ISR TS ITgelcleh ot

[}
312hi2z8

TE W STEH 7 THEST | Fehereht Feaaisti &1 FHio fhan S9! ARHEE® Stod
F1 Zool H AR Yae B T 1 AW TS ufed o enfashR WA sfaerd o
fotaes Are fog gUI Tvved: oFTen se1 qRadd ‘g hifd’ oF &9 | gan o
TR @M & |1 Sfe-9eft i € 55t @ ord R A 93 € 7w e
el o HeE Rl Td Hewidl o R oifgdl ke N Jg wehd 2l

T Fah! Hud I H % U 39 gelaitenl gl 3 meegt gt fae 2
SR forei el reifies! =i = v €, foed s fafime &ef & w6
& foTu seteel 1 I w1 SEMEITS fohan STar 81 o=ifen! 5 geiel st agd et
1 e foha © S ol o€l i SeuRon @ foehE foman B, T w o
SIG 1 wTeThl, 3T wTeTeh! e foepauiferal o afera feman S Hehe €1 gotarRifeht
et & fora & foaw wra: o1g =t STam ¥ @ S €) fafasa o sfem
Haifyer gafed stgaras g ¥ 9iH=Id: Tk el i dleishdl 1 A
¥Tgetl T STETClIh] &1 ATethaieli & e o el a1 21 T T4 (Absolute zero)
AT W TG U] STHICTF hi TE & AIeR Bl | STEHIeHh i =Terehd
&5 fomiv sifgal o saftso @ st guifed Bl &1 eufuya fhy oM e
T deell I SIS HEd B

9 ™ | Y faf= U&R o Tgaeieh, Sk SRR ad 39 HiHa it
o1 SR A, 91 U, HEl TEE, YR Scsieh SHIE 99 el I o

IR H YT 3H AT U 37T SR S, ThN Scsish S, Hid EE g
R ¥ & [V fqenafores o @i & favg § off sregga )

T IS oh ETH o 1% IT:

o Tl dF FN ¥ X I FoFT YHR =TTl FHaTeih! 3R 15 =Tkl 1 ofiehon
FE B TIH fRT W1 Wehd ¥, Y SAREn S 9

gifaat
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ST gl
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o (i) 99 (Y5) W0 &I TH (ii) N-FhR T p-YehR o Fgaerhl o fa9g Y
el

o pPNEY SAE ¥ TEsT-&F qo fava-U=ik &1 = 99e uT;

o pP-NTY TAE &I 37 & Iohd ANHRE | |-V ifvenafores a% +1 oR@
EEIILUF

o I THR & THIE-ST SHIE, Y ScHsI® TAIS, Hid A 3 9
o 3R 3 [V Aqeneioeg aeni & fooa | g@en e

o TNER &1 wE-fafy &1 9 X Fh;
o TSt & faf=1 &1 o SRR, ¥ Ta YUY &1 37 T JHE ol 910
e pP—N—pdA n—p-—nFTE o f= TR aar Fe;

o fofyr= formma areren sHeerd e ZifSeet i Sigl ST Wehdl @ 42 Sep Faeht
w fie sifaeiaror sk sare Y 9 e

o oy fwim gfawy, TR qen SATYANT o YR R e o fafv= fa=mal
1 T T Tkl

28.1 3Gl | SHell oS

TAT] T HEHAT DT ST Hid 9G9I A0 Hen o 76 e faafia o) o
TR D Tafae, Ui o sreeene § faumm w©d €1 S" & WA
T Fe ffHd e & fau TH-gm & U o € oI e o & g (x)
S 9 (d) ¥ HH BH NI ® Al A Foll ST Th-SH W ARG B
1 X YT Bl €, S o WSelt & STUes | % wRol dfsid e 1 e
F ol erereent gRafiia g1 St @ 3R Udieh ST el ofere & Eid
Y STOT-3TelT Sotl eraeent ffifa &1 S 1 TF STawen W el sraeen 9
oISt HA B W ¢, o Ui sreen FEd SN qEd STewen WM Sl
e W oSl Afueh e St ©, TS o Yok 3ferwen whel =l 2

ol H WA w1 ST e §ed (WEfashd: 102 9] Ufd B EeHeR)
UE-UE T TRl 1 T Sl 1 AR N TR o= fRer e € i
YT Sl ST % G 2N Sell sTaeerd ffHa 8 S 3 9l el st
TH-TR & T T el § (AE~10"23 eV) T oIemifies &9 W gH Sl
STT-3TT U8 78l L Tehd| el TTEASA 1 I8 Fad g faawor, {5
S-S Bl B¢ HeERd: 9 TEl fFA <1 Gehdl, o o€ FHeord 2

Fel-STeEensll & W SRS F UE Yiha (SR IRUTHEEY Sl Sel
1 T SR T ot ol rewens W e BeRY ST WAl el #i 3R
ST 21 o W et srawensti © faffa S =M A9 wEan § ek R 9

wifeeht




B GieThal sraeneti § fafifa o wHivehar o€ e €1 3 < §ei %l 6
W W URERe feorfd Sl 1 Sgd Seishdr w1 feior wd #)

28.1.1 TSl SISl h SAMUN YT STET ol wATeTehl, TG =lcTehl Ua faera it
i)
e W WA fhe el % e §€ (CB) TS HaNEhdl 88 (VB)

FEARYY o Toh engeti & Wl | g € el =k g @ (fe
28.12) |

I A WU W Ao 9 T W Giell 8l ashdl 9 0 @ 9 el
HeSTehdl Sg & Seuad Te oM o & fead W % o o R % S S
8, (5@ afsia seit-fq @ed ®) o used org = e € (fos1 28.1 b))

K x

AE=0 AE<3eV AE >3 eV
VB{ VB{

(@) (b) ©
far 28.1: o1l &g (a) =T, (b) 3T =l (c) T U

Ifg W= W W CB YUid: @reft &1, VB quid: R & iR S = fawna
dT T @ o g faga eh g @ (e 28.1¢)

I[GAT o YR T STGETeTh! 1 491 (I5) o o (SW[G) TGl o aifiha
fepen S 21

28.2.1 IS TR

35 faferra qen smifem i %1€ e 7 81 3 ergereis wean 21 37 aat
o solae foreca G o T=rid Sedl o @i oY B §1 otefq o fd o
o s et Bl S Ug fafers s Sog ol e S @ dl o sere
i ¥ g B 9 €| TIE S ok T2 W SRl Uk FFHH AT U el
B A T H Tk HIK () ot S B Sl B T W gia{ i g
o SR fehw] e AT AT T’ o TRl Bl 21 g e wi faer (B)
w31 T T A T A & PR TR A R e B % ferd
B € foreg B ol T 99 9 T a9 H & WERRG 8 9hd €1 Solae
e B Tods diesh’ HEeld § qefl STk YeTE § B ¢ Sea el §, foheq

