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

hl A

3TTeToh SRl Toh -
ured, gferar qen
A Y

Y W M ¥ S

14.1 gftrer

T gt T8 seeeHl S el et e fmen S gek, Tt sl aRkaed
F gAd T @ Bt €1 W 1948 H INEX &1 WY ¥ Ued UH gt
ferenisra: fafa Ffererd (2 area) of, S9 fafd sae e < soiRie; e
(wi2) q1 heffe e B ; e fomw i seagie—helie, wie qen firg B €; 3
A Y2 (HHN: 4 91 5 SeERIel & W) | fareht fafa ferst o sl w1 ayfd
Teh A heiiS gNI 1 Sl € el 8eh fafq= gelaiel o o= dieedl ol gRefdd
Feh frald W gl 1 Rt yere W TR S © 1 Siau-seieiel T
(inter-electrode space) | SeieRHl o Wog o forq fafa smawaes e 8, sr=en
T Seiaia 79+ Ul H a1g o SYU[eH U TR ST Hell @l Tehd &1 T Fferal
T Soiaei cheel helle © TAS &1 3R Fafed i Hehd & (31efd seieei shael T
& feon o wenfed & wehd ®) | 7€t wrw @ T U e i eReeEn ared wEd
| Frafa Aferpef @ it gl omer § o<t et €, siferen wifem 1 ST et
& a1 e | W S dieedl (~100 V) Y SIavEshdl gl 1 $Heh i &
THT SeFshTel eTUeTehd 9 o favaaeaar ot w1 eidt 81 eIk Sig-srawer
s7efareTeh geaitTal (Solid State semi-conductor electronics) 1 ‘EIE‘H‘TET RGN
1930 H 39 3M™ 9 T 7o fof F© S ofowen Sief=nerh qon S9! | |
I HAT el € foF S STae dareenl s HE@e qen ek Yae i fen & fata
fohal ST Hehdl 1 YhTET, SOT A1 3Ted SIS dieedl i Sxieieh et st
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o Tfedr a1 Hen uRafda s Tehd 81 oA < and 1 98 € T e
il o SO STeehi 1 YT TN Yae @ 319 & ik & e 7, Safh e
TR e arelt fafd AferrTstiaredt § Tfaue seeeEl S 9w el 9w fRar s
o 9o f7affaad T stuan fafd | yarfed w3 S ol STHEee gioad § aed
AT 3fere Atk faifaa T 1 sewashd e il 81 T8 SR W Bl e 2
W Ml 1 STFNT Hd! &, HH dieedl T HTH HIAl €, SThT St ol Bl 8 3R
Tt Taveraiaar o=t et 21 smefer Ffeal o af Fraffaa Afererrent & fagia w
Fd A Al Hhelie R <gel ((CRT) foeh Sqam Jefifasm @i qon segex
Hired o foran Swan % SITerEen sﬁw (Solid State electrons) aftger o g
g fogas feea feawt (LCD, 53 e uset) OiHed g afawenfud &t <
@ ) erefrek gl 1 iv=iies 9 9 gugl 9 ¥ off 9gd Ued Yehfa ® g
M 9 et (e FehTEe PbS) o Tk fhed feeh W1 «1g 1 T Hueh fg
ARG o, 1 ITAM e T o Tg=e o &9 § fhan S 1 ol

frefeafaa srgur o &0 erfures Hifdewt # F9 9ol sEurmst 9 ufea
HAWT qo1 G e (Junction diode) (2-30a2iel i Jfa) qon fgyeta dfy
(Bipolar junction) T (3-zaa2rel &1 Jfw) Sl $o st Jiwal ot
o | T AR & S e A e e w1 Ao s

14.2 oTqedl, STkl qT STeTTAehl T TR

TTehdl o 3R T
forga =TeTeRdl (o) 19ren UfaRiEshdl (p = 1/0) o 91U T o MR T 3 T8I &1
WW@WWW%:
(i) &7g : ST Wil 9gd ®H (STl Helhdl 9gd i) el 7
p~102-10°%Qm
o~10*-10°Sm™
(ii) e7efermeran : Sh! UfCRILISRal A1 Tl STl qen fogareh ugrerf o o= =+t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™
(iif) FEgaist : ST Ffaiershdl sgd Sifesh (7o STefehdl sIgd W) B ¢
p~10"-10" Qm
c~10"1-10"Sm™
TR YT p 9 6 &AM Shael FIf A o o & 3R KT T 9w o amex
off <1 Tehrd B org, forgaiedt wered qen srefurerhl o die 98 # o forw gedieshan
T Ul 7 € A Th AIIGE T2l €1 F8 T AR ff €, S S-S 79 39 1A
H o 937, T g S|
TG A § BHN w9 srefEeien] o 312 § B Sl e UK o 81 Hehd o
(i) drfcer 37efemer® (Elemental semiconductors) - Si 3R Ge
(i) G =i - 39E €
e TFHMEMF - CdS, GaAs, CdSe, InP, 37|
o FHEfTR - TYRH, HIfEd (Doped) SeirEara, =mfg
° ‘OFITSH:*IEFGEEEF (Organic polymers)- HieTTarsyet, JieiufTei, Sellem@im S|
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c h e [a
SEdh Selk[Th]

- 1],

Iferar e Tl gRue

ISTohel STt TS STef=Tersh Jferaal difcaeh S1e=meaish Si a1 Ge IR A
S7Te T SefaTerl W & Sia §1 W T 1990 o 9% FHrefieh e 3R
3THATCToh SEeTehl b1 SUANT Hhich s TeaeTsh! Jioadl 1 fasra gan foem wfosy
% oI TEeH ORI T e ORI F S % weee % w
fireTd B1 30 1A § B9 oholel AR Siefeeish, foeiue difcrsh sref=erehi Si
AT Ge o 31TTT qeh &1 HifHd ©N| difcash etef=merehi st faa=m o foau 7=7 o=
Y SRS i Ertaa fhan e € 9 fee-a-fedt w o erferenter ifien
TefeTRl W AR] BT )

