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14.1 fHert

U gt T gl &1 Fafa yore wra feman S dek, Aeft st aftuei
F gAY T @ Tt €1 T 1948 H X &1 @Y ¥ Yoo UH gt
ferenisra: fafa Ffered (a1 area) off, S| fald srie e < soRie; e
(w2) U1 hels B 2; 2rEe o d geiie—shee, wie 9ut fire B ®; 39
eIl YIS (RHES: 4 1 5 Soiaeiel oh W#) | ot fafa Afctent o seieeMl &t smafd
Teh O hells §RI 1 Sl € a1 5ok Tafi= Seiggiel o e aieedl shi qiafid
Feh fald W 1 gl 1 Rt yere W feE S ?1 Sfau-seeiEl e
(inter-electrode space) H FelaRAl o WaTe o oy faia smayas e 8, e
T Seterzi 3T Ul W o ok SO ¥ ThUHT A Fell @ Wehd B | T gl
o SoAa Shael helle ¥ TS 1 3R Yafed % ¥ehd & (31Uid Soiagq shael Th
& o o yenfed & wehd ®) | 7€ wro @ T Ul i i weReEn ared wed
&1 Trafa Afermreti @ ot gfral o o w€) gt €, sifuss wiferd w1 U et
& d Yo § Qd: $v4 dleddl (~100 V) i Aewashdl gt 81 38k e &
ThT ekl eTUeehd & o favaaeaar ot &1 eidt 21 ek Sig-srawer
s7efaeTeh sl (Solid State semi-conductor electronics) @1 Eﬂg“ﬁﬁ RGN
1930 H 39 9™ ¥ TR T foh o SI9 aeen Sred=ree qe 39! aied |
g G Bl § foh SH SIAY dTehl 1 @A q9 Sk Ydae i fEen &t fEfa
foran ST Hehdl €1 WehTYT, SO AT 70T SYG dieedl S8 Susie fRdl sreferern
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o e eEe wt He uiafda Y Gehd 1 e < A o1d 98 € T srederes
il ¥ A aTeehi Hi ST qo YE W 919 3 iR & e €, Sk e
I B et fatd AferhTetaredt § TiaE el bl aw chelte ¥ WIw feRar S
ol qeN fraffaq Tl Ao fafa o yarfed s s o d=rers gioaa o sl
AT 3tere Atk faifad T 1 Segshdl e Bl 81 T8 SR | B et 8,
¥ Il o1 STANT HLdl B, HH Sieedl W HTH Il ¢, kT S oal Bl 8 37T
Tt favariar ereal Bt 81 enyfer gferal o a fraffaa ferepmet o fagia =
FE HE del Shele R 2gsi (CRT) fSaet swam Jefifasm @i qon shegex
ol | T sirar ©, Srarereen TR (Solid State electrons) TRULN & @Y
T fagers fea feuwt (LCD, 59 foea gesi) Ay g gfaeenfaa =t s
@ B s gial i SlirEiies ®Y @ GHg 9 ¥ off 9gd ed Wehfd ¥ g
M det TeHT (S TehEe PbS) o U fneed fSdeh Qe o1g o1 Tk Gueh folg
AN o1, &1 3TN A TN o Ggas o €9 H fohdl S TH1 o0l

frefafad sgar o &0 srfurcs Gfdwt ®1 F5 gol sEuRmet 9 Ui
FHAUT e T eEE (Junction diode) (2-3aaiel ®i o) qon gy gy
(Bipolar junction) s (3-3aiel i FfR) St Fw et gl i
= | T AR % ST T A e Rue w1 v )

14.2 oTgall, TTcTehl a9T TLTTeTehl ST SHeRTOT

STSAhHdT oF 3TN U

foga =TTl (o) e YfaRiEehdl (0= 1/0) o TT9e HF o TR T 31F T&I h

=1 gR 9§ offeReor e s @

() &79 : TTHT WRRIMH Fgd ®H (3TaT ATehdl Tgd AfeH) Bl 7
p~102-10°%Qm
o~10>-10°Sm™

(i) a7efermeran : Skt UfqRETshal A1 ATctehdl eTgeH qen fagaieh ugref & o= =t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™

(iii) fgaRret : ST iR Fgd i (1eET FTeihdal Sgd FH) T
p~10"-10"Qm
c~10"-10"Sm’!

FW U T p G4 & o HH Sheared Hife T o G & IR KT T aRew & ael
off <1 Tehd B o, fagarielt uered qen sieErerhl o die 9 i o g gekieshan
T WU HHE € A T AOGE e 81 pe g 3T oft €, S S-S e 39 e
o o w7, T g S

TG 1§ wAN wf srefareten] o e H ® Sl e YRR oF 8 ghd o
(i) drfcar 3ef=rere (Elemental semiconductors) - Si 31X Ge
(i) I erefarcrs - 3T &

e THMEM® - CdS, GaAs, CdSe, InP, 37|

o wE(Th - TYH, Wik (Doped) SereamE, el

o HEMH §gdsh (Organic polymers) - R IGIREUS ﬁ?ﬂ'@ﬁ?ﬂ‘f RISIRIRIEIE
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IfermaT qen el g

ASTohel STt TTUHTel Tefereish Jferral difcash srdemerss Si a1 Ge IR A
S7epTe T SrefeTerRl R & eeia 1 W 9 1990 ok 9% FHrefieh e iR
STeTCToh! SIgeTehl oh1 SUANT hich i STeaTcIsh! Jfoadl o1 fashma gan foad vfas
¥ ot TR ST Ao e TR F R & e & i
fyerd &1 39 3189 § 89 ohadl STeTeTeh st fagivet aifcerer atef=ershl Si
qUqT Ge o 31T qh &1 HifHqd @I difcash tef=merehi st faa=mn o fau ==7 5=
G SEURONSA 1 YEed fhan wen @ o frdi-a-fedt 9 § stfereniyr A
areferRl W AR] B )

St o€ o IMYUR W

TR TAT] Hied o AR el fagaq WAy § I9eh fhdl soiae &l el 39
T T TRYAT e R AR FHTlt B1 TG ST TRAY] k-5 o ke 3R hiE
I I O € A o ThH-W o FcAfw ke B S §) o7 Fehere wmst o
TR 1 ST HETT A T-UTg o7 Sl € 3R el ak foh ThH-SW H T
ot €1 gHeh gRuTHEeEy Rt S o goei i Tia w1 gehfa ferdt farge
o TSR HI A 9§ At 9= 8 S 2

ol Torteet o “fieR Toieh Tl &1 Tol etfgaia feurfa eidt @ qen ferel &
TRl o AR AR o e 61 Ued Fgene w9 H T S| A& ernl Fe HRo §
o Weeh gl o Soff & 9= Bid €1 A T il &R TS Sotl skt Serd aferdH
Il @l § il sis] ol iU hed B o8 Sl W FrHH Gererhl geiagil o St
T AT &, Gl s€ (Valance band) a2 GalShdl o€ o S feord
o & =i d€ (Conduction band) Fed g1 fa fereht atfafte weit o, |+ft
HASTehdl SoieR quq*dlagﬁ@%lﬁwagﬁﬁﬂﬁquagéﬁ
Teadd &R 9 o A €l G oS o gelea SEM 9 T o § T Y
Tohd &1 WHd: =ler s R g €1 Wy S 98 o€ Galsehdl 9 w1 stfdetua
(@Hhdl) HIAT T Al Solae TadIgdsh $9eh iR S Tehd €1 UET elifeaieh <reiehi
o giar 2

AfE Fe o€ qU1 TASIRT 9T o a9 HiE R (aU) ), @ Al o
o Tt soiaei aiag B € 9o WoH o€ | IS god goeei Suore Tl gl T
weref o feregauiel o1 <1 ©1 g WASTRdl S o @ Soiae SRl Sl Wi hieh
HoASTRdl o€ 1 =Te 9 o & 1 ffe %1 IR H Hehd ©1 q9 3 IR e
AT ¥ UEE S © q Harhd o 3 e ol T 3= Y 24 © fod e seieei

S Hehd €1 T8 TR T Wihal e o€ § Soierl au Haishdl s § e

B o HIROT HTe HI GHEA I Hl 2l

3R, 19 79 I faar Y fh N THmET aret Si 31an Ge fhed & yao |
1 B 21 Si H STerad e, G FHeE (n=3) el ©, Sfeh Ge W SRIaH hal <heft
FHE (n = 4) Bl S| TTHT FRIAH Ha F 4 ToRA (25 3R 2p THRMA) BW 21 ¥a:
30 fFed | 91 soiaql # ol HEN 4N g2l fRE aRaA wan ¥ etfushad
TRAl B T 8 (25 + 6p SARA) B 21 3d: AN GASHA SR o oAy
IueTed ol R8N BI 3 8N Tarfersd o1l &R o1 dl hiE Had S &+ Fehd € Al
a1 =1 ol  Tge 81 Tehal €, S et o et o ot gfEl W Frel s
g [‘I w1 St fagia’ - ot fau])

Si del Ge o fshteet Sietehl | AT o &< 1 §RA1 W, 39 SN &R 1 Sl
e J 9 | 22 S 7, foe @9 9 v E, (99 14.1) 1 9o 2 €
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AUHE o WH Y WAN GaSihdl goaH 9 gofa: for fm= o gaieesar s g
21 37 T 9 4N Tl R &1 & 32 Fer o Fhed €, 91 98 WH I R Juid:

i e 21
3G @ o fagia

——an L HH ST o6 St Ge forea & N
__,E\\%ﬁzg TR €1 e I o el 6 faf
S . NI o [ han H foferem e B0 A wei Ty
/@ o s forerfa <, sted Tew-g | stfee sl
Py W &, A 3elaed Hd 96l ®W W Th
E forteel o W] TH-gE & §Ed Fee (2
o s Y 3A) B T IR Tl SeRA TH-TW
/% T 3R Freheard T et ¥ ot qRefien
ol f5pan ot &) T STEd el o ol 39
SAfqeTq (A IREARE foRar) @ waifues
2| oy A H €, Selfen Fadl Hen a1 Hig ok
tioo o SRl 1 Sl SGHIEd © Fehdl B
gt g — AT Si AT Ge fhed § Sorae Serel

1 I o T o Shaet STeIa el o SolaRil shi el H o W fOER wT #I € STevashd 2
Si o oIy aeras el qedl el ® (n=3) S Ge o TeIq STeiad shell =iefl el § (n=4)| 37 <A
T T aRIAH FHE H TOE B @ 4 ® (25 3R 2p SoiaH) | THT fRed | A soee #i
Tqul GEA 4N T TE| STRIAH el § TRl i Afhan Hud H@ 8 © (2s + 6p $old) | 38T
AN TR | @ 2N SR 1, 2N s-ae (Hefa Faied e 1= 0) H el 3N 39 2N oA I
6N T p-37aree | 2iTl| T, s p — Selareiql erareend e gitit Sren fort o oot <ifesy i o fearen
T | UE WA ®9 W Yehd A1 Ushel WAIUSH whi feerfq @ (fe @A)

M AT foh T T Tk 31 91 o T Tsh-gm & @R fehe o1 TR o ©1 fafir wmopet
% Tolael % o9 UREIRE A &SR0T aRH FAT o 3T SeERl @1 S uRanid 8 ged (98
IS Hehell €)1 1= 1 1 6N Taed, fent ot Ry o fage wamget & fau qduy of | o/ S
Tk Foff de ot € [Foe &5 B]1 S YR 1= 0 Wi 2N 1o, et S fager wAmpet &
e wdww off, 9% ot Tk o Ff 95 H <2 Wt € [fod o &9 B % gayrgEs 36 ]| 9% ST e
o @ Uh Foff AT gRI YUH el

TS o i 59 ot F gUsd gH W, 917, Th TH & ST © S I S Th-gW ¥ foed
TS B SO AT STl &R R Hel el Sl e e oel THIvS T el W) i Had Sl
areeen o oft = =l St #1359 e ° (Fe ® &5 ¢), FIE Fonf T 7T @ R FR aen e
il sraeeTd fifya g Sl gl

fd:, AR WS o " kT U SR HA T W T, A e s R ¥ fave @ 9§
IR TH Fof R E, ¥ gk B o 2§ (Fo # &3 D @) | W il sreeenst &1 gyl gen
8N I R § @ Fei o o e fen T ¥ (Freet ot Sl o de § 9 s § 4N smen) |
el e a1 7 @ o freet S d i 3ot & st (@) ©, fa wemet ¥ 9w gaisshd
THRM (4N) T

AT 9% ST (S Faissar s heel §) qUid: W el €, Sefh $u ST id: et ¢ St
o€ W =T 48 FEd 8

.
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Sl TR HE, S &9 F 71 A d€ |
SeaqH el TR B E, & 9 F @ T 2
E.% W A E, % = 38H TH-g@W &
AUk fepe agd ¥ Soll &R ST 7 2
HASTehdl §iS o I a1 e §€ i qat
o | oh AU i Foil §S Hauer (e
Sl ST, E, ) FEd 21 T A wwed
Tfd W e e 21 T sifuss, FE stern
Bl Hehal g1 29 fefa= feerfaei =1 fomt 14.2 9
T T § qe = k! faee i T 2
YT I : 98 o9 14.2(a) § <@ T
feafd o - # ¥ o' T uig I feufd @
e e o e 9 9 90 2 qe Farsehdl
e ofyrer &9 @ o € tuan =eq o qen
TSRl sg fdea € v/ ifdear e €
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ikl e Tl gy
ooz AN SRR
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fox 14.1 0 K W et srefenerss o o1 o o) feufa,
T o 5 = o #ed €, § 3Fda: fowe gen ),
FTcatuess e ol et gt &1 e o 59 garsehar
oT wed €, ° rctus e quia: it Sl et et €

ARl ST ¥ Teiee e ¥ Her S § S Wehd 81 98 feufa foem = o
fau srcafies e o soeei Suee U Sl 81 S HaASThdl S ¥ &9 § o
BT o Sl 38k T TR @S9 W q A ik fagd e i G9e 5
T T ST 3 YRR o =il 1 WiRiY H el Hieishdl S=e gl 8

NG
B |E s
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TTOTIT : 39 Wil W S foh forst 14.2(b) ® <witan o €, 3 feofa o o
ST E, sk 210 2 (B, > 3 eV) | oM de H 1 gera & el od: i faem
e ToE T S S 3 A S 9E § o Sl st s St e ¢
fordlt <ft e SoST § SoieRHl i HAISTRdT S § =Ie 9 Wi SR IS @l R
S Gkl Te fagartel a1 SR B

THTOTIIT : I Terfd 14.2(c) <t 7 21 38 us uRifrd wg o o i
(E, <3e\/’)%ﬁﬁT%lﬁ§é€W%ﬁ$w FH ok AU W, FF T Farerhdl
S o s Tl A R o ¥ R Tl SHE R F o 9T § e T
g1 3 sl (Tl g ® %9 e €) WioH ST § i Y Uehd 21 37 efarerh!
1 ikt Sa Aok &t g o o geief &1 g 2

TH 39N | gHA ¢1qe, STethl qen steTashl 1 SATge afiehior fehan 1 et
3NN § TH STd=eeRl | e Uishal o foawa | e