VB

gifaat
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]
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315 fafas o et S sa-t &9 Tl € T STl AR STAifTan e
g gt 2

o ¥ o A9 erguei W ol U gid ged gl o SO e §1 ord: A
TARHAT T KOS HIA & UFET % Ik TR Il &1 B FI Tk a7 H
T Y H TIARO Th Soae oh 381 a4l o6 o= foada fen ¥ sammand
T U € e 21 fRed o 3T JHl A gU ST Solaelq ARl qe g
I ST § AR THAA @ &1 3EY ST T Ages (i) qen
U et € S fR T H erupedl &1 fa @ Tt et -Sordt 2

(b)

(d) (e)

o 28.1: g9 H soae TS faeRl (@) & Tfd

o1 28.2(a) T STEEHRA Fi| f9g AR Seraeq 9 faer (F) 1 T JH I
T T1 T2 T S H ohocl Tk ToiaeM ¢ et Tneifass yafd U 31 soiaei
o WY SEl SR e AN o7 1 Ul e B fag B W eteen 9 %
fordt o a9 A 9 FIE SARM TW SEHE S0 gRI I STSl ¥ 3T o
i AEH B Ah T R Tgd Hehal 81 IROHEEY fog A W 2iet faga @
ST 21 fog f B R T 1 et Uhe © T 1 39 YRR S H Toieeq
T B HT MG TH TR o {009 3| TH: Th 9§ TR T H o[ h
TYMROT 1 FFURON 1 & T &9 | faqdia f&en & gl 717 el S 2|

39 WER AT I8 A1 9rRd foh 9@ 1 B 59 fag B W B 9HY o 94
o fog C 9 soiaei eehfia ear 1 fost 28.2(d) T (e) | <wiian = @ o gt
%1 CH B %! TMRUT elel &l B ¥ C T TG oY 31 8| TWTER foe@aun
%1 YA Bl &1 A o SHRW WE ST )

TH Y A9 W YA TEE S0 Jol AT % 919 ggdl o 91 99 e €,
T FRO SFGHACTH Teh R F1 Jifd TR HIdl ¢ GER ah R S

sifeeht




faener & wRO WA ¥ i g TIE o TG ¥ o 8 Gehdl & 39 FHR
Tk TE-TAerh o9 o 224 W o o e W Tds B ST @ 9o S
o s foar (2) S 8 S 81 Se faeiie oF SR SO e
BT oF 0T o hIUT E1 STgelTeleh skt deld =lTeTehdl Eidt ¢ 9IERUE (300K)
T TR Ge d I aM8H TEFA ATHT 2.5 x 1019 m3 el 81 A9 5@ W S+
TAFH B HT T TGl © qT JEd ATelhdl dedt S ¢ S Vsl ¥ T

TSI - 8

ST gl

Td HaOR

ot el 1 THA ¥ fF A9 e W IRRUEd ued §1 T g ey Frpem | oo

g fop orgenernl w1 Wiakiy-dmq oeh UTeHes Eial 2

28.2.2 A 3TgoTcloh

MG S € ToF 3N STt S=a YiqUehdl ol Bid & ae S+ =retshdl o
IgA SIfeh qeR™ wEe TR B T ORI ¥ AN (YF) AR w1 Hifhd
ITAAT B 7 SR a9 S StUE YRSl Goel ufadY o ®9 § YHeR
R T HE R B F e (T8) AT § g e # o
e srafhfya w1 S € e el sreen soiel § o Rt U %l gen 9%
St 21

e < fop o7 erafafea w<iel 1 etugen =1 o1glfg safaT Fel S ® i Th
s T ¥ g T w1 fago e S )

I (I5) g o s fago =) ufwan &1 & Aq, st stean iy
FEd T q NG AW IS, HIG, STUHSF A1 MU= FHeaw ¢ Tarafsa
g B UES g H8 S 2l

sTafgor o fou sTused (SU=) HMME: 3Tad aro & gae @ (5 dF
AT goiae B 7)) teren ven we (5 e St soee e §) % ao
g fau 9 21 foet 28.3 | oad AROM 1 Uk oY 29 @i e € fAed g
TS U9H WYE % ULV H YIS e oiel 9 <@ W Hhd El

m 1v Vv VI
m| Al | Si [P S

Z/n| Ga | Ge | As | Se
Cd| In | Sn | Sb | Te

Hg

fora 28.3: omad WRUM &1 Uk AU W AgEICRRl o Sufugol § gdd o g=M
UUE o d & WgE B g

I 95 (3TYfG) 1 YA A1 1 B G STGaciehl | TAmg0 R
S 1 3T I S STgaerhi & 10° TS & ued ewfg o U I

gifaat
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FT Hife T & BIA1 71 I AYfG AV A dTehi 1 el Tafdd ® <d
Fifen ST o Tt S1el wicd | 9 fRd U w1 e 9 St 21 srafhsm
TG 1 ATeThdl F&1 < T TIZS STg=Teih! | AfUhier A s g
AW & & FHRO B &

28.2.3 N-UhR TS p-UhR F 3TGoATCTH

fferen o Sotee fomm (152, 2s2, 2p0, 352, 3p?), W oA il @ foh <6 soiee
a Afass o W@ Sedl W ¥ B € SR 9N Sola ARy wenl o A ok
wqfeer afhmr a1 fafes o 39 ergeras W, Tk Si WA 9N 3 Si
AR % WY TH-TF GAS e &I ERR I 21 (30 Te- 'gars
T Fed ©)| UH & SHEH % 9 o ot §og ® e seiee fa=m 152,
252, 2p0, 352, 3p®, 3d10, 452, 4p? e €| W& Taferr stean SHfem fhea d 1=
Forsteh el (TSTeh aTean el | UiE Soige B §) S hIThIE, STHi,
TAT onfs 1 erafasor fopan am € A STIfg WA & =R Soldiq al HHig
o =R Tg=Terh T o T TR Tg-Galeeh ¢ o1 o € foheg Wieran s
TAR T o @ Wl €, S foh To 28.4 o 319N, oEd =eiH o fore Sueisy
@Al 81 3@ YR U= G qcl O uiuiye faferna steen switen e o
TeRl SigE i SATshdl Bl 8 A1 o8 N-WehR 1 STg=lcish el Sl &1 o
gfgal &l ‘< ewfs’ wed €
O O O, Om,