Tt §E R AN W

TR Y] Aied o ITER fRE fagga WAy ° 3ueh fRdl Sl i el 39
TS 1 IRYHOT Shen R R I {1 g ST W] Th-ER o R STt g
3 o O € A o ThH-FW o At Fhe 8 S €1 o1 Feherer wmst ok
TR T TRl HETd AU TE-IE o7 Sl & 3R Fel a%h foh Th-go &l &k
oIt &1 THoh URuTHEEY R S W Toiee i G w1 yopfd R fage T
o AR HI T 9 Tt 9= 8 S R

forelt forteet o ik Tieh Soiae &1 STt atfgdra feerfa gt @ aen Tt <
TSRl o =R SR o SO 1 Ued Jened ®9 § Ww @l el el TE Rl §
o Tedeh Tl o Soff & 9= Bid €1 A T ot &R TS STl sht Herd afterd
Bl @l & Sl dsl k1 Fmio i €1 o el WR S Garsehd seiaeil o Sl
T A &, ASTehdl 9% (Valance band) el 81 SISl o€ o S feerd
o€ & = 98 (Conduction band) ®ed 2| fam ferdt stfafiea w1 o, @it
HASTehdl SR G 9 H Wd &1 9% = o8 § feaq ®R) e S %
Feuan W1 Y i e ® @ G 9% o gelee Sl | e o€ | T e
Tohd &1 W =Te ST Red g €1 W 96 78 S Hasehdl o€ i stfaentua
(Thdl) T B d SASR TAAAges $heh W S Gehd B UET Hifcrsh =eteht
H B 2l

e e o q91 GASThdl o€ o o= g [ () €, al Garsiehd o
o Tt ol Uiag B € a0 WeH o o $IE g soiee Suoed Tl el I
wered o foregatiel o1 <1 1 g WASTERAl S % b Solgeia STel Sl WK hieh
SRl I AT =T 9 o st 1 ek ! IR HT Hehd ©| q6 A TSR =
o uEE S © a0 Heehd ae § e ol T 3= i 2d © Fo e soiee

S Hehd B| 3@ YR I8 Uil WeH S W gl ael et s o fifwend

B o HIOT HTe HI HHEA 3= Hl 2

3T, 379 BH I8 foam &Y foh N TRHIET aret Si 312re Ge fhea o gaeor #
1 Bl 1 Si W STeray hafl, A Hef (n = 3) TRl 8, Sefeh Ge H weiad e =eft
HE (n = 4) Tl 81 TTh! aEdd He H 4 SR (25 3R 2p THRA) B 21 3:
T fFed ¥ 9@l ToieRl 1 A WEA 4N gl R aem wem § eifushan
TRl HT WS 8 (25 + 6p TAFIA) BNl B T 4N HaASehdl seiaHl o forg
Ut el TR 8N ®1 & 8N fafaex Sl T a1 a1 g Tad o€ oF1 Tehd & 1efe
1 f9=1 oef o 9ue € g €, < fred o et o ste gfat w fask
T 2

Si a1 Ge o foReed STkl | TATIST o o= w1 SR W, 39 SN &R 1 FHsll
de i 32 5§, Sk e S SRt E, (99 14.1) 1 9o 2 €
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_______________________________

e e

________________________________

ot 14.1 0 K W et eefemerss o oo o o1 feufaa,
I o 59 =eH o€ wed €, W aaq: fowmer wemn o,
srfesh Fiere ol etaed eidt €1 feren de 59 garseran
et s e e g
fearfa & ol o 1 98 wh uig w1 frefa @ e wem ST oy w9 9 9w © den
STl g 3ifvTeh ®9 § o © 21eren = sig qe et se sifders 81 5
AT B € o HarSTehdl o€ ¥ gelae[ Tlerdl | e oS § S ¥ehd 81 I8 fefa
faga e o g st Sem | soe Sueed %Y Al 21 9 HArSehdl 4%
Tiferer &9 @ o erdr @ @ scisei 3Heh 7 &R 9S4 W a% Td Hieh
foea e w1 g 7 34 €1 T 59 YR o a1 wieiy & steren
wTefehdl S=9 Bl |

ERCEECIc |

SRl 1 Sl

326

TqIhH o T I WAN FISehdl serdeql |
wufa: forn et e gaiewar de g 81 o W
S8 AN Tl &R B € S% =o/ oS Fed €,
q I8 Y I W quid: e g 2l

o 14.1 @) 399 =er § 9 faw
Sl WX B E, o &9 H a1 TSR d€ |
Seaqd el W bl E, o ®9 H 00 T R
E, % SR a1 E, % 19 @ wa® &
Atk fehe agd ¥ Sl T 9T T 2

ATl o€ o I qe =er o€ i el
o o9 o SAATA Bl Hofl dg e (3
Sl ST, E, ) Fed €1 Ae Saa el F
Yopfa W ARk & 21 98 stfush, w| sterEn
I B g €1 39 fafa= feafaat &1 fom 14.2
o ggiten T ® AU A= g faae w1 T 2

g I : I8 To 14.2(a) ° <@ TE

=

TSR
ie

(i)

(a)

(b)

sffaeara
/ e o
“E (E,=0)
B
e
(ii)
| ; o
C
E Eg <3eV
& J
(0

forT 14.2 (a) wrget,
(b) fogatieht aen () erefererent & S S & s" 3@
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T SRl - TSI,
Iferar e Tl gRue

TaT 11 : 39 YOl § S fom fom 14.2(b) ® <uifen w7, 39 feufq § o
SHNAE, afwm%Ewe\mwégﬁaﬁs‘Wﬁﬂﬁéﬁmﬁ e forga
e T T B A 3 A S 9E § o Sl staqel S St B &
frdl ot AT STSM @ SoieRHl i HAISEhdal S § wIeH o€ i AR I Tel
fopan <1 bl T% fagaret el w1 SeE 2l

AT III : T2 Teafd 14.2(c) <ot 7 21 399 u oRifid wg o o e
(E, < 3 eV) B €1 & 9 SR BF % FRO, FH &6 9 W, FS S0 s
Fe ¥ T Tl A A SR E i S S T R R T e § T T
3 g (TR SEm | o BRI €) e S W T S Hehd T 37 o7efererenl i Wik
I @tk &l e Tt forgadedt uered w1 e 2

TH S9N H THA UGS, Seiehi g steeTeieh] sh1 SATaeh afieR<ol feRan €1 3rTe
3TN ® B STei=rcten] # <o Wishan o foma ® i@