14.3 I 1=l

T Ge 3R Si FT T8 WO ST ol T Sefh (Lattice) T oo 14.3
H @ ¢ B1 37 TS i ER SRl T hed €1 Wedsh RHIY] WR S TR
ARt g o el 21 89 S ® 5 Si 3R Ge W UR HaANShdl Soiae B
g1 3Th! foreeela A § Y% Si A Ge W] 379 =R HaAhdl soidel § 4
TH-Ush Soiae i 319 IR fehean WuTes o W TEy7irar - & ygia @
€ T U Y feheadl WA o T Soide o1 GEWrT S Sl €1 A e
AR 7T GEqars a4 (Covalent bond) a1 GIisishar 7@ (Valence bond)
FEAM &1 TH A S Hhal @ {6 I Geio seieei S Hefud wHmEt o
wre -1 T Hd wd §, THE o ged 9 99 B ) o 14.3 ¥ fewE T
Si A Ge & = 1 2-Tavdia fFEq0 fo 14.4 # =ewenas €9 § @@ T
2, S gt S W eTcfisd 9ot 301 @) o 14.4 T omeyt fomor @ fogd oy
W M F (Ul du s gu ®)| e fefa e @ W o @1 S-S a
a1 8, 57 gl i 3R e Sl U B endt @ fores
T U o TeEM T W A B Ghd (G sl
TR T | IIRH F §) | FEE Sl e et
% D TAET H YIS T W SRS B I a1 9u

o U R @ &A1 ot §, S& fast 14.5 () | fe@mn wn
B o SR (3MEY - q) W&l H et 31 §, 98l o
AT AT (+ ) T Teh Rk TIH BT 31 B T &TcHeh
STTERT el 28 Rekd T Teh 8led (hole) heelidl €1 giet FHrat
YAl AR A U STH o &0 i R SHAER
LT B

s1 arefareTa] (Intrinsic semiconductor)ﬁﬂiﬁﬁiﬁﬁf

1 T n, Tl H WA, n, % IR B €, st
n,=n =n, (14.1)

Torx 14.3 e, fafaenta = swfem o fay ot n, 1 9 ek Higdl Fed ¢

Aot ER S fopeer woem e et aﬁaﬁﬁ%aﬁﬁﬂwm%%wﬁﬁﬂaﬁa?
SITIC o I 3.56, 5.43 SN 5.66 AT grepwrer giet off R I $1 T o i TN 1 R T 2 § S
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o1 14.5 () ¥ fe@mn 0 21 el 1 T 1 e 14.5 (b) |
fe@me v @ gfted fwan ST @ehar €1 A9 O o1 3R ok



TEHArST 9Y T 2 | Th soide o @H 1 (3)
" F% H W Ghdl B 39 YR, TH TH 63 & o,
BIel T 2 W@ T 9 T 1 W Uk Sl 37 T
AT ST &9 § @ B TH 1 9 TIH 2 W Tl
T e ST TR S Seree IR | o gl o [
14.5 (a) 3f@u], 98 & &1 fa & 39 fwwm A
gftaferd & 21 goa soiae@ Pola: Wdadds Ao
R % w H T R SR T e A e
W TH TARM UW (1) @ T TR R R 5@ e
foreeet & el «ff w sryfea s 2 @ g el
1 SR T NN SR 3HeRT 9UH i o forT srell
1 T el TF eS 3UME B fRe arfad e
T for@ & &1 ffa o woed I8 B HUTHS
fava =1 R 17w T T IR TH B UW I
foeTdl 81 o1 © S =1e SoisRiAl o ROl el
¥R [ T Bl YN L shT AN "YU N ] R -

I=1+1,

el dem WA 9Ty
‘o . .
¢ o ¢
OO IR
R TR L2 UG o-' °
P ) ; !
P P Pt @ SEEE fe
LI o '
O TN e LR
------- EBEERIE
0~-----o" ------ c" o .9y
[oe P e T
6 o H qfua
* o . o - - L TRREE ¢
ERERE
..... 000 ° )
e Pe "
4 0 .

TorT 14.4 Si a1 Ge 1 T &1 -Tada oS

e fomd fre 99 W gegest srey feam o R

(@sft 59 a9 g, HIE 22 99 ) | +4 T8 Si A Ge HT
il g ! 3wl B

(14.2)

T e 2F A A1 T2 @ foh =ei goaeiAl a1 il o S B o WIY-Eel
UGS 1 WehH Bl © W ol il o WY gA:g 9o e €| rereeen |
AT AR o I B 1 T 370k YAGASH 1 &L ok e Bl &1 56 T FAISH

T FROT ST H1 B § HEE H B

o | ° .
BONRC NG N
.....

° ie s

: » Loe
N6, @

éﬁ ie P
° —o { @& *®
...........

¢ P Poe

Si A Ge

(b)

forT 14.5 (a) 9899 99 W I S ok HROT LM 1 T S a1 e SARA o 3= S T TaLAIH
&Yl (b) fFEt Biet &1 Henfad S a1 Wefiehd fequn = arel o1d 21 & Heddrst 54 (M 2) 9§ Th
TR IR B WM | W el S ? 3R e T R U B siEdl 2l

T YRR TE 1 9 WM 2 9% B 1 ST Lo 37 8idr 21
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— ] fost 14.6(a) ® 39T AER

A Ec T

ESEERIE

E, T=0K W &g 4 afefwrerss fondl
T forgadielt a1 wifq =R w B

TE qdE el & ¢ e wR

=3 @4l (T > 0 K) R FS Seraed

E, E,
o 7ged &1 T > 0 KR i Sufsr
TR = S § e ®9 9
T T80 Y oid B sEifaw feret
(@) (b)

IS eEIedE w1 Sl 9T ARG

o 14.6 () T=0 KT 5 i srfares fagaddt &1 offs sroew T 14.6(b) § ST S8R Fam 81
F@ 21 (b) T>0 KW IR A 301 SoRA-81d e R 94 (o) T S ToE TeH S8 § T
Tl i el wed € dun R & (0) el 1 ety e € M ¥ TR W ISt S 9 o ¥

39180l 14.1
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TN A G § 96l e B
a1 €

IETEITT 14.1 C, Si q91 Ge 1 ST (Lattice) H= 991 Bt o1 e off ==

C fagateh @ Sef Si 9 Ge 99 =@ (intrinsic semiconductor) &?

A C, Si T Ge o TV o IR SfHd serae wasl: fgdta, qora aen =qef s
¥ e €1 od: T WA W U Teiae ol oeR Fehier o foly etevash St
(TP 1 E,) o FH Ge o o, sow afers Si o forg ok st e1firss C
o U B 36 YR Ge 9 Si # foR[q =1e o fau w@as soieel & §e aeis
Bl € Wefh C ¥ 78 v el 2

14.4 UISEN =R

ot 91 erefeeTeh 1 el SHeh ard W FeR el €, W He-dd W gHeh!
HeThdl Sgd HH el 71 3T ®9 G, FE ff Aoyl ol g 7 ettt
SN faenfid &t 1 S Hehdl ©1 37d: k! wTetshdl § YR AT G99 Bdl €1 98
37 srfererl Tt 1 SuER Sk fewRar S R

o fordlt 35 et W i SUgE oIfg eTced Wl W Sd w 9nT i
fafe (ppm) ¥ fireTE St € A k! =ershal | % T gfg B W €1 39 TR
o U Bl YRS ST (Extrinsic semiconductor) 34l 37'{’]7? arefaTeT:
(Impurity semiconductor) ed 21 alfsd AYfS Eal Wﬂ]’*ﬂ"}ﬁ?ﬂh— THfed e 75T
(Doping) 1 370 weawd € q LG WA H9H%% (Dopants) FE |
TH YR o 91 i F17q (Doped) 37ef=Tereh sed &1 STuffsien UEl e =ey S
oA e 931 oF et i foehd 7 Y 3 hed fhted | 98d ®H A
srefeTersh weTY] feerfadt 1 & S =ifew) 36w i o fA U ovevask I A%
2 for erafase o o1o] qen srefarees wRiel % STOlSH T WS T WM

<Iq: TSI Si 3161 Ge & AIGH o fAIT I YR o STAH9F ST fohe S 2
() W GASE (TASHT 5); S TG (As), TIHT (Sb), BIERRE (P), o7f
(ii) T FarR (Haehar 3); S feam (In), SRH (B), Tqfaf@m (A, =af)




TS SRl - IS1Y,

Il qon T afkaer

1d &9 g faa=m w0 fF emfagor g fva
YFR TeATeTeh] § A9 dgehl ol G@n § e
Bl & TSeh SNl 39 St 1 =rerhdl ufEtdd

e ST 21 Si SYel Ge oed wRoft % wqd @@ 2 . f
() & wieen ¥ wifere o srfogm & g fee L, L S* T ¢ AR (5 )
o dIER el Uld o oF dcd 1 99 I8 STuel < 2. %) 3
T Y AU AU s gC A § foh g [e [ e ¢ IEREE
foFT ST aTet Ot oF AT BT MRS Si A GedH e 4 i 4
TRHY] o HES % T SRR B 9 A T8 7 """ . '“_ ‘
fh med & fau swEm @9 9 BeEse a7 o0 g e
TeREST qod STAMHAT o geid ThH-SER o quid: Lo
9= YR o & ereferersn wgrel @ fmfr e € ()
et @ = fean w2
[ FE
(i) n-YER & rEfarTeTH
A ST foh &9 Si A1 Ge (FASERAT 4) H1 TH QCXQD_W“H
TSR (HANERdl 5) U STafAfEd Y S O® O i
o 14.7 ® fe@ran w1 21 S +5 ekl ael de
Si o e TXHTY] i FITEATA Hieh ST TAH T80 Q Q Q

HIA T d Tk ToldHl § W AR, Fkead @R
foferep Tt § & 9 €, STt urae sere ()

SR TRAT] ¥ qH 54 5N T[T Wl & U 3@y
g fop died soee & fau sy o wm o o =)
TR WA o G I b WM 2 THeR
TROTRERET 39 Selag 1 o HE o foI, STeRes
AR STl 9gd HH B 8 SN HERT el 99 W
g AT o etk | o T i oh foTg g

forT 14.7 (a) 91 TASH Si A Ge H TFIHASH ST THY]
(As, Sb, P, 31f%) o Tafsgior | o1 n-Tef=ersh|
(b) n-YR o T T WEROTTAT G ZqEAHE
fregor foad gfeeemdt qar & fer #ig &1 haa T
AR g T STE 3R T Tag T %
iy fe@mn T 2l

I 21 IR o FoT, 39 g W] § q
& o fau SHAEE § ~ 0.01 eV den fafaswq o
ST 0.05 eV Feil =1feul 38 fauwdi fordt 31 srefumers ® ey a9 w o
SR i SIS §S W Tl o ferq (SHm | e 0.72 eV aun fafessi
H AT 1.1 eV) el afet| 36 YhR Jawdrseh sTafse foga = & fag
arfafier soieeiM UeM shdl © IR gHifert 39 <77 97)f5 (donor impurity) %&d 2|
3TafHsrR RETY] gN fagd =e o fou Iqare T U Soiae™ i 9@ o €49
T erafagor W R e 21 T Eud o qg R FeR e el ghen foda Si
T R 3T Yo Seiagil i & (UHM & | el o @) ® ard o WY
agd %1 Jfg Bl 2|

fopet eraffs@ sref=rers | =Teis el i el WEAl n, T o FANEH q2
it RO (ST B1) ® ST Siael o hIT Q9 Bidl i Pl WA n, Had
it Giq g1 3= el o ROl et 81 W Bl o YH:HaAH B L H gy el
aﬁ?ﬁq&;&wéaﬁ%wﬁv&mwﬁaﬁu@ﬁaﬂ?wﬁ
St 2

T YR A0 o 3fad &R W =eieh seigeql i S | 8iell &1 G & i
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o § g w1 S Tehell 1 3T ToHISTR STAMH9H o Qe Ay g
W ferdll W e W SoieR dgaede Y dlgeh qell B STl
Y aiEF 99 WA 21 THf TH YR % =] ol n-FER &

P ® a7efareTah Fed ©1 fhdl n-wehR & erfurerd & fon

o ______ ,j' F n,>>n, (14.3)
S (ii) p-UFR &F sigener®

Lo ‘%* PR 1 TefIcTR dd oAl € 59 Si A Ge (IgAGAST) ¥ 7U-111 F1
° ' """ “" """ "“""' et srgfigal; S9- Al B, In enfe erafufe@ =) S ©, St
""" ST ST o 14.8 W fr@Rn T 21 etafusE H St M Ge FooTdam TH ARd
Lo Lo TAFA W el § SR 3Ty T8 WHTY] i SR W Si WHTEH §
@ T Gl ©, Al Sieft SR §Y o1 o foU STavas Soee SueTs
A T B o HRU He §Y S H W6 el @ g 7 e

e = Frepeey T o ot §u § T Rfe steen g g @ ol fe
14.8 ® <9ifan o ?1 e ok o SIE Si WA Bl & M W TH
SR =Rl €, ke o TXHTY] o STel shel Wl IS g 3H R i
T & fAU FEE R Feha € Y IHR 3T TWH W TH & 99 Sl
2 98 gl we o fAu SYes Tl €1 e 39 Arg 9. 9% ©

“ B
Q QOQ ot forstd i AT TSiE Si WA o WY Seleri i HERR ik
TATed: RO S 8 S €, 91 39k |eft warsht o g 8 S
& zafee TreRe o H U p —qa1ed & STAfAs T i ST Hes
o 14.8 ¢ ()b)a@ A 5 o B o WY TF FOTHF SV HT Fig Fel Sl 7, 5@ o 14.8(b)
. a 93]@]?13 1 .
e % <o 1 faioia e ¥ f@mn w2 9% T ? fF w778 WA (N,) TF T a1 21 A

=] (In, Al, B 31f}) &
3L W S p - YHR HI
s | (b) p - YR o TS
T FIEROTA T B aTel
AT T80T 5 Teh g
rfafad FoTcae STawT & WY
qM ST Gag eIt i @ 2

Bl S ST+ Bl oh Sffaiierd @ Seifeh =Ter Searil sl &id aherel =l
S € 21 3H YR, U uered o oI, e dgHeAs digeh U Seeid
euHEAH desh ¢ st SEdse ey o smfafsm 4w srefwrern
p-YR o 37efeTeieh e 8| p-FHR & o7efareranl o A :Gars Hiena,
9 S sl BT W@ n, W F n, B S 1 T p-UER
iRt & o

n, >>n, (14.4)
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I 3 9 9 e § T el U 99T HONCH% SSTHIAl ST @l
& Fifeh SfdRa &Y dIgen] W &Y i A SeAE H I HiS W Ew
&1 41 o € HH ud faeda gidt 2

ST STl H IgHeAd U ST8eh] hl YoRAl o ShRUT 199 GNI Ica—
ISl A o foIu SEHEr el § fHom o sifus oo e ® @i 39 WK
d T B Wid ¥ THifeY STafHLeh Tk YehR ok 3Afueh YN oTeshi i e 9, W
a@?mmaﬁ%,m&?wﬁmmaﬁ%mﬁaﬁﬁm
FW Tl

AT g el 1SS S WA YHifed gl 2| Wl Sieern o
ThL0T | <A1 SRIGAN o HROT Al Hoil el (E,) qe1 T AYfgal o wr
A Sl Tareer (E,) 7 Bl €1 n-UehR o Si STHeIerhi oh Sl s 3T H Il
il WR E, 16 9 H el E, ¥ B A B € a9 36 W1 H FD 3ol agd
FHH Sl hl YR BH R A0 o€ H T H I ¢ HeF AU W AR Sl TH]