¢@8@§@8@¢
¢@8@8@§

SO0, SO O, x(jo,
¢@8@8@8@¢

e
forT 28.4: n-UFR &+ IgATIH H TE-TANE |

M 3 fh N-UHR o AgAcieh | ‘T SolaeHl i GEAl gial i 9@ § 9gd
a1fere BT 1 3181 'n' o1 AFYYME TeleA o SRUTMENT (negative charge) ¥ @1

Iz fafeea (steran sHfm) fhea o fraaees (RS9 aeas e | 94 Saee
B T) I S 9RE, Teafuftm, difdem, steam senfs w1 srafasmn e s
A FH FE-TAe o B A € T diY T ¥ U sola[ ) R’ T
g 58 ‘faer e B ed €1 98 Tt 28.5 o <9ifan = €1 U9 Srgeeh @i
p-ThR 1 STgHcTh Hed & ael wRfgal ‘U’ qfsal weemd B

Tel T8 Yol Wfas ? fF F1 n-UHR F Tgeeis RO e 827 3w
N A9 qen srusel Srgerern <Al & fagd ST e €l

sifeeht




¢@8@8@8@¢
oo 4

¢@8@8a9@o

STIA, SO

¢@8@?@8@¢

O O
o 28.5: pUHR & IgACR B WE-GANEH T

M 3 T p-URR o AgAcieh | AET LG o HRU 3T Bl 1 T&A1 37
3TTO9T T8R! | =g STfureh gl & S TIeRoT a7q R o1 faeiisr & HRo qedarsis
i F 21 W IO B E| o Bl I bl U ISl B @A W dgd
Afes it 21 tfd, p-YFR ok AgEeE | Bd TH@ NG9 G%E B &

Q

1.

3 fafersr ® 300K W st TeeT areehi 1 Terar 1.5 1010 m3 2 at foe
T WA SolaeAl i e A e

frefafaa § 9 former aHe0 ¥ YR &1 g 9 gl 87
() -vase o1fg

(i) 79 HIaSH sWIfs

(ii)) =gl TR SRIfS

(iv) -GS dun =gl Hase i off SHIfEl

TARM N-IHR F AgAleid H qol BA P-UHR o STEAAD H .ovvveenenen,
A& AeH B 2l

I TR I JA B IS STGAAE I HAUTHA oo ikl
2l

28.3 p-n W&

e Tk 3T UG gob ¢ foh N-YhR q1 p-UHR o AgHehl o HH: Sl o
Tt TEHTAE ORI aE BN & Fel I8 FeAl Fgd Uk BT fF T n-UR e
Th P-UHR oF AGHCTh oh HEd Hoeh TAMUd i W 1 his SYANT gk al?
TR IW A & o 79 p-n T 1 we 9 wE-fafy &1 stem e g

gifaat

AT -8

ST gl
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28.3.1 p-n W& & W=

Sta fom fost 28.6 ® <wiien 0 @ R pn @Ry o S w1 e W fafy e
2 o fordht ergemers fored o T WM A <1 Sifg T den SR 9 H wE
Il k1 AUmg0 fohar Sl

P87 n-&3
QL ©I00E @ 4| 4o
o OG)E@E i. ¢ . O FUEF
¢ 100 DB O
GGOQEQE@E o o
e

fox 28.6: sfagm-a= @fed p-n wfy

et o n-& H gelaql i qen p-&s | faed (holes) &1 HEFHT BT €1 274
TSI T p-&i31 1 TR q Blell 1 n-&i 1 3R Torewor gF o 21 56 wiehan
o 9 Toe 9 eid JAEaeH (Recombination) ¥ THIG ft & WA €1 39
TROTHEEY Gy % e n-a W e qe p-as | SRUTEA S 8 S B
e o AT TR 39 feer ot &1 Scufe | soteeid 9 il o1 faawor snfea g
21 39 YR Tl o el o gAdaS o |y oF A1 ST TEn geuers Sca-
Bl o © fSEd =ereiiel (Mobile) STTET a8 w1 31919 Bidl B 1 SHeh! =g
0.5 TTSShIHISR BT © 0 SU 3TA&Td & 3Tefa] ST=RIeiicl-STae] &7 Fgd 2|

dfer & I T eEw faga-a Tenfia s © fges gy faemfad
frer-forepa favwa =1 ‘fava TR’ Fed 21 39 faga &1 yeiear fost 28.7 & w=fdfa
B e ferega-ais w1 srquftefa o fave Wik Wiy o R e areehi o faerom
F1 Uk 3@ T

p-n Gf"
p-87 l n-&

OF © B! @@@ ® &
o, 590"

. 0[O ¢ © ®

O Do 10I@! @.@
L

-+
g & b1 fava TR
o 28.7: 3@ &F & &RO fawa WER




fave YR %1 7F WY STgEeis o SR R i 81 Ge o Sih forw gHen
UE %A 0.3 VA 0.7 Ve €1 p-n T Tk S/ 1 9ifd s Ll 81 Heh
Hiohfaer frequr ot 28.8(a) & Toran 7o €1 p-&i oo A § WERf € an eM

(TAIE) o1 T a1 81 T8 ¥R n-85 a1 (Bar) K 9 TEi¥id € a2 B0l (shefe)
o1 1 el o 28.8(b) H IR H Sueted p-n Wiy s w1 fan weidia B

P -
n p
(a) (b)

fera 28.8 (a) p-n TfY T 1 Tdlsh | TERETT &R i TSR0 AM0mT o6 ST 219iq p & -
&5 1 3R 21 (b) NN W STAH p - n WY THES

TGATTH TS I TgaM o A I 18R 91 Tk 3AFh ¥ o9 TH ‘g’ gral
Bl yuH 31eR yge wered Wi Sfir wear 81 A T usred i frefua s @ e
afsid &= 0.6eV H 1.0eV o T & I SM=H, B T8 181 i f&fud s
& orew anfSta & 1.0eV ¥ 1.3 eV o "o 81 gen Taferen) fgdia s1er g sy
=1 3T FI B1: AHgEF A (Detection Diode), B Ufad=eiier enfiar sm@e
(Variable Capacitance Diode), E Z7c1 TMAIE (Tunnel Diode), Y Reat s@e
(Rectifying diode) G Z SR ST =i Fefyd & €1 shie H f&u 7w sk i
fem (Power Rating),f?l@? IRy dieed (Peak Reverse Voltage), HedH & fen
(Maximum Current Rating) 1% o J=iek &1 Frafar 1 shettn & geht faawor gran
21 SEEM: By 127 faferen fawshrl S/l 1 Gohda © aen Bz 248 faferra
SR SIS 1 Hohad 2