14.3 I arefeetes

T Ge 3 Si 1 T8 THRU ST o {5 STesh (Lattice) =1 59 14.3
T fe@rg T ®1 5 wWAS R ER SIS T wed 81 Yeieh W] WK 3 fehead
TS gRI R el B1 BH S @ TR Si 3R Ge W WR HANShdl SoieR ol
g1 THH! forell™ T § Y% Si M Ge WHI] SR ¥R HASHAl ol §
Y Th-Ush Soiae &l 04 9R Tiehean Wt o |1 Ge9rfiar &I &1 g
WAl © 9 U8 Y [eheed! WA o Ueh Soige 1 GEWIT i i €1 TE
HE9TN SAaRH Z7eT Geqdie a8 (Covalent bond) a1 TIrerhar 34 (Valence
bond) FEAT €1 TH WA ST Gehel € T 1 TewifSrd soiseiA S Hefua qramet
& o -8 T w4 wd 2, f999 o gea 9 99 2 2
o 14.3 ¥ f@E T Si A1 Ge I G H1 2-faria frew

ot 14.4 ¥ orawes ®9 Y @@ T ®, S gednt §9 W
FAfH I < ¢ o 14.4 TF ot fomor € for oy 22
& T (Tl oy gu €)1 U fefq fe 99 W @ e 2
SH-SI9 19 9gdl €, 37 Seael il SR e Sell 9 ge
ot € e T ¥ $w goee 22 Y I 8 Uehd ©
(g7 TR et oo W AN i B) | SHE el

foRea eteh oF o TCHURT ol Tl €9 § SARHGRd
€ del o W T R @ S S 7, S| A 14.5 (a)
F e T ¥ gE seeR (ST - q) SRl 9§ Freeees

M €, &l o YWl 36 (+ g) 1 Teh Rewd TAH BIg <l
21 GHET UFICHR AT ATl U8 R € Uk 8l (hole)

HEA B et JHTel ©FTcHeh STa9 oIt Ueh ST Gk 0
1 TE TER HLl Tl

I sreferereRi (Intrinsic semiconductor)ﬁﬂiﬁ sﬁagﬁﬁ
®1 G&A n, Tl BT @A, n, F TR F T, refd

n,=n =n (14.1)
Wnﬁﬁamwwﬁ%

aﬁaﬁﬁ%a@ﬁuwm%ﬁswﬁsﬁaﬁféﬁm&wéﬁeﬂwﬁrw%
TH o fop T 1 W T Bict © S o1 14.5 () W f@mn 0 21 gl &t i w1 o
14.5 (b) ¥ @ &n @ gfted fvan S wehan 31 A= ol o€ SR o WEEASH 94
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o7 14.3 =, fafast @ sEft=m & fau

TH-fordtar 2R S foreea s ey et
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Soa S i
¢ ° ¢
OO N
B GRS N LT o" .
;e R : N }
; : : @ ; @ Si AYCT Ge
LI o '
C@T@@ o e
o’o ORREEEL S N EE [ L)
e fe e
; o * e
- R EAEE . (@ ®--- ° b
..... oooo )
' i ;
e ° L]

ot 14.4 Si T Ge Ft G F1 -fadtg Fewacas

ey foes =1 a0 wegEst sy foay e

(|sft 99 99 g, BE 22 99 ) | +4 9% Si A Ge &I
il e 1 3@ HLa 2

TIF 2 | TF soiae R w1 1 (3) | 3% 3
S Hehdl 81 39 Wb, UHT Tk g o 9IS, Bl T
2 TR T T qA TAH 1 T U ol T T g
ST €9 H @ 8 ®F 1 9 ¥H 2 | =6l T W1
ifere foF S Setaei URY H e goT o [foF 14.5 (a)
If@n ), 9 gt w1 T w1 79 o o gfwfaa T
B g SoideA Iuid: TaAdIgdsh e Soeeid ok
w9 | g Al © IR U foRE & o W T
TR U (1) 31 21 TR W@ i 59 el fea
o %el off T oTqRd 99 B T F7Ya seieeHl S
arEdfesh Tfa gt IR sEeht i i o faw gt
# A A TH Hewl U ¢l TR ardfas
frea ¥ fagm &= &t fFa & woaey I8 B
FUAS fava 1 3R 1 i &1 30 IR T g
U [ ot 1 SO W SO e Teleel o

THIROT TSR SR [ G Bl G I T AN WOl N [ e -

I=I+1I,

(14.2)

T A 2F A 91 e © T =Ie Selaiql 9o el o ScI= B o |-y
T7:Go7 1 YoRH il & e Toiae giet o | gAgaifod B 81 wrereen §
AT AR o S B shi <X Ik THANT i X o SR Bl ©1 W A HANH
1 HROT TR 1 Bl § Hog HEA B

Si Y Ge
@

o 14.5 (a) Te79 AU W ST So7 oh HRO WM 1 T S A1 A ST o 3= B 1 HATEAIH
e (b) frdt giet 1 Gifad e ifd &1 Wefied FEuon = 9t 91 g1 o Jedarst oY (TE 2) ° T
TR R B WM 1 W Fel Sl SR A ¥ W T e sigdl 8

328 TH TR T | 9 T 2 9% B H1 SN T | S 2

e I e i s

° o ------ TN .
.....

¢ ioe s

" SR
N.@. @

vE L L
° —o R WL °
...........

o e T

Si 31¥el Ge

(b)
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T SRl - TSI,

RIESRID It i T

o 14.6(a) ¥ ITT TTER
T=0KW&HE IS efarers et 4 E
fagatell =1 i =Eer & 2
Tg A Sel & ® fEe SR
I=9 @9 (T > 0 K) R FS saideq
IS Bl AT o8 W = S
o 7ged €1 T > 0 K R A Swfera
TR e S | oy w9 9
M B Y o 7| seifay fed
I erefureres ®1 el W @

E

9

- —

e ol

|

o 14.6(b) ¥ T ATHAX BT o9 14.6 (a) T=0 K T FF 9 erefarerd g @ 9ifq =eer
21 THH O TAFT e A8 H @ 21 (b) T> 0 KW ¥R i e seE-ae g o g (o)
TgIT T ¥ A TRl W gt ST ol il el wed € e fed 94 (0) gietl =t fefyd o 2

¥ U ¥ qul UHH e § 98l
T B AT

¥ e €1 37d: T WEEh U UH Soiaeq i o] Fehier o fory etevash St
(ST 1 E,) F9 %H Ge o o, 389 aifereh Si o o ofR Wt afersh C
o feTT TRt 39 YR Ge 9 Si ¥ fo=[d <o o faiw w@aa sl i 9ea wneis
B ® Safer C § T@ T Bt 2l

14.4 YIS eRIh

et =1 areferereh 1 wTetehdl $Eeh A9 W R I €, W He-ad W gHeR!
TR T FHH A BT T H, B A Aol gerRite g 3 st
g Tt =& it S Tehdll 81 31: SToh1 =ethdl  YUR HTAT G Bl
e S Rl W S 1 S ek fRa S 2l