3T Seraeieh! - TR1Y,
RIESRIGR It i R

EeRd B W ®, wq Si ok 3l e (~107'2) WA & eMHichd e #1 ord: fa
14.9(a) ¥ ST TR =e S § tfenier seiaeia <1 swfgal 9 &) om &) &t
THR p-UFR & el § TE S TR E, A o o oY ¥ $w FW e @
[ 14.9(b) f@n || 9gd W St oMY eF W ff TSt 9T ¥ B TRAE,
o TR W FIH Wl & 3R T WL B HOMHS G FL 31 21 [ ke ok
Y H &9 3 YR f FT Thd ¢ o 9gd HH Sl F YT T BA ol WRE,
Y AN o€ o THT B Hehdl B1 Sl WK i T gs S T 3 S € Selfh
B = AT AR 3T B1] WET hel A9 W SAfHeHTSn TR ] SR @ S
& e HAN o€ § el a9 S €1 39 WehR el a9 W A o § el Sl T
Y@ w9 W Ut srefErernl § S o R el 81 ardiy G W srefererhi |
TRl qe Blell 1 Wigdl $9 WehR oA i Sl ©

nn, =n’ (14.5)

Tl IWie foeRo §9g ®9 ¥ Gheehe qe ufisheud € WY 98 W &7 9
gt faegaaifeal den stdereranl (31 qen Tugel) ® R #1 gHeH H Herdw 2
C, Si 71 Ge *1 Yfaiuharsti o it seh =eH q Gl Sef o ote Sl A
R fAsft I B HEA (SEEES), Si qU Ge ok AT Tl A FHA: 5.4 eV,
1.1 eV a1 0.7 eV 21 Sn +ff =19 79 1 9 & T T o1g © Feh 58k Jehio o

Tl AT 0 eV Bl

Ec b — Ec e
] ('{ ......................... Ep
=~0.01eV
E Eg

AR STl
I
=

™~
20.01 - 0.05 eV

(a) T>OK
TF A S seRE-gE I (b) T> 0K
Tl Il TRHTIRT o 9 TeraR

917 14.9 T> 0 K™ (a) n-THR o Af=rcisr qen
(b) p-YhR o 3TefeTersh 1 Sl S|

ST 14.2 U difo fhdt s Si ffed § 5x 1028 wE] m? 21 5@
gt As 9 1 ppm Higdl W STufHis fhen S 21 seiel a2 gl ®1 e
wftehfe wifse, far 8 & n =1.5% 106 m
TA =AM S, 78T i S i S 8 S 392 (1, ~10"° m) srafagr
Y I TR HT e § o F)
ESILS n, =N,
?fﬁnenh=ni2,wgﬁﬁaﬁﬂw
n, = (2.25 x 10°%)/(5 x10°?)

~4.5% 10° m®

C'PI lnr2lbe
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http://hyperphysics.phy-astr.gsu.edu/hbase/solids/pnjun.html

p-n G ST <t Fmior qer @l

:

SR fewe (eTmER)

B fegon

14.5 p-n Q¥

p-n g4 (p—njunction)ﬁ@ﬁlﬁﬂﬁﬂwwaﬁm,m@T&(aﬁtﬁ
THTE T I N iRl o TIveol o fou WU o SHeRR whl wHEl St
Heequl B1 379 B € WU k1 WA w1 T fendt wfer o fmfor g g @ qen
TR S dieedielt (72 a7 off ed §) o ga | ¢ G frg TR HeeR
EZoil

14.5.1 p-n §f& &1 faior

p-YFR o fafasi (p-Si) stef=ras &1 gdelt efast (Fw) W fo=m wifsm)
IS 9 | Ta9aSh SRIf§ i 37ed A e fhdl p-Si Tefahl o s 9
1 n-Si ¥ IRafda fran <1 e 21 frdt srdwress o1 fafor w6 w5 sga-d
Hfrand &1 1 qefeaeht H p-8 Td n-8 ql p- A€ n- &5 o <Y T el G 2
Wp—nﬁﬂ@%&@ﬁ%@%ﬁ%—W(Diffusion)
T 9aTE (Drift) | B9 T8 S € foh fhei n-Tehr oF srf=erss § SciseHl &1 Higal
(9 Thish TG | SelagHi k1 G&AT) Bl 1 Wigdl 1 g1 o siferh gt &) gt
YRR p-TohR oF STei=Tcreh | Bicl ohi Hixdl Soiael 1 isdl i ol | 3Afueh Bidt
21 p-n Gft % fmior &% @A, 991 p- T n- wowl & AU W Higd wEO
(Concentration gradient) o %RUT Bld p-Hekh H n-Haleh (p — n) i o=l g
& 1 3ol n-Telh W p-Helsh (n — p) 1 AR fo@Ra 8 €1 oo el i 3
TIfq o SHROT Y W Teh TaEor ¥R vefed et ¢l
S FE TR p § 0 F1 AR PR B E A A w9 uE st
n-eTsh T SIS ¥d1 1 T A Sl (& @) FRI AR o TAIS gl S g
%Wﬁ'ﬁlﬁ‘iﬂm%lﬁ@—é’é%ﬁ@ﬁn—)pﬂﬁ@?ﬁ'ﬁﬁﬁﬁﬁﬁﬁ%,ﬂﬁl%n-
TheTeh W A i (A1 HCH TS &) Ueh WA foshiad g Sl el
THI W, STl hIE Biel WiKal Y07l o R0 p — n %1 AR foriia e € af o
T WS U ST U (TR 36T Bl Sl € S et gl 81 S-S g
foafid B4 €, RUNcHs MOl (GRUTHS: TIE-=s &%) &1 U WA §id ok
p-Held W fawfad gt St €1 | o I el W faswfad 39 H-at &
4T 87 (Depletion region) F&d &1 98 THAT € sifeh goiazi ae eict o |y
o R-TR SR T | o0 o7 € o 38k G a0 o & 1 g9 L <d € (F=
14.10)| S9 T & 1 TS HIEshHIe o THd AN i wHife
P - Bl €1 WY o n-wersh W HHCH @H—ﬂﬁf & Tl p-
—> Teleh 9 RUMCHS S-St &5 B oh R0 WY T &S

o STERT § O a1 SR T g & 31 & S 2|
000 n Y &3 o RO GfY o p-Theldh S SR n-Thaldh Hi IR
Sooe A1 WY o n-Teteh 1 Bl p-Teteh W1 AR T il 1 g
S foea &5 o RO ST ATEchi 1 9 TG H IR HEd T
< Bl e

o 14.10 p-n Tfa a7+ F gfewan
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TS SRl - IS1Y,

Il qon T afkaer

Bl SH-S8 faeaor gfewan eidt St €, Wi oF <Al thetenl W StaRreRTelt
a9 & foeaiRd &1 9 21 599 fae & &1 o o 9fg 2t @ foren
s e ¥R H ff 9fg et ]| 7€ YohW 3T HA qF =oldl el
2 9@ qo Top 3 <A umd (forRoT o qen STuerE ) 9 § gee
&l B S| 39 WehR Teh p-n GfY o4 S €1 G § pon G W
FE A2 faga urr &l B

n-&3 9 eiaeHl i g1 a0 p-&F § gl 1 Wi oh HROT S &5
1 G o R-UR Teh fa9ala Sca=1 & Sl €1 39 fawa &1 efen 59
YR Bl € o F8 ey aewl o R vaE o foriy il § fees
ety HEER i feufd Sc= 8 et @1 e 14.11 § iy e
e | qe 3ok TERi o sfte faveriat g9t e 81 n-wered 3 seieRia
Giu € e p-usiel 3 selee eIt fehy €1 3W YR p-uwied o @
n-wel oA #1 i fa9e n-gF ¥ p-& ®T SR TeeeHl i
1 ekl o1 FATH LT € 31 39 fa¥9al ol WA: Ufereh7 fa9e (Barrier
potential) Fed Bl

O O

—>| W je—
[SIS115)
[SISLS)

P [SIS1 5] n
(SISl ]2)
[SIS110)

<+—E
(a)

—_N

(b)
o7 14.11 (o) =Hic 9= ¥

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

=1 favE|

3MEIT 14.3 1 p-n HiY I7H ok oY H p-FehR o Aef=TeTsh 1 Th U1 i

n-YehR o e 9 wHifqes w9 9 G Y p-n G W@ w Hend 22

T Tl I ot ugt, =R fRa & guad B, AR-mHa fhed sidie (~ 2 9
3 A) ¥ el T G Bt iR shly wavET ©R W sfdfte 996 (TUEl
Hqd Hueh) Hed & M Yafed B aTel Ao areehi o fae Wiy ue fafssrar

Tl TE FIEN HIM|

€'PT Ini2ibe

14.6 31ei=ceieh SEAS =
°—| P = n I—O
seEee eEe (99 14.12(a)] a0 ¥9 ¥ TH p-n 94 ~ gess ~

et & e fodl W oefor Hueh S @ € Aifm wm o

T S 9 dleedl STIIIER i 5 Hon | 39 Jfo oF & fHaa
B4 B srefereieh SEE ®i YdieHs 9 § fa 14.12(b)
frefud foran T 2

TR T faen aRuret o STgaR forp@ o &1 fIen wmwn
fereT (Equilibrium barrier) i <31idl 81 (Sefsh sMie
swfefyter am@fd (Forward bias) @) fawa & e/ie &

/T\ Ha%
T & e
(&Y

Dt

(b)

ol T AR Seedl V STIIgE ik URETTd R ST Hehd B o 14.12 (a) S7H=ITF SPAE, (b) p-n WY

p-n G4 TS *1 fom foreht e o aramazen ¥ ferfa fox
14.11(a) 21 (b) ® S9fl € )

14.6.1 IUfefyTer s9@ ¥ p-n G STNE

TS 1 Tdieh|

9 fordt stefeTers e o ] Rl o o g aTel Sieedl VI YR STYIE i
St ® fop delt b1 o 2 p-hersh W qen ol 2 n-hetsw @ SIS

2 [fa9 14.13(a) @1 (b)] @ =¥ Swffre a/Efdd F&d &l

ST TS Sieedl U sie=ers SMEe o Bl & o faR W g € qen
G o p-Thelh qel n-Telsh W fa9add 0 Bl © (SHeh R0 I8 ¢ Tk Bt 481
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p (=12) n
(S1]

(1)
<4+—E

&, 98 &5 el IS e &l B, 1 Uiel n-Toleh SAal p-Thoteh oh
RIS 1 ot § ercafish B €) | Sy e (V) S fen ofa i
(built-in) fawa V, 3 faoda idt 81 s6er TRomeEY, Bt W T Hew
o ST € e Ufersht g A B S @ [fo 14.13(0)] 1 sl sraw
F et Aferet SR (V, - V) B 2

A% Y Sieedl o € df Uferert fava 9 9 § vl o wH
Bl ST, T Shael o B STEY a8eh Sl Ioaadl el &R W ¥, 9gd ®H
e | Y i IR o T sTevaes Sy Y U, 31 %Y fagd

Vo

(b)

foT 14.13 (a) 20Ul a7 o

Fell U 81 S 39 YR fora o o gfg 8 S
SYIH dieedl oF HRUI, TolERM n-Helh g & Sl UR @R
p-TheTsh T TEed B (Sl 9 3Teuly aes §) | $E YR p-Telsh o Bl
Y 1 U ek n-Helsh W UEEd § (SE 9 1oyl a8 €)1 S
9 § T A 3H WA Wi STCUIRT A6 31d:&9U (Minority carrier

1 YR Yellfed BIM| A TH STI9ge diced! § Il gfg X S o Afereht S
f3 HTH T ST A2 Ak G § SEehl i W UR Y o T e

pon S S, (b) T B9 e otion) dhed #1 W 1 EHE W S o W, WY @ g sEe s
(1) T St #, (2) 191 920 et oY wige Y Q@ §, STl ATed WiEd § eyl ghyg @ e 2
aiezdl & fore, @9 (3) 359 920 gq Wigdl WAUNl o RO p-Helh HI WY o fHAR foraRa et

Sieedr o fau|

10080
1008®
P 10080
HEE R
* 0080 °

rop
& aftd
THRE

p-%elsh & TR R R €9 S €1 S WhR n-heish i G o

fer o forafa et n-Wetsh o Tt FR W wge € (et 14.14) 1 ST

TheTehl TR 3TAYT STEeh ohi 39 TIfd oF HRUT fog &M yenfed €9 ot
n B el SRR SEE ¥R 1 7 il ToeRul ¥R e g far

%wgmmwﬁﬂmélwmwv&qmm:ﬁﬁw
o I el

14.6.2 UgHIfefoteR am=d ® p-n G SraNE

I\
o 14.14 sufefos 9o o eeqw S fRE 1= erie & < 9 o | ®iE 9 dieed (V) 39
JESH AUV (Minority current YR WW%W%’J&& ¥ i & n-wed 9 qer w0l

injection) |
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2 1 p-hersh | Sied € [l 14.15(a)], @ S &I vaifime
AR (Reverse bias) Fed €| 39 dicedl o SAferehiel e
arefTers o gl &9 o foR W e B1 T8l Syge dieedt it fien Afus fava
%1 TE9n o T Bl 1 SEeh qRUTHEEY Ufkeht 1 ST §¢ Sl @ qe BiE &
1 e ¥ foe@ o afadd eF & SR gfg e Sl ?)1 avefeie aee o g
Uferet HaE (V, + V) B 8 [ 14.15(b)]1 T8 n — p 1 3R ezl & Wore
T p — n T 3R Bl o YaTE HT T FLA T 39 TohR, SIS o s Tm@q
1 qor 39 fefa o forewor um st wu 8 S 2
Hfer o ferega & ot faen Ui et € foh 9% p-weleh W Seis 2@ n-Hoh
R B AT Aoz G H GHA G ok ke 31 WY, @ IR Ik SgHEIw
& H 99 f= S| A SEehl o 3H STUETE o SRVl faEd ¥R I B AE
AYETE UM FD YA IS HI Bl &1 THoh Tced i B ol R0 T ¢ T &
STEh] ol T 9ok SN Fersh § GiY o g IR agHeIs Haish i AR Bl
B ST SREe | TTeTe U (W pA W) o el € W g8 1w areen
% SO ¥ (mA §), HI qer § T Bt 2l
TS Y9 ¥ (Reverse current) 3TIIIE dleedl W Ty ¥R &1 Bl




TS SRl - IS1Y,

Il qon T afkaer

TCUIYT A& ! WY o Th Heish § TR el d% JgaM o fag @
dicedl € At it B1 U S9ger dieedl o IRom R Wifea el g
WY I8 WY % A Feahl R ST Aeeh hI Tisdl o HRO WHT S 2

Tyafefin so| H fordt wifas 9vafefites (Critical reverse) dieedn
% fagaem TR &9 ¥ dicedt R fsR T w71 39 dieedt F 9o
gieedl (Breakdown voltage, V, ) F&d €| 5@ V=V, Td THE Teeferh
o7 A a5t ° 9fg 2t @1 Tl 7 foh 9 dieear | oted iy FH W
oFff o o srafu ofed™ e s #1 At skl o/ s e S
ufRue gR1 A AW (9 Soaes gR1 Al fovan 0 @) 9§ A= i
7 fohan ST & p-n G T 71 ST@ A€ T 9) ot 98 STHd 7H § At
B WIT al 3tfaaw B4 o RO SEE T @ Sl €1 UH a9 off €1 Hehdl €,
v SEE SfEien aEfhd B qen SR R eEa 7E 9 sifue @l

et T/ o VI AfYenaIfomeh (STIUga &1 7§ dleedl oh el oh
&9 | 9 H1 fa=on) &1 A2 wE o fau uiuey oR@ o 14.16 (a)
d (b) § fe@En T B1 SMEiE W dieedl i Uh URREES (A U™
) | e gl Wil @ 9o eme WSy %l T deedl &
uftafda feman S Gehar 21 dieed & fafa= aml o fog w1 o+ e