T (¥HR) T helie (FRUIE) &1 g2ed qgaH o fou fmiar frafafea & 9@
g fafer oo 2:

e THEIE & FW Tl (symbol) 51 <4 €l

o THEE &% FIW o W& Al W o o= & 24 2| o a8 e aun e
fog heie 1 <uiar 2

o THIT F TW TH R F 3R TH Sl Boall a1 34 &1 I8 helie & g9
21 fo 28.8(b) ¥ p-n T &1 n-&F e T2t (Band) § T T R

o W T em@e et =t fuifa g & o) #rd F3 sTevas € @if i
T 9 B

TSI - 8

ST gl

Td HaOR
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e o

1. T T 9@
(@) v o G o UR faeRor w9 pn G @ e R
(b) fasa =R &1 qF fafddd SRS | .. e qAT SHAIH TS
£: SR diee Bl @l
(c) STTAYNA KT TS Tl A o &5 Sl v FEd 2l
(d) o sy fogg@ &= & p-n@fy o soeEl @1 fowRor nes 9@ p-ad
F S B T FMF v HT G p & H ge H n-ge |
................. el B
2. &t fawen giw:
(a) p-nafy W fava gk |y & AT 3R forg = oTawl & &R 2
HIEEG

() “gHEIS aEH,
(i) 3TCIGEIS dEh,
(iii) TEeR T o UET A,
(v) S ¥ 9 i 7=

(b) o1 sy fawa & p-ndfy ¥ w@fy a0 9= feufa o
() ohoel STCUEETH SOV dEhi o ToERUl oF ROl Bl B
(i) ohoel SEHEIH AT dAEH! o RO oF HROT el 2l
(i) I et € Fifr i gy wfy wl IR & )
(v) I Bl € i SR fopeg faodia smerer @f &l 9R 91 @ e

2l

(c) Ag=Teish S/Ee ¥, fawa e widehftia s e—
() <A & oh ATUHTAS SAAY TEHl Bl
(i) AT &= oF SgEEIH A TTEh| hil
(i) IEHEAF qAT STCUEEIH A AT AEh! i
(v) S H 9 B &

3. 3r@er & i 3@ W ¥ F WMd € qen 39 n fee g @72

28.4 31T TF Iohd TRIAA p-n Gfer

AAfeafa sreran srafam &1 sifuym @: (gfa 1) dieedt A1 p-n TR § SRE e
o oy ofewges © T gelei@ n-85 § p-&3 1 9 B s@eh faudd faem o
Yenfgd 81l 39 fau p-n Wiy e & I fl o o T Sl Sl et ©

wifeeht




qifer fawa WK oF GG ! WEG fha ST Heh| p-n Wi W Sl Sied ®1 q

forferit 2

o 3 fifa e 9t & oA fa 1 p-aiF @ dun komes R @l
n-& 9 et s [ 28.9(a) |

o SoRu TfiAfa e 92 & momcHs f 1 p-aF @ g g R
n-&F ¥ et s [ 28.9(b)]|

e p-nEiy 1 fave weR 9 i o tfvEfa < St € A g p-as 9§
n-8 T 3R qA Selae 3T faqda feen § 9fy & UR g % €
Y SEiE W oW ¥R S e 81 98 ¥R oW AHfd o =g oh Wy
agdl 2, foheg sHe1 UH &9 fielt Tfer &1 e &1 & g 21 e eifAfa
p-nTfY o wfedier 1 ‘em g’ wed €1 SHR A 9gd %E 10Q F 30Q
% T F e R

ngTe - 8
ST gl
T HER

p n p n
o> o> | <o <0 <O | > o>
o> <9 [ g
o> o> | <o <0 <O | > o>
o> <9 <O o>
o> o> | <o <0 <0 <O | > o>
I 1l
1= =
(a) (b)

Torx 28.9 (a) 3 AfYFa, T (b) SGRA ATHAA p-n |iH

Iohd STTAd p-n 9y H Bl p-&F H a1 soiged n-&F § |y ¥ g g A A
TG F | 39T I8 7 iy 7 ® fF ufy o #iE o yanfed T @i
Fd: S fagi o wR0 9f9d He-HAeh 99 9 3O Iolee 9 Bid el
AT A FoR@eNT 3= #3d 21 3 STeuded Ay dehi & g Sca= HRT
IhT T URT Nl oliohs] ¥R shed B | SIfurfseh ¥9 U Sucisd Sifehar SraErel
o Iohd Ui Fra Bt ® e Sehw st W fasf Y el gHeRt WM Ge
TEEl § F9 ARSI qo1 SieEEl § 9 iR e Bl

3 AT H o709 Ufally qen Sohd AfEfd H 3=a gfauy o &R0 p-n 9fY
el o ®9 § wE w2

9 Schd ARG F5 G diee & B ® a p-n T | yeifed SohE uwR
A o @ TRk TG Tl 813U S ST SO fe 1 Ll w9
T aifqred R gt 21 99 SopA fawe R I e it € 39 oo fawe wed
&1 suh! o frefafad alch o 1 ST Tehdl 8-

gifaat
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SohA ARG o § FfY 3= I &9 S0 B ® S (1) STeuHid Sy

STEeh! i A HIAl B I A oY oh TRl i TR G el YSM T
o R 3 & (Teler goe), (2) e 91 gR Ue SAiee s 2 W © (SR
YAE) | A HI TH FSAl H 9gd Il 9@ W olded 9 Bl o T 3o
B0 ® fS99 3=9 Sohd ¥ SO Bl

<
Q

. U Afafd & gRenfia sifsw)
2. SRy AfyEfa 1 gRenfua wmifsa
3. Red ToH 9Ru:

(a) p-nEfY SETE H Y AT HE W FALGT & HT AGE o,
Sicild

(b) p-n T H SoHH AT FH W AT & FI FGE oo STt
2
(c) S SopH A Sfefees & Sl € df p-n WM § R 3=
.............. | 39 el Hl .. FED B
4. @@t faweq gMw:

