. ]
L)
- L
- 1
W 1 4 12092CH14

\

C

3T eI hi-
ured, gfeqar e
T gy

N W M S

14.1 e

et ferral T gl 1 e yaTe ww feRen w1 ek, @t gt uitue
F Ged T @g Bl ¢ T 1948 TR # W ¥ Ued U gl
Fferenera: Tafa Afetepd (a1 oreer) off, S fefd e@EE ey 3 sowe; e
(W) T Hhelle BN 2; ZEie forad dF seeRie—ohers, wie aen firs B ©; 3o
qen USe (HHAT: 4 TN 5 Soiaerel o eh) | fondt fafa et & ot ot emgfd
T % hUIS g1 1 STl & a1 SHeh fafq= Sciaeiel o = aieedl ! Yiafdd
ek fald | T Selel 1 FERE Yore ww fRan S @1 Sfau-seieeel M
(inter-electrode space) ﬁsﬁagﬁf%m# fore fafa smevaes g % A
A SeieR 310 9§ o o 10T § THUHT ST STl @ Gehd &1 37 el
o gl Shael hefle ¥ TS &1 31 YaIfed o Tehd ¢ (21effd seiaei ohadl Th
& feen & warfed g wehd €)1 € HRon @ T Gel il Bl o ared sed
& Tefa Afererreti @ o Fferal oehR | W€t €l §, At wfeRT o1 SUHIT hLdt
& U Yo H WHEG: 3o ateedl (~100 V) 1 SeeEehdl gl 81 $Heh W &
gIhT SlTaFehTel STUelehd W o faverdHiaar ot %u gt 81 enyfies 3ig-srawer
srefareT Sﬁﬁ?ﬁ%ﬁ (Solid State semi-conductor electronics) <l 91'5’,’4'73[ a1
1930 H 39 9™ ¥ T T fF 5 I TR AdwIeeh qOn Ih! Wi H
o€ HWTET Bl § foh ST SAe9T STehl o1 WEA qe 3ok Yolg 1 faen =1 Fat
feal ST Tkl &1 WehTST, SOAT AN 3Teq STIYge dicedl S Steish fdl st
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H T e 1 gen uidfda #X gehd §1 e 39 A4 o1 7% © T srefees
il § Saw aTeehi 1 SR qOn WAE @Y 319 & Hia¥ & gl 2, Safh T
AN B el et Afesmieti/eredl o iaa Seieiql i qw hdie ¥ Wi e S
ol qen el Tl SAeEn fafd § yanfed e Sl ol sief=rers gfaadl | aed
AT e aAferes Faifad To &1 sTavaehd Tel el 81 98 R | B e €,
FH I T SUANT Ll 2, FH dieedl W HTH FHIdl B, TTh1 Siad oal 2l & 3R
Tt favagoa st gt 21 enyfe gfeaal o qf Freifaa famet o fagia w
w1 FE Al helie RO ZgEl (CRT) A Swam efifasm def qeon R
AT # fepan ST €, SiEmeeen seeiteh! (Solid State electrons) UREel & @
Her faeas feeea fegw (LCD, 59 e eet) Al gru gfaeenfuq =t
SR R e e T S R A S e e T
S o AT (i TehEe PhS) & U foneed @ @Y ¥1g o1 T Hueh fag
IS o, &1 ST Aeal T oF Tg=e o &9 ° R <1 1 ol

frafafed sgart o g0 s difdst # $9 ga sEummst ¥ ufi=m
FHUT q1 GY SEE (Junction diode) (2-30aRiel i Jfa) qen fgydia wfy
(Bipolar junction) iR (3-seieiel ®i i) &t o e il i
== w3 I o STIIAN I SR A6 F TRl 1 JuE o w3

14.2 oTqali, ATkl AT TeATTohl Sl STERTUT

STAHAT F TR U7

foga =TeTehdl (o) Seran UfaRIErshdl (p=1/0) o T HM o TR TR 31 YIeif

=1 TR § affe o foRan S ©

(i) &79 : TH! R Tgd FH (T Feihdl Sgd ) e
p~10%2-10%Qm
c~10*-10°Sm™

(ii) srefermerar : Tk UfaXierehal a1 =etshal erqstl qen fagaaedt ugrerf & e =t
Bl
p~10°-10°Qm
oc~10°-10°Sm™

(iii) frgaRret : St AR 95 A (1o sl 9gd ®9) Bl 2
p~10"-10"Qm
c~10"-10"Sm!

FR &Y T p qM 6 & A kI Hife AH o g ¢ IR KT 7T 7R & 9l
off ST Gehd €1 g, fageRieh aarel qen srefrcrhi o e 9% H ok forw wfeRierRar
1 WU WM € A Uk HIUES T B1 o TER Sl oft B, Sl S-S B 39 a1
T A 937, T B S|

TG A T URI &g STHEIeE] o e § 2§ W %S YRR % 8 e B
(i) drfcer# e7efamer® (Elemental semiconductors) - Si 31X Ge
(i) Ik s7efareier — ST & :

e 3IFEM® - CdS, GaAs, CdSe, InP, 3|

o FMEfR - TYRH, Wi (Doped) deiearid, s

- EIRED ¥gcieh (Organic polymers)- TeATERe , WAt =, Tietemiw e ST
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AT SRl - US1Y,

il qon T afkae

AIhel SUA NfUhier eTef=rere gfaal difeaeh eTefrctr Si a1 Ge 31R ifiTs
e ST W E AeIfd €1 WG T 1990 o o% weh e 3R
STefETeTh] IgeTh] 1 STAN Hhich s AdaTcishl Jfaaal 1 fashra gan fFad wfas
o o aIget SolaeifeRT qen oTfude Soideifeht 1 Srifient o wigufa o Hehd
fiyerd 21 39 718 | BH ohael SThTe e e, favivet difcers steferershl Si
q Ge o eI qeh g1 Hifqa ®H| difceren stef=reren! o1 foeem o fag == 5=
G SEHRONS 1 YEfed fmar 0 © 9 fedi-A-ferdt wq o stferemter Aiftren
yefIeTshl T A e B
Sl oS o IMER W
IR ] Afed o AR TRet faged wEr) | 39k fRE solee wi e 39
TSR i TRYAT el W AR el §1 IR S TR ThH-SH o TR STt g
3 S W § dl F T ok STty ke 8 i €1 o1 Feherer wumge %
TSI T ARl FeT ST - 31 S & 3R Fel dh fF Th-TR *l &
Wt €1 gEen qRomTeEEy fRet S| W soiaei i T i Wepfa feRdl e
o g i TG 9 aftush T Bl W ?

