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

hl O

3TTeToh ekl Toh -
ured, gferar qen
A Y

R A

14.1 gftrer

T gt T8 seeeHl w1 et e e fme s gek, Tt sl aikaed
F gAd T @ Bl €1 W 1948 H INEX &1 @Y ¥ Ued UH gt
ferenira: fata Ffererd (21 area) off, S9 fafd sEe e < soiRie; e
(wi2) q1 el e B ; e fomw i seagie—helle, wie qen fire B €; 32
A Y (HHN: 4 91 5 SISl & W) | fareht frafa ferst o sl w1 ayfd
Teh A helig gNI 1 Sl € e 38eh fafq= gelaeiel o o= dieedl ol gRefdd
Feh fald W T gl 1 Rt yere W fEn S 1 Sau-seeiel wm
(inter-electrode space) | SeieRHl o Wog o forq fafa smawas e 8, sr=en
T Seiaeia 79 Ul H a1g o Y[l U TR ST Hell @l Tehd &1 T Fferal
T Soieei cheel helle ¥ TAS &1 3R Fafed i Hehd & (31efd seieei shael T
& feon o wenfed & wehd ®) 1| 7€t wrw @ T Ul el o weReeEn ared wed
| Frafa Afermei @ it gl omer § o<t et €, sifren wifem 1 ST et
& a1 e | W S dieedl (~100 V) Y SIavashdl gl 81 $Heh e &
TR SeFshTel eTUeTehd 9 o favaaeaar ot w1 et ]1 eIk Sig-srawer
s7efareTeh geraitTal (Solid State semi-conductor electronics) @1 ‘EIE‘H‘TET RGN
1930 H 39 3M9™ 9 T o fof F© S oferwen Sief=nerh qon S9! | |
Tg HATST eidt € FoF S STa areenl S W@ den ek Yae i fen 1 fata
fohaT ST Hehdl 1 YhT9T, SOT A1 3Te STUIE dieedl i Sxieieh Tt st
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o Tfedr a1 He uRafda s Tehd 81 oA < A O 98 € T et
il o S STeehi 1 YT o YaTE W@ 319 & ik & e 7, Safh e
IR e arelt fafd Afermretiaredt § Tfau seeeEl S aw el 9w fRar s
ol 9o f7affod T tuan fafa | yarfed w3 S ol STHEes gl § aed
AT 31ere Atk faifaa T 1 Segeshd T Bl 81 T8 SHR | Bl e 2,
W iR 1 STENT HId! &, HH dieedl T HTH HIAl €, SThT Sier ol Bl 8 3R
Tt faveriaar o=t et 21 smefer Ffeal o af Fraffea Afererrent & fagia w
Fd I Al Hhelie R gel ((CRT) foeh Sqam Jefifasm @i qon shegex
Hired o foran San % SITerEen sﬁw (Solid State electrons) aftger o e
g fogas feea feuawt (LCD, 5a foea yset) OiHed g afawenfud &t <
W ) erefereh gl 1 eiv=iies 9 9 gugl o 9 off 9gd Ued yepfa ® g
S de et (e FehTEe PbS) o Tk fhed fS@eh W1 «1g &1 T Hueh g
ARG o, 1 ITAM fea T o Tg=e o &9 § fhar S g1 ol

frefofaa erur o &0 erfurcs Hifdewt # $9 9ol sEurmst 9 ufea
FAUT dem W A (Junction diode) (2-3aRIS! i Ffe) den fgyeta G
(Bipolar junction) T (3-3aa2rel &1 Jf) Sl $o st Jiwal ot
T | T AR T AT T A e e & v

14.2 oTqedl, STkl qT STeTTTehl Rl TR

TTehdl o TR T
forga =TeTeRdl (o) 19ren UfaRiEshdl (p = 1/0) o TTUe T o MR R 3 T8I &1
WW@WWW%:
(i) &7g : ST Wil 9gd ®H (STl elhdl gd i) el B
p~102-10°%Qm
o~10*-10°Sm™
(ii) arefermeran : Sh! UfCRIEIShal A1 Tl sl qen fogaieh ugrerf o o= =+t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™
(iif) FEgaist : TR Ffalierhdl Sgd SIfush (7o STefehdl sIgd W) B ¢
p~10"-10" Qm
c~10"1-10"Sm™
TR YT p 9 6 &AM Shael FIf AH o o & 3R KT T 9w o amex
off <1 Tehd B org, forgaiedt wered qen srefurerRl o die 98 # o forw gedieshan
T Ul 7 € A Th AIIGE T2l &1 F8 T AR off €, S S-S 79 39 371
H o 937, T g S|
TG A § BAN w9 sreEern] o 31t § B Sl e UK o 81 Hehd o
(i) drfcer 37eferer® (Elemental semiconductors) - Si 3R Ge
(i) G =i - 39E €
e TFHMEMF - CdS, GaAs, CdSe, InP, 7|
o FHEfTR - TYRH, HIfEd (Doped) Seireara, =mf
° ‘OFITSH:'IEFGEEEF (Organic polymers)- TieTTarsyet, JieiufTei, Sellemim S|
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- 1919,

Ifear den WA gRue

STohel STt MUY STefwTeTsh Jferaal difcaeh S1e=meish Si a1 Ge IR A
FTe T SrefaTerl W & G 1 W T 1990 o 9% FHrefeh e 3R
3THTCToh SEeTeh b1 SUANT hich o TeaTeish! Jioadl 1 fasrd gan foem wfosy
% oI TEe ORI T e TR # S % W % w
fireTd ®1 30 31 § B9 oholel SAhTe(eh Siefeersh, foeiue difcsh stef=erehi Si
AT Ge o 1TTT qh &1 Hifqd ©N| difcaesh etef=merehi st faa=m o fau 7=7 5=
G SRS i FErtaa fhan e € 9 fee-a-fedt w o erferenter ifien
TeferRl W AR] BT )