(a) °m afya w@fy o
() n-8% ¥ B p-&F ® AN =ed 2
(i) TIEETF dEF B T e
(iii) oY AEH &l T T

(iv) T & (T p) &3 o TgEEAE A A6 T & hi SR T
A B

(b) IRy Afva Gfy o

() fawa 9= oF SR AEY TEH AHE @l @l |
(i) hoe TEEEAH AV desh & TN B 2l

(iii) Sheel FCTHEIEH SO dEd & TR Bl B

(v) S B W HIE &

5. ®HE-9 T YHR % 9IS’ IohH A p-n G H B 21 3T fave ifs

wifeeht




28.5 p-n Wiy o 3rfiTereroT

el STgaIeieh SIS &1 T WAN 3Tk ¥NI-fawa sifyenafore a | fali
F T

28.5.1 31 I rfasreror

AT -8

ATgaTeE  gfaar

Td HaOR

Form 28.10(2) F1 S 31 p-n T T & o SRR S ErE % faw ded | oo

B 1 ¢TcHeh Tol STTE o p-aisl § 21 81 ¥RI-faeiisieh o &9 § W oR-far=ieh
g SEIE &1 & S el seedl 1 gRafdd e ST gl g1 fieliTdie (mA)
gy § o 9 SieeHie (V) SEE % e dieedl i HIOd 81 TR 9w
=1 5o SriE & Wdieh o AT 1 SR Bl §1 oW AfYd SEig § e e
g HH TR il 8 fSTEeh RO dieedl deM W R dodl ¥ Sedt g1 2:
o =i fafea & o fag aftme § iy (R) Sier St €1 4fg w@n 9 &L
IAfYh U/ o Ya® W SEIS i Tl «fd e "Wehdl 2

p-n W w1 3 efEfa § |-V eifirenerfores o e 29.10(b) W <A T €

=

S
7

T e

(@) (b)
fora 28.10: (a) 3 fea p-ndfy TMEE o |-V Afaern & fog aftwe (b) sfraemr o

oM < o sifae o qa fog 9 =& Torar, afesw V-5 ¥ 0.7V o 9
forerar 21 5Tkt ot @ fF p-n iy eEe ® q9 9% Sgd =er T2 g o9 9@
fr fava =ik 9 ifuss sy aicedt 9 31 SR 39 STeRTS JAd9 dieedl
‘=it dieear’ (Knee Voltage) F&d 21 SiSMEIE 38T A oIS 0.7V 41 Ge SHEE
H o1eE 0.3V e 2l

e dieedl BlA-SoieR HASH o T Savges ¢ o9 g & T dieedl (Knee
Voltage) & @1fersh gielt €, o0 gfig {6 it ©1 1V i slieedl o gR Sc= 4N
1AM 30-80 mA B Tehal Bl
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28.5.2 ShH AT AT

p-n Ty o I ifvmfa eifeteror S o fau emeavas afwer fos 28.11(a)
o ggifen e B A o 28.10(a) W <A T 31 |-V Afqcrerl o qfiy 9 qa
X @ frAafafaa e -

() G (steanr d28) & R Soe fE W™ R
(i) ToefiTdier o M W WEHITHE o T gl

IRt 99 § p-n Gy 1 TH refuss stfaenafies @ fa 28,11 (b) H <wmin
T 2

>V

R v Ve
/Tﬁm&‘ﬁ

(@) (b)

I \1,
(nA)

v

Ter 28.11: (a) p-n &Y o Iopw ARG # |-V Afafaa gg aRued
(b) ShA AAfT sTfyyenerfors a%

oM ¥ T Sord eifrfa o osH dieedl o e @ 9 1 wE =g g © e
5 dieedl W 37eq gig W € U 1 A derdl @ agdl ©1 39k stfafe 28.10(b)
T 28.11 (b) o el & qorl @ e @ fof p-n @ s o1 wiawe s stfvHfa
¥ <[ a1 Sohd IfEfd § S=a a1 21 Sopd uW A g dfg @i o gfad

T JREE T FH o FHRO B 2

30 YR T Tkt feern © fF p-n @iy o agd =em w faen 9 € g @)
e U I ¥R Yol ad el @ 96 gl N-YehR ok & ¥ p-YehR ok &
1 R qA B STeh faudi e o e #wW 2l

T T2 LY o STAN W A @iEd (Turn Styles) 3@ 81 St &l @i Te fawn
o & S 1 Al 3 €| SEE el o Ty Tk YR w1 eAeEa’ 1 2

p-n Gl o STHRMSH WA € T :

1. oM ¥ uw faefia dga =em & o1 i goredl dieedl sl e deed |
Tfafdd e & fau fKesi & w9 o v s 21 eEE dosE, d@e

wifeeht
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R, 9-2(q 3 Y 9l o Foid § ‘e’ | WIH B @1 MU EehI @gfm
foeqd 999 STl Te™ H S|
2. S 1 TEH HE Al wE il § e W el € i o9 Sohd
AT BT a2l 9 oW o e i sfeeg Y a1 €1 THE eif HosAeie
oIt Afeal gEd w2 =
feumforar

. Yreid 99 28.4

1. ‘=t dieed (Knee Voltage) 1 STAHRUN &l TI= S|

2. (a) T dicear fafdsd S | e T A TS T e
B 2

(b) p-nTfI TEIE | YR T HAA .ovveerrrens feen o & e 2

(c) SHfZM e U SohA AMTd SR T AF AT v Bl B
3. @@l faswew gia:

(a) o/ A p-n G SMEIE & |-V AfTenarioes o Bid B

() <o sRE

() =po @

(i) ¥ den SREF A A wfed

(v) ST | 9 *E =

(b) e 3 ARG p-n WY HY dicear SgE W € df dieedl W oed Ifg
& HoraEd U’ # g aRad|

() T G e 2l

Gy Tt e B W& oW AfwEa fawe W 9 et @l

(i) s/@ Gy w1 99 e B

(v) ST H 9 & =

28.6 Tafyr=1 yaX o TS

p-n Ty SIS o foRdia 19 Ysrig SFaer | ey oT95ed a1 &1 Ui,
T A1 SIS 1 SAfAfT (S Treel, 8w f]) § IRed= wieh fhar s Tehar
21 39 % o fafy= fafire emaet ot s@el # geag fman @ 21 5@
TS 1 AT TR Welieh BT € S SHeh! Wehfd o shid-Wonelt =i Wafsfied
T 2l
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Q@WW frafataa aroft &1 S faf= griel & qor & o fore fear <
el B
Rle] PLicy wrer-fafa fog | 9= e & 3uAnT
SR Tty stufifya pud | sy | fon erfoora gu | aieean
TEE | g | nanl o p-ndf erie | toere | SR el | weried
— - A< GeH e a1 | S Siced W | seE
feoafurar T (<10nm)! T oW vetd | Frams
T I 2
kac g | pnEfa eEe fwd | whm | Sohw sfEfa | e T