el forteet o ot Yoieh Soieeiq & oTaet eAfgde fearfq gt @ qon fordl =
TRl o =R 3R o Sawl w1 Yed Fened ®q § wh S Tél el T@ HRoT @
o e Seie o ol & T B B 1 3 To=t oot &) TS STl sh1 Fed aiterH
BIAT W&l © ol aigl o THi0) hid &1 o8 Sl Tl TS HarStehdl Seigeii o Sl
TR g, Haisehal 9 (Valance band) el 81 GaSTehdl o€ o H0¢ frod
o€ ! e d€ (Conduction band) #ed &1 famn fordt srfafea sl o, @sft
HAISehdl TR HaISehdal o€ | wd B A =er o | fea & =er S %
Ioaqq &R Gt 9§ @ ARl §€ o SoeR[ ST 9§ e §€ § THT o
Tohd &1 ;e S R gl 81 TRy S 98 S "SRl Sg i tfdetd
(THdl) HIAT € Al Sola TaAdIgdeh $Teh iR S Hehd &1 THT oifcsh =TTl
o e 2l

IS < S q HASTR € oh ST I e (aUe) §, 9 GASehdl s
o Tt seiee UREg BId B a1 HIe 9 9 IS o seiee Sy Tl gl T
urel ki fageRiel o <A1 B1 W ARl ST % S AR IR STl W hich
HAISehdl S€ U1 Ao 96 o ote 1 T 1 T L Hehd ©| a9 F Tela <o
T U 9ET W € a1 WSl o o o Sl W S Y 9d © TS 31 SeieRi
ST Hhd 21 39 YHR TE UiHA =Ie o€ H SoieeHl qe GarsRd o | fifse
BH o HRUT T 1 GHEA A H! 2

3T, 379 &9 I8 faar 3 fof N TEmvpstl art Si A9 Ge fhed & yahior
71 Bl 21 Si W STeIaH el TEd e (n = 3) B 8, Sk Ge H STeaH e S
& (n = 4) Bl 21 STh! FTEIGH FHaT § 4 TR (25 3R 2p T9RA) B 21 3:
39 fohted 9 9@ solagl ol ofal T 4N 3| fhel aRaE e § sifehan
TRl T GEA 8 (25 + 6p TAR) Bl €1 3Td: AN TSRl SeigeHl o eIy
IUeTe Sl TSN T| 3 8N fafere ST & o1t hIE Wad 9 a1 Wehd € el
T fo=1 et o e € 9wl 2, S foreeet o wRamopet & o= gfal w ek
Il B

Si A Ge o fortea STl § TRATVST oF o< 1 SRAl T, 39 8N & 1 Hell
dz 2 i # g2 w2, foTh W S ofwe E, (9 14.1) #1 e B €
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

efqa: faeme wen #

STerEATT, Yok Sferee,

2 ToleRl @ Wl

forT 14.1 0 K W el srefumers o oot o€ &1 feorfaar,
T o5 59 e o wed ®, ° oda: fovne gen o,
WWH%dWMQWIEﬁ%IW%%@W ﬁmw%am:ﬁﬁgqqﬁﬁéWTqﬁTrg%|
Yo wed ¥, orfor fre qola: s Sl st 2 )
fearfa o g o 21 9% w ug 1 feufa @ food oo e oifen w9 9 9w @ qen
HaArSTRdl S ¥ &Y 9 fioaq € 1ean =1 S qe G se stfaers 8| 5
ST Bl @ dl GAISTehdl S ¥ Soiee Serdl ¥ =ier S S Gehd 8 I feufa
forga =1er ok foTu Tt W § goeRe SUeed U <l 8| Sd WAl 9%
Afereh &9 @ o eia1 8 1 S 3@eh 1 &R § Ied &R ash T ik
fod =Terd 1 G969 o1 24 €1 T 39 YRR o qaiel w1 i s A
HTeTehdl =4 Bl 2|

TelRAl e

326

e

HeArSTeRa
ESS

(1)

(a)

(b)

AR oF T I WAN FAShdl selaeHl 9
wufd: fort et e gaisar de e 81 o e
o 4N Sl TR € € 3% =/ dS hed €,
qM I8 TH I R goia: e g 2

o 14.1 Afaw) w9 weq o § Fream
ol W B E, % T H q¢ HAewd d€ o
IoIqH Sl ®R HIE, O 9 H 91 T 2
E. % SW 991 E, & 9 39 TH-gW &
e e 9gd § Sl &R ST T )

GarSTehdl o€ o SiY qe =eH o i el
& o9 ok A I Fonl dg FaweT (Al
Sl S, E, ) Fed €1 A8 sAauel uwef w
wepfa W FsR e @1 F@ eifreh, & ererEn
I B Hehal €1 3 fafe= feorfea ot fo 14.2

geuT I ; 98 o 14.2(a) § <31l T

SAfqeara
/ EIGEACES
E (E,=0)
| E
i
(i)
t Fe
E E,<3¢eV
E v
(c)

o 14.2 (a) =gaT,
(b) fergaRielt qem () eref=rerri o =1 S i o =
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AT SRl - US1Y,
il qon T afkae

TOTIT : 36 TR0l § S T foe 14.2(b) W <fen w0 2, 3@ feufa o o
SR E,, A4 2 € (E, > 3 eV) | e S | I geri T el o : FiE fae
T EE T B ST 3 A A e § el shae o o g B
el oft e IS @ SoieHl il Gl 9T ¥ e o€ i A Swted el
fopan ST Wena| € farganiet Uil w1 SR B

TRT II1 : 7 el 14.2(c) & <ot 7€ 21 39v weh ufifid wg @ e SR
(E, <3e\/)zﬁa1%|a§é€ama€ﬁé?w W o qY W, HS Teir GasThadl
Se 3 T T A IR o § o S ST F R FF TIo i § e w8
3 goieg (Tt EeT 9 H B §) e de T T T Wehd §1 3 S7fEereh ol Wi
a1 anferer &l e TS et el w1 e 2

TH 9N | g HIqeH, Seihi e StefueTshi 1 Sraeh ariiehtor fohar 21 3nTel
3TN | 29 eTaretshl | e Ufhan o fawa o i@