TSl ST o MR W

TR TN Aied o IIER fRE fagga WAy °§ 3ueh fRdl S i el 39
TSR 1 IRYHOT hen R R I {1 wg ST WA Th-ER o e STt g
3 I O € A o ThH-W T At Fhe 8 S €1 o1 Feherer wmst ok
TR T TRl HETd AU TE-IrE o7 Sl & 3R Fel % foh Th-go &l ek
oIt &1 ook URuTHEEY R S W Teiee i G w1 Yepfd R fage T
o TSR HI M 9 At 9= 8 S R

forelt forteet o ik Y Soiae &1 TRt tfgdra feerfa gt @ aen Tt <
TSRl o =R SR o SO 1 Ued Jenel ®9 § WH @l TEl el TE SRl §
o Wedeh Tl o Soff & 9T Bid 21 3 T ot &R TS STl skt Herd afterd
BIl @l & Sl dsl k1 Fmiv i €1 o Sl wR S Garsehdr seiaeil o Sl
T A &, ASTehdl 9% (Valance band) el 81 SISl o€ o S feerd
o€ & = 98 (Conduction band) ed 2| fam ferdt stfaftea w1 o, @it
HASTehdl SR G 95 o ®d &1 9% =er o8 § feaq &R e S %
Feuan W1 Y i e B @ G 9% o gele S | e o€ | T o
Tohd &1 W =e st Red g €1 W e 78 ST Hasehdl o€ i stfaetua
(Thdl) T B d SR TAAAgEs $heh W S Gehd €1 UET Uifcrsh =eteht
H B 2l

Ife e o qe1 GASThdl o€ o " g [ () €, al Garsiehd o3
o Tt soiael aiag B € a0 WeH o § $IE g soiee Syosd Tl el I
wered o foregatiel o1 <1 ©1 g GASTRdl ST % b Solgeia STel Sl WK hieh
SRl 9 AT =T 9 o s 1 ek ! IR HL Hehd ©| q6 A TSR =
o uEE S © a0 Heehd o § o ol T 3= i 2d © Fo e seiee

S Hehd B| 3@ YhR I8 Uil HeH S W gl ael et s o ffwend

B o HIOT HTe HI A 3= Hl 2

3T, 379 BH I8 foam &Y foh N TRHIET are Si 312re1 Ge fhed o gaeor H
=1 Bl 1 Si W STy hafl, A Hefl (n = 3) TRl &, Sefeh Ge H weiad she =eft
HE (n = 4) Tl 81 TTh! aEidd He H 4 el (25 3R 2p TAHRA) B B I:
T fFd § 9@l TRl 1 Al WEA 4N g R aeam wem § eifushan
TRl T WG 8 (25 + 6p TAFIA) B B T 4N HaAlSehdl seiaHl o forg
Ut el TR 8N ®1 & 8N fafasd Sl TR a1 a1 g Wad o€ o1 Tehd € 1efe
1 f9=1 ol o U € g @, S fred o et o ste gfEt w fask
T 2

Si M Ge o Toreedt STkl | TATIST o o= w1 SR W, 39 SN &R 1 FHsil
de g Wi 32 5, {5k e S SRt E, (991 14.1) 1 9o 2 €
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e e

________________________________

ot 14.1 0 K W et erefemerss o oo o o1 feufaa,
I o 58 =eH o€ wed €, W aaq: fowme wemn o,
srfesh Fiare Soil eraed eidt €1 feren de 59 garserar
e e i et e
fearfa & ol o 1 98 U uig 1 fefa @ e wem S oy w9 9 9w 2 den
STl g 3TifYeh ®U § o © S1efe e sig qe et se sifders 81 5
AT Bl € o HarSTehdl o€ ¥ gl Tierdl | = oS § S ¥ehd 81 I8 fefa
faga e o g st Sem | soe Sueed %Y A 21 9 HASehdl 4%
ifyrer w9 o R efar © df soiseid 9o 5 &R 9 S=9 &R a% T $ich
foea e @ 9 a1 34 €1 T 59 YR o ugrel &1 wiaiy s steren
<Tefshdl S=d Bidl |

ERCEuCIc |

Sl F el

326

qIhH o T I WAN FISehdl serdeql |
wufa: for et e gaiewar de g 81 o W
S AN Tl W B € S% =o/ o€ Hed €,
TN I8 WA I W YU e B 2

o 14.1 ) 399 =er S 9 ey
Sl WX B E,oF &9 H 9o TSR d€ |
Seaqd el W I E, o ®9 H 00 T R
E, % ¥R @1 E, % % 5@ A %
Atk fepe agd ¥ Sl T 9T M 2

ATl o€ o I qe = o€ Wi el
o o9 o AU Bl ol dg e (3
Sl ST, E, ) Fed 21 M@ e =l
Yopfa W ARk & 21 9@ stfush, w| 3o
I B gl €1 39 fafa= feufaat & fom 14.2
o ggiten T ® a°n A= g faae w1 T @)

g I : I8 To 14.2(a) ° S@IRT T

=

TSR
ie

(i)

(a)

(b)

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

o7 14.2 (a) wrget,
(b) fagatieht aen () erefererenl & S S & == 3@
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T SRl - IS1Y,
T qen el g

TaTI1 : 39 YOl § S fom fam 14.2(b) ® <uiten w7, 39 feufq § o
SHNAE, afwm%Ewe\mwégﬁaﬁs‘Wﬁﬂﬁéﬁmﬁ e forga
e TE T B A S A S 9 § o Sl staqel S St B &
frdll ot qrdfe IS @ SoieRHl i HAIShdal 9§ HIeH o€ i AR I Tel
fopan <1 ekl I% fargaret el w1 SSE 2l

AT III : T2 Teafd 14.2(c) it 7 21 399 u oRifd wg o o e
(E, < 3 eV) B €1 & S SR eF % FRO, FH &6 9 W, FS S0 S
Fe ¥ T Tl A SR E i S S R R T 3§ T T
3 g (TR HEm | o BRI €) e S W T Y Hehd €| 3T o7efererenl i Wik
I @tk el e Tt forgadedt weredl w1 e 2

TH S9N H T UG, eiehi g stefereieh] sh1 SATaeh afieR<ol feRan €1 3rTe
STIAF ® B STei=rcten] # <o Wishan o foma ® i@