ERIES — P v SSt srgEe | dieeE || gl 4 ot | e
ueref Yot Bl Bl ?1 | e | e o faga | s w6

Y19l S SIS a1 | ufafda | R
(LED) p-&3 %1 =g T M B

g 1 S AT

farfereor &t ameed

ot st @1

L& | pndfy erre faud foga | om sfmfa & | AR
— | v wet % afia st | foregd fomen =t | fefsiea

Hfe,
&5 1w e wehreita frfm | weeft oo,
SRR Al T TR ¥ gitafdd s | Shega,
&= o gt R T 2 few @i,
an
= qe
fe wia
ferral,
R o e p-n Gy srETe forew YRl | OR Se w1 | 1. SWrEl @
II““"pawaTn-ahagam dice | oEd et ® | S
Bl ® difer G W e | afedH yonferat
T U e YT pi-citelical
Tga Ak STERIoT 7 e wE A
3 3 e

28.6.1 ST SIS & ATTT0T

SR e 9 % p &F ©E n & A i AfueRar | safAfya X aemEn S
T THF FORAET Fgd TIA (< 1070 m) e & w1 T B S €1 SoRd
Afed faua agd *4, 5 diee BH W o, 3@ & % UR Sgd & Tt
T T (~5x 100N C |
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ST SEE H 1-V A - o fas 28.12 | <9 W 2 i;. Wg
I (MA)
v, SPECIKEIS]
IoRH —>V (volt) Frorforat —
srfyAfa
I (MA)
o 28.12

g 2@ T ¢ R SR eHEiE § W9 3ok Afad fawe V s fava g
wgEdl § d foea U o aga eiferend: IRedd e @1 weieh fava & g o
I H STt Ufieda Aferier: v Sard AfAd fave grr s foean <

ehal B| FEd SR SEE | foR[ ¥/ o WE 9gd <ol 8, W SR faeE
frad @@ 2

28.6.2 UeRTIT ScHSieh SIATS & |-V 3rfiereror

TSl ScESih SIS H Sa UM 8 Bl € i Scarsid YehTel i digar i A
Tl B SH-SE SUUN 9Gdl ¢, ScHrSId b1l Wi digal it Sedl @ o SAfuehan
M I A Bl Y SHEN § g & IROTHEEET YR i died S Sl
21 LED %! 36 YR (o fohan sian ® T ScafSid wehmer w1 g aifereham
W LED & |-V sifeeon Si §fy smEe 1 @@ e €, S fom 28.13 § @y
T g

I (mA)

%ﬂﬁﬂﬁ

7 IR —V (d)
At

I (mA)
o 28.13

Wfeh <eell dieed 9gd i Bl € T Yo ¥ % LED % fau sdet AF
AAT-SFAT BT B

LED &% fau «sieh fawa sga &, q&fis &9 9 o9 5V, e 2l
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28.6.3 Wil TS & |-V 3rfiereror

T SAEE 39 YHR SAIT W[ ¢ fF sEE &
3T % THIY SoaR- Bl I S
7 W Wiy % Sgd &9 % FRO soERE-ga
M [ GAfd BH 9 9d gus @ 9 2

agd & #1 K 39 YRR B T f goieeH
nfm w Bt p R 1 IR wg=a &1 gotai
nfR | & gt pfR | T & 9 € T
T o[ ae® 9 (emf) S HW B 5
HIE 9ed wlig Sl Sl & df o Yanfed gl
B1 IS R T YIATOT SAT9fad FehteT shi e
R fslk s 2l

R SEE & |-V stfader o 28.14 # <wifT
Loy

28.6.4 R Vet & |-V arfrereror

IR U T Y191 984 W emf 1 Sedara et
AT T ToRHl o SHROT Bl © ¢ ST, Gl
TS HogH| SoiaeM-gla g 1 S | &

1
I
I3

I (mA)

Ipn IfvAfa

o 28.14

— V (@)

wgeht aftger e

J R

oY aiueH ¥

[
o 28.15

e & W1 (hv> E,) & 01 211 2| 3ol 3T Tell ol Jeraentol STear-Ted
% o &7 & HROT g1 {1 TOeRA n-8F SR g p-&F § W gl

N-&15 W Tg=M ol Toieei SEE W9 §RI TR fhT S @ aefl n-&i o qg=r
ol Blel U WU g1 WA R S €1 TH WehR p-&5 ks adl n-as

FOMCHS Bl il aleedl Icd— ahdl %l

R U & |-V tfireteror o o 28.15 o 9w 7w &1 3 fadenen erefi & =g
<qefst § SFIT T ® | UE 6oy ®, it OR ¥ N ol el €, Sed 98 e

F N YEH T B

. YrSid 99 28.5

1. 9t faskeq H:
(1) SR SHEe w1 wLl §
() 3w AfmAfa o
(i) SopH SAfTHfd o




(iii) <1
(v) I ¥ ¥ forelt o =
(9) S eMErE
() TH A SUMHEE (doped) p-n |fY SMiS Bl @1
(i) Tk 3feq ufffyd p-n @Y E@EE g 2
(iii) Tk Hezm Tufgid p-n €@y eEE g6
(iv) 9= p-n G eEE w1 ST T 2
(9) SR EMEE &1 ST B
() T yads & 'Y H|
(i) TH fEeait & &9 A
(i) T TR ¥ Ifea o &9 HI
(iv) T TR diced Jfaa o €9 HI

2. foa wm 9f@:

(F) SR SEE oo o5 fopan fafa W enenfa g 2

(@) FIE CEAS v, i B W HE w2

(M) ®RE TEE H p-n W oo Tgues T | SRR S 2

() TA ¥ €t (LED) 3ad HROT S oovveeeeea. Teleh dcdl 9 o9 S 2

(F) T IS SRS (LED) v sffa & w1 w4 2

(4) TA E € (LED) o Wdish 98 § i ThET & oo i < B

(B) WA § € (LED) H YT 1 ST goideq faa’i (Holes) & ...
o SR T 2

() TA § E (LED) oo = g W enafa g 2l

(S) TR BA oo, e W EfRd B g

(%) & afeld 908 Foft F oo, Sott kT g R FRTET TR WA R STl
Gn?n%%?ﬁﬁ??ﬁﬁ ................. B S € de B F Selaeiql oF g Sea
Bl B