14.3 I ared=eais

TH Ge 3 Si &1 Gad HIYNU IR o k! STeieh (Lattice) T T 14.3
o fe@r 7 B1 3 et 1 ER S A1 shed € Weldh T =R 3 fehead
JE gR R g B1 gH WA € TR Si 3R Ge ® WR HAShdl SoigR B
?1 3T foreela M o Ye® Si A Ge WA Y ¥R ARl olaql o
Y UH-Teh ol &l 379 =R fTohean TETst o WY Geerirar - &1 99
Tl € 91 UH Yodeh fehedl U] o Uk Solei shl WEWRT W Rl €1 FE
F’E’ﬂﬂﬁ%ﬁaﬁq WW?&T (Covalent bond) =1 GISThar ST (Valence
bond) Feed &1 TH T ST Fehell & Toh ST HeeIford Seiagi S Gafera wRamoysii
& o am-de g #d wd €, fd 9 gear 9 oY g €l

o 14.3 9 K@i T Si A Ge i G 1 2-foefar Fregor
ot 14.4 o orereersh ®9 9 fe@mn 0 2, S geEdst 56 ®
ST 9t 0 ¢ o 14.4 T o few & for o =2
T € (T o o gu €)1 ueh Reufa e 9w W& ad R
S-S T 9Gdl ®, 57 SOl i 3R FHE S g en
A § FEE T 4 P Soiae 22 HL e 8 W B
(g7 SO SR HeH W ANEH e ©) 1 FE Sl
fortectia STeieh o F© WHEUET Sl U9 €9 H ST H
i ¢ qu oy § U Red W S < 2, S| 14.5 ()
o fe@mn T ?) g e[ (STEN - ) SRl ° et

N 8, T oI G9E BT (+ g) H1 T o H B <l
2| YW YHICHE SRS ol T8 Red € TH 8l (hole)

el B Biel G9TEl YT STE oiel Ueh ST9IGT §oRd 07
H TWE FTER Hdl &l

I apelEreTehi (Intrinsic semiconductor) § Hed SF"IEF{I#I
1 &AM n, @ﬁﬁﬂ@n%wﬁ?ﬁ%,ﬂﬂﬁ

n,=n,=n (14.1)
Wnﬁ%ammmﬁél

e § e S T B & ST o & e g o i w e §
U o foh TM 1 W T Bl © S T 14.5 () o @ 0 21 el i s e
14.5 (b) W fe@m g0 @ gfted foran <1 "enal €1 9 o1el o IR & F@Hast 54

Rationalised 2023-24

T 14.3 =1, fafesE o safam o fau

fH-fadfta R S foree g foad et
AT a FHY: 3.56, 5.43 3N 5.66 A 2l

327



S T

o b ¢
NN
@ NN o-' ----- .
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. P N Si 3127l Ge
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------ o wEHEst

o------r- ----- t" ----- [ )

¢ e fy T '

e o : i
@e e
..... . @) 00 )

Poe {

® o °

o7 14.4 Si T Ge &1 &A1 o1 -foHig Haers

frequ foa 1 99 W SeEEst ey faEm U R

(Fsft 99 99 Y, S 21 99 81) | +4 T8 Si A1 Ge &l
fiadt i = 2@ w2

T 2 ¥ T Teae o M 1 (31d) | %3
ST Hehdl 21 39 YR, TH Tk S ok oI5, Bl T
2 TR Bl T AT TE 1 W U Selaeq 3T T ghfere
ST &9 dl 311 TH 1 ¥ M 2 R =l T &M
AT o i1 Sore RY ¥ o g7 o [ 14.5 (a)
fEu |, o8 e 1 I 1 3@ e § aftafoa T
21 g Tolaeq quid: Tdedagdd Ao Selaei o
w9 | Tfq HIa1 € SR T faEQ & N W T
TF U (1) 31 31 TR0 © T 59 et e
o el ot e orgfa s e a9 Fd selaAl i
Iredfersk T Rt SR ggeRt 90 w o e B
I T heel Tk W8S SUM § TREl eredfes
frea ® faga &9 =t a1 & woaewy 78 g
RO fave 1 SR T L 81 56 YR T B
U 1 faert ¥ S W I AeE el o

RO TR G [ A B R [ T AN HYUl oW T Bl -

I=I1+1,

(14.2)

T A 3 Ag 91 T8 2 Toh e ToaRl a1 giell o 3 BN o Hie-Eiel
UG9S 1 Y Bl & fad soieei Bl o WY §F-ggifad e 21w §
AT A& o Seq= B 1 X Sk GG shi & o SHISR Bl 81 38 T :HaH
1 SR SSHl 1 Bledl § Hog T 2

o I e i e
o @ e e o
_____ .@.'
. P s
fEmlt L
P e PP ®... ()
N.@. @
e ie e
TIHE 2 : . ° E
.0 ‘-o ------ N e °
_____ OO O
o e e
Si AT Ge
(b)

Tor 14.5 (a) U290 A9 W ST SHo1l oh RO TIA 1 W FA q 96 Seiaeid o 3= B 1 SHaEIsHh
&I (b) frdt e i Gefaa SoHE a1 Weliehd feuon = ot ST 21 & Heddish s (T 2) 9 Th
TR YR Bl T 1 W Hell Sl SR 310 WM W Th gl siedl 2

328 TH YRR T | § TIF 2 9% B 61 S T 2| g 2

Rationalised 2023-24



ey ~n

IS 3

crelleh

A

- 1Y,

IferraT qem Tl qRae

fost 14.6(a) ® IMT TER P— E—

T=0KWHE I ef=ierh fvet 4 E
forgedielt =1 wifq sFaer w2
TE qdE e & ¢ fSEer R
=9 M (T> 0 K) R F® e
I Bl s o 9§ =rer ST

| )
9

g Sl

E E,
E, l E,
H 7g=d €1 T > 0 K R amdg saferd
SR e ST ¥ R w9 9
T T8 T od 2| gEifery fret
(@) (b)

EE R Ceci ol leos i ofkcs rec

o 14.6(b) # <M HATAR B o7 14.6 (a) T=0 K W & o1 arefamers fogaie =1 ifq =aen

B TOW D TR We € H & 21 (b) 7> 0 K W IR ardE Se seldi-gel g 9 g (o)
TIT T R A AR W A dg somenl &l el s @ aen fem g (0) e w fsf w ©

¥ U § de HuH e H ol
T B AT 7

IETETTT 14.1 C, Si 9 Ge F I (Lattice) T 99H Bt &1 R o ==
C fagaieht @ Sefh Si 9 Ge 99 e1ef=mei® (intrinsic semiconductor) &?