OO
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P eecese n
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/ 1
Vo __-//y'
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(b)

o 14.15 (a) T o299
T TEE (b) wWafRS a=E |
Yferent fasa|

foren ST 81V SR [ o WtE Wk W, e A 14.16(c) ® fgEmn T 8, o
BT 21 B ST, SRR S HIOd o fou gH fieiiHier &1 ST i ©
Fifr (S Tz Sum o W T o) suferd Uy stfues @ Sefer fauda
EE | HH YN ] AT o [T Teh HISshITHIE b1 SYANT fehan sfm €1 3 fort
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e 14.16 T p-n T s F1 (o) Sffrs s@, (b) TwakRE a=@ § V- ifenefores &

AT o AT IR, (c) fordt fafasnia s@e & afaedr V-1 sAfaenefomes) 483
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(14.16) W 3@ Fahd ? for smIfefers omo@ | oRY # ¥ 39 909 q agd +R-+,
ST 0, Sl B 5 qh foh S W diegal Uk fHfvea 7 @ stfuss | € Sy
39 AfenefiTs dicedl o 9% SEIE 99 dicedl | dgd Aig-H g gfg T 9
T U W Wiedeh (SRErdieRt) dfg B Wl €1 98 dieeal agell diegdr (Threshold
voltage) @1 23 dicedl HEaldl 81 30 dieedl &1 HF SRAFEH e@e & fag
~ 0.2 diee qen fafaen e & fag ~ 0.7 diee

Ty S| o SEie o ot 9N Sgd w9 (~pA) i § 9o S| o qiada
o T e feer a Wt B1 39 el @9 417 (Reverse saturation current)
Fed 81 Wy o fasia weriol o, sga eifen uvsfiien 9o (@S dieedl) T EN
A smme dfg &1 S 71 <Ee i 3@ favm i w1 fae=m ot ot 14.8 H @it
T €1 YRl $EYA ol SIS W WqW N &5 o 3 SuE et fhy W €

FR < T fae=r g7 @ ® & p-n SMie go €9 ¥ 91 o T6E H haa
s & faen o (smfafirn ae) wfhsfid s @1 gvaieiien 9o gy w1 ge
o smfefern oma@ gfedis &9 g €1 3@ U H ST YAl (ac) dieedl &
e o fau faran o @, o ol eTqwm & el T ©) el % fo wm
T 3 ifask T f59 7ok gty wed €, 1 deed § @ qeRA AV qen
faga a1 & o1 URerd AI'sh 3UM’’ oF ®9 § IR Hd B:

AV

T, = AL (14.6)

IETENT 14.4 Treht ol s/ &1 V-l sifvenafing o5 14.17 § <9100 T 2
SIS &1 Y (a) [, = 15 mA el (b) V,, = -10 V R uRekferd i)

I (mA)
301

— fafessia

10t reeeenns

0 05 08 V
= - 1pA 8

o7 14.17

T TS ATEEfe w1 1= 10 mA ¥ 1= 20 mA & s e @1 &1 9 7
B S qo fog @ ol B, B9 9 o | 1 UeH #d 8T WiRie 1 qieher
T T B
(a) 9 ¥ I=20mA, V=0.8V,I=10mA, V=0.7 VR

ry, = AV/AI=0.1V/10 mA = 10 Q
(b) I FV=-10V, [=-1 pA®

1q:
484 r, = 10 V/1uA= 1.0 x 107 Q

3<STe{0l 14.4
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IfermaT qen el g

14.7 4y grie & faewrt & &0 o sy

et @i sme & V-1 sifuenerfors o &0 98 <@d € fF 98 e auft faga «m
Yelfed €H a1 € W/d 9 STufkiies St e 81 o At fhe gre o i W
I JeATEd! alcedl STIIIe i STl =k oh chael SHI AN | TR | ¥ Yarfed
Bl W eEe ekl SEfad #1 <@ % g9 Ul b
SUIRT YTl dieedl i ey e o fohan s & qen
39 w1 & fou | IRy o1 SEN @ § 9 e
FeEd 2

It AT o fal W FiE JoEdl (ac) dieed AvisH
H HaIfSd «ie 9fale R, o 919 A9 iS¢ d I8
% o W Fad ac a9 & 39 = o oo Sme
smufefores smfad €, Tk TIeHH dieedr gieme=R enfll 59
TehR 1 forpa 9Ruer foa 14.18 < faga ufuy # eiten
T T o7ef-aRy et uRuy wed B AR
fgdto heet 2fiqa A 9o B W difsd ac dieedl &I

Y e 21 W A R Sieedl oS B @ dl g
STy aEfed eial & qe I fagad &R ol =ier sl
21 W& A W dieed RUTHS Bl 8 d SHiE qvEiaiih
AT Bl © SR 9 fome =er T8l iy
I ¥ AR H HIW A 9 W0 g © aen 59

SR Al o foIT =1 9F1 ST Hehal 21 (SEE &1
Tl WS dieedl &1 W EHEH Hi fgdas et ™

(b)

RLéﬁ qRd: dieedl AW el

TR ac dieedl #1 @ § FIE s BF1 AfET qif ot 14.18 (a) st fewshnl v, (b) fesrd

TS T 9o o T ® Tohl) .
3GfAT ac dieedl o YA 37efah | e Uil R, e
Y foga o) yefed B 1R & fost 14.18(b) ® <9iT @R ffd sieear g gnfi|
TR RO 318k § fagd N W 781 BF1| 3TTel ¥ieeh stdf=igh o &H TRt ffa
dicedl o gri1 39 WehR, fria sieear @afy ereft off ufed = © W=y e sheet T
& fon & ufqefera €F oF RO Resrt ween 81 i e ac T % shad TH
& anefees o fvia Sieedl Wi €1 W R, o1d: 3H URuY &l o7ef-avT il weEd B
o 14.19(a) ¥ 39T T 9RO § I SIS &1 STAN Hleh T TH qRa
el i T ¢ fSTEd ac W o YA Te SRONCHS S 81 sl | qegedt
faweshd ffa diced W =it 81 sehfee 33 wfwer &1 gof @7 fasesrd Fed 1 38
T SISl o n-ThoTehl I Teh W1 HASd X <4 € qen fuld 6 emEEl % |
3wt fag qen TawrRk &1 fgdias Seclt & we fag & o= ara e s 2
s frdl ol 98 fewesrd o fau 9w &1 fgdieoss Seclt o A2 § TH
Wﬁ'@"@ﬁg(Tappingpoint)WWW%aﬁTgﬁmSHmaﬁ &g
feehTET 2IEHER (centre-tap transformer) ed &1 ST foh o1 14.19(c) ® &=
2 fF 7% e N fidd dieedl ol fgdias Seclt O W diced i shad
aeft €1 21 Y TS sheel Y ek o TSRl Hidl ®, W A SEIE qeed
=Iohi o1 TEeehtol Yd B| 30 YohR STEIE! o SHATTS forg aen wed fepredl TR
o o7y frehret fog o <= o fifa Sicedr qof @ et sicedr =it 21 (s
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o7 14.19 (a) Tof @& kel afmy; (b) A W
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TMEE D, & 3R B W TEE D, &

feu U ferer o @ ®9; (c) qof WA

feweardt aftuy o §ig T dle R, W
fifa sieedr &1 dTUTEY|

S o ol T st o fow & o= aftuy ot
Bl © TSreen foiw weg feenrell S 1 sfeggend
T B W W IR SHIE AMe0) | O ey fohet
&0 TeA TTehTell o A W a9 sieed HTeTe 81 98
e ¢ foh 39 &0 W el ST BH o %R0 B W
dicedl ROTHS et & | fF fo 14.19(b) ®
Tl T} e: e@ElE D, Wik SEE el
foga = w3 8 (Saf® D, wvEfefoes aee g
o HRUT T el ) | 3Td: 39 A AT o
24 fo 14.19(c) ¥ 39T ATIR W F1ld =y (qen
o wfy R, & fai W ffa sicean) w2t 2
Tl YRR fRdr 37T &0 W, & A R dieedl FocHS
B S ® 99 B W sieedl 9Aes gl sEfery SEE
D, @TeH & 31, iR TEiE D, =eF S 2
39 YR a9 ac & FHomcAsw 1 = o ot frfa
URT (e R, R Frid dicedn) faerdt 81 59 7R, g9
AT Al RO S o 318 =k | (37e0id, T
v o, gof 0 & wea ®) ffa dieear et 21
Ty, s dicedn a1 o/ W w3 o fog 7w ored
T fewesr 9 st <y aftuy 2

Y YR U feedd deedr o1 Samasia (Half
sinusoid) 3T 1 Bl &1 Tafy I8 THiaRs Bt
? g 3HeT O TRl e ean TeHH dieear 9 de
ffa ared o6 = o frfa efiaet o fad = (R oF
e H) W e GO A S ed &1 36
1 Hl H o fau ofte gfale R, o SofishA | i
ek ot GaAfea feran S wehar @1 < 3 tfafted ac
3fHepraT i A fiheetT ®teh Y§ dc dleedl Y&H
T Ydid Bl §, 3Td: T% fheed wed &

&9 &9 fheed H S &t gftekt &1 feerem
FHT| S G o TR R dieear ® gfg & @i g
2 d o' a8 S 71 AfE afituy § wiE awe de
T8l A e fewed frfa %1 Rre dieed d% smEkE

@l 1 A 9w ¥ i offe ® @ U8 die 9 Bl fa@fsia e o © qe 3ok
ol W Sieed w1 e o B 1 faeda fld o errel et wen o Te TR et e
dieedl o AR Bl © (Fas 14.20) | Guifis o ot W siieedt & 5 gH &1 2
Il 1 iRl C den URu" | o gl e R, oF Sl [onwe e
FIeii Fed &, W I HLa1 21 Fielish 1 7 3ok BH o foq ¢ o1 /M 3tfuek
BT =ifeu) o1 ey faw fheedl &1 SWaM & W gra ffa dicear fiesa
dicedl o TR A o ke it 21 fod werEl o = &9 H 3 YR o fheet

IF fRT S 7
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aTceTeh SelaRelTeh] — U1,

Il qon T afkaer

dc T ac ferT
X
o o >——> ° T

reed

U |+

—C $Rdc de

ac g

¢
i

(N ° - !

(@)

Tuifs e free &
i ffa Sieen
(b)

o7 14.20 (a) IR fheet o WY o1 90 fKewi, (b) # kel &1 few qen ffa e

14.8 fafyre y=ie p-n @i e

T WM ¥ 79 &9 uH g w1 faee w3 S 9w w9 9 9fy @ € Wy

e Taepma fafa=T emyEm o T fean w2
14.8.1 ST SIS

I8 T Tl yaieF el=rees eme @ fSer 919 39eh snfashie ST o 9

T @ T R S S &S H Uy 9EE | g=iiad s % fo

IERIERRER

T ¥ T TEHT TN Seedl TS o €9 § HA S 21 SR S & Y

o 14.21(a) & <wian 2 2

SR SMIE 9fY o p- T n- S Helhl ol AAh STAHHA
(Heavily doped) %X farerfd feran <1 21 gHeh Ro1 s+ orel grelt
&7 TAf Tqel (<10°°m) T & T §fy w1 fagd & e 5V
Tk o oY UvEfeie 9ed e W ot stfd $=9 (+5x10° V/m) B 2l
ot IR e@e &1 1-V afuenefires fodt 14.21(b) o swifar mn 21
Ta =TE < T € foh W STy uvEfkiies 9 dieedr (V) I
TEE FT A5 deed (V,) o 9F & S ¢, a ufiwer § faga e o
agd 31 gRed g1 Sn 21 e 3 g o1d 98 € fF e dieed
V, % Y, YRR dieedl § wE @ Redd fey fam @
FAfh ¥R IO 1 ST Gehdl 1 T R H, I A  yaIfEd
B arell ¥R W STt uiedd g W ot SR dieedr Fed @d 81 SR
TS oF 3H U1 T YA foR[a AYfiAl w1 dieedrst w A e
H fohan S ® den Ty ¥ fad dieedt W fogg W w6 2

3T 319 I8 FHeM &1 Y9 &L foh oo dicedt W foga om
ST Y 9g WAl &1 89 S © b Ydld o Seieri=l (STedien Ao
AMEehl) & p — n AU EEl & n —> p AR TAE o HROT Bl 21 S &
vy o o gig e @, Wi W foed e qewyul g S @1 v
TR A siced V =V, ® d fawd &9 diemn p-hersh R S
T[S § 37 HASThdl SeiaeHl i Sl n-Halsh i 3R @A o, @iad
o foru e Bl 21 ) Soieeia W o wHg Uied 9eu un o fog
IS B §| 3= faga & o HRoT e TRt § selatAl
Ieafstd BT STidier e IS el &g S wedrl gl s
M o foaq emewares forga & 106 V/m #ife &1 g 21

SO NEC L)

I(pA)

(b)
fox 14.21 (a) fFd SR s@©
%1 YdiehicHer F&90r qen (b) fwet
SR TEE #1 I-V stfeneafrn |
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S IRRIER]
Sfeed (V)

Aeear T o ®U § 91 SEE

T WA € o forell feehr o6t fo dicedt W Se-wg il ® dl SHeh! fieda
diceal # ot w2-ag et B fRd fRear & frla 9 wa eifEfes de dieea @
TRt (7o) de dieedl 9 w3 o fot g9 SR SETe 1 ST 3 &1 SR SEe
1 ST ek ST T sieed] ek o1 o aiuer e fos 14.22 ¥ g9 T 2|
el AFERE de dicea (et 1 freela frfd) =i

guit S| H HATST Ffaly R ¥ Bld g SR SIS ¥ 36 YR

IS ed € o SR eEe TvEfies e g A fawd

Sieed | gf Bl € @ R, T SR THEIE ¥ varfed fagm ww

o ot gfg & S 21 3o IR eEE % O W dieedr § HE

W g U1 HNU I8 © ToF W &5 § S aieedr e Gl B, g9t

R, (V) <R oM 9 yarfed ¥ § 9Rads g ¢ 59t YR afg fast

3 % ® +ft uftee gu fom € R, & fa¥ W sicem # gfg &1 Wt 2

o 14.22 dicea fo@ & 9 ° SR
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TS|

331e0l 14.5

®  Siced Tl @ @ R, T SR SHEE ¥ YaIted fogd o o ue
S 81 SR T o ol W aiced | g uftedd gu o R,
o ol W favem =12 < 21 39 YR faeh sieear o e ot
foreht oft St s1eran gfg oF SR, SR SRS oF 9l W aeed
H fom w1 Redd gC, R, o fo W degedl w1 s1ere gfg 8
St B 36 FohR SR SIS Weh siiedl -1 i Witd 1 sl 81 g5 Sfeydsh i
Fieedl o STER E SR TEE T 4 Yfaies R 1 99 Rl B ¢

3IITEYOT 14.5 forelt s FrRifa fogga smyfd o fes 6 faw v, = 6.0 v ok @t
SR TS 1 YA feRa ST €1 e R 1 HH 4.0 mA W@l ST & qe St
o1 sicedr 10.0 V 81 vft Yfiees R T W ° 1 =fe?