S fordt g s § S SuEd oTyfs oTey Wl § S $w o ufa
fafera (ppm) o fieé St 2 af STt =retshal § w2 T 9fg € Sl #1398 YER
o URIAl I 37UFSAT S7EfaeTh (Extrinsic semiconductor) 3Tl 37?[[3 STefaIeTH
(Impurity semiconductor) F&d &1 aifsa gfs el waﬁrﬁm Tafya s a@gT
(Doping) o1 370 Fead € a4 ARG WA H9F%% (Dopants) FEa &
39 YR o Y1 i Fifed (Doped) 37efareisr sed €1 Tafhses U@l AT ey S
o s 9eie o e i fagd 9 H 39 haa fohed § 9gd A T
refereTeh weaTY] feafadi i & S =ifeu) 38w o fon U stavass I Iw
2 T srufsrs o o1u] den erefereish Ul o STU[RTl T WSS RIS THM B

<Iq: TR Si 31UET Ge o WIS o U 3 YR o eTuffisik ST fh < )
() o GASE (TN 5); S8 AR (As), T (Sb), HIEHRY (P), T
() & Tae (HarERar 3); 99 gfeam (In), IRF (B), Tqfafm (Al), o)

ITTETT 14.1 C, Si T4 Ge F1 SeA® (Lattice) = FHH Bt 21 v off =i
C fagaieh € Sk Si d Ge 99 €= (intrinsic semiconductor) &7
TA C, Siq Ge oh T[S o IR SfHd Seraeid o fgda, g den aqef wa
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S T T o 7 T fod= F R erfsm g
----- oh 9 SeBR SPeflTerehl & STael e %1 Hen
e e A ﬁqﬁaﬁ?%ﬁm%ﬁﬁé?ao‘gmw sfeTeTs &

P it o <Tetehdl qRafad el Sl 81 Si 316l Ge 37
e .o‘/’_.\ 5 . : GRoft o =g g (F) o T ¥ sHifan
_____ . ., W BT AT STHEE oy syfran < ety frhe 3 et st ot

Pl S T T o % A w1 W AL el F B Al

o ¢ . HrEUH sad gU i € foh srafigor frg st

@@E B

' W] % HEH F AT TR T I qA
s 78 o AeA o forw swan @M o e
T TSI T SIS0 o 9 Teh-al
Y qud: f9=1 YR o 3 AR 9=t

Rk F e # PR A S e e
O O } (i) n-TR @7 srefencr
04——3@3@?
O® O T AT foh B9 Si o Ge (WA 4)
Teh Jomdreeh (Hasehdl 5) T § STy
OO O wX s o7 14.7 ¥ fe@man T 21 99 +5
) ISRl ATell el Si oF Teh TRAIY] hi Wi
Yo AT T TeTT Il € q 36 gorl
fort 14.7 (2) =gl TS Si 91 Ge W To@EST @1 W] T ¥ =R, fehead! ar fafaew et |
(As, Sb, P, &7f%) & eTaffsor § a1 n-srd=TeT | T T €, Sfeh Uieel Solee e AT
(b) n-F&R 3 el T THROMA TIH TEHF Y gl &Y R (ST @l 81 UE ety ® T
freur foad gfqeemdt g o fer sig 1 shad T Yiere Soiee o folT sig o 9 o arel = Rl
AT Tarel YT Ay SR SO TG seige o TR TRA] % Yl Hig & 9N §| 39
1y fe@mn T R IRUTREET 39 3 ol Ho i o AT

330

O A H agd HH B © 3N
YT el 19 T 98 STew1eieh o Sefh o e T ohid ob Tolq Jor Bil 21 S0l
o feTu, 50 goiaiA i TWHTY] © o i oh fofg sHfem o ~ 0.01 eV o faferenta
o TS 0.05 eV Sell =1fEu| 8ok faqdia foredt 41 erefwreres ® et a9 w foreht
TR I G S ¥ WAl & fau (SEifEm | e 0.72 eV qen fafasi
H T 1.1 eV) el aifet| 39 YR Jawarseh sTafse foga =ed & fau &
AT elaei UM HI € IR ST 30 777 37)fF (donor impurity) F&d §
Sy TN R faga e o fau SUee T T Seiae &1 §& Jad €9
T erafrgor W R e 21 T e o qa W FeR T et ghen fada Si
TGN 3q o Soiael i e (A 9@ | Bl oh W) ¥ a9 o WY
wgd %49 g5 Bl 2l
forelt staftfsa srf=rers o e sl 1 Spel WA n, T3t o ATEH a0
ST RO (ST B11) © ScT=1 SeiaeAl o R0 A1 Bl i A HEAl n, shed
ol Giq g1 S0 el o RO et 81 W Bl o YA :HaAeH 1 L A gy ol
#I G o gfg o HRl B S 8| g9eh TRuTHEaEy el i G d SR &
B St R
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T Sl - IS1Y,
el dem WA gRue

TH TR STIHY & 3fad WX § =0 o #1 §en § gl |
T I qorl W g I ST Hehdl 1 37d: TuGASh AL o WY
arafasgor g1 W frdt 39 srfurers  soiaei aggETe ey e qel
BT STCTIeT 37EY g o WA €| TEIfI 39 WehR o S1ef=erhl &l n-
YR o eferera wed €1 fohddl n-9hR o st & fog

n,>>n,

(ii) p-T&R & 3efencian

PR T SR 79 ST § W Si A Ge (TGAHAS) H IO FT &0 0 g o e
et styfeal; S®- Al B, In % smafafyq &1 <t €, Seno-- --- ------- -0 ------ ------
oo 14.8 # fe@mn o 21 eufdses § Si A Ge 1 oUen TH WA L Lo Lo

TR A B € AR STy 7€ WA A SR W Si TWA[E 9 &y
o1 Gehdl B, elfehe =il 3T a4 MM o folu eTavash soiee Suasd
T B o RO HieN S gE § Gl TEl 8l Ui 31d: e wan
e e} Freree WA & = wy § U Rfe st e g @ e faw
14.8 & <9ifan T €1 FAifeh Soth IS Si WA gt oF € W T
Sl el §, ke o IXHIY] o Wl el 1 hIE Soiei 56 R i

(14.3)

A ok AT FIME R Gohel 7 A0 SHR 3109 TIM W T & 99 Sl @

21 T8 g7 Ao & AU IUes Wl 1 AW 3 A 9 9w § o, O« -7
Fraarst fasida T TSt Si TXAI] o W2 S hi HISRN hich Q Q O

T : A ST 81 S ], 9o 39k qeft gars s R & <

& THferT Tremer o § g p —garef o iAW) i T Heg (b)