TA C, Si 71 Ge o T[S o =R dfud seiere heel: fgdia, gt qen Jqef e
H 2 €1 or: 3 AR ¥ U o 1§l e o fo savas Sl
(ST 1 E,) ¥ W Ge % T, o aifers Si o fog oiR w9t a1firss C
o T ghftl 39 YR Ge 9 Si ® T =1e o fau w@as seiaeHi of den diefs
Bt € W C ® 7@ 0 el B

14.4 3UIED eRIH

ferdlt 41 ereferet &1 wTetehdl STk a9 W R wd §, W we-ad W SHhRT
Al SEd W eIt ¢ 3 &9 A, g off Hecyul soiaifen gir S st
BN forhfaa &t &1 ST Tehell €1 37: TR Setehal § YR Al STEvash 8l &l
e 39 el o Sl 1 SUAN weeh fhar S B

& ol g5 e § $E SUgw oRfg oIced Al ¥ W9 9 9N Wi
fufes (ppm) W e St € @ STt =ethal § &g T 9fg € Sl 81 36 R
o UMl i STURST S7EfaTeT® (Extrinsic semiconductor) STeET 3Tls STefareT®
(Impurity semiconductor) F&d &1 =ifed ?HQIFK el WHF‘ﬁ'EL_OiEF Tafyra e g/
(Doping) o 379 el & qel Shg THY] 3797H%% (Dopants) Heeld €|
TH YR o T¢I AT (Doped) =i shed €1 Tafhseh &l e =fey i
o SfEreish Ty o Sk i fdehd T I SH shad fohted | 9gd A HA
areferereh qeA] fearfaai i g S =nfeu) 38 U i o fore U stavass I ag
2 T sruffigen o o7u) den srefuers U=tel o STUEH T WES e THM B

=Iq: HANSTh Si 3126 Ge o HI&H o fIT &1 WehR ok qtHeh START foy ST €1
() o GANE (HASERA 5); S STHAE (As), THTH (Sb), BEHERE (P), I
(i) T o (Harstwar 3); 9 2feam (In), <)H (B), Tfaf=m (Al), &f
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S0 A T 19 &0 =e feo=m w3 o smafgor g
---- °°c o YR STefaTerh! § STeRT e 1 He
e ﬁwﬁaﬁqm%m%wgmwaﬁmwﬁ

P . P SIPPO " wTeehdl UREtd el St 81 Si 126l Ge e
S S S T S (+5 FASTE) ol o =g TR () & WeE § T
_____ .@., W BT AR STEEE oy syafsn < et Frse 3 e st ot

Poe ;e $ TR TR T & H GO UE TUel HW g el
R, SRS, S S S S AU aXad U hid € foh Srafigon fery s
_ ___._ ____. A T % ] T WEA Si HH Ge
e e e AT % HES % ST aUeR g1 A den

(@ TN THISTR qw STAHY & UEd Th-SW
e Y quia: f9= TR o I srfeTersh aRie

S fopfor ahed & forep @i =t e e 21

QQ/@ ] (i) n-UR &7 eferers
O<——3ﬁ7=|€'|7[

O® O ) oA ST for B9 Si 1 Ge (SISTeRaT 4)
Teh YeEdSeh (TISehal 5) dcd 9 A9t

OO0 O FX s o 14.7 ® @@ ™ 21 5 +5
o) ISRl aTell e Si o Teh T <hl Ufaeefua
ek T T U1 HLdl € ol 8ok seisiql
o 14.7 (o) =qd GAST Si A Ge W TEGEST ST A T 9 =R, feheadt o fafaesni wmgst |

(As, Sb, P, 37f%) & 37901 | a1 n- S| Y S €, STefeh el geiaeiA SR I

(b) n-YER % TE1Y T WLRORE W SToRHH Y 3ol S N SET Wl 1 U safee § f
oo e wiceemdt <1 o R shig 1 shadd T Yo 3oiee o foT o4 | 9 o 9t = R
Afafier g Tee 3Tee 3R 308 Uag Seigd o TR UCAIY] o S hig o 91 € Sk

1 fewren T 2 IRUTTRaEY 39 3o &I o w3 & fag

ETIF AT Sl agd HH B 2 IR

T el 19 W I8 A o Seish e T i oh folt o el 21 Sl

o ToTT, 30 Seiogi™ ol WATY] © o i o forq St o ~ 0.01 eV qen faferenia

o TS 0.05 eV Soilt =gl s&eh fauda frdt 3 srefemers o wer a9 w fmed

S I GfSd o€ W TIFERO o fau (St | e 0.72 eV qen fafeesn

T TTT 1.1 eV) Soil A1etl 36 YR Yaddiee ufise foga = & fau

AR TR T HT © 1R THAT 30 777 3791 (donor impurity) F&d

sTafH s W] R foR[d <o o o I9ere YT T Solee™ &1 9@ Yad &9

T eafage W R w81 98 g & A W R T2 et guer faada Si

T GRT 3091 o Soiael ol G (WA 9@ | giall o o) ¥ a9 o 91
agd %4 gig el 2l

fopell srafhfsr stef=mers o =k SeieAl & e W& n, 3T o AN qel

fSil RoT (ST §RT) | S SelaRiHl o hIRUT Gl Blell i ohel WAl n, oheiel

it Fid gR1 Sea— Biedl & ROl Bl ©1 IR Bl o YA 1 T H g ol

1 GEA W giig o HRO1 Bl W ¢ 3Heh URUHEEY giell w1 e o iR el

330 B St B
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AT SRl - US1Y,

TH TR ST % e WX Y T soR @ gen § gl @
TE 1 g § gfg F S Tehdl B 31: Y=EAS STufags o |
AT B W fopel I erefrets W soeR 9g9eTd AEY aEd qel
BT YTy ST FE% 9 Sd &1 THI 36 Yeh o S1e=eleh! &l n-
YR o S7ef=Terah ed ¢ ol n YN o 1= o fou

ne >> nh
(ii) p-9&T & 3efencia

p-YFR 1 3Tef=Terh qd ol € 59 Si A Ge (IgFaSt) o -1 T
ot sryfgal; SH- Al B, In onfg erafufym a6t St €, St
ot 14.8 ® f@mn w0 B1 srufhses W Si A Ge HI ULT TH WY
THR HH Bl § SN STy @ TCHTY] i SR W Si WATEt ¥ w4
T Hehal B, wfehd =iefl 3R 9 oFM o fou Sevae goieia SueTe

(14.3)