& A1 FlRIEH Ry =1 A 36 FohR 1 =6 foh SR SHIIS | Jellfed &R «ls
I 1 ol B Il AT 811 UET 3res dig a1 o forg feman St 21 SR o
%1 T A ¥R Ui A H A(EY, FAfd [, = 20 mAl 3Fd: RH Yafed Fal
UW 24 mA ¥ Ry & fo W fawae =10.0 - 6.0 = 4.0 V 1 3899 &5 W< =
€ Ry=4.0V/(24 x 107%) A = 167 QI FTH FH® 1 36k Fehead A1 150 Q
21 31@:, 3o To1q 150 Q %1 Uit Wickieh SUFeR €| e <oy, 98l Wiadiers
o TH H effel gd IRedH THH Hewl el T, Fe 9% Hey iy Tyt ¢ fw
YR L, 1 O W39 & 1Y FI6T ek @A =t

14.8.2 3MegcaEien |y femar

B 919 q 98 @l § o Suge oea vl o Wiy srfurern e@e fhd yehR

SEER Y B 39 S9N |, 6 UQ 1efurern el o fawa o sreee sl i

AT ATEh! FT Icafd B (THITeTH I) GRI BT 21 39 FohR 1 qeft Fferalt

Tt s T wE ¥ en et steeeeRit AR % weE

T T HA|

() FFRT TAFHT SEE (HiRierE) SAE ST Y| Gehdl (fareti) o
TgeA W (YeRIY GgF) T 2

(i) YT eI SM@IE (LED) St foe[d STl ol Fehtel Sl ® ®qiaia id 1



(ii) WreraicerT g, St wehTeTeh fafswon =t faga o
wfaRd (I~ 9a) St 2

(i) wicisrEE

Hieere ff T fafire wEsH p-n @i emEE € o
T ISR fEget B €, fNEd ehR-fR sEe W
g Hehd! &1 I8 UvEiciies 9 § yeiferd g @1 S
WIRISEE (hy) i, ST o steferas: & Sl ique (E,)
T aafirsk 2, o WIS (THT9T) SN YW Bl € @ et
o SR o HNU A2 o I S B &
TAE 39 YRR 1T ST & o e-h Tl 1 S @S
o T & H A1 3Ueh T gl 71 W o fagd &9 %
HROT Sl qe eiel [:EasH § Id gk € 9 €l
farga &1 w1 39N 38 YR 2t @ fF goiee n-%hash ™
A BIel p-Theteh W UEd €, FTieh SR Tk emf Scq=1
BI 81 5Tl THeh WY IS o offe WA Y 3d € al
faga ¥ yarfed B ot 21 39 YT fagd O
OREATT Safad YTl 1 died TR e @ (W
T eI Tt WehTeT w1 el & STHAE it 2)|

g AT W FeroT feha ST W © o A% wvEfeiien
AT € Al TR I frerar § IRedq o Wi fagga o
g gR aRadq g1 81 39 YR o wieere @@
SYART Yer1lTeh Taall o Sq=d o U gem 9qaes
(BleHg=s) HI A fFar s gt 21 ot 14.23 9
TRt hicierre 1 [V Afenaforen i 7Y o faq foea
ufRkger @ A T g

TS SRl - IS1Y,

Il qon T afkaer

B

I

=)

o7 14.23  (2) R I99 9 YW BiEEEE

(b) fafs= wew dfoarett 1,> [> 1,>1, & foag
qy=fefien seE YR

IR0 14.6 78 1 € o Teaiaiyne ao@ i €/ (~ qEehl YueR) 1 gor o
STt aTEE 1 9w (~ Tl mR) sifs B § @ i wieere i wwatie

IR § gaIferd S F1 T HRO B2

T n- YHR o s W =R H T, SgEeIs aiedhl 1 SAE (1) ST
Bl el p W Wgd e € (n >> p)| 9 AT FEE W, <A FHR %A@kl

# §@N ¥ gig HAY: An 91 Ap ®, @9
n’=n+An

p'=p+Ap

Tl | n’ qe p’ wEe: R fafire gdiw W geeeE qen e wisad § 9o n

9 p 39 9T F! S Tisald § o9 HE gE@ T L

9'%T lni2ibe

* M <A I o T€ § TR HIE e-h Il S i oh ToIT W o Sl (WehTTYTeh Seis,
ol TASE ) @H HE TSl 21 Sd:, S H1E geie a0 g g g €,
@ errer (fafereoft gaats) steran o (Afafertoll gare) o €9 | el gad sl
21 T fETeE A1 pon WY & AT T fafy W MR FA 81 LEDs S %
faior & fTT GaAs, GaAs-GaP S std=rersh STanT fory S € e fafereoft et 489

1 Y@ gl 2l
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33160l 14.6

I W R An=Ap 3R n>>p | T TgEEA® T § fT=Tas R (An/n)
HT AEF (Ap/p) H G § 9gd HH BN HAEAR W TH TE HE Ghd ©
o TeRIeT-UTEl oF HRUT STEUIY ATehl gRI URElGieTsh aad €N § fH-eed o,
sfefiier aEE oW o fa=Tens SfaX w1 STden Stfures STErT § ATl ST SRl Bl
AT, Y191 i ol A9 o fau ®iderie & adgar 9wyt sem fefg
o 39 R S R

(ii) TRTIT SeqSieh STAIE

I Tk AfuS AAfHd p-n TR SEE B @ S sfsfere a o e fafwwon
1 IeESH HLl T TS SIS YRS SN0 H de BiaT © dlfh $Heh g Scafeid
fafezor (YepTeT) @MET 3T Woh |

e e ST arEfdd i € dl Selei n — p 1 AR (STl o e A
) A1 Bl p — n 1 AR (ST 3 ST @ §) TS S &1 G HT HH W e
AMEeh! 1 HKdl AR &1 Figal (1effd < HiE aFg &l 8) i go o sifusw
Bl Sl B1 39 YehR Hfer G o I HeTehl, 1ol STEeh] i SAeehdl 81 Sl @ il
Gfer o fere aTeehi o T1e QAT B STd €1 Ao e TR Wil o &9 | Sl
e Bl 81 Scafsia il 1 Sl o€ = o SR 312l 3HY 9 HH el ¢
9 SRS I SURCHRTR oW 3eq Bidl 8 o Scarsid YehTel i diedl %9 Bl 2l
S-S ey o o giig et S ], gehter bt dierar # oft giig et St @ 81k
g SAferehad el Sl 1 Heh 3 Sy o # stfureh gfg B W gehtet 1 e
e TR §1 YT St el (LED) i 39 YR SRIfd fohan S & o s91
TehTe] STESH &7l SThad Bl

LED &1 V-I sAfsenafones fafae Ef <@ o sAfvenaiieg o SaE 8
T T Bl dieed qorl § el Siferen qen geie Jvi o fau et fae g 2
LED & 999 s dicedl 9gd &, Fdlwkash €4 § o0 5V el 21 31: I
HEuHl St =1fey o 39eh UR 3= UvEfeiieh dicedid | gl

U9 LEDs St o1, dier, i, 80 a2 <ol Yehmel Scafsid s Hehd ©, as
o Suets €| f5 eref=rerhl 1 39 g9 LED o fi0) § il @ S dg SHaud
HU-U-HH 1.8 eV Bl =MEY (338 Teh1el ol TerzHl TRE 9T 0.4 pm ¥ 0.7 pm
2 1effd O 3 eV ¥ 1.8 eV e Bl 2) | Alfireh Sref=mers fead SAenEs-hehEs
(GaAs, P ) %1 s7@m fafe= auf o LED o fmfor & 21 81 GaAs,, P, ,
(E, ~ 1.9 eV) &1 3w @l LED sHH # 8l 21 GaAs (E, ~ 1.4 eV) 1 3w
SR LED@HHﬁEﬁT%IELEDWWWﬁWT@W =R He G,
WehTT¥Teh TR ofE # feran <1 21 vad LED fassfia s o fog fagafa emeem
fhu 1 @ €1 ¥ LED d9<ie ol ol Sfceenfyd s dehd &

LED o ¥ 9ifed qRARe qaeia ofdi st qorn § frefefaa o €-
(i) T y=Te dieed den sTdeiehd Y Iif|
(i) s foram, R\ B o fow =i 9w e =nfeu)
(iii) STHTSIT ThTeT T ST FEE 100 A W 500 A, 3TeraT T I H T8 TR (W

Zened w9 | &) TH-auil Gl Searsid il 2l
(iv) 3R o1y den 43
(v) g ‘AT-3ATER ' & T arma
(iii) @ QT
R 9 g ®9 § TH TEH p-n G S S GR-fafEwn & smfad @ W emf




TS SRl - IS1Y,
RIESRIIGRIRS UG I TE R
IO ! B T8 BIREEE o fagid (i gume)
W &l e w1 81 el 3 € S € R hiE aen sEw
YR TEl 1 Sl el G T &kl IR fafenton o iilv\/%\}\hv
YA o TTQ ST 3tfreh @ Sl ©, HeRT R0l 7€ @
for gurt ®fa erferer wifed o <A o et ) s i T
o 14.24 W T WA p-n T AR A U TR gam oI
M 300 pm HE p-Si Teferen off St ® feen S %\1&1&1
T Hddk T n-Si & T qqalt (~0.3 um) T faewon
Hfshan g0 SIS T S 1 p-Si % TR Theteh T hIE ¢l - 5
1 T (v TRt) fRA S ¥1 n-Si TaE & 3 W e P /
TR eeeie (Metallised finger electrode 312l e e TRl
fire) faeifaa od €1 98 o Hueh &1 wifa wr & 2 (=) (b)
wfcrek fire Yot o &b 1 A ST G (<15%) Rl forz 14.24 (a) v ufaedt pon @GR G,
T @ 9 R v Wi 9 eafad & @k (b) ER & =1 =R g

TTSl UeH W YR T §RI emf S 21 F=fafea
& gt wferanet o wRO ®, A A9 REAE € - S, gUA 9o Te- (i) §fY ok
ke Wt (hy > E, o T191) o HRU g el (e-h) el skt S; (i) BT &
o foRa &9 o HRU SeigeMl o Bl 1 JeRd| TRl SId
SaR n-Welsh &1 3R q Bfel p-Hhelsh &1 3R weld 8;
(ili) n-ets W TEIH TS SO 3T Hueh g WUE fRu S I VWA
& q p-helsh W TE=H 9Tl Blet U9 Hueh g GUE fhu S %\}\},
T 39 YHR p-helsh HAHE q°1 n-Helsh BUNCHE B Sl @
9% woteey Flalaieed urd (39=1) Bt 7

v T 14.25(a) H ST SFER 7 el olie Haifs fomar
T © T e W T Fehtr ¥N [ JefEd e ¢ o 14.25(b) #
el 9 91 1 gfaedt [V sifenarfres o <9 T 2

&I 34 AT o 98 ® b "R Ha o [V SATqenerioren sl

y
A 4

o]
=)

fodrisr arefl o =Y =rqerfer § Wiwn T 81 5HshT SRl 98 © f TRl &
R e e T o =&l ol o IE ofte i fagd o/ i (@)
gfel e B Tt

i el & Foon & for o7Rel w1 o w3 ST v Cagh e )
%1 od & TSR ST e 1.5 eV o e gl ¢ 9 Tl & OC\_ ‘
Fref 3 fore o 9 ot e e 91 (E, = 1.1 6V), o
GaAs (E, = 1.43 eV), CdTe (E, = 1.45 €V), CuInSe (E J
104eww&%|xﬁzﬁwaaﬁuwasmwﬁaawas T
foTe g e € ( (~1.0 9 1.8 eV), (ii) eiferh

(b)
o 14.25 (a) T Aq&d T8I p-n 94, (b)
R O 1 V-] Aqenefoes o)

TeRTYl STENYT &7 (~104 cm‘l), (iii)é@ﬂ ATk, (iv) Fed
ered HY ITSASAT, T (v) AR A AT, O Tl 1 Gea
& A5 g o YR T STELAhA el BT hiE o wehTer forment
TSl o HaUd ¥ i B, ST 8 Wehal B U)ol
SUA IR H ST B arell el gfal, siafker Aml don $9 Shelgpaied
1 forega oM o ferw of feran STl 21 98d U9 R °R S 1 ST 3 o fog

T N o Hieeieeld Tall 1 e e 1 fova 2 491
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3qTe0l 14.7

IR 14.7 R Tl & AT Si N GaAs 2Afeeh 767 ol gered 4 872
T TH Wi e ool 9R fafenor Teey e 14.26 § @ w2l

A

dr fafwworar (dermn)

1.0 1.5 2 3
hv (eV)
o7 14.26

SAferhan Tl 1.5 oo aiee % M 81 ThRI-S9eM o o, hv> E, |
TEfeT T aTeienershl fSeht og faUel ~ 1.5 Soige diee a1 384 %Y @,
o eI G il oh S0 o1 <&1T =81 B o1 GHEAT ¢ fafersni oh
ft E,~ 1.1 eV (36idH dice) Vefh GaAs o ot 78 ~ 1.53 Toide
dice 21 IRdd |, STUelehd 31k SRl oTieh o R GaAs (31fu o
ST W +f) Si W T S €1 AR FH Cds M Cd Se (E,~2.4€V)
S wgrell 1 T Al TR Egialor o fIu gH UR St o hael S Sl ek
] SEHIE T Hehd © 31 S o Teh Hi2feh W oh1 1 SUANT &1 &1 I
T 7 3e@1 € Tk &9 PbS (E,~ 0.4 TR diee) & TRl i T
ST R, W R AR % W % aeged SIS v & fau
hv > E, %1 ey §qe w0 €2 AR e @ w0 @ @) fafeo @
ﬁwwxﬁ?@aﬁwﬁmmﬁm@ﬁﬁﬁwaﬁrg@&ﬁ
H o1 SHoh U el UEST G & oF R Soiai elet o et gerehd
% foau &n =med @ T 9w S e | & § & 'l

14.9 4fy et

T 1947 ¥ TR o SRR 1 99 96 efithid garmenen U.S.A. & Sl 9RE
TN TG, TE. S H W ¢ T8 AR TH g geaeh iR om tedt |fu
Tt o1 oTfo=hr 1951 # faferem el 7 ] p-n SfE &1 TH-TR & 199
TheTehi oh! SIIGeRT foha ol

N9 T ohadl AfY ool a0 o, 36 ohad Zfeel heeh ST Sl ol g
THY o Y FU-TU TR BT AR g qen T TR H @ G 98
o forg 5% o fgydt wfy 2t (Bipolar junction transistor, BJT) %ed €l




TS SRl - IS1Y,

IfermaT qen el g

S W HE 9ifq T T 99 Fff T BIT F A= & FwEd S Ak TAR A
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14.9.1 IR : QAT qer forar

fopedt 2iforet & i erufafer &= g & i faeer o1 o= | < p-n SRl s
g1 o1 e ¢ T gifeeet oo 14.27 © <9 38R < Y%K o W 2

(i) n-p-n ZRTET - T n-THR o Adas o6 I G (I@sh all
TUES) p-UhR o 3fefulels o T @ (MHR) gR 9¥+ fhy o 2