B o WY Teh FOTHS A H1 HIS Hel widl &, Sid1 fos1 14.8(b)
¥ feren w0 21 7% T © o T 77T T (N,) U T <t €1 9
BIel <9l SId Blell o AT § Sielfeh =T gelael 1 ©d sheel -l
S €1 1 39 TR, UE ueie o fofu, Biel agEETeh ded qeil Toedi
UGS ek B | sEifan SEdes ogfg o smfafya a9 s
p-JR o S7efeTeisr Fed &1 p-FHR o 3refarerasl & g e qfehan,
IS W TelRl R WA n W Hon, @ ST R 9T p-YhR ok
srefaTeTeRt o forg
n,>>n, (14.4)

M 3F AT A e © T 2ol U GHY FUICHS SSIEIHAl 1T WEdl

o7 14.8 (a) wqdarst Si =
Ge o o | st uel
7@ (In, Al, B 37f)
SUMHAT ¥ I p - FHR A

=T | (b) p - TR o U1
T TR G B arell

TS 890 S Teh gl

Afafed o STEY o 91y

Jiceemdt AT ] H R i

U ITY oG el i K@ 2

& it SffaRkerT 3 dEehl T SV T HIH Seiw H AT st
T &Y T HHAT & & GEE ud faedia gt g

St STacIhl H agHEAS U A18eh] i UGl o RO A9 GRS
Y AR oh ToIU agEETT aTeshi U e o i e 8 & 3N 36 YK
d T g W §| S SarHYeh Teh YRR ok 3ifeh YN aTeehi w1 fHerd o, i
TEEES Tesh o Sd &, AT B H AU @ H1 S Higdl 1 TH § e
F

AT g STefTh] i el o W GIfad el 8 STl SrefErerhl o
ThYOT H <[l SRl o HIROT iR Sl Teree (E,) 92 Urel SRl o R0l
A St st (E,) ot 2t 81 n-TeR o Si staresi o e 9 @ o g
Sl R E,) A% 9 i 7ol E, § 8 A B € T 39 TR Y FI seiae agd
FH o1l 1 YR eH W AeH o€ § Ja9 F S &) Fel a9 W SAfhie 11 9]

331

Rationalised 2023-24



ifehT

332

FORE S

ISR Bl ST €, T Sioh Afd 3169 (~10'%) WA € eHiehd g 81 31a: fat
14.9(a) ® 39T ER oM o€ § Tfuehiel goee s eRfsdl ¥ € o €1 g6t
YHR p-UFR o efererhl § T Sl &R E, A o & o ¥ 9 FW @ &
[ 14.9(b) f@n || 557 w7 Sl oMt 89 W ff HaSt d€ ¥ FE sOREE,
o TR W HIHA WA & 3R Y WET H HOMHE A FL 31 21 [ forheq o
9 H &9 3 YHR H FT Thd § {6 qg7 FH Sl F YT G BA Foll WRE,
Y HAS oS W T HT Fehal 1 Holl U hid W Seiei S i AR A § widih
Biet < T 3R 3T €] HHT hel qrd W SATERIY Ul IR SATEIehd 8l Sid €
T G o ¥ el o9 S ¢ 36 YRR e 919 W EAST o€ § Bl o1 o
Y@ B9 G uget srErerhl o SR o Ul Bl 81 ardg @ H sreferern o
TRl AT Bl 1 WKl 39 YR ¥ i Sl @

nn, = n’ (14.5)

Tl SUE e g9 &9 § GWieehe qe IRefeud @ W Te el &1 9
et ferggadiferl den srefererRl (A1 qen Stugedl) W SR i THEH H HeHw® ¢
C, Si 91 Ge 1 HiaRiereharati § 3{a¥ $7ep =rer qe Gars S o ste el Hadel
W AR a1 B1 wEA (SEEE), Si q91 Ge o T el SAaUe HHY: 5.4 eV,
1.1 eV da0.7 eV 21 Sn f <19 79 1 d & T e o1 © Ffeh 38k Jehio o
TS FAA O eV B

E,—8-e—0=%5 28 =
('{ ......................... Ep
=0.01leV
E, E,
EA
E, ¥
=0.01 - 0.05 eV
(@ T>0K
T qE S e (b) T>O0K

Tl T TR o6 9 S
o7 14.9 T> 0 KW (a) n-YR o Af=eres qel
(b) p-YhR o STef=eTeh 61 Sl S|

SETEAOT 14.2 AH ofifse foret 35 Si ffed § 5 x 1028 w0 m® 21 ™
gt As 9 1 ppm Higdl W STufuiyd foman S 21 geieiql qen el s gen
uftwfea Hifee, o € fF n=1.5 x 10'° m=|
T oA AT, F8T qrdig S Rt S @ 3 g (n,~10"°m ) STt
¥ S TRl ®1 o § oy )
o, n,=N,
I n n, = n?, THEAT T B He
n, = (2.25 x 10%)/(5 x10%?)

~4.5% 10°m®
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T SRl - TSI,

Iferar e Tl gRue

14.5 p-n wfy

p-n T (p-n junction) Tgd H AefrerR i 99 TEE, it oNfs *1 gt
T B 3 rdferrsh gl o faveioor & fau Wiy oF =reer il gHgEn et
Hequl 1 376 BN e THgH 1 YA w1 T el @fer o1 fmfor 9 gran @ qen
TR S dieedielt (7% /779 ot Fed €) & 999 § %1 GfY 9 R =aer
F B

14.5.1 p-n G =wr fmior

p-UFR o fafasi (p-Si) Td=Ts &1 qdel Tefod (Iw) W fo=r wifaw)
IREE &9 ° TaHaSe SRf§ F 7cd A i fohslt p-Si Tefeet & o am
1 n-Si ¥ uRafdd fmar <1 wehar 21 fopddt erefurers @1 i & w1 sga-d
Hfehard €1 31 Teferent ® p-& e -85 9 p- 91 n- &5 o Se T gl G 2l

feredt p-n =iy o fmfor o @9 <t gt gfward eidt € — 9o (Diffusion)
T 3794TE (Drift) | 9 T8 S 8 foh ot n-YehR o atef=ieres o geieqi o1 Higdl
(ufdt THish T H SelagHi 1 G&AT) Bl w1 Tigdl 1 go § Stfuh gl 21 g5
TR p-TehR o STHECR § Biell o1 Tidl Seidel i Sigdl sl gorl § Ak sidt
2l p-n Gfu % fHfor & g9, 99 p- UE n- Bl & A W Higd geum
(Concentration gradient) & R0 3Id p-Heeh d n-Held (p — n) i fo@RT B
& AU 3R n-thelh | p-hetsh (n — p) 1 AR ToERa eid €1 79 ki i 39
T S HRON G W Tk fEROr W velted Bk 2

e i g p W n HI IR faafa g € a 97 A e uw et <@
n-helsh R BIS A1 8| T8 ST Tl (U AN =R SR o AR g S g
o HROT et B €1 S-S gesin — p i @R fauRd e s €, | % n-
Telsh T UAEY i (A HAAS WE-TN &) Tk WA fassfaa e ot 2