Iforaar qen e uiuer
ERRIE R
o @@
S
@ 6@
I .
. 8. "
“(a)'
T FIS

T B o HRO A o TE § Gl T el I 31 st o)
an =Y Freheey W] & st 54 H s R sreen g e € o e
14.8 & <91 TN 71 TR Seish o USIE Si TWHTY] Bt o T W Tk
SR e §, fehe o TXHTY] o STEl Shel 1 1S gorerid 39 Rf i
A ok T e R Gehel © FH8 STk 210 TWIH R TH el 54 Sl
21 & gler <o o foly SUGted a1 #1 M <H g 96 T § TR,
oSt fasmdt T TSt Si W] oF WYl Seiae i HIeRRl hich
JHMEd: FUMHs A & STl €, 92 39oh gt garsht s q e <
&1 EfeTy WIYRT 9§ 9 p —qaiel % Uit WH] i A Heg
Bl o WY U BUICHS 3G9 1 F1g el Sl €, Sial f=5 14.8(b)
H @ T 71 I T 2 % U 77T WA (N,) U F <1 2| A
Blel I SId Bl o Afdiierd € Stafeh <o Saeil 1 §id sherel =l
S € B 1 3E YR, W e o fAU, el SgEETs diesh adl seae
UGS dlesh B sEifay BEdse afs 9 rafaiym IS srefrers
p-JHR o 37efeTeish el | p-FhR & Tefellcrsh] o A :GAIsH ke,
9 S el R W n, We Hon, B W E1 S pUER 6
TRl o fag

n, >> n,

(14.4)
o < A 91 e ¢ T el Uk GHY BUIHE TGl F1T &
g it SifiRer a9 arEehl W AT %1 A Sk d SqFHIhd Fiel
W &Y FT AT & & GHH T faeid gt gl

(b)

o 14.8 (a) =gdEarst Si a1
Ge & Sotsh o st et
@] (In, Al, B &%) &
3LV § I p - YR H

| (b) p - TR o 181
1 HEROTA GI& B el

e Yl S Teh e

ifafed FoTcHe STeeT oF T

JiqeTdt e IRA] i R wis

qo 3EY eI Bt H @ 7

S STIeTohl § 9gHEIH YN AEh! i J9dl o HRU A9 gRI Scd—
I STEh! o ToIu agEes aEl 4 fier o s SEe B & 3N 36 YR
d T2 B S 21 gHIfY eTufiseh Uk WehR o Sfesh ¥ Algehl b e W, S
TS, A o S ©, ST TG § STeUII Aeehi 1 ol Tigdl I ¥ o e

H B

U0 g TefETerR] T Sl oS T YA Bt ¢ W TefEerhl o
TeRTOT H A1 YAl o R Al HS Sree (E,) 91 Ul gl o ol
A s sTaeen (E,) 9t 81 €1 n-JehR o Si sTefareihi & it se s o g
Sl WR E,, e A€ 1 el E, § FB A9 S S 991 36 W H F 3ol a5

A Sl i YT B W AIeH € H Yo Y S &) el drg R STereRTer i1 aE]
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TR Sl

AR 81 S €, T Si o 31 3769 (~10"2) TH] & SFTehd Bid 81 o T
14.9(a) W <M SFHR =1 S § Afeehiel seiae < afgal 9 € omd &1 &t
TR p-JhR o STefaerehl § W& o1l WR E, AT o€ o e ¥ 9 FW e 8
[ 14.9(b) 3@ || 5gd 7 Sl YT a9 R «ff TS o€ § FE TRAE,
o TR R HSHE R Al & 3R Y W Bl HOTHF @ R < 21 [ ooy ok
9 H &9 39 FhR ff FT T © F agd B Ho H1 YN W e Foil ®RE,
Y G oS § TH T Gehdl 1 Sl UK H W AR S HI AR W © Sk
Biet e 1 S eI €] W el 9 TR SATUeRiY U TRAT] SIS 8 S §
U FASH AT § B o9 S 21 39 YN H 99 W GASH o F Bl B o
JOE €9 H g st o o1fg o RO B €1 ardig grey B sttt §
Tl q Tl hT WKl 39 YR T ki Sl ©

nn, =n? (14.5)

Tl Swie foeRol T9Y &9 § Wi a1 TRefeud ¢ Wy T8 W &1 9
urqeli, fergauiferal qen srefererehl (I o erugedl) W SR il wWeH W Wedw g
C. Si 71 Ge F1 Fieiersharetl o SfeR 3ok =ler aen s sl & s il fadret
R fAeft T Bl FEA (SEEE), Si A1 Ge % fAT Sl SiaIel A 5.4 eV,
1.1 eV @2 0.7 eV 21 Sn i =% Y4 1 dcd € T I8 91 © Fieh g8k Fehio
Foll T 0 eV B

E,.—%e g%
('{ ......................... E»
=0.01eV
Eg

™~
20.01 - 0.05 eV

(a T>0K
T A S seeRE-ge I (b) T>0K
oIl 371 IRHV[SA o 9 el

o7 14.9 T> 0 KW (a) n-Y$R & Af=ees a0
(b) p-YR ok TR 1 ol S|

ST 14.2 TF ity el 5 Si foreeat & 5 x 1028 9@ m® 21 @
wEEESt As ¥ 1 ppm Higdl R AHHA fha STt €1 el qen el i wen
ufterfea Fifer, f&a € & n=1.5 x 106 m™|
T oA ST, TRl A S i o 9 S gaee (n,~10'°m) stafasmn
Y I TSl i o § T )
ESISLS n,=Np,
I n,n, = n?, AT T # Hen
n, = (2.25 x 10*%)/(5 x10*)

~4.5% 10°m*®

30T 14.2
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AT SRl - US1Y,

il qon T afkae

14.5 p-n Wi

p-n | (p-n junction) S&d &t srefwrers Ffwa 9 eEe, iR @it w1 g
T B| T Srefuerh gfedl o faver o o fou @ o SeeR s wHeE ered
Heequl B o7d €H 98 qUgH 1 YA i foh feredt @i w1 i S g ® qen
TR Y aieedst (9% o179 sft e §) & y9a § FE G 7Y JHR =awR
F B

14.5.1 p-n G @t fmior

p-9FR o fafesi (p-Si) se=ras &1 qael vefaswt (W) W fa=ar Hifsw)
IRE €9 H GagaASH TG hi 379 A TR fRet p-Si gefaent & Fs 9m
1 n-Si ¥ qRafdq e <1 gshar @1 fohdt srefurers &1 fmfor e # aga-d
YAt €1 o1 Uefereht H p-8 T n-8 A9 p- 9 n- &5 o o U gl G 2l

