Yy =1
® t Wit T%; A=0,B=1 T Y = 0
® ¢ Wt T¥; A=0,B=0 TEAT Y =0
o t ¥ TH; A=1,B=0 TR Y = 0
® (>t = fay; A=0,B=1; TG Y = 0

wﬁsem%rr{m AND T2 &1 ffq aoTen 99 fa § <31T SER 9=
S Fehell €l f

-_——ct
oF
&
-t

(iv) NAND 7

I Tk AND 72 2 et NOT R T &<l 21 AfE Faw Aqen B A 1 ®
fpfa 1" =1t Tl 39 12 1 9% 9™ 39 NOT AND S99eR o ROl f&dn T 7
95 14.40 § NAND 712 =1 deh Udieh el TeaqH 9ot et T8 2

NAND 72 %! Hreif3eh 712 o1 |rd waisies 72 ot sed €, i 7 1 o 94
T 9 3T Gold T S OR, AND T NOT Ul o< Tehdl & (371919 14.16 T

e -
A
. Y
}.
B

(a)

— =] |0
— O |=]|O

QOl—=|—=|

(b)
oI 14.40 NAND T2 &1 (a) Teh Wdish de (b) YIHE 9RO
IR 14.13 9 @ 7u 991 A 91 B o faw NAND 72 & fid Y

I ThY SIS

'

® t<t o fog; A=1,B=1; afell Y =0
® ¢t W TH; A=0,B=0; TEfAT Y = 1
® ¢t H ¢t TH; A=0,B=1; gafe Y = 1
® ( U ( TF; A=1,B=0; TEfAT Y = 1



STfaTeTeh SelaRiehl — 91,

Il qon W qRkae

® ( Wt TF; A=1,B=1; T Y =0
® ¢ Ut TH; A=0,B=0; AT Y = 1
® (>t o fag; A=0,B=1; FEAT Y = 1

5} L t, t, t (N
o 14.41

~
€1'P1 Inr2ibe

(V) NOR 7=

ok ) A1 3o e den T i g 81 OR 72 o qvErd Tk NOT Hfshan
STI9gR % ¥ NOT-OR 72 (2197 sheied NOR T12) WIed eial 81 97/ ] a9 A
qe1 B0’ B € d frid Y et 10 gian ®, 3terfd | @ Tk e i T € o fraw

‘1" 21 f99 14.41 § NOR 72 &1 e Ydfter den Scad™ 9ol erie Tt 2

— = |O |O
— O |= |O
[@N Kol (R

(a) b
ToT 14.42 NOR ER &1 (a) T Tdie a2l (b) &M mmﬁ(l )
NOR §RI ! ek §R Adl Td Faseh gR /M1 Sl 81 #4ifeh shael NOR
T2 & YA ¥ 39 @ e @ AND, OR, @2 NOT W &Y Hehd & (3%Td
14.18 qe 14.19 <fEm)

14.11 Uahigha ufae

YRgelf sl M w1 WA fafe 38 9hR ? : S/Ers, TR, R, L, C 31 Seehl
H FAHT 5% Alfed 87 W q g Hieel Hidh Sl Sal 8| el o Sfshi
o I ST TSIV AR ST Heh! IHHT STFANT HA W off TH uRuer wfa g o
THoh Sifdfiad U8 Ry &0 favaa it den &0 yora-Ueh gd ot gqof 9kyy
(food sga ¥ a1 e 919 R @R ¢ 9o 9fewa gfaaal 99 e ot o
Bl) il AGHTh o [l B Thd soier (31 fou) o o fafdd =@ <1 emon
3 TR drEliERt o wifa o <t 21 UW uRuY w GHied IRy (NS
gffe-1C) wed g1 9ad fasqa &9 9 YA &1 SH ot i, gl
T RTer 31 A W 3 Wk Wl 1 WA ¥, A (monos) F1 e 2L




BT THA 3R 72019 (lithos) 1 3¢ BT § TeeR| qfre:
4 g 1ef ® fop gyl afty fodt whar fafeesta frea
(=1 fo9) W f4fifd 21 fov & faud @ga siel, ST 1 mm
x 1 mm o1 389 o Bl 8 Ghdt &1 9 14.43 6t & =
o o7 Gedt wnfiees eror | <t TE B gheh e WM Y
s AR gel fea e @ i o 9 Wl i 9w em
oo HAISH I i S Geh| 39 T 9 & e g o 2l

freer faretl &1 Ypfd o SMTUR W Wehighd gigel & ]
Tl W e S Gkl B () o e TR Tehishd THUY

(b) e7ifereh Wehlehd uiuell e Tehighd IRUY &
Tl o1 ST hteh SAfbshan qe =Aad JH1 o JRER H 9Rafid i 3% ey
T Fad & 24 €| Tid o 39 qek A o SwHEdt el €, Hefd a8 e
% HY Waska: ufEfdd giar g1 ek Thiga ufel § god sifus v
qisharcas gass (Operational amplifier) 2.