T YR, ST IS Biel WKal Y07l o RO p — n 1 AR forefid e € al e
T S Uk A U (FEOTcHh STETT) Big <l © S fvee e €1 S9-Si e
foafa e €, ®omas Y (RUIcH WE-E &) i Uk Wd G o
p-eish R foekfad gt St &1 Gy o IHT okl W faewfad 3@ wg-=rt & #
éﬂ#&?ﬁ'(Depletion region) W%I%W%wﬁsﬁgﬁﬂmmﬁﬂﬁl
o AR-TR SR A | 9 o € o 39k Yo ST oh &5 1 g8 H <d ¢ (Fo
14.10)| 38 BT &5 F TS AIShHHCR & T8S 91 Hi Hife
%1 it B1 |iY o n-Helsh W YT TIE-T & a9l p-
Feleh T ROMCHS THH-4T8l & B oF R0l Y W S

TodRM fgR (379aE)

|

‘nse-Ayd-sorsAydradAyy/:dny

Pl 11sb lojhi L S1pI Kk v-d

Q
0O

[y unfud/sprjos/eseqy/npa-ns

<—— sereReiA faeror
N

TV W HOTHF AW F1 IR TF fogd & 3o 81 9 2 oo

TH &7 % HRU FfY & p-Feih H AT n-THAR FI SR = Sooe n
dq G o n-Hereh 1 Bl p-elsh i R Tq HLl g1 59 0008

faed & o RV AW AR FT W MG H ITE Fed d o > e
TH YR T S9aTE ¥R S o T e o faud gt €,

yalfed B SR Y <t @ (o 14.10) | forT 14.10 p-n " T F wfEw

AR W, Toror Y S=41 Bl § 99 STvee W e e gl
Y-S fawor ufswan Bt St @, 9iY o 1 WeteR] I STaueRTelt e & fereiia
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0000
(SISl
(SISl n
0000
SIS )

(a)

Vo

—_

forT 14.11 (o) @® = o
(V =0), (b) o fordt smag = gfya

)
0000
p 9% n
0000
7 0000

Hoeh

/

(b)

=1 fava|

|

P p

B S B 1 36 e &5 w1 e § gig it @ fSreh woesy eTvere
o H o g B 1 T8 YW @ THA O woidl @dl @ S %k 16
3 Tl uRd (faeor o qen STvere Om) uREn § weE e el S
TH YR Tk p-n G o St 81 Sreeen | p-n G W g 92 fga
&RT &1 Bl

n-&7 ¥ Sl & B q p-&F | Blall 1 Wi o &R I
&5 1 WY o IR-UR Teh Tawalal Sca= &l Sl 1 56 forefel w1 gferan
TH YR it © o I e areehl o SR yare o ferier e @ foreh
ThorEaEy HrEEE i ffa S 8 St 1 fee 14.11 @ wfy
rereree § qe 39ek T o ot fawarat <eian T §1 n-vere A s
Gu § e p-ugid 3 geldd S fRT B1 3 YRR p-usie o @re
n-ue o ¥ i 99 n-8F ¥ p-&F F1 SR ol &1 fa
! ek o1 WA hdl © 37d: 39 fa9d &l WA: Ufear 99 (Barrier
potential) Fed Tl

IETEY0T 14.3 T p-n GY I o fAC 89 p-U&R o ALAcH i Th Tg1 Hl
n-YR & e @ difs 9 9 FAfd #T p-n G 9@ S Hend 22

T el FIE off Ugh, =R fehat € guaa |, SAR-mHa feea siaue (~ 2 °
3 A) ¥ HEl I el el IR sEfiT WHEE W) W s gaeh (e
Hqd Hueh) Hea 7S M Yafed BH aTel e areehi o fore Wiy ue fafesrar
FT TE FTBR S|

14.6 21w SIS
s eEre (99 14.12(a)] o €9 | TH p-n G

S~ g O € e fE W ufes w92 e € Afw g

s T IS AT Aleedl ST h1 5T Toh| 39 Jfod ok ] e
B | erefurern eriE i A &9 H fo 14.12(b) §
frefa feran T 21

TR &t fen aRuret o6 STaR fora a1 &t feen 9=
UfereRT (Equilibrium barrier) i <31fdt 81 (Sefeh sM@re
smfefyter am@fdd (Forward bias) 8) fawa i e@ie &
T W SRl sieed! V Sy sieh qietad el S Hehdl 2|

o 14,12 () ST S90S, (0) pn S i e o o el A < e # feeif o
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TS &1 Ydieh|

14.11(a) 92 (b) § gwi=h T 2

14.6.1 3WfE¥eR a9@ W p-n G SAIE

S fordt et Sme o 1 fad o o9 ik ael dieed V 3d YR STUgad i St
€ for 928 1 oM el p-Boish © 91 B0 el n-eh § Sl i © [fe
14.13(a) 71 (b)] df 38 WRATH TEfad Fed Bl

ST AR dieedl U sTefEerss <Ee % B &% o o W g § ae

T % p-Thersh A n-ele W Va0 Bl § (ST FROT 98 § o g
&1, I & el IS el & €, 1 Ufakiel n-hoteh 31l p-Thoteh o FfcRiell o
qo H et i ) | ugE ieed (V) 1 feen sfq:fHHa (built-in) fawe v
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T SRl - TSI,

ikl e Tl aiay
o foaiia eidt €1 3Eeh qRumTEEy, gl W Rl WeR UE W € qe | 0 O
UferenT =g 1 B St @ [ 14. 13(b)]1| Sl & § gurelt Uy | W e—
WW(VO—V)W%I e
afE ST dieed o & d Aokt fava |t 7 9 shael e wH p 66 n
Bl ST, q haet o &1 379 dlesh S STaad Soll &l W &, 5gd HH =5
T | G ! IR I o A SavTe S U R Ui, 37 Y faea >

R YeTfed el A 59 STU dieedl § STl Ifg 3 < df Ufeht g
TFHIHT TS ST qe 3feeh T&A | argehi o1 9fY IR & o ol STavas