14.3 I aref=eten

T Ge 3 Si 1 T8 TR ST o {5 STesh (Lattice) w1 57 14.3
o fe@rg T ®1 5 WS Rl ER SIS T ed 81 Yeieh W] WK 3T ehead
ARt g R eidr 81 80 S ® fh Si 3R Ge ® WR HASehdl soige B
g1 STkl freel™ A § 9% Si A1 Ge WHIY] 9 ¥R GaAIShdl oAl |
Y Teh-Th soiae &l 30 9R Fehead WHIVRT o WY TEoiirar &= &1 g9
WAl © 9 U8 Y [eheed! WA o Ueh Soige 1 TEWT i i €1 e
eI SAaH ZeT Geqdie a8 (Covalent bond) a1 Tarshar 34 (Valence
bond) FEAR €1 TH WA ST Gehel € T 1 TS soiseiA S Hefua wramet
o o em-di® T w4 wd 2, TS990 o gea 9 99 2 2
fod 14.3 ¥ fR@E T Si A Ge Hi T F1 2-foria freqo

ot 14.4 o orawes ®9 Y @@ T ®, S gednt §9 W
FAfE I < ¢ o 14.4 TF ot fomor € for o 22
& T (Wl oy gu €)1 U fefq fe 99 W #@ S 2
SH-SI9 19 9gdl €, 37 SeaeHl il 3R e Sell 9 ge
ol € T T ¥ 5w goee 22 Y e 8 Wehd ©
(g7 TR oY We W AN i B) | SHE Sl

foReea Seteh oF o TCHURT ol Tl €9 § STRAGRd
€ den o W T R @ o S 7, S| A 14.5 (a)
F e T €1 ge sereR (ST - q) SRl 9§ Freeeet

A B, 98T I YUl E (+ q) HT Th o TWHE Big @@
21 UG UFICHeR AT ATl U8 R € Tk 8l (hole)

HEA 2| et JHTel Gk a9 oIt Ueh ST9IET Gk 0
1 TE TER HLl Tl

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

n,=n =n (14.1)
Wnﬁﬁammwﬁ%

aﬁaﬁﬁ%a@ﬁuwm%ﬁswﬁsﬁaﬁféﬁm&wmeﬂwﬁrw%
TH o fop T 1 W T Bict © S o1 14.5 (a) o f@mn 0 21 2l &t i w1 o
14.5 (b) ¥ @@ &7 @ gfted fvan S "ehan 21 A= ol o€ SR o WEEASH 94
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ot 14.3 =, fafast a saft=m & fau

H-fordtar 2R S foreea s ey et
HA a FHA: 3.56, 5.43 3N 5.66 A B
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Soa S 4
¢ ° )
OO
B GRS N LT o" .
! e H : N |}
LI @ '
@@ e
o’o Lo NS [ L)
e e F
; o * e
- o . o ®----- ° AR
..... oooo )
'y ie ;
e o ]

ot 14.4 Si T Ge Ft =T F1 -fadtg Fewacas

ey foes 1 a0 weEEst sy fo@y e

(|sft 59 99 g, B 22 99 &) | +4 9% Si A Ge &I
il hig 1 3@ HLar 2

T 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 T el o T g
STE &9 | 1 8 ©H 1 ¥ WIF 2 T <ell T &1
ifere foF S Setaei URY H e o o [foF 14.5 (a)
3fEu |, 9 B 1 T i g9 fomen o witwfera Tl
2 T T Ulq: TAAgES e Sola{ o
w9 | g Al © IR U foRE & o W T
TOR U (1) 31 21 TR W@ i 59wl foea
o ®el ol T TYRA 9 M T FrYT seleeHl S
Ao T BT SR gHeRT FUiH i o ferg gl
# TMfa had Th Wes SuE B feRdl arEdfas
frea ¥ fag@ &= &t ffa & woaey I8 B
Uk a9 &1 3R 1 hid €1 30 TR Tk e
u [ ot 1 SO W SO e Teleel o

0T FARIT O [ qA1 BIA ORI L T AN HYOl G 1 B -

I=I+1I,

(14.2)

T A 2F A 91 e © T =rer Seleiql 9ol el o Sca= B o He-HiY
YF:GF1S 1 YohH el & Torad selaei[ giet o WY ga:gaifed B €1 arereen o
AT AR o S B shi <X Ik GHANT i T o SR Bl ©1 30 A HANH
1 HROT TRl 1 Bl § Hog HEA B

Si 3Aat Ge
@

o 14.5 (a) TeA9 AU W ST So7 oh HRO WM 1 T S A1 A SAFH o 3= B 1 AR
e (b) FRdt giet 1 Gifad e 1fd &1 Wefierd FEuen = 9t 91 g1 o Jedarst oY (TE 2) ° T
TR RIS B WM | W Fel Sl SR S ¥ W T Bl sigdl 8

328 TH TR T | § 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 - IS1Y,

il den Tt uRkae

o 14.6(a) ¥ TTT TIER
T=0KW&HE IS eefarers fedt 4 E
fagatell =1 wifd =Eer & 2
Tg A Sel & ® fNEe SR
I=d @9 (T > 0 K) R FS saideq
IS Bl WaAIST o8 W = S
T vged 81 T > 0 K R A Swfera
TR e S | ey w9 9
M B Y o B seifay fed
I erefererss ®1 el W @

E

9

- —

e ol

|

a1 14.6(b) # T TR BT o9 14.6 (a) T=0 K T FF 9 erefarer g s ifq =eer
21 THH O sAHT e A8 H @ 21 (b) T> 0 KW ¥R i e seei-ae g g (o)
TgIT T ¥ A TR W gt ST sl ol el wed € e fed 94 (0) gietl =t frefyd o €

9§ U ¥ qUl UM W& § 98l
T B T

¥ T €1 31d: T WA’ W UH Soiae i aiex Fehier o fory stevash Sl
(ST 1 E,) o9 %H Ge o o, s8¢ aifersh Si o o ofR Wt afersh C
o foTT TRt 39 YR Ge 9 Si ¥ fo=[d =Ter o folw w@aa sl i 9ea el
B ® Safe C ¥ T@ T Bt 2l