Hiferer Thiehd afty 39 farel &1 GEieM wd & 5ok ool € M 8 &
T ot e S Ui Bid B Thie o &R (i Thihd gy § gige
rFFal A1 Tk el i &A1) oh SMER W Tehiehd UYL h1 AMHeRI0T fhar S
B1 S %@ IC i Tl Thel SEHRM, SSI (@ifsen el &l W& < 10)%hed € @ 5o
g Hifedqq w@hal SR, MSI (SifsTeh T2l &t W& < 100), TSl Whal 3EERM, LSI
(AR T2l st WE&AT < 1000) T St st Tohet $eiUw, VLSI (aifsTeh T2l shi de&n
> 1000)| THigd uRgel o Fefor &1 deifieel sgd Sfed @ W 98d &R W
HArafiTeh Scared B9 9 3 i R 8 Y 2

o U TN : hEET Wenfirent st afasy

goft IR qunferEl o BRF TR Tehishd UREY (IC) Bl B1 Odd § @ geft Sgd gheEl Sie R,
efifee, CD @R, Wl i K § Tehishd qRuY (IC) & eid €1 f5T9 oT[eheor o hro aneffes i
U S TG B I kT T TS IC o Hord e =1 Wehet oftl 1C et seleRifen gferat € e
agd © Zifeeer, wickiereh, Homfis, Sarsht ar-aeft ueh & Uohe | B 1 o ‘HIsshineeR’ o fava o
1 B HERIGER T U1 IC Bl © St fopelt shogex ® weft gerietl 1 gafud i @ S 98 @
T @ & A G heft 9 T, B U1 FHEwH = 7, Gt &I IC w1 gdyed faehi 99 1958
H I TRHe R Sk fhowh! g1 fRan mn frges forw 3= @ 2000 # Feel [WERR YSH fRar
IC =1 Trrefor srefemerss foreeet o Thel (1emn fou) W wifaeiuThl Sfhan g e S 21 56 TR
TIE =1 ikt SE (IT industry) St=esh ™ R 21 fueet %2 auf & 1¢ it Sfeermnd o T8
€ Safeh 5Eeh SAeTO w1 S FRAR Toeps i 81 sl die ekl & shoget drEifitnt et ofsehiol
T ey H H Aol T R o1 %31 21 INTEL & eqems: Med [ 3 T 1970 § 98 =arn
o fer ferell T (IC) =1 T ammar X g o ® omew < P el S 81 T8 R % g A 9 g
21w fog il =t Sen § =Rt ®9 9 gfg @ @R qe od-g-ad sl @i emar ® gfy
B W, fRe oft 3 gt 1 eruen o1e TR B | oA Y9 oh SR W UH Gohd et ®@ ® R 992020
T 3Ue® X 40 GHz (40,000 MHz) R J=1ferd 817, ST | &al B2, Iy <&, a9 o o
o T Qe A e T S ST S T o S § R 9y 5 e R S
foreATd SEX01 gR1 Fa 3758 €7 9 9 YR oA fehdl ST Hehdl ©: AR Torenferd aee SEin st
I w5 Hifa wfd Rl HiE Tow TaE (Rolls Royce) R Ui Tioi 5 @i Hiel o sl 3R S§ ureh
A H1 U] Sk T Bl ‘

foa14.43 99 =1 3RO 91 SHH FWASH
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10.

11.

12.