Fell U B S 39 YR foEa o o gfg 8 S
3YYH dleedl oF HRUI, TR n-Thold il &F Hi IR HL

p-heish R TEEd & (ST o Ul aEw €)1 H YRR p-Heldh & el Ve

1
2
J:S
TR AT TR Fh n-HAH W TG € (SRl F Feq9 a9 | e o

TIE § TH O 39 TR ohl TN Ak SAd:&99 (Minority carrier
injection) %&d &1 WY T WA T & Fosh W, WY ¥ T TE@ T fg 14,

(b)
13 (a) 3@fefirs s o

mﬁwaﬁwﬁmmwﬁwﬂq@@W%' p-n WM SEE, (b) Uureh fava
wmw%mp-waﬁqﬁxéﬁmﬁﬁqﬁﬁiﬁw (1) far et , (2) Fre S8
p-PeTh o T TR T UG S €1 T R 0B HOEE S T o e ) v e

T foafd e n-weisw & TR fR R 7= € (F 14.14) 1 S Beaashl W

AT STEeh] 1 TH TG & HRU TR ¥ Yelled BH ol €1 ohel e % fer

STERTF SIS ¥ T T Biel fadRur ¥ qen etare= fomRor o SR ;0000

RO ST T A B 1 MR S o e freffrer § g 2 —{ P §§§§ n }—
‘o0ed:

14.6.2 Uv=<iyTeh am=d H p-n G SRS Ao

9 fordt erefemes e & < fll & 9 HE 9rn dieedr (V) 379 ;T—m §§“

TR STIGH Hd € foh ot o o oA Hl n-Feld § o H0 I

2fiiTa &I p-wer | Sied € [ 14.15(a)], T SPIE & WIRRF  forg 14,14 swiefors @ o seqio
Wﬁqa (Reverse biaS) aﬁﬁ %l W al("gf <hl ﬁw ﬁw CIEED 32|'(-[?$TC|'UT (Minority current

aref=TeTe o BIET &5 o ol W g ] el SygEd dieed i fwm
feent fawa 1 fen & T9M Bt 1 3Heh IRomTRaEy Afusht 1
SEE o St @ U gt s i =g o foaga ® ufed| g % %R gfg e
STt €1 geEfeiie arEee § g Al S (V) + V) €6 € [ 14.15(0)]1
%nepﬁﬁ?%ﬁ@ﬁﬁmﬁmpenaﬁﬁ?@?ﬁ@waﬂwm
2| 38 YR, SHIE o SRR a@e ®1 qo o 39 fefd § famo uw sty
% HH g 9 2

Gfer o faga & 1 feen U g @ f afg p-welsh W goeH 31edl n-Hew
W Bl T Agewen T Hid THA G o Fehe o WY, o I% Sk SgHeuh
&5 H A fadn ST e ekl o 39 ST9ETE o R fagd un 3= BNl 98
YETE N S LA IS T Bl B| b STTed | B o1 SHRU1 I8 § foh 7191 areeni
T T Ik STTY Hoh U T F I AR TgEeAE el i R B ¢l STfkfR
TG H 9SO (TR pA H) off Bt ® W 98 37 areehl o SR o
(mA ), F1 g1 § T 2t 2l

TS YT ¥ (Reverse current) 3TIYIE dicedl T 3Ty (R &1 Bl
STCUIST STEh! 1 T o Th Herh § TR ThoTdh ash Jgd™ o fod @79 dieedr &
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% HifaeRt

O O

000006
000006

P ececese n
0600006
000006

<4+—c
() 5
/ 1
Vo __-//y'
— N
(b)

fora 14.15 (o) Tl s@9

4 s (b) WA 9=F o

T Bl 1 R STgeR siegdl o Remd grI Eifa el it Wy 7e |
o Sl HoThl W TN @k ST Fisdl o HROl Gifd gt 7

Tyafelie 9@ | fedt wifds walki¥e (Critical reverse) dieedn
T fogdem TR &9 ¥ dicedt R fsR T w71 79 dieed F 9o
gieed (Breakdown voltage, V, ) %4 81 5@ V=V, @ THE W
o/ A a9 Jfg et {1 96l 9 & 9Ed e ° oed iy F W
Fff a0 o erafuss afted= e san ?)1 Afg sl um @i R S
e g SEd O (SR Scaresk g e fopen o ©) 9§ e difi
7 fohe ST @ p-n G T B ST A€ T a) ft 98 STAd 91 9 sifees
&1 VT dl Afaaw 8 o RO SEE T & Sl €1 UH a9 of € Fehl €,
S SRie ST SEfhd e & 9o Sl M A e 9§ 3t 2l

forelt T@e o V-1 sifvenafirs (STI9ge i T8 dieed oh Hard oh
&9 H U I fI=R01) 1 31997 HA oF forw aRue @ 9 14.16 (a)
den (b) ® fe@rn T B eMEE 9§ dicedl i Uk URREHS (A1 9
i) W eeR Sigl S @ e SEie W SHIgE #1 T dieedl i

ferep fori gftafda foran ST ST 21 aieed o fafd= wH o foaT &1 %1 76 AR
e ST ©1 VSR [ o6 o1 T W, ST FA 14.16(c) B @ T g,
I Bl B eaH e, s arag 7T o fow 7w fiefiiiet w1 SuE s
g it (So fusd o9 § wueEn T o) erifer e s ® St
foudd ar § 9 910 F AT % fU T WEskiHieT %1 ST fee S 2
N,
g I (mA)
LT A
P n
fraefraHex 2
o 100 —
e | fer 80
w4l _
A1 @ 60
40 —
@Wm 20 —|
100 80 60 40 20
1 1 1 1 1 I I I :VW)
| - g 0.2 0.4 0.6 0.8 1.0
= b o
P n
Vol 20 —
(RA) 30 —

NI\;\ | femr I(uA)
S o

(b)

(c)

o

o3 14.16 5 p-n Gy SRIE &1 (a) SUTRRTE 999, (b) TwakRE 9@ ¥ V-1 stfaenafors o
336 A o YA iy, () fFdt fafasit sare o gfaedr v-I sifaenerforr|
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T Sl - IS1Y,

Il qon T afkaer

9 o1 (14.16) H 3@ Fahd & Tof smfefores oo o o9 ® 9N 39 999 7% g
-, T 0, el € 59 9 o SEE W dieedl Uk fved a9 etfus
7 Bl WU 39 Afenefrs dicedl o 918 SEE FEY dicedl | dgd Aig-H g 3fg
FH U TEE U0 ¥ Wided (Imdiet) gfg @ St ?1 ge dieedl dgel dicedr
(Threshold voltage) @1 %2-34 dicedl Hhedldl 2| T8 dieedl &1 AF SafEy
ere & fau ~ 0.2 diee g fafaswi= @i & faw ~ 0.7 diee B