14.4 YIS eRIH

forelt =1 areferereh 1 =Tetehdl $Eeh A9 W R el €, W Hel-ad W gHeR!
TR TEd FH A TN T T H, B A Al gerRit g 3 st
g Tt & 1 S Tehdl 21 31: SToh! =ethdl H YUR HTAT G Bl
e S Rl W S 1 S ek fRa S 2l

s fordt g e § i Sued oTgfs oTey Wl | S % o ufa
fafera (ppm) o fieté S 2 af STt et W w2 T 9fg e Sl #1398 YER
o URIAl I 37UFSAT S7EfaeTh (Extrinsic semiconductor) 3Tl 37?[[3 refareT
(Impurity semiconductor) Fa&d #1 aifsa 31'8\'[@ el W?ﬂﬁﬂ?‘a—? Tafya s #@57
(Doping) o1 370 wead € a4 ARG WA 9F%% (Dopants) FEa &
39 YR o Y1 i Fifed (Doped) 37efareisr sed €1 Tafhsis W&l Al ey S
o e 9eie o o ol fagd 9 # 39 haa fohed W 9gd A T
refereTeh weaTY] feafadi & & S =ifeu) 38 U wA o fon U stavass I I%
2 T srufsrs o 10 den erdferersh usef o STU[EHl T WSS RIS THM B

<Iq: TSR Si 316 Ge o WIS o U 3 YR o eTuffisik ST fh o )
@) o GASE (TN 5); S8 AR (As), TIHEA (Sb), HIEHRY (P),
() & Tae (HaERar 3); 99 gfeam (In), IRF (B), Tqfafm (Al), o)

ITTETT 14.1 C, Si T4 Ge F1 SeA® (Lattice) = FHA Bt 21 Tr off =i
C fagalelt € Sk Si @ Ge 99 €= (intrinsic semiconductor) &7
TA C, Si q Ge oh WAV o IR Sf¥d Seraed %o fgd, g qen Jqel wa
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S T T o 7 T fod= F R erafsmn g
----- o B SPeflTerehl & STael e %1 Hen
e A ﬁqﬁaﬂ‘—r%ﬁm%ﬁﬁé?ao‘%mw sfeTeTs &

P it o wTetehdl qEfad el Sl 21 Si 3196l Ge 37
e .o‘/’_.\ 5 . : ROt o =qe e (F) o T ¥ sHifan
_____ . ., W BT AT SIS 2 ayafret & e e & R st o

Pl S TR T ol % A N W AL STUEl F g adl

o ¢ . HrEUH sad gU i € foh sraftgor fre st

NONNCRCON B

' W] % HES F AN TR T Ak qe

s 78 & fon W1e o forq sueim €M el Brerern
T YT T SIS0 o U9 Teh-al
 quia: f9=1 YR o J1 ST qiet
fmfor e € fomert @l = fean mn 2

QCQ/O } (i) n-TR @7 srefencre
04——3@3@?

O® O o AT foh B9 Si o Ge (WA 4) I
Teh Jasdh (Hasehdl 5) T § STy
OO0 O wX s o7 14.7 # fe@man @0 21 S« +5
) ISRl ATell Al Si oF Teh TRAIY] i Wit
o AT T TV Il € Al 36 gorl
fort 14.7 (a) =gl TS Si 91 Ge W To@EST <@ W] T ¥ =R, fehead ar fafae= st |
(As, Sb, P, &7f%) & eTaffsor § a1 n-srd=TeT | T S €, Sieh Uieel Solee S AT
(b) N-F&R 3 el FT THROMAN TIH HTEHF Y gelcl &Y R (ST @l g1 UE shfery ® fom
fregur foad gfqeemdt I o for wig 1 had T Yiere soiee o foT sia o 9 o arel = R
Afafem g9rel YA Ay @i SO TG Seige o T TRAY] o Y9l Hig & 9N E| 5T
1y fe@mn T R IRUTREET 36 3R ol Ho i o AT

330

EYTFH A S agd HH Bl © 3N
YT el 19 T 98 STeeish o Sefeh o Herd T ohid ob Telq Jor Bl 21 S0l
o foTu, 36 Sciee ol TXAIY] © G i oh foe S ¥ ~ 0.01 eV e fafasia
o T 0.05 eV Sell =1fEy| 8ok foqdia foredl 41 erefwreres # et a9 w freh
S I oS §S § TGl o foq (S | e 0.72 eV qen faferenia
H T 1.1 eV) el aifet| 39 YR Jauarseh sTafsge foga =ed & fau &
AR elaei UM HI € IR ST 30 777 37)fs (donor impurity) F&d 7
SHgH TN N foRd =e o folu SYere T 7Y Seaed &1 H& Jad €49
T erafagor W R e 21 T e o qg R T et ghen fada Si
TGN 3q o Soiarel i 9 (A W& | Bl oh W) ¥ a9 o WY
agd %9 g5 Bl 2l
forelt stafhfsa srf=rers o et gl i hel H&A n, T3 o ARTEM a0
ST SIROT (S7AT B1) § STa=1 3ol o RV A1 Bl i FA HEA n, shed
Tl Wi 5 Seq=T eiell o HROT Bt |1 W] el o A $i R | gy ol
1 G | gig o HRO1 Bl W 81 39eh TRUTHEEY giell i G ° SR &t
SIS
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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

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

TR A B € AR STy TE AT i 3K W Si TWA[E 9 &y
T Gehdl B, elfehe =il 3T a4 aFM o folu eTavaeh soiee Suasd
T B o RO =i S gE § Gt TEl 8l Ui 31d: e wan
e el Frereeel WA & = Wy § T Rfe steren et g @ e faw
14.8 & <9ifan T €1 FAifeh Seth TS Si WA giet oh € W TH
Sl el §, ke o ITHIY] o Wl el 1 hiE Soiei 56 R i

(14.3)

A ok T FIE R Gohel 7 FSFAH ST 3109 TIM W T & 99 Sl @ @

21 T8 g7 =oM% AU IUes Wl ¥ AW I A 9 9% § o, O« -7
Fraarst fasida TeT] TSt Si TXAI] o W2 S hi HISRN hich Q Q O

T : FUMCHS ST 81 a8, 9 39k qeft garsh s R e <

& THferT Tremer o § g p —garef o STafage W] i T Heg (b)