(ii) p-n-p TTFFET — 3T p-THR & AdaTh o T @S (IHsih aol
TIEH) n-YhR o eI & Th Ge (3MUR) g Jush fhy o 2

o= 14.27(a) § fRET p-n-p T n-p-n fa=m8 & Zeeenms &901 39T

T B foredt Tifet o AT @el 5 AR fre-fa g @1 S e srfHe 'R g

off f9=1 B €1 p-n-p T n-p-n AT i Frefta S ot e Tt
o [fem 14.27(b)] R & fom it o varfed ®¢ /@ &1 faen <eid €1 &
Tiferet o wierw g e few e €
e 399% (Emitter) — I8 fad 14.27(a) | I9MT STHER X &1 Th AR 1
e Bl €1 T8 HeAH WES ol Ry Sedfde Suya el B a2t |
TAIEd ¥R % AU SgEeIE e aEe w1 ST Wl W SR R 2
o 37YR (Base) - I8 Ssd TE B 81 T8 I Yaeq A FHH S7AHA Bl 2
e  TUEF (Collector) - I TS Isioh R UM fhU 7T IgH&IH AT ATEHh!
o SRS W 1 GUEY Ll &1 HUEsh Helsh HHR0T S{AHIE Bl € g
et § I ScEsih 9 99l gl 2
T B € @ b ¢ foh fRE p-n G & weRor § G o 3R-UR T
BIE &% o San 21 TR it | ScEsieh- 3TN G qe SHN-SUEed HiH
TR &% ad 21 fret oifsreet 1 e qonelt i gHeH o fau g9 = g
R T B & HT YHfd Il T e SE R iR % fimet | sfea
dieed] SIS 1 Wl € dl et o fafe= &l § Say aesh T i 2
et o1 S fa=-fa=1 w6 fae fa=-fa=r webm 9 fopean S ?
TR 1 SR T &9 § J YRR W fHA S Thar €1 g ®9  gHH
IMfa=hR Yaefer 1 wifd & W o fau fwan 7 on S fdt famier 1 smafda
Uit S el 81 W TH:-IH: T o & w9 H off guH SwEn feen S
T BH 34 I 81 TRt o fawd o e1emae ek a8 Wi for fhe g i
1 AT Hleh 3 TSR Uhideh ehd shritad oy S 8
FAGH BH U8 S 1 YAE 1 o eyl i gerld &mard hid 9eM
B 2RI 39 Sleh- SR G o SIfafyTeh aeree], qeN SMuR-Gues i
o vt aEe | vade i difa s w21 sg frafa § faw 14.28 4 €
AR I FE: V. TV, G ST Had G ST T 21 97l iRt i 59
T Y Srafea e San @ @ 39 U Gl ST Thed B B Scasih a9l STHR
o o= slieedl iV, T HUlesh 1 SHR o srel s sieedl Sl Vg7 i

SHSih YR HUTEh
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T aen
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L1 o i osp SIS Zfif e B €, ST SR qen St & dr
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IIV |||IV A TUMHHa IS H Igaed® dehi Hi S
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PSR n—p—nmﬁwmﬁ%lﬁwm
nSadE | &9 n-HUEw YR &5 H i Gl | Yo id 81 SMHR et
T qel HH AT W SYAAisd B ®1 o%d: @l W
— ko e TEUEHT dEh! 1 G HH el Bl p-n-p TR H,
.« p::: - AR H Al T8 n-FHR 1 el 8, 3: TEHSTH
pbadliby g paay e TR A EI IS § AR § e w A
1 o :&\ e AT BT Tl U Seaed 1 FH T i T H
for | ot T T T ik SMUR-ToTe Ty weefefie 9 e T,
el Sl 1, 3@, S 38 5 W sFeu 9w ok w9 H w € €
Ve Vo> iy o) s § U e He d e W S SR i
| . Fofeer @i 1 S G A A TR @ A
A '|||VCC & forq, STuR 2t 1 SR T F e Hoes
b) TR T o T WY I TR FHeer W i W aga

I E| SUR & U qqeT -1 S § dife s @

Tort 14.28 9@ dicedl *1 STAM : (@) pn-p oy woRfafoE A R e SR 4 e e
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T qA1 (b) n-p-n TR

SR e T A SR Y 1 IR T |

Tel A <A g ek A 98 ¢ b erufeiien e
B & HRUT Ueh J&d URI Scsich-STUR G § Fo91 il €, Tq STeh SATRIT 9T
1 G qeEfeiyes aEfdd STUR-Hifesh Wiy ot R Hig 5o <1 € qen meR
Y I orelt ¥ G W Yo S el ¥R sl Uk Sgd Siel 39 € el €1 Afg g
USRI STaH Y w1 U T aedl Biel R 92 s G 1 hAel; I, 99 ]
9 frefua s a1 sffires are emEe | yarfed et o 1 A 1, + [ 80 89 98
U € foF ISt O [, =1, + I, TR 3M¥R ¥R L, << I, + I itk [ T SAfrehier <
YR et ¥ STeX 3T 1 o9 HUlesh § el Sl 21 37 SR R Scsih N
%1 T 9gd B I Bl 2

TET T ISR H JAY B A IR ISR R [ SR Bl ¢ T YRR
YR =fia o Frfd ur I,  9on Sores =fiqa 9 fria o 1, 21 e o) f&Ke T
T 9 e ® [aun fo 14.28(a) # Tew@iw fEm o @i erwEm g o
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ISR U [, WIESh U [ Q1 STER €W [ AR B S
I =1+ (14.7)

AU f I E ™ I~ I

el W el 1 T 1 TG 1 foenn we U i fEun o weEd 1 Wy seie
&1 T &1 fEen ur ) fen o i faudia §1 39 yehR TRt p-n-p 2ot ® m
ISt U YR | a9 I 8 Selfeh n-p-n X § ¥R SUR 9SS o 799
T 81 ScEsieh | dRYiY ®G ) i &9 i <wid 2

fFE n-p-n TR § Ig@@Is T ST A8 §RI STOATT T gefi o faawo
p-n-p TRTET & quH & &) g o 14.28 § 9T SFTER R ok 97 TH-SH
o dis famda 21 o 14.28(b) soidei IgEeTs des & ekl Mufd n-whR o
&5 gR 1 Sl 1 F Udel p-UehR o MR &5 il IR id 8 3N GO W 7K
T HIEH O I, A €1 I fgawer § w9 7% fred e wend € fF zifmen
FI Wihd Tl § ISt SMHR GMY Tk &H Uy o €9 § H1d Hit © Sdfh
R-TUESH G $=d Ufde o &9 | w2l

14.9.2 9 iR aiuy fa=ma qor <ifsres 1fenerfures

fopet 2ifsreet o sheret i it Suetsd B - Scaei# (E), 34K (B) A1 9UEH
(C)1 31d: forelt uftger ® farey/foia WaeH 9 YR o B =feq foh 399 § &g TH
(E, =1 B =1 C) frawn qen frfa o sufrss &l safe foedt ziferex &t fFefafaa &=
ol § @ foret w fa=ma o waifsa e s g 2

YIS 3% (CE), ¥ SR (CB), T2 I¥TARS GRS (CC)

TRy 1 A U YA SHARTS Scdsieh CE form=ama § feran s @
%ﬂﬁﬁﬂﬂfaﬁwgﬁﬁﬂmw@@ﬁﬁ@ﬁl?ﬂ%ﬁn-p—nwm
1 SN SAferen GEET @1 8W oo =l gl e @ € Eifi @ p-n-p
ZRTER ¥ =1aer otd 999 o1l fagd emgfd o1 ¢e Schiid s gl 2l

S ST 1 SUART CE fomama & &xd € o fawr omem den <&
ISt & o9 a1 Frid WesE 9o Sciste & e e B —D—
AR &St dieed] § V,, IRedT o @9 SER ¥ L H Iy, c R,

\E VC)D—
aieedl Vo, ¥ WRecH & Tt wtesh o I, ¥ aftedd g /’DHA I ce Vee
SAfeTTeriTeh el €| o9 98 <@ o fefa sifyerenoren b T
e stfrenarfires el i 21 399 98 wafid giar @ T
IMUR ¥ o T GRS O/ H ot gRedq g L

ﬁﬁl.l4.29 H i MY uRuY 1 SUEAN hieh R o7 14.29 3w ScSiss fa=am o
n-p-n TR o ferer sAfyyemerfore den fia sifaenerforn @ n-p-n TR & frfa qen fEw
eI fRal < Fehel T sAfuemafires 3 e1eRE & fou ufy-sETen

C,, stfafarra # fraw sifaemefones 1 seaem w3 & fag 495

uRad B T Srfiemafiie HEeTdl €1 T TR Teh- SN gﬁ
VBB ‘/BEC
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I, (nA)

A
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[ | N
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BEEECERTAN
60U
50 uA
/
40
/ 3004
200A
TOHA
0 2 4 6 8 10 12 14 16

HUEE W IS areedl, (V) (V)

(b)

o7 14.30 (a) T&0 A9 sAfyyenafore den
(b) T&EHr fia Afaemefome|
et 8 @ I, | ot gfig Bt 21 1, o fafe= fred we W e v, % e wiE T
ool 9 e Tl stfirenerfores wra e €1 ea: ot 14.30(b) ® ST SER ST€R €/
1,% fafu= ot o forg fo=-fae frfa sifwenafores @ 2
T <HI-fa qen ffa stfvrenerforent o Yas @el @1 swEm il & F9
Teaqul ac W@l & TRewer | == KT SgER fwman <1 Fehar 2
@) & gfemig (r) : 38 38 R IRfie e s 2, fea ses-saEss
Al (V) T SAER-Scsieh slieedl § TR (AV,,,) o TROTHEEY SHR €
H oRUm SR (AL % STIIE &I e wfy wEd € ¥ uede® (ac
gieie) © e 39 e stfwenafoeg g gar ot o S SRl § R sqen /e
ZITSTEe 1 eTe o0 o |19 giafdd il 2

AV,
{ Al

B v

SR HW [, TN STER-Scisish afeed! Vo e H
(T o) Wi W €1V, W L s o stemem
FH o f Huesd Sesish-aieedl V,, %l FEd @
ST 21 T v 39 e e sifvenafos w e
o el ® S« il wiewd oEen w ol ew:
W& ISl aleedl V%l 3 Ak T S 2
f& smaR wues @iy gvafife amfas ) I
Vop= Ve + Vi, 71 Si T o fau v, &1 A4[
0.6 0.7 V & 1 37: V,;, 0.7 VH FIH atfersh
B AMMEW i V,,, o 98 TE H Tt 1 g=e
YOk ®U H R W €, o Syl WA q
SHR-TIEH Ty = weeffine amfed wdt 81 om:
V. o M @9 3 V20 V oh WH H @ Feaw
sAfsreafores e fr s wehd €1 9w v, | 9fE v,
o gfs & &9 7 Faia gt 8, 59T I, T F91 109 &1
To% URUTHEEY, V,, % fafe= wm o o few
SAfeTEfoTeRT <5 S5k T AW B §1 3T et T
fraer sifyemeifore i (@femr) & gafa g 8
e 14.30(a) © fordt 2iforet o1 uredt et sifirenefors
Twitan R

I, ! F1ad Tt V| afEdd o @i [, | e
%1 Yeyo1 i R Frfa stferenerforer g feran S wehd
T 98 e ? R @ V| @ 978 FW § d St
& ¥ Bl YN q01 SR &3 9 Seided U1/ 3H | gfg
Bt 21 3Tk TROTHEEY I, 7o [, < ¥ ST &9
7 gfg Bt 81 s 7 Wikl B € f v W 9fs

(14.8)

r 1 UM §9 Y6l ¥ T TR AW 9% $B W & TRl 2
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() Frfa gferier (r) - 38 39 YR R e S €, fea emeR e [, W
HUEH-Scqsid diced] H SR (AV,,) T WIEsh o/ | GRom Hd (AL) =
S i frfd afe () Fed

= S (14.9)
AL :

frrta sifuremafores =% <wid € foF smew § v, & o1fq @y wHi o fore 1 ® e
aena: gig Bl €1 THHI HRU 98 € T SMUR-HuesH Wiy qveaiiies amiad Tl
2 qon Tifeey wiwa sereen § @l ©| ad W, il Hgw ofereen § @ ae
STfaeTEToreR o 39 W H, 4T S S e V(=) 51 k@ fhen s 2
SV, 1 HH SUR-HIEh §iel shi Geeiai¥mes aefdd i o fag savae deed
¥ sifye B 8 @V, ¥ 9o % e [, ¥ 97 F9 9fs it 21 FRfa stfrenafores
% i@ 9T o TN 1 wfaes R wfay v TeE w81 it o feid wfay
I YT STHR-TES W o 9o g1 et foman s 21 frfa afwe o 5=
IRATT (100 kQ FIfE ) TH 1 HRU 38 TS 1 GTAIITR Safad g4 81 394
Tg off T grar @ for frfa eifirenerfores o emfisss wm w wEfe it dg@
e | B, wiadiy Sgd 9 Ff g 2l
(iii) &7 YEfep U (B) : TH TH YRR R fohe ST €, Frad Someeh-Scsieh

ST (V) T W oW § afedd (Al 3R ener or & wftomdt afteds

(AL) % 3TIUC I ¥R Faefeh O () e 2

AL,
Be= 1 (14.10)

T o7y et o7 cifse ot shed € a1 SUehl A STcfesh gl 21 A g9 ohee

I, T [, T ST a0 kY al &6 e 1 de U B Bl ST
IC

ﬂaﬁg (14.11)
ot 1. 1, % Tt e ek gfg Bt € a Sa [,= 08 @ .= 0 B B, B,
A B, o T T TR B &1 ST SAerehier ufeheri & faw B, 1 swEn o
ST "R Bl Vo, T L (A 1) e o wer B, 9o B A W efrer qied
I 2l

3TEXUT 14.8 Fo7 14.30(b) # =wiq 7w frfa sifvrenarfors @ foret 2ifet o6 B,
T B, o WA URehferd HIMT Sl V= 10 VR TN, = 4.0 mA T
kS

Al

Be= 27 Pu=7"

V., AT I, o f&U 10 A+ W B TP, F A HI A FL o6 ¢ 89 36 THR
ST 5 ekl 1 I, % X TC W | B FH qo o AUk 1,5 X T o fore e
T stfrenaforel W foeR w1 AT I, = 4.0 mA. (I;= 30 TN 20 pA & faw
SIfeafoTeR! 1 == HIY V= 10 VR 89 T § [, % < HH 9 o 2

8'FT Ini2ibe
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GE}

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

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

B T A 1A T o fIT 2 1 V. = 10 VR I, = 4.0 mA o T&I&d! I, A
1 ATAM ST Serel] WA fohy Y X sifenarforest o fow g, o <1 7 afehferd
FITT qe ST 39T T i

330l 14.8

3T, I, = 4.5 mA 3R I, = 30 pA & fom
By= 4.5 mA/ 30 pA = 150

T I, = 3.0 mA 921 [, = 20 pA o faq
By =3.0 mA / 20 pA = 150

3 R B, =(150 + 150) /2 = 150

14.9.3 T T o o 7 |

Sy fFT S At =g (S1€ CB, CC 91 CE), E-B @2 B-C Wi o o qen
TG & S Sideh, WieRd & 9 TgW o MR W R 1 SYA Tk Ffed
o ®9 H fHan <1 gha 71 S TR &0 ee € 90 X g% ¥ ©9 et CE fa=mE
o g1 Hifa @ qen fordt Jfaa wi wrd yomelt sl §HeH o fae 39 gk o yeed
& T T T B ST A Shind W@