13.

srefaTeTeh SeiaReiehl — Uy,

Il qon W qRkae

Q9T

. TR TAEH S TR ST Seiaeih qfal; SH— e, 2Ty,

ThIHd e TE § wgeE g uee )

Y el 1 STTeteh STE1 Ue WRATY] GO Gifeed et ® T faan o fasgm
Tared forgamiedt, wrq steren stefamere gRmI

YTget 1 AfRIeERd Sgd % (102 108 Qm) 2, Tagared warelf =1 wfaiesha
Tga A (>108 Q) €, STefeh sTefererni i UfcRieshdr egeti iR faegaaish
werell & we Bl 2

Sefaer qifess (Si, Ge) @91 & @1 AR (GaAs, CAS T@R) &

TS el AN erdTer’ heed ©1 STEN dEhl (TAEE SR Bel) i
Iqfeerfa qered 1 A9 o1 @ SR A SeHig SHeH o qROTHEEY 9w B 21 oS
sTefETERl H SoidEEl 1 W@ (n) Bl i H@A n, WEM B 81 B ST
&9 9 Y9l MO g gola R 2

Y5 ARl | S STUReT o | STAML0T’ ¥ SO Aokl i A ufkafid i
S TRt 1 UH SrefuTeih] i Tugel stefETer® %ed €1 F | TN (n- YRR 3R
p- THR) % B

n- ¥R o HALEEH H n >> n S@E p- TR 6 Ad=EE Hon >> n
g R

n- YR o iefEmers B Si 3UEl Ge w1 9GS AT (M) S As, Sb, P
TS o T AU W W fea ST §, STefeh p- Wb 1 efumers Si 7o
Ge = st T (W) S B, Al In Tefs o eafagor 9w feman
ST 21

Tt zEmell ¥ non, = n2| sk stfafie wered e frga e B R
a1l o g1 Ta el o (FASRl §€ R e §€) g €, e seeee
TEd | GANThA ST 1 el We S HI Sl Hi TUeT HH | GASRAl 9T
H geft oot &R qoi ¥ safe =rem S quidan fod steren sifers &9 @ gfid @
ghd €1 fRdl 39 ok wer dT ¥ TaeeH T s % fau g B R eI
TR o ToTT STRERT B 8| e w1 i SR 9 (E) o i SR
e A2 (E) % T % 77 Fell-sfwe E, W AR w21 g o 9
TAFA oA, TR A Toea Sl gR1 = s | Sufed fhy S Tehd
S srefarersr ® yenfed oM ¥ uftedd SO # €
ﬁgﬁ—ﬁ;ﬁ%@EgSeV,a?ﬁﬁTW%@Eg:OQeV@SeV,Elﬁﬁﬁ%ﬁév‘m
E ~0 %l

p%nﬁﬂﬁ‘iﬁ srefeTers gl 1 O 1 59 U G St @ o seteee st
B Med T 3 i 1 Tk ‘gl TR’ o San @ S ‘i fave Jus’ 2y
SAEE 1

MR SAIIIH el T qRafid hich Wiy fava Tues i aRafia foan s aera
21 TR S99 (n- Wk S0 & FOTHS T ¥ IR p- Borsh 52 o oS
TR 9 Hag ®) o Ulerest %¥ B S §, @it qeEiaieen 99 § ghe g S 2
ard: fordlt p-n Gy eEe o smfefrer a@@ om 1 7F @ifus (mA o) e @
SrEfeh TeEfsiyT S| ¥R %1 A Sgd FH (WA §) T 2
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14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

TMAIE i JAEd (ac) dieed o fEeshior (et orn &1 T faen | yfasfed
) B TAN W 1 S Fehell €1 TN STee Sue ftheet o W o fawe o
dc dieed 9 1 ST Tt 2l

Fo faftre yoeH sEE @ e 2l

IR TEE TH TE A AR wheE eEE @1 9 sEe o, gveteiies ae |
ek TifYe Siieedl o IvHE SR UhTUE "l © (WS aieed) | SR SRS 1 98
7 Ficedr fEEE % €9 gA R S 2

p-n ¥ i TgT T T T T SR JfokEl W I 7g FF W f
TR, SRl AT o el el § W T el Wie 21 (o) BRiere, feH wR StieH
wqﬁmmwmqﬁaﬁﬂ%maﬁmwﬁmmél (b) ¥R
Tt I Soll i faga-Fsit | qRafia T 21 (¢) TR Sl SMlE iR TEe
Wﬁﬁﬁwaﬁmmsﬁwsﬁm&aﬂwwaﬂwm%l
TR Tk n-p-n 3161 p-n-p G g 21 Tea T sk (wae iR 31
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