B o WY Ueh FOTHS A HT HIS Hel ol &, Sidr fo5 14.8(b)
¥ feren w0 21 7% T © o T 77T T (N,) U T <t €1 A
BIel <9l SId Blell o AT © Selfeh =T gelail 1 ©d sheel =l
S €1 ? 1 39 TR, UE ueie o fofu, Biel agEEash ded qeil Toedi
UGS e 2| sEifan SEde ogfs § sfafya a9 s
p-JFR o o7efaTeisr Fed &1 p-FHR o 37efarerasl | g e qiehan,
IS W TeldRl R GEA 0 W Fon, @ ST R 9T p-YhR ok
srefaTeTent o forg
n,>>n, (14.4)

M 3F AT 91 TE © 6 2ol Uk GHY FUICHS SSIEIHAl 91T WEdl

o7 14.8 (a) wqdarst Si =
Ge o woeh | st wel
7@ (In, Al, B 31f)
SUMHAT ¥ T p - FHR A

=T | (b) p - TR o UeT
T TR G B arel

T 890 S Teh gl

Afafed HoTcHeh STeYT o 91y

Jiceemdt AT ] H R wig

A ITY oG el I K@ 2

& it SffaRkerT 3av dEehl T SV 1 HIH Seiw H AT St
W &Y T HHAT & g 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 B & 3N 36 YR
9 T g W §| Sy SarHYeh Teh YRR oh 3ifeh YN aTeehi Wi fHerd 9, i
TEEES Tesh o Sd &, AT B H AU @ H1 S Higdl 1 TH § e
F

Ao g STl i el o WL GIfad el 8 STl SrefErerhl o
ThYUT § <[l SRl o HROT SAfieR] Sl Teree (E,) 92 Urel SRl o R0l
A St st (E,) 5t 2t 81 n-TeR o Si staresi o e 9 @ | g
Sl R E,) A% 9 i 7ol E, § S A B € T 36 TR Y FI seia agd
FH o1l 1 YR eH W AeH o€ § Jo9 F S &) Fel a9 I e i1 wH]
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TR S

IR B W €, T Si ok Afd 3169 (~10'%) WA € eHiehd B 81 31a: fat
14.9(a) ® 39T ER oM o€ § Tfuehiel goere S efsal 9 € o €1 g6t
THR p-UFR o efrerhl § 7 S &R E, A o & o ¥ 9 S e €
[fes1 14.9(b) ¥f@T || 557 w7 Sl oMt 89 W ff HaSt o€ ¥ FE sOREE,
o TR W HIHA WA § 3R T WET H FOMHE AT FL 31 21 [ forheq ok
9 H &9 3 YHR H FT THd § fF qg7 FH Sl F YT G BA Sl WRE,
Y HASH oS W T Y Fehal 1 Ho1 U hid W Seiei S i AR I § waih
Biet < T 3R 3T €] T hel qrd W SATeRTY Ul IR SArEiehd 8l S €
T G o W el o9 S ¢ 36 YhN el q1q W EAST o€ § Biedl o1 o
Y@ B9 § uget srdEehl o SR o Ul Bl 81 ardg @ ° sreferern o
TRl AT Bl 1 WKl 59 YR ¥ i Sl @

nn, = n? (14.5)

Ty ST e g9y &9 § GWieehe qo IRefeud @ W Te el &1 9
et fergauifeal den srefererrl (A1 qen Srugedt) W SR i THEH o Hedw T
C, Si 91 Ge 1 HieRierharati § 3{a¥ $7ep =rer qe Gars Sef o ste el Haiel
W fuRk w1 wEA (SEHE), Si dU Ge & fAT Sl et HHI: 5.4 €V,
1.1 eV dq0.7 eV &1 Sn i 19 79 1 d & T e o1 © FA(eh 38k Jehio o
Fell S 0 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 3Tef=eTeh 61 Sl S|

IETEAOT 14.2 AH ofifse foret 35 Si ffed § 5 x 1028 w0 m® B ™
YeESt 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 1 S @ 3 g (n,~10'°m ) Tt
¥ SO TRl H1 o § oy )
o, n,=N,
Ik n n, = n?, THEAT T B He
n, = (2.25 x 10%)/(5 x10%?)

~4.5% 10°m®
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T SRl - IS1Y,
Ifear den WA gRue

14.5 p-n wfy

p-n T (p-n junction) Tgd H AefrcrR I 99 TEE, TRt oNfs *1 gt
T B 3 s gl o faveiunr & fau Wiy o oraer il gHgE et
Hequl 1 376 BN € THgH 1 YA w1 T fohel @fer w1 fmfor 9 gran @ qen
TR S dieedielt (% 7779 ot Fed €) & 999 § %1 Gfy 9 R =aer
F B

14.5.1 p-n G =kt fmior

p-9FR o fafasi (p-Si) Ad=eTs &1 qdel Teford (Iw) W fo=r wifaw)
TSS9 ° TaHaSe sRf§ F 7cd A e fohslt p-Si Tefaet & @ am
1 n-Si ¥ uRafdd fmar <1 wehar 1 fopdd erefurers @1 fmion & w1 @ga-d
et €1 31 Teferent ® p-& e -85 9 p- 91 n- &5 o S T gl G 2l

feredt p-n Wiy o fmfor o @9 <t Hecget gfward eidt € — 9o (Diffusion)
T 3794TE (Drift) | 9 T8 4 8 foh ot n-YehR o aref=ieres o geieiqi o1 Sigdl
(Ut Thish TG | SelagHi k1 G&AT) Bl w1 Tigdl H1 go ° STfuh gl 21 g5
TR p-TehR o TR § Biell ol Tigdl Seidel i Sigdl ol gorl ¥ ek sidt
2l p-n Gfu & fHfor & g9, 99 p- E n- Bl & A W HiEgd geow
(Concentration gradient) & RU Id p-Heeh d n-Hel (p — n) i fo@Rd B
& AU TR n-thelh | p-hetsh (n — p) 1 AR TIERd eid €1 STae a@hi i 3
i o RO WY W U TR0 ¥R ellted Bl €|

e 1 R p W n HI AR faEfa g € df 97 A9 19wk st
n-helsh R BIS a1 8| T8 ST Tl (6 AN =R AR o WA g S g
o HROT et B €1 S-S gesin — p i @R fauld e s €, | % n-
Telsh T UAEY i (A HAIAS WE-TN &) Teh WA fassfa e ot 2