28.7 T — pnp T npn

froel o=s8 o T p-n WY SEE #1 eAFA T € S TR o R ohe
T feen o € yenfed B =41 1 TH HNU ¥ SHET IYAN SN (Rectifier)
Td qg= (Detector) ok &9 H & Trel €1 f5-yeta @iy 2ifsee (Bipolar Junction

Transistor) Toh 3T A YA TG AT grch'l 2l

gifaat

g - 8
TR At

Td HaOR
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_ o s g
IS &1 SATFTShR Siies SIS, aTeel seA ae faferam it 9 1948 H THRERT
*I gUids 9o wErTeen § fwar om TH9 goieeite S o & H w i
1 YA A1 3ok STANT e Sfier o TRt o1 ST arelt &gt S 8-
7 faetii @ oot waeieh! (Amplifiers) den et o & ot i @ o €1 weh fam-gfem
% ®9 H A gk W A€EE F Al w6 § 3w 5 W@ # q e,
SRR qo GIR Faeensti &1 ol gonferdl § off SR ST T

ifsTee qord: fafas sreen swfem e @ o4 e € e paen n ¥&R
o & fo 28.16 W 9 T &1 37 A &S 1 Scsish (E), SR (B), 01 HUESH
(C) el STl 81 ¥R (B) 94 | Teerd gian € 2 Scdsish (E) o G (C) «edl
&5 2l

o < fop ScoSieh Td WUES TH € YHR (N ALl p) oh FAg=ersh B § qell
Hures dFl W Ged o2 SRR I BT 2

YR (B) ScHSih § GUEH o o9 YN JaTe &l e s 21 g8 s’
TEe W H9a T 1 s g o gftewn ¥ giRet § ¥R % B g-n-p-
NTA p-n-p | THIIG: STHHH0 1 TR IESih H Folieeh, Ties § HeAH a0 STER
o ¥ el FH el 2

E B C E B C

T 1

(a) (b)

forT 28.16: (a) n-p-nT& (b) p-n-p A=

TSt o fafi=t &5 o ™ @ 37oh & oF 9) § qal el €1 n-p-n T
o SgHETH Ay dEe (THH) Scase § UR § Wew B Bl §9gd s
SRR AT 3T 3T AU oF HRUT YR AHIT Sl Bl GUTEE hi
AR T @ T ST I SHR o FHRU GUEF T 31 I &3 1 gorn o Afes

S 3O B e
EDQQC E@—vc
B (a) B (b

fer 28.17 (a) n-p-n, (b) p-n-p TFSR=A ok etk




o1 28.17 & n-p-nd p-n-p TS =1 Wichfcer FraqoT foham 721 B | SO eeRmeTa
HR-WeE b1 T&9M 1 SR heal €1 oY U I8 S =R o n-p-n 2
o SO ST T SR A p-n-p SRR 31T shi SR i Bl 82 n-p-n2fereet o seiag
1 VeTE Scisieh ¥ 3R shi AR Bl 81 37: TN U-YeTe 3TER § Scisieh ohi
IR T ST B gHl RN & SO SMER 9 S i SR B1 p-n-p AT T S
I Biedl o Scsieh ¥ SR 1 AR Y@ o SHR0T Bl 81 36 TehR RN R Scsish
Y 3MHR ! AR Yelfed s 2l

iR fg-¢eta gfea 2, ora: soh! el Tgders U@ Soude@s SHl TR &
I Sl W R w2

faferam d=wid witaet
(1910 - 1989)

TeAUE § W SRRl difqenifeg Seed. ol Yied S A |
IRt | o U o e 2iforey & enfashr & faw o [
1956 B wifdent 1 el [ERR el o1 goid: S wowen (@
Aifcer IS ekl 5 STgorershl | AUl i Ygii<h 9,
fagerge § =Haen ug steweren, fafa el w1 fagr,
srafefa 991 (Dislocation) 31 FagT=T qer @ig e giest
(Domains) S famai o faerma & weequl e fohan 3 =g seaeie
HIfd oh 3T

28.7.1 wrafafta fagra

g p-nTfy w1 fFar-fafy @ wiifaa &1 9ok €1 o 79 oifeer &1 fpa-fafy
o TOg &1 99Tl 98al n-p-n TAMTE HT =1 i STEH FAifch THHRT STAN
ST fohan a1 B1 S qeh SRR i hiE dieedl 7§ W, Yo SeieeHl o
Gfel oF IR famRor @ fo 28.18 o STHER I @R T 9 Wl €1 TAh
TFTI-Td oh feTT 25°C W fawa y=iR &1 91 fafers 2ifsre o 0.7V aen sHifem
gifsreet o 0.3V gl 81 S T event fafeq © for fafere oiforee atfere dieean
T, o ST T FH A TN oF hRT SHTIH TS hl ol § Ak
I | Y S| €1 ZE w= W fafernd et # € o i S ae fom Tt
3 H Ieer@ A B

TS o il &5 H AU 1 R STO-3Tel Bl ®, 3d: {6 Ud i
e ot fa= Bt 1 afk freh & o ercafuess efugo frean s @ @fa o
THY STEAT 1 e ot siferes g 39k URUTHEEEY STae™ Id ddelt gl
7€t o1a faima: ff FEl S Gehdl 1 Scsish TS HUEH i gol § MR T
HH AT a1 81 37d: STEe U4 THH HIhI <L a9 Bl ©, Sl Scasih
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WWW AN GUEF § THH! 9T HIH] FH Bl §  SEEH-IAUR  GrETh- R
(foa 28.18) | sweh =Afafea Scosish 3198 Ud 343&1?1\‘:?? /eaamué
TUEE S9ed UG k1 ge B WU e 7
a
oo % #m T G W aE B R . )
Mere 2 Toh Tuen faul o wen 3fad dicedr e // %
— ——— 1w S g A e e i
2l E .\ B, C
n-p-n ZifaeT Tors 28.18 : 2iforex o sr@e od
& 3Y His deedl 7 & ST