Ty I W SEe & fau o/ Sgd wH (~pA) B @ qen S ¥ aiteda
o T e feer = Wt ®1 39 el §gw &R (Reverse saturation current)
Fed 81 W po oty yeheon °, wgd oifush qwefifire e (s dieed) W R
o s g @ S B S it 58 favm fen ot foee o egant 14.8 | @it
T ¥ WHROT 5% el SIS Wdld Hqw G &% o AN I Tl fRy S 2l

TR < T fad=m 97 fGard ® fF p-n @ 90 9 @ ¥R % Y6 H had
& e o (ewfefyen sEw) fEfia e 21 vl s gfaiy s qe
¥ smffrr aEE WY w9 T E1 TH IO H ST T (ac) Siced o
feseantor o forw fomen 7o ®, 59 ovmed oM o wweien T @) eEEl o forg B w
T 3 Hifasw T 59 7o glmiy wed &, i ‘Cdicedl § @ qiEdT AV qen
farga w0 o o URed AIeh U’ o ®9 H G i 2

AV

Tq (14.6)

T Al

ITENT 14.4 Tt fafas= e/ =1 VoI sifvenafies o5 14.17 § <911 720 2
SIS &1 G (a) I, = 15 mA 91 (b) V,, = -10 V R qResfed Hifs

I (mA)
30

10 - veeenny

0 0.5 0.70.8V
- = - 1pA v

o3 14.17

TA S AT OF H1 I= 10 mA ¥ [ = 20 mA & < Tl 1@l 1 Sifd A
T S qo g @ Tordl B, ¥ i o e %1 UeH i gU WiRiY 1 g
FL GHd B
(@) 9% § I=20mA, V=0.8V;I=10mA, V=0.7 VR

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

Ad:

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

14.7 4ty e o feewil & ®0 U SHyaT

ot wfer s/ & V-1 ifienefors & eq =8 <@d € o o8 shaat a4t faga «m
welfed € a1 € W 9 Uik St e 81 3 A fhe gEe o i W
IS YA Aleedl STII i ST Al = o shael SH 9T § 99 | & yanfed
B ST e sufkfire arafid B1 @i % 39 0
SN YA Aieedl &1 e w3 § fhan s @
Al 39 w1 o fog o afaer &1 ST s €S9
feet wgd Bl
g AT o fal W &S JaEd! (ac) ieedl AvisH
o HaifSd offe gfady R, & |19 ST 1 ¢ d dlg
o o W Fad ac a9 & 39 = o oo Sme
smufefores smfad €, Tk TIeHH dieed! SR el 5
TehR 1 forpa 9Raer fo 14.18 o forpa 9wy o <ok
T TS oref-are feeeehit uRuy wed B AT i
/[, fiuw e i d A 9B R aifed ac deed &

R % WRd: deed A T o

N\ ,
\/ \/t A HIA BN T A R deedl dHE B § A SEe

sfefiren ST i ® qen 98 foRy &R o1 =ieH S 2l

‘ ﬁfﬁw:‘ S A R sieedl HOTEE €/ ¢ Al Sre wwEfaih

> 9" § AT %1 HgW WdlY 9N T0F g ¢ ael g9

®) SRR @ o T =1 91 ST w9l 81 (SEE &

T 14.18 (a) s feesd ufivg, (b) feesrd T4 999 dicedl &1 99 TR H fEdaes Fedt |
uftger & 89 ac @R fifq deeq & ER ac diced &1 o H HIGT Afd BT AMfeT @ifch
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T B

TS g WsH § gAAa © wonl)

THAT ac dieedl o ¥cHR FEEF | @ie Jfale R,

Y foga um varfed g 3R g6 fost 14.18(b) ® <wiiT R frfa dicedr wra gl
TR RUNTHS 3TE=eh | foed o W 81 8| 3Tl oTcHeh 31d=ih o gd e ffa
dicedl 9 B8Rt 39 bR, frifa sieear @afy et off afed i © Wy e Shee T
& fon o gfaefad gH & R0 [fesrt Feard 21 dfF g5 ac T & had Th
& srefuss o Frfd Sicedt W &1 W R, o1a: 39 qRuet wi o7ef- R et FEd €
o 14.19(a) ¥ <IMT T 99y ¥ < SEIC] 1 ITAN Hleh Tk UH 9wy
el 1 T € 98 ac ¥ & TR TH RN <A € el o aegedt
faweshd ffa diced W et €1 sEhfere 8 wfuer st gof @7 faresrt Fed ©1 38
Tl TSl & n-ThoTehl 1 Tk @1 HASd # <d € qen fefa o eEEl &% |
IS fag qeun TEHER #1 fgdiae Sealt o wed fag & = ww R S 2
s fedl o 9@ fewesrl o fau Tiaw & fgdee geclt o A7e H Th
sfoifrshTet fa1g (Tapping point) Y& feran ST € SR SEifeIT 30 JHwIR i 7e7
fehTET 2TAHER (centre-tap transformer) %gd &1 S foh o1 14.19(c) © T
2 fF 7% e N fiedd dieedl ol fgdias Secll O W dieed &I Shad
et & B1 UAF SIS hael 3 Tk kT LA FIAT §, W I SAE FeAEd
=ohi o1 TEeehtol &Xd B | 30 YohR SHEE! o SuA(S farg aen wea fepredl Trawi
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o 379 TRt fog o o= g Ffa areean qof @@
el dicedr et B (A fSw fem gof @@
s & fou w& o= afty o g @ fwes fau
Ty FrepTet ZIAHTR FT Tavashdl el g W S9
TR TS =1fen) | HH oifere fhet eor qen freprdt
o A W ey dieedl ¥ 21 98 o § T 39 A
T el 3T §H o HRU B W dieedl F0McHS Bt
2 S fop o1 14.19(b) & <wifan 7o 21 21a: SHE
D, smifaferk aroe gt o = e 8 (Safs
D, Y aP BH o RO FeH @l L) |
37d: TH ¥ATHS T § g o 14.19(c) ¥ 9T
HIER T frfd om0 (e dre gfaly R, o o @
fomfa dieear) i Bidt €1 56 YRR foRelt ot &l W,
& A W dieed SROTHS 81 Sl € qd B W sieddl
¥ BT | HFAT SMe D, e 8l i, i
TEiE D, = H ¢ 3W YRR AR ac %
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