T Yh, ST hIE Biel WiKal Ga0Tl o R0 p — n 1 AR forfid eiar € al e
T e Uk ST U (FEOTcHeh STET) Big <l © S fvee e €1 S9-Si e
foafa e €, ®omHe ey (RUIcHS WE-E &F) i Tk Wd G o
p-eish R foekfad gt St &1 Gy o SHT okl W faewfad 3@ wg-=t & #
grd! &7 (Depletion region) F&d &1 78 THAT B e goiaei qe et < |y
o AR-TR SR A | T o € o THoh Yo ST oh & 1 g8 H <d ¢ (Fo
14.10) | 38 BT &5 F TS HIShHHER & T8S 91 Hi Hife
%1 it B1 WY % n-Heleh W UcHR TIE-T & el p-
Feleh T R OMCHS TIH-<T8l & B o R0l Y W S

TodRM fgR (379aE)

|

‘nse-Ayd-sorsAydiadAyy/:dny

Rl 11sb lojhi L S1pIe Kk v-d

Q
0O

[y unfud/sprjos/eseqy/npa-ns

<—— seraReiA faeror
N

T W HOTHF ST F1 IR T fogd & 3o 81 9 2 oo

TH & % HRO FfY & p-Feih H AT n-HAR FI SR = Sooe n
qq G o n-Hersh 1 Bl p-elsh i 3R Tq wl &1 39 0008

foree &1 o5 HRT ST ATEH HT W G F TTANE Fed e o >
TH YR Teh a8 ¥R S o T e o fauda g €,

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

AR W, Toror W S=41 Bl § 99 STvee W e e gl
Y-S fawor wfswan st St @, WY o |1 WeteR] I AUkl e & fereiia
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(a)

Vo
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o7 14.11 (o) E@® = o
(V =0), (b) o fordt smag = gfya

)
0000
p 9% n
0000
7 0000

Hoeh

/

(b)

=1 fava|

|

P p

B W B 1 36 e &5 1 e § gis it @ fSreh woesy eTvere
o H o g S 1 T8 YW @ GHA O woidl @l @ S %k 16
3 Tl uRd (fareRor o qen STvere om) R § geE e el S
TH YR Tk p-n G o St 81 Srere | p-n G W HiE T2 fga
&RT &1 Bl

n-&F ¥ Sl &1 B q p-&F | Blall i Wi o &R IF
&5 1 HiY o ARN-UR T Ta9eiqt Sca=1 &1 Sal 81 56 foIvel 1 oo
TH YR il © o I e areehl o SR yare 1 ferier e @ foreh
ThoraEy HrEEE i feufa s 8 St ?1 fee 14.11 9 wfy
e § qe 39ek Tl o ot fawarae < T B n-vered A s
GT ¥ e p-ugid 3 geld S fRT B1 3 YRR p-usie o @re
n-ue e ¥ 999 n-8F ¥ p-&F #1 SR ol &1 fa
1 Uk 1 TAH HIA © 3 9 fa9a 1 A T 999 (Barrier
potential) Fed

IETEY0T 14.3 T p-n GY I o fAC 89 p-T&R o ALAH hf Th Tg1 Hl
n-R & e @ difs 9 9 FAld # p-n G 9@ S Hed 22

T el FIE off ugh, =R fehat € guaa |, AR-mHay feea siaie (~ 2 °
3 A) 9 #El R el el SR sEfiT WHEE TR W i geh (e
Haqd Hueh) Hea 7S SN Yafed &M aTel e areeh o fore Wiy ue fafesrar
FH TE FABR S|

14.6 21Ewesh SIS
s eEre (99 14.12(a)] 0 €9 | TH p-n G

S~ gy O € e fE W oufes w92 e € Afw g

s T IS TR Aleedl ST hi 5T Toh| 39 Jfod ok ] e
B | erefurern SriE #i Tdishicas &9 ° fo 14.12(b)
frefa feren o 21

TR @t fen aRuret o6 STaR forga a6t feen 9=
UferenT (Equilibrium barrier) i <31fdt 81 (Sefeh smig
smfefyter a@fd (Forward bias) 8) fawa i e@ie &
Tl I SRl sieed! V Sy sieh qieiad el S Hehdl 2|

o 14,12 () ST S90S, (0) pn S i e 3 o Rl e < e & feeif o
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TS &1 Ydieh|

14.11(a) 92 (b) ¥ gwih T 2

14.6.1 33WfE¥eR 9@ W p-n G @IS

S forddt eref=rer Smie o 1 il o a9 ik ael dieed V3d YR STUgad i St
€ for 928 1 oM 2l p-heish § 91 B0 el n-esh § St i € [fe
14.13(a) 7 (b)] df 38 SRR TEfad Fed 2|

ST AT Sieedl U sTefEerss <Ee % B &% o o W e § ae

T % p-Thelsh A n-elE W fAYEUE 09 Bl § (ST FROT 98 § o gl
&1, I & el IS el e €, 1 Ufakiel n-hoteh 37dl p-Thoteh o FfcRiell o
qo H et i €) | SugE Seed (V) 1 fEen sfq:FHHa (built-in) fawe v
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T SRl - IS1Y,

ikl e wel gy
o foaiia eidt €1 3Eeh qRumTEEy, gl W Rl WER UE W € qel | 0 O
TRt omE 1 B St © [ 14. 13(b)]1| Sl & § guret Uy | W e—
WW(VO—V)W%I e
AfE ST dieed @ & df Aokt fava |t 7 9 shael o wH p 66 n
Bl ST, G haet o &1 379 dlesh S STaaH Soll &l W &, 5gd HH =5
T | G ! TR I o AU SevTe S U R U, 37 Y faea 5

R Yefed el AfE B0 STU dieedl | STl Ifg 3 < df Ufeept g
FHIHT TS ST qe 3fHeh T | argehi 1 9fY IR & o o STevas

Fell U B S 39 YR foEd om H gfg 8 S
3YYH dleedl oF HRUI, IR n-THold il & HI IR HL

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

1
2
JIS
TR AT TR Fh n-TAs W TG € (Sl F Feq9 a9 | e o

TIE § TH 1 $H TR ohl TN A8k SAd:&99 (Minority carrier
injection) %&d &1 WY T WA T & Fosh W, WY ¥ T T&@ 0T fug 14,