< |
R e R
Y s BC RIEC
/\/\/\I; I\kE " (’)_VO
cc
vy Ve

ferT 14.31 () CE fo=ma ¥ omuR smafaa Zifereex
(b) FqoT 3rfaeraron|

@ R 1 SYANT Sfdeh AT T STaeeq
o fepan STl © o 8 Wk e i it e s
21 zEen ol forelt oifeeet =1 & g &
w9 H YA 3 & fow 39 9fera &7 § yenferd
T B
(i) 2RTeET fae & v7 &
zh fod 14.31(a) ¥ MW CE fo=ma # oMum
TG T o SRR il favervo) sieh 2t
&1 faa & U 4 yaeE 99gE &1 99 S|

59 qfimer o fae qen fid 9ell W forar®
dieed] 7w &1 SEEN T W B g g @

Vo =L.R. +V,__ (14.12)

LRl

Vep=Vee— IR, (14.13)

el BV, F de Faw aieedr v, a0 v,
%! dc Tl dieea v, 99zl od:

‘/L':IBRB-FVBEHQT

Vo= Ve IRe

HET 78 <@ fh V,oh I H A §ed WV,
o o1 e B 2| faferes oifsreed o S a
V, % "M 0.6 VH %H Tl 8 R ofdh
ST | Tl § 9o [, 3 B €

;qa: V, =V,
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THY M, gREde RfEd & S @ qe e Hyw ot | uge 5 g1V,
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off T8 & B € Sl W uReds o ashar T gl S 7 <9iten ® foh afden srereen
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%ﬁm%mﬁvaﬂnﬁmﬁw%ﬁﬁwm aﬁwﬁaﬁrﬁm
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e T Y T § e g A 8 e it @ feofa § wed € qon o 9w
T feorf o won s € o 5 e o § e ST #1 T9 ¥E vk @ # R
Il B9 o (FH) AN I=d (3ATuh) STaEq Fi T hl Sidh a0 Hqw Toreen
o TaIedl Wl Hi fRdl H=a dicedr & = T¥@ IR o6 €9 H IRAIE H, @
T I 98 Thd & Toh HiE oy Faw oifeet @1 e i e <a1 @ Sefs $=9
ferer 2ifereey o1 ‘oo @9’ ot T €1 317 YISl | &H 39 36 YR § off e Hehd
& T ifsreet =1 o oy e s=u frid wem o @ e 2ifeeet =i fean
T Seu Fraw oy fofd weH e @1 oifeRer o T ufiuy 33 g fesea fhu
S © T 2ifeer et off |frar steren o &Y @

(i) 2T yatde & wg o
2T H1 Jadier &1 Aifq ST # @M o {0 g9 v, de1 V, 5 " 7% o 9iwd
&5 1 SYAN K| TH o5 b Wk AN 1 YU Fewr § giedd o | foig o
Ufted 1 R 1 (& FI T a8 RO el @ i Rid 6 V.- IR,
T IR, TE €1 &t R § R S %WCEW%@WW?&%W
B e T e o e
T o &0 =8 9H TR AV, qen AV, Frfd den Few diceqel  sew qfteda § T
AV/AVﬁqadzﬁﬁagWaﬁwa@A FEd T
a&qﬁmaﬁrawwﬁgéﬁwﬁaﬁmv &1 g o o 2, df aRae
AV, / AV, dieed afed o CEwﬁmﬁﬂﬁwW|waﬁlwaﬁa‘lm
FlﬁHA ?Wﬂ%ﬁﬂﬁﬁ%ﬁﬁﬂ%%ﬁ@aﬁﬁwa@ﬂm
T Thd

T 9 ¢ fk frfd dieed v, = v, - [ LR, AV,= 0 - RLA I,
36 WHR V,= [,R + V. ¥
AV,= R AL + AV,
W, AV, F1 AH AI,R, % UH %! qeil § 109 &% 99 7, 37: 36 CE Wi
(f99 14.32) &1 dicedl @I i 39 THR o H Thd 2
A,=-R.AIL,/RyAL

=B (R./R;) (14.14)

499



% wifae!

TET B, = Al/AL, [FHIFT (14.10) §]| 36 JHR FaHF F &9 H ST H o
foru 2iferet o @i &5 o Was 9w o1 STFnT fhan S ek 81 2T 1 Th
yad® (CE-fo=md) o &9 ® 377el o19r # fowr 9 == foran s

14.9.4 ZfTel-vatde® & ®u U ( CE-fa=m)

TRt i Yarefr oF &9 | yeferd i o foq e e1aves ® o 89 3o weer
fog 1 5Ok Tfka & o 9 o el W Y A 79 i 9% ok as um
o Heg o fofg o degedl Vi, 1 A 19 % 99 de SER o [ e gl qen
AEIEl W G I, i fEd 1 ST de seedt V= V- LR, 9t e @
V., T [, % JeTer A aefeh o g g @1 feif o 2

T SAY(d Vo Tt Sofisha # fepeft foeiet b
N I =l AT Hieh v, ST 1 HIE Y SAEhI

R aeedl de SR S T SR Y STIR-41
v, H HIEH YR I, o A T eh 1 TRe AR
Vee B ST TR IRUTEEEY WEd UMW I, WS

SR URede STy & s s fla Sieedn
V, % AA H o qegedl qier SO il o8

TG g0 de dicedizli i %G hich &H a9l
gen frfd o fa W ac RedAl i A9 G B

%314.SZCEW%WW@W?WH yarfer o ST foeror § g fordlt ac faa
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T foem &Y fohan 81 sH19e ®9 § Yereleh! w1 YA YeArerd! el bl gertdd e
o e feran man 1 9 efiforg fost 14.32 W <9 R &4 fodt ac Few fara
v, (S yafdfa T 3) & T V,,, (de) R Teanifad o 1 Frid o1 womess qen
a7 o de 9 feman S 2

et off yareler 1 feranfafy =61 TRl © GHeH & faT 9edl 89 9% 994 © TR
v,=0 | 79 ffa T W frws fam &1 Sy s W, 78w g 2

V. =V +IR, (14.15)
Tt R frew uwr & fau

Vo=V, +LR, (14.16)
9 v, Y T, @

VBE+UL'= VBE+IB RB+AIB (RB+ ri)

V. § e i et gfei (r) [SHieheor (14.8) *faw] e I, § aRedT 9
Terg fohan S wehar 81 TH TR

v,=Al, (R;+T1)

=rAl

I, % afteds 9 [ 7 off aftadd g 81 59 et (14.11) % uRenfo wree B,

&1 & Aifd T=a f, H T TER IR B T
AL _ i

P an, ",
T ac ¥R A (A) Tt Hwed T A Frfa sifaenafoes o e a9 | g AW
B, e B €

(14.17)



3T Seraeieh! - TR1Y,
Il qon T afkaer

e V&1 A @ € 1, % wRo I H aREdd v, e ufius R, % W
fawear o aReEds Sea=1 i 2

T el 1 GHIH (14.15) 5R1 39 YR <904 ST Tehell 21

AV .=AV, + R Al,=0

SUAAV,,, =R, Al

V., # i i aieedr v, 31 S (14.10) ¥ &5 9 B €

Up = AVep = “Bae R AL

yad® ®I dieed AT ©

A=U_O=AVCE
v, rAlg
=_ﬂacRL

. (14.18)

SUTTcHes Tog o8 Tefud sntan @ for il aieedr sven o e dicear o faada 2

iR sifenerfores 1 SWiad = | 894 98 Ul TR CE fo=ma § =
Afer B R 21 5o T aiced Afed A+t @l od: TW vl Afer A H A
Wi qo sieedl @i o [UAE o &9 § o Y Gehd ¢ MO w9 §

A = B XA, (14.19)

<k B, TMA, T TF 1T ek €, 310: 7 ac WF @fed gt 21 aenfa
%ﬁ%ﬁaﬁmmﬁmaﬁﬁwﬁﬁwgﬁﬁﬁ%lﬁ“ﬁﬂﬁacmﬁﬁ
o ToAU Teeas s 92l g S i St 2

3ITET0T 14.9 fo1 14.31(a) # forggd m4fd v, ® OV ¥ 5.0 V 7 wfadq fehan
ST HhdT 81 Si ATER o I B, = 250 TR, = 100 kQ; R, = 1 KQ ¥ T2 V.
= 5.0V 1 I8 WHd gC foF w1 2iforet Sqw staeen § €, @V, = ov A v, =
0.8V, (a) 98 =J7qH STHR HN URehfer Hife f5e W gifet dgw saeen § e
ST (b) 39 ¥R V, &1 98 A foad gifawer e o’ &t wifa &1 w3m (o)
V, 1 98 IRER 1 Hife et 2ifsreet  feom atfe ' qen ‘T o1 w1 fearfa o
@ 2

T

fean gem ? % Hq@a@ WV, =0V, V,, = 0.8V

Vee = Vee = IcRe
I. = V../R. = 5.0V/1.0kQ = 5.0 mA

gafaT I, = I,/f = 5.0 mA/250 = 20pA

e FomT aicedr fod W et Sqwar T80 3 ©
Vit = Vo = IgRp *Vige

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

o Tae dieear forad == gifeeet sfqes fefa o & 2

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

0.0V a1 0.6V, o o= T ‘ fea= o1’ staen | Wl 2.8V 991 5.0V & =
T fm= oA’ stereen | @l

o S, 51 I, 1 J 0.0mA ¥ 20mA % i< ufafia g 2, @ Ziforet |
o ¥ BT 71 W URER ), I, = BI, W B ¢ W oReR §

I.< Bl

6'VT Ini2ibe
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% wifae!

SETEIUT 14.10 fFHt CE-Tifvrer yad o faw 2.0 kQ o s Ufavier o forg
0 W 2.0 VR A ST il &1 o garE 100 21 A de T SR 4R
1 AF faa o/ H1 10 T & €, @ 2.0 VT gfd v, Sofishn | st
SiRIEe R, 1 1 HH B =1feq| Wesh qiate o fl W de faserma ot afssfea
it (s 14.32)1

% fifd de sieedl 2.0 V &1d: ac §U®® &7 i, = 2.0/2000 = 1.0 mA 37d:
YR W TS et fe &/ g = i, /= 1.0 mA/100 = 0.010 mA

dc THR &/ = 10% 0.010 = 0.10 mA

FHHIT 14.16, Ry, = (Vyy - Vi) /1, € A4 8 % V. = 0.6 V,

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

dc HIE® ¥ I, = 100x0.10 = 10 mA

14.9.5 AT yasfs qeom et Sife

T 3@ § T 9@ TR yadw ¥ e sewE A e Mt e s e
1 o gafid fame o w9 § i e 21 59 319 9% © 6 yadfe & a7

3410l 14.10

e Evgw g fedl <ifes o wed few fama
aﬁ;ﬁi frfa o fo & & ac frla oo 21 s ol o,
Skl Tiferst w1 Tfq fome @d: gfqaiferd g ©1 UE

94 o fau U werls € feen smar @1 i
foa =1 & am wRive foe w5 wen
a9 &1 A gAdia (wigd®) # A S
21 3@ URHA W HIHE GAIRU Fed §, Sl
o 14.33 (a) o k@ @ 21 gl W
JHT (S WHhE & §R) A LC
gRtuell o g1 U TR S HeRdn

YR ok el | i @1 e 9§ gima s
o fau fa=-fa= fafiml (qEeior 9fmer) =1
IYANT HA 7| THS ITAE TRl

foam X ?@Fﬁ (T) 9 &k @"Eﬁ%@) i

X \% x \Z @ 9ifq g, SR-Sosie |y sl e
{ H Twdl € i SMUR-HUEe WY uveEiien
0] © (i) e H el €1 W i gfe S forega s

forg 14.33 (a) S TROT A6 T W WO it afust areE o I H A W € 5% A T
Yaih 1 Sife o 9§ b w1 fagid; < T . .

(b) Tk T LC Siferd (Tamees i) ; a9 (c) 9 TH AT HH aﬂmﬁ.ﬁﬁw

1 e @ ¥R @ Bl 81 WH o o e

WEhF A o HRUT ¥R i SR i 1 S o -
502 ¢ e S, @ 3777 H FToH Feqed aRd STIHge B
Taq (= o) | !

v



PG EGECEED

- 1919,

Il qon T afkaer

3R B Toh | TIaa, I § HITEH N &1 Tsh TElH (Surge) TaTed BTl
Tg U FHeeA T, ¥ FRL ot ¢ 9w o @ o 14.33 (b) ® HEw 3
SR 4 @ T R AF UW A R W W ey A€ UEH uiel, qfed X 4
Y T #fR-+R Fedt €, StEn foe 14.33 (o) () ¥ f@mn man @) et T, den
Feel T, &Wﬁﬁaw&wwﬁmuﬁwﬁ@%ﬂﬂaﬁw
F (v 2 o areE W 99 fRW @ FRiG B RO 2| e qAe %
FO T, § T8 UR (SESE oW ft X ¥ Y 9% Fedt ¢ [(F 14.33 (o)
(n)%@llwqﬁwﬁﬂ?ﬁ@‘%ﬁT ¥ ¥R (FI%® UR) Y AH W
TgEdl ® al 2T ggw € Wl @1 SHehT a0l % & T 59 WA GUEF 9
AT SAfeehaT W W T, A9 97 AR s € 9 wedl e o quEd
%mﬁaﬁttrﬁa’chﬂﬁﬁwé Tafan T, o fehe ga=a &3 deT 9% @l

ST 1S g ers frer gl S, éﬁﬁT@Tﬁgﬁﬁwwwlﬁﬁw
Wﬁﬁmwﬁ%wwﬁ%ﬁw%lw HUES U Y 9 Z
F SR Tt 7 [ 14.33 (o) ()] TG, FUET & & ¥ & HRO FEaAl T,
o fiohe JaTa & &1 & Y& & a1 ¢ TW ISR T, FH T, § e gal
89 feed § (W w@E A % wea s 89 9e W 1, @ 9% e o
fodid 2) | 3% FROT IESF UW IW T AF IR T ¥ 5@ T T 2 W
T UET WU SR iR #e-onw (faws]) # W gHent ovef @ f o[ qen I
ST ST w1 WA T T §1 gEie g S Ui s (e it
Jom AR ST F T off) ¥ am die s #1 TEe A% g uiea @ e
eIt 21 rerfd, Ty ued Wqw eraeen # Wil €, R we-eiw o &R fe
UG G el H ol M@l {1 W e ¥ e AR R amaw e
% 1 fEA § @ e dw-uiue a1 geEi| oY (Fee T, # Wk
L Ao I ¢ wwew § A §) o e W R F% 81 ed g

Rkge T AR g (v) & 97 egfa @ S feifa st 2 o <ter forg st
R Ifad M

v= (14.20)
27‘5@

957 14.33 (b) o URuY ¥ 3 =1 THEARA YUY GRS i A el T 21 TEAw
30 GH@ERd GUEF g wed | A g giuY SER %1 A e i 3
TR SR FHers Heih| HE T IR o o URu (S RC) A1 IHHR0T wfiwer
i g 2 e fafe= o oF <ifers od € S8 shieiiue qifer, Bed aifes, RC-
gifes e
14.10 3fcheh TAGEI(Mehl del deh (TSR ) TS
st et o TS yareferl, e S8 soieifes aftueli & srusht aftera @ @
ol 379 Sieedl tuaT fagmumet o faee Taq wat IRed-g aieedisti sterdn (st
o &9 W 4| 39 YR o Tovell 1 Had e 76T [7er hed 21 fo 14.34(a)
o T U € qeie S e geian e @1 e 14.34(b) ® U wE X ®Y
Tgian e § TS dieedr o oherel Tofee WM &l E9E €1 T8 YR o Tl bl
el e o T fgenurt il &1 SWiM wa B 81 fgenudt i yomedt o
e & 21 3 ‘0’ (W, 0 V) 91 ‘1’ (I8, 5 V) Bl &1 3ieheh geiaeiieh! § &H helel,
o 14.34(b) W <Y 3HER, 3 T dieed! Tl &1 ST Htd &1 37 faal =i
BT geT Had B g qiue § e qon Frfq sicedreti o shaet & A &
(2 0 denn 1 9 Fiefa fopan man ©) e 2
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% wifae!