Wp-nﬁﬂ@ﬁﬁﬂ@%ﬁwm@?ﬁ%— g (Diffusion)
T 379478 (Drift) | 9 I8 M4 & T fhel n-YehR o sreferers o geiael 1 Hisd
(9 Tehleh STIaH H TorarzHl 1 GEAT) el 1 Wigdl 1 qor | Afuh et 81 g6
hR p-TohR o 3Tf=creh | Bl i WIS Sciaeil ol WGl ol gorl § Ik Bidt
Bl p-n €Y & fmi & w99, 91 p- T n- Wosl o R W Higd gEo
(Concentration gradient) & %RU Bld p-Feish ¥ n-Heleh (p — n) i faaRka g
& AU TR n-Fels © p-Tels (n — p) i AR R e | Aokt ki i 3
T o HRO G ¥ Tk TR ¥ venfed gt 2

e 1 geE p ¥ n Wi R faaia g ® @ o7 U We U SiEtd S
n-Helsh W BIE A1 | T8 ST el (& A =R AR o AT g Sl g
#Wﬁﬁﬁ%ﬁﬂ%la@—a@sﬁ@ﬁnepﬁwmﬁﬂmﬁﬁ%,ﬁaﬁn—
ToTeh W HAEY i (A1 TS S-S &) Uk WA faehEd & St 2

ﬁw,mﬁﬁﬁﬁﬂﬁm@EFRWp%naﬁaﬂTﬁmﬁﬁméﬁag
Y 11w Teh TG U (SROTTcHe S199) Big <dl € il fHeeret gl 81 S9-S5 e
foufid B4 §, BOTcHe SEY (RUTCHR TRH-d &%) % UH Wd °H %
p-Thetsh WX Tk Bt St 81 Wfer o S thoter! R foeRfod 39 S-wTe & Rl
4! &7 (Depletion region) %ed €1 7€ @AY € T Seiagl™ qen g st |y
o SN-UR AR T § 9N o & o 36k Yo el o & 1 g1 L ad ¢ (T
14.10) | 39 BT &5 1 HIEE HEHH o 99 9T T Hife
1 Bt 81 G o n-Helsh W IR TIE-= &3 99l p- y
eleh T RUNCHe: TIg-9TSl &3 8 oF R0 WY T &AeHS S f57 (STre)

:

PIt® 1D ljhi 1 Biple Rl u-d

[uny unfud/sprjos/esequ/npa ns3-nse-Ayd-sorsAydiadAyy/:dny

<—— setee o
N

AT Y NS YA 1 A T forg & ST @l =i 21 500s

TH & % HRUN G ok p-Theldh 1 Teiae n-hash H 3R P oeed
dl WfY o n-TeTeh w1 Blet p-Thotsh shi AR T Ll 21 39 co0s

o & o HRUT TS STeehi HT 39 T hI S7TATE FE T d o >
TH YR Tk UEE YN S foh faewor om o fauda e g,

vefed € SIRY &Y <dt © (Fo 14.10) | T 14.10 p-n wfy 7 1wl

R ¥, Torawor oI =9 B © 9 3{Uee UN e Bk B
S-S faeor yfsman et st €, Wik o <A werehl W STauenTelt e & fereafi
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ifehT

O O

___>|‘y k$__

p

[SICTo ]
[SISTo ]
(SIS n
(Sl
[SI=T ]

<+—E
(a)

VO

o7 14.11 () s = #
(V = 0), (b) fomr forelt a9 o gfy

|/

(b)

=1 faval

Bid S &1 39 faega &5 w1 <fiean | 9fig et @ ek herasy svare
o H o gfg B B1 € W SH WHA e woidl W@l € Se e o
I A ORI (FoERon ¥m qen uere ¥Ry Ui § gue T g S|
TH YR T p-n G o St 81 S | p-n 9 W S T2 &g
YRT &1 B

n-&3 Y Al H1 B a1 p-a § gel wt Wi o FHRor <Hf
&5l 1 Wiy % SAR-IR Tk faweiR Sea= &1 Sl 21 39 faw #ht egen
T YR Bl € FoF I A el o iR Yarg 1 fadier e 2 fores
oY e i feufa S B Wt §1 fe 14,11 | & e
greaee § qe 356 Ty oF o= farveiat <eiien e 1 n-vere 3 gee
GY F qe p-usiel 3 sl SIfa TRy €1 36 YR p-usied & @
n-ue e 7| Sk fa9a n-gF ¥ p-aF h AR Teia wt
1 ek 1 T Il © 37d: 30 fa9a 1 9E: W7 499 (Barrier
potential) &&d 2

T RN HiE ot U2, =R fehat € gHad B, SAR-TEve fhed e (~2 9
3A) U FEl IR TR Bl iR THiey WA R W s gadh (3terEn
Hdd WUeh) G9d &l BN Yaifed B el 3TE ekl o fau Gfy ue fafes=rar

o SSMETVT 14.3 1 p-n H¥ M o T B p-Yeh oh 3fefwilersh Hi Th g1 i
) n-YehR o SefETers 9 difdes ®9 W G H p-n WY W R Fehd 22

1 TE HIRR M|

P p "

14.6 31E=Nch SES

sefae eEe [fed 14.12(a)] 9 €9 H TH p-n 9

Bt @ frer o W uiferes gueh 92 € © @ifk 39 gfy

S T s de deed STIIE i S Toh| 39 gfod o 1l fHaa

B B Te=rerh SEE i Ydiehicnsh &9 § a3 14.12(b) §
frefua foan o 2

IR Rt feem 9faret o oiger faga um &t f<en

UfereRT (Equilibrium barrier) &1 s9iidl 81 (Sefsh Sr@e

swfefyrs am@fEd (Forward bias) ) fawa & e@e &

Rl W 9 dieedl V S ye ek IRafdd fhan S Hehdl 2|

7 14.12 (2) ST, ST, (b) p-n W p-n Gy e 1 fa et arerg o grerereen § frefy fam

334

TS 1 Tdidh |

14.11(a) 92 (b) ¥ <ol 7 2

14.6.1 TSR araq ¥ p-n G SRS

g et st SEe o a1 i o o9 ik arel diced! V $H WehR STIge i STt
? fop 92l 1 uF <fie p-oh W Al RO i n-oh W At e € [
14.13(a) 7 (b)] @ 39 SRR arafid F&d 2

SR HATUHTY Slieeal Ui eTef=rers SHIE o &l & o Tl W e & qen

G o p-Telsh Al n-%elsh W fadedrd T0F Bl @ (9T RO ¥E © T g
&, I8 &5 el IS a9 Tel 7, 1 URRIY n-heish Al p-Thoteh o Fiakiel shi
o o STAfue B §) | STIgE dieedr (V) i fEen fa:fAfHa (built-in) fava v,
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AT SRl - US1Y,