(b)
13 (a) 3Wfefirs s o

Wﬁwaﬁwﬁmmwﬁwﬂq@ﬁW%' p-n SRH SEIE, (b) Ve fava
wmwéﬁmp-waﬁqﬁx$mﬁﬁqﬁﬁiﬁw (1) fo et , (2) Fre S0
p-PeTh o T TR T TG S €1 T R 0w HOE S T o e ) v e

T foafd e n-%eisw & TR fR ® g € (o 14.14) 1 S Beashl W

HEY STEehi I TH TG & HRU TR ¥ elled BH ol €1 ohel e % fer

STERTF SIS U T U 2iel fadRur ¥ qen etare= fomor o SR ;0000

RO S T A B 1 AR o o e freffeer § g 2 —{ P §§§§ n }—
‘o0ed:

14.6.2 UvE<iyTeh a=d W p-n Gy SRS Ao

9 fordt erefemes S & 1 fl & 9 HE 9rn dieedr (V) 39 ;T—m §§“

TR STIIH Hd € foh ot o o AHAA Hl n-Feld & o1 H0 I

2T &I p-Her ¥ Sied € [ 14.15(a)], TSP & WaRRE  forg 14,14 swiefors ame o seao
Wﬁqa (Reverse biaS) mﬁ %l W alQ’ZE <hl ﬁw ﬁw CIEED 32|'(-[?$TC|'UT (Minority current

arefTeTe o BIE &7 o ol W g §1 Fel SygEd dieed i fwm
Ufeent fawa 1 fen & T9M Bt 1 3Heh IRomTREy Afesht &1
SHE 9 St @ U gt s 1 =g o foaga ® ufed| g % %R gfg e
STt €| geEfeiie arEee § g Al S (V) + V) € € [ 14.15(0)]1
%nepﬁ@?%ﬁ@ﬁ%%ﬁ%penﬂﬁﬁ?@?ﬁ@%ﬂﬂwm
2| 38 YR, SHIE o SRR a@e ®1 qo o 39 fefd § famo uw sty
% HH B 9 2

Gfer o faga & =t feen U g @ f afg p-wels W goeH 31edl n-Hesw
W Bl T Aglewen T Hid THA G o Fehe a1 Y, o 3= Sk SgHTTh
&5 H A fadn ST e ekl o 39 ST9Er o R fagd un I BNl 9'
YETE N S LA HIE T Bl B1 b STTed | B o1 SRVl I8 § foh 71T areeni
T T Ik STTY Hok U T F I SR TgEeE Telh i AR B ¢ STffR
TG H T9aTE O (TR pA H) off Bt ® W I8 37 areehl o SR o
(mA ), F1 g1 § T et 2l

TS YT ¥ (Reverse current) 3TIYIER dicedl T 3Tty (R &1 Bl
TCUIST STEh! 1 G o Th Herh § TR ol ash Jgd™ o fod @7 dieedn &
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(b)

o7 14.15 (o) T s@9

4 s (b) WA 9= F o

i Bl 1 R STgeR sieddl o URemd grI Eifi el et Wy 7e |
o Sl HeThl W TN @k ST Fisdl o HROl Yifd gt 7

Tyafelie 9@ | fedt wifds wafk¥e (Critical reverse) dieedn
T fagdem TReE &9 ¥ dicedt R fsR T w71 39 dieedr F 9o
gieed (Breakdown voltage, V, ) %&d 81 5@ V=V, 7@ THE W=
o/ A a9 Jfg et {1 96l 9 & 9Ed e ° oed 9y F W
Fff ar o erafuss afted= & s ?1 AfE sl um @i fRd o
g g SEd O (SR Scares g e fopen o ©) 9§ e difi
7 fohel ST @ p-n G T B ST A€ T a) ft 98 STAd 91 9 sifes
&1 WIT dl Afaaw 8 o RO SEE T & Sl €1 UGN a9 off € Fehl €,
w1 eRie ST SEfhd B & 9o S M STHd e 9§ 3t 2l

forelt T@e o V-1 Sifvenafirs (STIYgeR i T8 dieed oh Hard oh
&9 § U I fT=01) 1 31997 HA oF forw aRue @ 9 14.16 (a)
den (b) ® fe@rn T B eMEE 9§ dicedl i U IRREHS (A1 um
i) W eeR Sigl S @ e SEie W SHIga #1 T dieedl i

ferep fori uftafdd foran ST ST 21 Sieed o fafd= #H o foT & %1 71 AR
e ST ©1 VSR [ o6 o1 U W, ST Fa 14.16(c) B @ T g,
I Bl B1 sa e, sl arag 5T o faw 7w fiefiiiet w1 SuE s
g it (S fusd 9 o wueEn T o) erifer W s ® St
foudd ar § &9 910 F AT % fU T WEsiHieT %1 ST fee S 2
N,
g I (mA)
LT A
P n
frefraHex 2
o 100 —
e | fer 80
4l _
AL @ 60
40 —
@Wm 20 —|
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1 1 1 1 1 I I I :VW)
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= b o
P n
Vol 20 —
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NI\;\ | femr I(uA)
- ¥+

(b)

(c)

o

o3 14.16 &5 p-n GfY SRIE &1 (a) SURRTE =@, (b) TwaARRE 9@ ¥ V-1 stfaenafors &
336 1A o YA iy, () fFdt fafasit sare o gfaedr v-I sifiaenerforr|
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T Sl - IS1Y,

Il qon T afkaer

9 991 (14.16) H 3@ Fahd & TR smfefores oo & o9 ® ¥R 39 999 7% g
-, T 0, el € 5 9% o SEe W dieedl U fved a9 sifus
7 Bl WU 39 Afvenefrs dicedl o 918 SEE F9Y dicedl | dgd Aig-H g JfE
FH U TEE U H Wi (Fmdiet) gfg @ St ?1 ge dieedl dgel dicedr
(Threshold voltage) @1 %2-34 dicedl Hhedldl 2| T8 dieedl &1 AF Aty
e & fau ~ 0.2 diee g fafasi= @i & faw ~ 0.7 diee B

Tyl I W SEe & fau oR Sgd wH (~pA) B @ qen 9o ¥ aiteda
o Y o feer w Wt ®1 39 el §gw &R (Reverse saturation current)
Fed 81 Wy po oty yeheon ), wgd oifush qwefEfine e (s dieedl) W R
o s g @ S B S it 39 favm fen ot foee o egan 14.8 | @i
T ¥ WHROT Sy el SIS Ydld Hqw G &S o AN I Tl Ry S 2