TH S9N 1 SeYd Seheh TOIFh! ] THSH oh ToIT We =0 YH T B
el B9 AT ALTA | Seheh SRIH o Fo Jaqd el (M= affas 712
#ed §) e & Wi Wi 3 e fafme g 9 okt el gt w
yonferi qen SRl § feRan S B

3T IRYY & &Y H T T R H ITAN g aret el 1 I o Fehd
& e ) feorfa & o19aR wehrer ‘31" sreren ‘3’ R FAel Ear ?1 59w
‘afa’ gt @ q fifa w1 g € den S wehte ‘St glan €, df fRla A o g
B e weprer T i fearfaal €)1 wepmer = fopamsiiel s o fog fere =t =
‘o’ st ‘e W feafaal W W@ €

4

(b)
o7 14.35
NOT 72 & (a) T Wdieh
(b) F&HH TR

504

MAN . ). o
BRVAAVANG E
VA
@ (b) -

e 14.34 (a) 31984 fF7d (b) 3T&E fa|

14.10.1 it e

Y i v s e (Digital circuit) Bl € S Fraeht qen fofa sieeast &

s fordl = difeher Gae 1 UIer il €1 SEIfeIT o9 ®9 § 3% ot
Tz HEd 1 T e 1 FR I8 ¢ foh 3 YA o o il w3 §) s
®q § STAN fRT ST o1el e wifsteh 72 NOT, AND, OR, NAND @2 NOR &
Yook olitsieh 2 i TRl Teiten g1 ST ohid @ e 3Heh Wehtd shi Teh HeIHM
HRoft grr aReta fman Siar @ st |t gwa vt 9eh WX waSE qen S
-3 Tefd qeh &0 1 Sl B SIHM WRO ATt el o SHaRR
GrgH T TRl ! B S Al 12i i teiuern gl sh SUANT shich S
ST Hehdl 2

(i) NOT iz

Tg Halfeeh Jered e ¢ e hoet T ot qen ws FRid g €1 T Atk e
‘0’2 a1 Fid Sea e € den 9t e 1 @ 0° el S R €1 svefd
g fopdll Fraw o1 oo il W seRfia ®U a3 81 98t wRu @
30 IehAF A1 Yidelae ot wed 21 9 14.35 9 39 gR &1 A9 &9 4 ST

B dTel YR qe U] HOHE 9RO & Tl 7

(ii) OR 7T
foret ORI o U= Tl o @i <) =1 erfurer fae Bid &1 fo3 14.36 9 39 g &1

qoh gdieh e WeaHE WrRol il W 71 g9y ffd Y1 @ S| d few A steren
e B 1%, 21 g4 1€ tefd afg & ot fow 3= @ qf frid S=a e 2




SAefeTeTh e - Ietef,
RIESRIGD It i Ee

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

(a) (b)

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

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

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

a

(fta) fort 14.37

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

A

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

— = |O |O
— O |= |O
— 1O |O |O




% wifae!

IITEAT 14.12 A 3 B F99 o Ul 1 3201 14.11 & G9H A
AND T2 ¥ 9 fiq qUmey &l whe shifeg)

L)
o (<t o fau; A=0,B=0 zhfaT Y=0
® t WUt TF; A=1,B=0 TEAT Y =0
® ¢, Wt dh A=1,B=1 zafT Y = 1
® ¢t Wt TF; A=0,B=1 gafeu Y=0
® ¢ Ut T%; A=0,B=0 3EfeT Y = 0
® t Wt TF; A=1,B=0 HfeT Y =0
o (>t éﬂ%ﬂz A=0,B=1; gafeu Y=0
EW?HTW‘?R AND T2 &1 f7iq qrey = fod o g9iiu STar @i
S Hehel B " "
N : :
=
) t
2 f fos b
I 1 1 I
I 1 1 |
I I I I
. ! !
E | fa‘:rmia | |
(iv) NAND %=

Ig Tk AND T2 € 181 NOT §R 178 *idl €1 9 faw Aden B3l ‘1 €
i “1° €Y BiaTl 39 712 &1 9 M 3Heh NOT AND S8R o il f&a T 2|
o1 14.40 § NAND 72 1 deh Sdieh a1 GIHH RO g9 78 21

NAND 2 ! Haf3n e A1 916 gaisih e off #ed ¢, e 9 e & JAm
T T 3 Feld T S OR, AND e NOT U1 3 Hehd € (3191 14.16 TN

o -
A
Y
D_.
B

(@

— |l = | O | O
=l K= Bl k=]

Ol =]+

(b)
e 14.40 NAND 72 &1 (a) Tk Wdieh a2 (b) TIEM HROM
IETE0T 14.13 = fg@m 7w 991 A 921 B o @ NAND 72 & f7iq v

o ! WhE Hifsal

:? ES
o t<t = fay; A=1,B=1; gafeu Y=0
o ( H( TH; A=0,B=0; T Y =1
® ¢t Wt TH; A=0,B=1; gafem Y =1
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AYATAF el -eh! — TgTed,

Il qon W TRy

® ¢t Wt TF; A=1,B=1; EEAT Y =0
® t Wt TF; A=0,B=0; TEAT Y = 1

® t>t o fag; A=0,B=1; TEAT Y = 1

t t ot ot ot
o7 14.41

(v) NOR 7T
TGk a1 Ay frewr den Wk ffd 2 @1 OR W@ o 9v=id Tk NOT Hfsan
3I9gH F ¥ NOT-OR 72 (31961 shelet NOR 712) U &Il ©1 <l <Al faer A

o1 B0’ B ® @ ffd Y et ‘1 =il 2, e 9 @tk e @) 9 @ e e
‘1’21 fa7 14.41 § NOR 712 &1 deh Ydteh e G 9o <o T 21

— = |O |O
— 1O |—= |O
OO |O |+

(a)
(b)
T2 14.42 NOR §R &1 (a) Tk Wdish 9ol (b) Tea®@™ TR
NOR gRI &1 HEE® gR SI¥6E 916 Y §R A Sl ¢ =ifh shaed NOR
T2 o IYAN ¥ &9 g 1 S AND, OR, 91 NOT Ui &% Tehd 7 (3159

14.18 T 14.19 =f@n)

14.11 Tahigha ufluer

qRge sl S w1 WA fafy 39 IR ® : SMEie, T, R, L, C S Seeh
%1 TR 5= AfSd & W Rl gRI Gieed Hieh Sl Sl €1 2Rl & nfashr
o 9% S AT T S Gl TR SN wH W TH IRu A B |
3ok fdfe U8 aRaer %A favaeHia qen &9 yoma-Ueh 8id 91 Tk 90 gRye
(T =ga 9 @1fra e 919 R 3R ¢ a1 9fewa Jfaaal o9 eEe ok gifees
gl) I sTgaes o fordt B twha st (1 fou) & e faffa s &) amon
J goagife dreifieht o wifa o & ?1 U@ uRuy & whigd IRy (TS
afée-1c) wed &1 Fad fagga &9 4 WA &1 SH 9l G, g
THihd TRYY &1 HiHifcT e % T ek IIR| sl WASH B, FHI9 (monos) &1 31l

€T'PI lnr2ibe

507



‘e’ Bl 8 Ukl 3 7219 (lithos) =1 31ef ial @ Weer| gererd:
R R Do o' § R g e el § i wol ol feht T fafaet e
<SS P (o ) w fff $1 Ay w e 9gd 919, T 1 mm
x1mm &1 398 *ff SISt e "endl 81 fo 14.43 5 T & ©
ag fo a0 Gelt wifies e o w7 #1 3Heh a9

T g IV 01 s mm s e g fean e € e faw ¥ A fod e e
fog 1 fm e FASH hI <A S Tk | 37 o o 2 g e sA €l
frawr faretl &t ghfd & STUR W Usigd gfwed &
Tl o el S HWehdl ©: (a) W 1al STEY Tehighd IRUY

b) Sifher Tehishd URuel| e Tehihd uiqel 31&Y
Tl ot wHTfod ek Afushan qen =JAan "Hi o IR | 9Rafdd s 3= ety
AT Had 1 34 €| G o 39 qo Few o SAHat g €, e @ e
o Wy Pasha: ufafda e 81 Was Thigd aiual o god sifees SqFnit
GishaTcaeh Fafe (Operational amplifier) 2.

e Thiehd aRuey 39 Tarell &1 HEe w3d 2 fSHeh sherel &1 7 B &
T wliferer el 59 uRael B © 1 Wil oh WX (3l highd qRuy ¥ uRuy
TIIEl A1 ATk T2 i &) o SMYR T Tehishd ROl 1 TR0l feman S
21 S0 %D IC 1 Tl Thel ST, SSI (Wi el shi @A < 10)%ed € dl Fo
3 Tifea whel 3ERRM, MSI (Tifsieh T2 i W& < 100) , TSI Thdl $eRM, LSI
(SfTes 712l T W& < 1000) T A TSl Whed SERRM, VLSI (it T2l st de@n
> 1000)| Tehishd dRuei o Fofor &1 Greifieh! sgd Sfedl @ g 98d &R W
AT Scaed BF 9 3 fush R 8l Y B

T TS IR : et WERTent ol qias

goft g YUNferdl o TRF R THIRd UREY (IC) il €1 Idd § @ g+ oFd il Sig #R,
g, CD @R, T B fE § THihd IR9Y (IC) & 2id 21 9 oehior & wRoT smeffiey fosft
FHHR T S B T SHKT T FA IC o G T B Feht oft| IC Ut sl gt & o
Tgd ¥ giferer, gfeierss, G, gt qrR-geft Uk & Uohe o B €1 3T ‘AR’ o fava |
T BT HIESHITEER Teh U@ IC B © S fordt svegeX ® @eft gomiett 1 Haifd 3l © S 98 @i
e TG o iA F heft 9 T, i T1 FHHEFH Fel ©, T A1 IC HT Fagem MR 91 1958
H 2oy siic W S fhowt g fRan man fgeh forw 3= T 2000 W e TEERR YSH R @
IC 1 frafor srefemersr fopeeti o Tohel (Stoen fo) W GRS ufwar g1 fohan St 21 39 9a6R
TrEd g1 Wikt S (IT industry) Se=as © fet 21 et &2 a9f § 1C #1 Sfecand 9 T
& Sefeh 9ok @l 1 3T R fachs @ 21 fuscl o ekl & et WEifin | Aeshia TR
T ST ShUIE i Tk Te oral a1 T 1 INTEL o SeseeTeh e 3 5 ¥ 1970 ¥ 98 =@
o o forell for (IC) &1 w9fd emman &% S o & o1e 1 T B W ?1 98 @R o (499 AW 9wt
21 gfa fou el ot g o sRemiet €9 9 9fg e @ 2 9 a§-k-ad el w1 emar ¥ gfg
B W@ 2, R ofi 3 vt w1 orden o T €1 odHM Wi oh STUR TR U8 Hehd et ® € TR §12020
T 39 R 40 GHz (40,000 MHz) R J=1feid 81, STHY | Fal SIS, Atk <&, a1 TS o
FHR HT J H el TR B STEerR SE qon e Weifh § favwies gfg i MET W
e S50 gR el TS & ¥ 39 WehR oAkl feRdl T Wehdll ©: “AfK Toreifera aed e Srefeer
g 5t Aifa gfd R dl HE Yoo T4 (Rolls Royce) HR Fd e 5 @@ Hiet d8 sl SR 9 dreh
T T AU Bkl T&=A B ‘

Tor14.43 90 &7 3RO 1 SHR G
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10.

11.

12.

13.

TS SRl - IS1Y,

Il qon T afkaer

|
fefTerh AW W ST S el FieREl; SH— e, iy,
THIHd URuY e ¥ W qe e 7
TeTel eell shi STeteh LT Te URATY] ST iy sedt € o fean e fag
TR1ef TR, wTg steren STef=Te whml
1@l 1 feRIehdl agd FH (102 105 Qm) B, fogaaieh g=ief ot uferieshan
agd Ik (>108QmY) 8, Sefeh Srefererehl i feiershdr egeti @i fagadsh
vl % weE Bl @
el difeeh (Si, Ge) T € WY A (GaAs, CdS 3@1fE) 2l
s e AN sidTerR’ wedd €1 e dEHl (e IR Bd) &1
Itk wered o1 S’ o1 @ SR A ot SHeH o TRUTHEEY qIw B 21 A
STeTER # TeidRl 1 WA (n) Bl F1 W@ n, THE Tl §1 B Savah
®Y G g YO g 3eee RiwEr €
IS STHETCThl | SUYH STUSA oF  STUMHAU’ ¥ STAY Alehl i WA URafdd ohi
ST Gehdt 21 TY Sreehl 1 STuselt stduTer® ed €1 A Y FRR (n- TN AR
p- THR) o B 2
n- ¥R & HEEh H n >> n @ p- ¥R o SEEe 9 on >> n
B R
n- YR o AeETers § Si ¥ Ge 1 =@ WA (I6M) ¥ As, Sb, P
TS o T ST ¥ Y foha Sl 8, Selfeh p- YR 1 S1efuiiers Si e
Ge @i @t wam (wEl) S| B, Al, In 31 o rafHsr 9w foman
ST 2l
Teft TEmelt ® n_n = n2| 38k SRt getel yuiden faga ST B B
e o < o= e AT (S 9 IR Aer §) B 7, T geed
TEd | WAl S i sl =o€ i Sl 1 U HA | GAThdl o
¥ goft St ) quf ¥ SEfer =rem S qofaan fea steran siferw &9 @ qfia &
Thd 2| fREl o1 o wer e § goee[ T w o Ty ge B € @i
ATHA o AT ST B €| =Ahar Bl HH GaAowha1 9 (E) o I $iR
e FE (E) % 99 F WA F-A B, W R w21 ol o &
TAF ST, FohTYT A fogd il g1 =o€ o Sufed fhy o1 gehd €,
S erefeTere ® yerfed ¥ § gRedd Seae % 2
ﬁga—frgr%glzgwev,aweimw%gE;o.zeVQSeV,mﬁa@aﬁ%m
E ~0 @
p%n‘\:l"r%T'{:l‘lﬂ fefeeTsh gferaal i gt €1 W U G St € |l el Srer
Bt ed A=l 3P HIS H1 Th B W o7 a1 @ S G fave dus’ v
ST 2
e STIYYE aleedl i URafad ek G fave Yy i aRafdd feman S g
2?1 SRRTR S99 (n- Fofsh 928 & RO FR ¥ 3R p- et ol o I
R ¥ Heg ®) H Uferent =4 2 Wt 8, S wy=ieien 9@ o gig € W @)
a7: ferelt p-n G SHEte § il STE™ G/ 1§ AfHE (mA H) B ©
Sfefeh qeEIfEiilR S99 R w1 4 9gd w9 (WA ) Bl 2l
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14.

115,
16.

17.

18.

19.

20.

21.

22.

23.

24.

TS & G (ac) dieedl oh Sl (FEd 81 i Th {9 § gfaataa
) B FA | A1 S Gehall €1 TR 1erel SUgH fhoek & AN W e o
dc dieed e i ST Gkl 2l

Fo fafime yaeH sEE ¢ e g
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