n-p-ngiferex. &1 sifAfa fafa faa 28.19(a) ®

T TR B ScHSieh-ITTaR Wik 317 1, Steifer WUTEh-3TaR |ier Sohd
T &1 314 UE a8l Wehdl € foh Scasien ¥ wgd 1feh qe Wi -
agd W B foheg <@ T@ M € TR SRS U Scdsieh ¥ o el Slel
Bl ) 379 BH SHH HRUT UHFH 1 FAM I B U AITa Scosieh 9
TeRI-3eiaR Ta9a - shi IR o SMTER | Fo9T hid & (Tarst 28.19(b) 1 3@) |
I Vg faaa 9=t (0.6 VH 0.7 V faferr zifser ®) @ s @1 o @
TSR SUN &3 § oY Y S ©, S foh o 28.19(c) § =@iien T g1
TR YR ¥ Ugad T I Seide a1 @ Jaal ¥R 9§ Bid gU a6 STUR &l die
T UEEd § SNl GUEE Gl UR Y GUES &F T T hid g1 SHR
o S8 geaST o ot hed €, SO 3Ted Bl § oFiteh SMER el a3t
U B & IR SHH ogd %W Bl B 81 Vg >0.7 V o fou stfushar gorereH
TUEE 1 e T4 W fI8Rd B0 ¥ 39 U4 o A Solded S Td & gR
Yol STH | GuTes 9N [ 28.19(d)] H STTTHA Fd gU de UEH hi ol
T TEEd 81 39 TR GId oh RO T W g€ i R ur fed w
IS A H YW Sl 2

VBE — —!

N

[ I
i
=

[ I I
i
N

LT
_i_
o|$:T_

(o}

o)
o =

™

(b) (©)
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TerT 28.19: n-p-n TR TG (a) IHSIH T ATTAT de UEH Seohd AT =
(b) STHSIh H WK el (c) AR Floree Hord geiarei
(d) ¥R o & HUEH STd §Y qod Selareiq

30 SRR o HIOT Tl SMUR &5 | Yoy id &1 OIS THE Seiaai SR
¥ A §U WUES 1 37@er d o forewor id 1 316ed 1d &5 (Deplition layer
field) SeTeriAil w1 TEeR 9 i TGS I H Hold 81 STfHehal 2y o Scasish
4 feret 95 fawrd | ifes Seie SUEs § Yelted Bid © e 5 Wiave 9@ o
F YN s % Tg=d 8

7T 7g Frend =1} fehTen ST =1feT & <1 geors SHiel &1 T TR ° S g
ZITSTEet ST ST Fehal €1 UH IRUe & Yeieh e | < erafafya o qen eyl
Ifiger § =R eafafed 9w @ S sHes eifafied enuR o S & e m S
Zifeet o el ?1 gifeeT st sfea wr-fafy & fag smeavasw @7 ¢ &
ITTIEh AUTUTHA ScASieh Ua HedW AUTHIST HIEeh o WET Udell o 3760
A3 e BN Yo Tolge STYR 1 off I9a=el B € UR & SIS
4 99 W 2|

TURE HN (1) I SESIR-4W (1) § G H-9 (o) 1 991 § e fopanm i

T

|
a=|—c. (28.1)

&l o, 1 A Teh o oI R, aqd | T 9 ogd @il & %7 2ial 2

TH YRR T ORI o STHR 1 Hea" off I A o S8R Sfiel g e foRa
ST &
IC
=" (28.2)
el T oF SIS Scsieh forard | H-eY 1 oFek il 21 & (B)

T T Th Y 9gd AUH el 2

TURF O 9 YR YR &1 I & Scsieh O Bl §, 37

gifaat

AT -8

ST gl
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lg=lo+1g

Tequl Gl & |- 9 fawfsa s9 W,

| |
-+ 1+ 2 (28.3)

I lc

0T B T A, T e fora T $-

Ser B=-—r (28.4)
319 B9 W B p-n-p TR n-p-n AT 9 fov webR fa= 2

p-n-p IRTET

o1 28.20 wfsra & o foran o foaw ifama 2ifoeex e o 21 =M € {6 n-
p-n TRTRT & TF W p-n-p TRTET o | 928 o R 3o &3 2

ELp |n p LC

VEB VCB

Tera 28.20 : 9fra fran o faw sifa p-n-p T

e T i, SRR F Vi dicedt H1 o g A 8 qe1 T
YR FiY Vg dieedl 1 92 g1 Sohd A €1 Sohd 311 §Uesh S8R
ofer 1 g | Scaeid SMUR FfY 1 Yfalie 9gd %8 € i T8 e e
21 37d: ScHSieh YR G i 31eq 7y ARl deed (0.6V) & St @, S|
o HuEs NuR Gy w1 < T Sohw ARl dieedl wEl A (9V) Bl B

ISR -IMYR |y &1 3 AT ISl (p-&¥) | foumm agaeas aEeh!
Holq Bell o YR (n-85) o faeRor =t © Fifer 9 92h & oA i 9
TRt 4 €1 TR i SIS agd %W dl STUHLT 9gd okl B oh ROl
STH JAY HH I Bl § ¥ 9gd A (I W U= yiawrd) & solaeH o @
TTHASH Fd € SR 95 W 98 Waw & Tew 9 H Ugd W &1 WIS
3MUR &5 o SohA ANTd BF o SR 981 9go o1l 8l HUESH o FHUMHS
fawa @ opfid g © S8 SURs 9w 9 S €1 oT: Sk ¥R § gfg
U 9 H ot gfg Bl 28.1 § WHROT 28.4 @ F@ ot T B

wifeeht




B

| wE fEen

(a) TSR o Tdieh W amomy o1 foen et e—
() IS &F § Blal oF Ya§ Hi 2RI
() 3OS &F H IolaeHl o YA hi R
(i) ST &F H TgEEd A dRHl ok YAE H AR
(v) S ° ¥ *iE &l

(b) TR ® 9A: &1 9H arell A | el 8-
() HUES ¥ 9 FH B B
(i) TR YR qe GUEsh o/ o AN o SeR el B
(i) SMER & % ST B 2

(v) SF | ¥ HE T

2. e wom 9@

(@) TTET H oo e I | iy e 2

(b) TTEL H oo # HeE TEd %9 el 2l

(c) IS &F TR T v, AT BT & SR o,
&5 Wad wH AU B e

(d) TR H GURH H AER oo qAT STYHIHT oo,
B 2

(e) TS a8 HiHa & H HET A & S v Hfy e s1fia
£ SO iy Sepd fea Bl @

@ T THR o TTET B oo 1< |
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