TR < T fad=m 97 fGard ® f p-n @ 90 9 T ¥R % Y6 H had
& e o (ewffyen sEw) it s 21 sl s gfaiy s ge
¥ swffrr a@E WY w9 T €1 TH [ H ST TS (ac) Sieed o
feszantor o foru fomen 7o ®, 59 ovrel oM o wweien T @) erEl & forg B w
T 3 Hifask T 59 7o glmiy wed §, i ‘Cdicedl § @ qiEdT AV qen
farga w0 o e URed AIeh U’ o ®9 H G i 2

AV

Tq (14.6)

T Al

ITEIT 14.4 Fdt fafas= e/ie &1 VoI sifvenafies o5 14.17 § <911 7201 2
SIS &1 G (a) I, = 15 mA 9 (b) V,, = -10 V R qResfea Hifs

I (mA)
30

10 -crveeenny

0 0.5 0.70.8V
- = - 1pA 8%

o3 14.17

TA SIS ATTIOF 1 I= 10 mA ¥ [ = 20 mA & < Tl 1@l 1 Sitd A
T S qa g @ Tordl 7, ¥ 9 o e 1 UeH i gU WRRiY 1 g
L GHd B
(@) 9% W I=20mA, V=0.8V;I=10mA, V=0.7 VR

ry, = AV/AI= 0.1V/10 mA = 10 Q
(b) IF G V=-10V,[=-1pA "

Ad:

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

14.7 wfy e o feewil & ®0 U sHyaT

ot wfer s & V-1 ifirenefors & eq =8 <@d € o o8 shaat a4t faga «m
Yelfed € a1 € W 9 ik St e 81 o A fhe gEe o i W
IS YA Aleedl STII i ST Al = o shael SH 9T § 99l | & yanfed
B ST e sufkfre arafdd B1 @i % 39 0
SUFIT eATed! Steed T eI w3 § R s @
Al 39 w1 o fow 5 afger &1 s w3 €S9
feert wed Bl
It AT o fal W &g JoEd! (ac) ieedl AvihH
o Haifsa e gfady R, & |19 ST 1 ¢ d Al
o T W Fad ac Fo@ o 39 oef=s o o s@e
smufefores smfad €, Tk TeHH dieed! SR enfll 5
TehR 1 forpa 9Ruer fo 14.18 o forpa 9wy o <oikn
T TS oref-are feeeehit uRuy wed B AT i
[/, fadae sech ofiqa A 991 B R afSd ac dieed #

R % WRd: deed A T deEd

N\ ,
\/ \/t Y HIA B TE A R dieed dHE B § A SEe

ST TEfed i © qen 98 foRy &R o1 =ieH S 2l

‘ ﬁfﬁw:‘ S A W sieedl HOTEE €/ ¢ Al Sre weE e

> 9" § TEE %1 HgW WY G T0d g ¢ ael =9

®) AR @ o T =1 91 ST Tl 81 (A &1

T 14.18 (a) s feesdl ufivg, (b) feesr TG 999 dicedl w1 99 TR H f5daes Fedt |
uftger & f8et ac @ir fifq deeqr & ER ac dicedt &1 ga T § ST Al AT A6 Ik
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T B

TS g WsH § Fa © wonl)

THfAT ac dieedl o ¥cHR HEEF H @ie Jfale R,

Y foga om varfed gt 3R g6 fost 14.18(b) ® <wiiT R frfa dicedr wra gl
TR OIS 3TE=eh | foRd o W T8l 8| 3Tl oTcHeh 31d=ieh o gd e ffa
dicedl I BrT 39 WehR, frifa dieear @afy eeft off afed i © =g e Shee T
& fon o gfqafid gH & FR0 [fesrt wear 21 dfF g5 ac T % had Th
& srefues o Frfd Sicedt W &1 W R, o1a: 39 uRuet wi o7ef- Ry et FEd
o7 14.19(a) ¥ <WT T 9R9Y § T SAEl &1 ITAN Hich Th T qRae
e w1 T € fE8 ac U & TR TH UM <Al €1 et o qeqed
faweshd ffa diced W et €1 sEhfere 8 wfuer st gof @7 faes it Fed ©1 38
Tl SEEl & n-ThoTehl 1 Tk 1Y HARSd # <d € qen fefd 6 emEEl &% |
IS fag qun TEHER *1 fgdias Secl o wed fag o = ww R S 2
s foedl ol 9@ fewesrd o fau Tiawi & fgdes geclt o A7e H Th
iRt fa1g (Tapping point) Y& feran ST € SR SEifeIT 56 JHwIR il 767
freehTeT 2TAHER (centre-tap transformer) %gd &1 S foh o1 14.19(c) © &=
2 fF 7% e SN fiedd dieedl ol fgdias Secll O W dieed Hi Shad
et & B1 IAF SIS hael 3T ek kT A A §, Wy I SAS FeAEd
=Iohi o1 TE2ehtol #Xd €| 30 YR SHEE! o SuA(TS farg aen wea fepredl Trawni

Rationalised 2023-24



o 3791 TRt fog o o= g Ffa areean qof @@
el dicedr et ?1 (A fSw fem gof @
st & fou w& o= afty o g & fawes fau
Ty frepTet ZIAHTR FT Tavashdl &l g W S9
TR e =1fen) | A oifere fhet eor qen freprt
o A W T dieedl S 1 98 o € T 39 A
T el 3T BH o HRUI B W dieedl F0McHS Bt
2 S fop o1 14.19(b) & <wifan 7o 21 o16: S
D, smifafers aroe gt o = e 8 (Safw
D, YHfIh aP B o RO FeH 7@l L) |
37d: TH ¥ T § g o 14.19(c) H 9T
HIER T frfd om0 (e dre gfaly R, o o @
fopifa dicear) e Bidt €1 56 TehR fohelt ot &l W,
& A W dieed ROTHS 81 Sdl € q6 B W sieddl
BT BT | HFAT SME D, e 8l i, wifer
TEiT D, =M H ¢ 3W YHR A ac %
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