RIESRIIGE IR I TER)
o forqdia Bl 81 SEeh qRUMEEeEY, BEl TR h IR " Sl @ qel O o
UferenT =g 8 81 st © [ 14.13(b)] 1 ufeires s o gl Uy | W je—
1 HAE (V, - V) Bl 2 00
At SR dieedl @ & A Al e W qE Y e FS p e n
Bl ST, T ehaiel o € STAvl dsh Sl S=aqd Sell W’ R o, 9gd HH o0
T # T & 9’ T o AU stewae Sl W w9, $1a: FH faga >

YR YeTfed g1 A T STYe Siced! § HIH! gig HT J ot Afereht a8
T T2 ST T Afeh T | i &l Wi IR 3 o fau sTavash

Sell U B ST 39 YRR faga o™ H gfg 8 S
ST dicedl oF HRUI, IR n-Thels g & H IR R

p-TheTsh T YEEd B (Sl d eyl aresh ®) | $E WehR p-helsh o Biel Vo

1
2
fg

Gl %1 R hieh n-Thoteh T UEEd B (STET o eIyl diEeh §)| SR N

IO H M A $9 UohH i STCUIYl A6 31d:&T9 (Minority carrier
injection) ®&d 21 W T HAT R & Helh T, T ¥ R ST TN g 14

(b)
13 () Ul =g o

SRR 1 HA HT G A, e ek Al § Heed o g B A TN e wpie, (1) e
T TEA FEUE % HRU p-herd B EH o TR fEERT B eaon 4 o) e S
p_wa;gﬁimﬁmq“@m%gﬁWn—Waﬁﬁﬂa?ﬁﬂﬁ w%m’am(g)méﬁ

Y el gt n-worsh & T f W wEed € (Fr 14.14) 1 ST sl ™
A @ B TH A o HROT GG UN elled BN o 81 ool

Hieedl o fom)

SIS IR k1 HIF Bt foRRuT YR 9N SolaeiA faeRoT oF shRoT :0000:

TRaRE ST T A B S MR R W fefifirr g 2 —{ P §§§§ n }—
‘o008 :

14.6.2 UvEI<idTeh 9199 § p-n €Y e PN

g fordt ereieTer erie o < fad o 9 # a®l aeed (V) 39 jaﬁ;q —j;ﬁ

TR TG e € Toh o2l o o el 1 n-wes 9 q°1 w0 e

=fifTa =1 p-werk ® Sigd € [ 14.15()], A S F WARKIE o 14,14 swfefors =me § s
419 (Reverse bias) Tgd 2l SNEEEN dieedl ol STfeReT fasream qEH  Aq: AU (Minority current

fefreTs & gt &5 o foll W el B1 TRl g ateedr i ke
Tferert fasa 1 fKen o T gt €1 39oh uRomaesy Uit w1
SUE 9 S @ qon grEt &7 &1 =i 4 faga o ufedd g9 % &R gfg e
STt @1 geEfefoe SEEe | e Afuw 9 (V, + V) w6 R [ 14.15(0)]1
I8 n — p H 3R TFRMA o YA€ T p — n hi IR TIal o YaTE 1 AT B
21 39 YR, TEIE & MR SEe 1 o o 39 feofa o fomo um sty
% &9 & Sl |

Gfer o faga & 1 e TE it ® & afk p-thoth W 3oiagi tedl n-Tels
R B AT AP A F qHF WY o RS o WY, @ 3% Sk dgHETw
& H 9 T STum STee el o 39 SAUAlE o SRl foRd ¥R 3 g Ag
YETE T S PA FHIE T il T1 THeh 3FIed HH BH I R0 78 ¢ foh STawT gkl
1 T STk ST etk W Y o T IR IgHEIh Bl i SR Bl 71 S
TG | A HR (A pA H) o el ® Wy 7 o i aeenl o SR
(mA ), % qo | 70 gt 2

T WY ¥ (Reverse current) 3TI9IER dleedl W Ty R T Sl
TCUIST STEh! ! G oF TH Thelh ¥ TH Feldh I UM o oIt o dieedr &
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% wifde

O O
___>|\y k*__

(Slolellol ]
00000

P 0000 n
[Slelelelolo)
00000

<4—E

(a) o

1

(b)
oT 14.15 (a) wERE 9@

T sEiE (b) WA a9 |

T gt 1 ¥R SIgeR sieedl o TR grI Eifid e gl W 7 |
o M Helehl W TR @I i Fisdl o HRU Wi et 2

Tyafelite a=g ¥ fedt wifaew qvafefies (Critical reverse) deear
A ToReRT gRed &9 § dieedl W R 7 Felt ¥1 39 dicedt w1 go
gieedl (Breakdown voltage, V, ) &d €1 5@ V=V, Td SHiE Twafaferh
o/ | aoft @ gig et 1 el a% foh I dieear | sted 9fg v W
ff urr o Srcafirer qREde B Wil B A uvEieieh un ol e o
Ry gr1 eAa 9 (8 Scees g ffde fven wn 2) @ <= difid
7 fohan ST @ p-n G T= B STCH AR T aR ft F7 Hd 7A@ sifin
B ST @ fgad 2R % HRU SEE A B S ¢ U qd o 8 gl B,
S Rl sufeRer arEfhd e € den suffier ¥ SHd W o s 2l

fordlt TAIE & V-1 AfenaIfie (STHUga &1 T8 dleed o e o
Y 9 1 fo=mon) 1 31emeH i o fou uRuy smw o9 14.16 (@)
qer (b) ¥ femmn w71 TEE 9 deed ® U R (A am
feen) 9 Bt Sl Sl @ g S/l W Syge &1 T dieedl i

ferer fai qftafia foman <1 Gt 21 dieed & fafa= 9H o faT ar &1 96 Are
o ST 21 V SR [ % e T e, S e 14.16(0) § e T 7,
YT B 21 A e, sl are |iA o fore gy fiyefiHer w1 swEi
g Fifr (Stan fusel oum o gHzmar T o) oifer U etfush @ S
foodd ar@9 § H o0 1 A o ol T HIEHITHET T YA fRAr Sar 2
)
- I (mA)
L1 A
P n
foefiie “
o 100 —
7 | fer 80
il _
40 @ 60
40 —
@WM 20 —|
100 80 €p 4P 2D | | L 1,
b 0204060810° 'V
| ol 10 —
P n
Pl 20 —
(LA) 30 —

}]I} | femr I(uA)

(b)

(c)

oo

Ter 14.16 T p-n I TAE &1 (a) URRGE 9=, (b) WARRTS F@" | V-1 sfaensfies o

oo

336 A o YA uRud, (o) fordt fafaest e o gfawdt V-1 ifiyemefores|
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AT SRl - US1Y,

il qon T afkae

a9 7 (14.16) H 3@ G € T sofeferr am@m § oRy & o/ 9 999 a% 95
-, ST UG, St € 5 oo foh S W dieedl T ffvea °e 9 atfues
T g S 39 tfyeneiforer diced o o1% SIS 9P dieedl § 9gd diegt- € 9fg

FH U TEE U/ W Wi (SREmishl) 9fg € Sl @1 98 dieedl sgcll dleedr
(Threshold voltage) @1 23 dicedl sheddl 8| 56 dieedl 1 HF S
TME & foau ~ 0.2 dice dun fafees erfie o fau ~ 0.7 diee 2

Ty S o e o fAu O agd %9 (~pA) Bl € 9 9 § qied
o 91 E‘Tmﬁ«ﬂ'{a:ﬁl%?ﬁél e 9?/7"7??@”?[ ¢ (Reverse saturation current)
FEd 81 W T TR Fehion o, agd i qvEieiies S (@S dieed) W YR
¥ M dfg &1 S 21 SEie i 39 oo fFan it fad=r S STunT 14.8 |
T B WERU I2IA A1l SEIE YT HIW oW &5 o e SuEn Tl Ry S €l

TR G T fad=m 9e K@ ® & p-n SHEE 90 ®9 9 91 o YA€ I had
ek & feen o (emiiyen aw) wiaetia s €1 uvetkiies S giakiy i qer
o smufefirer Ew ufeRiY %W g {1 39 O &1 SYENT YAl (ac) Seedl &
feeeetr o fau foran T €, RS9 ermel erqwm o wwemen T @) eHEl % forg '
Tk 3 difas T R wfae gfade wed €, i dieedr § o qiada AV qen
foga om0 & @Y qRadT AIsh U@’ o &9 H qReifi s e

AV

Tq

=7 (14.6)

ISTEYUT 14.4 Tl Taferenta SEe &1 VI sifeneries fos 14.17 | <wifen @0 2|
THAIE &1 U (a) I, = 15 mA 1 (b) V,, = -10 V R uRehferd il

I (mA)
30

10fcrcrveeeeny

-10V
&

0 0.50.70.8V
= - - 1pA $

T 14.17

TA M AMINefig 1 I= 10 mA ¥ =20 mA & =9 Tl TN &1 9itd A7\
B S gt fog @ ot €, €9 AW o 1EW 1 U i gU giaid o gReher
T Hehd B
(@) 9% § I=20mA, V=0.8V;I=10mA, V=0.7 VR

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

31

r,=10V/1pA= 1.0 x 10" Q
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% wifde

14.7 Wiy sre 1 faewil o w0 | quan

fordlt wfy eme & V-1 sifenearfores o g9 9% S@d € for o8 et adft faga um
Yalfed e 2l & Sa o8 S aEtdd g g1 37 9 fhe sEE % i w
I YAl dleedl STUYH i ST a1 =5k o hadl 3T 9N H 9RUer o o yarfed
Bl S SrEre swffie amEfad €1 e % T8 0 %
I FeATerd! Aol 1 G2 Hid W fehan Sran @
1 39 w1 o oy g aftuy %1 s w9 2 39
fasesh Rt wEd Bl
7fE ere o ol W &E T (ac) dieedl Soiisy
H HaAfSd e gfaly R, o WY ST i S @ o
& ol R Faa ac Fow & 39 orefes o food emie
SufEiyTer rfed €, Teh TIEHM dieedl ghe=r gl 39
YRR 1 faga afaer o7 14.18 o forgga afte # <erfen
T § TSR e7ef-v et uRtue wed B THEE hi
/[, ffow Fech fiTa A 9B R aIfSd ac Sieedr

SRR SETHd B & 92 e T ¢ w1 = i 8

\/ \/t Yfd T B S A W dieedl SR Bk § A SEe

S A W Sieedl HURHE B ¢ d eEE gvafeiitn

R, % Wfd: dieed AT dwEd

T 99§ TEe # 9w WY W T S aen 39

®) SR HTEl o feIT =1 | W1 Fehell €1 (SFIIS 1

Fo 14.18 (a) @eiqa e wiwe, (b) foesd  TAd 999 dieed 1 99 J9HER H i Feed |
uftger 9 fEsft ac i fid dicear & R ac dieedl &1 ol H HIGT Al gH1 AMfeT i

338

T Y|

TEE WY 999 | QT ® Tehl)

3AfAT ac slieedl & YA HH% | ale qfie R,

Y o oW verfed Bt 3R g fot 14.18(b) W g9T @R ffa dieedr ara g
T RMCHS STEfweh | foR[d ¥ 9 781 8ift| 37Tel ¥eTeTen stdf=igh o &6 fiRe fia
diezal W B 39 Wb, frifd dieedr afy el oft afteda © g e shew T
& fon # ufeefod eF & R0 Resr! FEard 21 JfF 79 ac W % had Th
&l ereferen o fid sieed wiw g1 W@ €, 31d: 39 U 1 o7ef-oR R hed
o 14.19(a) # 39T T aftger o 3 S H1 STAN Hih Th T qRa
e w1 TE € 98 ac Wk o HAS TS HUMHAS A & refwehl § agged
faweshd Fiid aieedr U =it €1 sEifere 5@ uftuer w1 gof @7 st #ed ©1 36w
T Sl % n-Helehl T T WY FANSd Y d € 9u THid i SEEl o I
Syafts fag qen awrR w5t fgdees sheclt o 7w fag o o= wra femen St 2l
aa: frdt quf a1 fewsit o fau 9w &1 f5idiasw oot o 99 4 T
Wﬁg(Tappingpoint)wmw%ﬁsﬁmsﬁmﬁ e
TG ST (centre-tap transformer) ed g1 S T fos1 14.19(c) @ o=
2 T g% SEie 5N ffedd dicedl Fat fgdias et @ wra diced! &1 shad
el & B1 U SIS heel MY ek ol TXSEH0T YAl ¥, W < e Yol
o o1 Rt d €1 39 YRR SErel o s9afTs fog qen we frenred Zramei
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o 39 Fehret forg o o= T fia aeedn qof @
el dicedr &t T (sam e fF qol @
s o fou T o= 9Ruy off e § fwes fau
e FThTEl TEHIR &1 SATavaehal 8l gr g 39
TR TR Afew) | A eifere ferdt &ror wem frehet
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