S0etsra - 8

Y TIPSO 0O
BYTOLOE oo

S8 RSt 08 DOHODNE, TKBE Hdresost ?86&&:60“30)& J00& Hogore &oXwedd
QBo&SE @350“15@ 2HEPS SOB. QP B HSEo BAPEE0 S0 388 3500850 oenzyenis
(‘Oéjo?noéaac:gow. 250° €3 Soare HogiNoDS ﬁ:_@aofﬁé?(j @@@@) 2088 59 A0 (Grey Rerolution).
5?0269 (S 38300, Barese, o B55 Doebo Sworom. S0 KOS éPSEDFO Qoo ede )
oo™ 708" Bowrgesy SHRPACY IEBP-STNBR) TO° VogFRoBHE).  SrdHE 888
(B0 THHD RPBHHY ©ddo (Bostrod® € 6ird SMPEA8 HOhRES e,

0% AEENS0S® 8 EPNE BE@P, B.9., S PTen, Bogegabed OB FToen O
Doz, OFS HBcy FENGDHoL T BOVY YIS HTPTen.  FPEPEOT GEIEEY
TPEE0 S HBH oo 305 &0nod.  ©ONIESE, DI Lrdgo eéccﬁ) e—ogwcﬁsven
FPOT oFTe I8 HIBFaw. ) IrdLy Srosedn  Bodnew) SrodHsino wotrd. =6
BTEEO FwE) TEEES0P ([HeES0 SrHEOs. $o888e08° EOY L BB0D SBHE
@éa%f?s've):éa p-880 Boe n-B8ore YFEIS.

&8 $08HE efarego (pure semiconductor) &8 g p-88o $r8508° FrbBEBoD LrdAw
A g n-880 $rK508° SrhEBT) a8 p-n HoH FPotEedm.  p-n HofI ERrE @ Eree
OLRLD.  ePTP GOWDIEEDN 28 @g@c{?é PS50 BRGNS B0k (€3> (bipolar junction transitor)
& Fo50dos” D NG 58D OISO G, T (HRES Wbk TEJ D dorr OB
SIRPREERS $88 BBrE, JB @@6 (Solar cell) , zeo& &3e& (Photo diode) svoéééOz':é) fafenvila)
(light emitting diode (£PQ)P5 SwEBIenHoB FEared DEBBHT) BenHotrd. & JSBFHD
QTR 5@8 QchoBesehod®, &t xdeod®, #EHed Hosored®, Sirars éézége)é‘s,
Bosgadst, eaiiteod?, wosdg FEes®, Hocn HH6 sﬁgﬁgeé‘s (power systems) &H@BRALE.
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& PB0 SBYS Sars o 8od DRI BenknEI0osTd.
o n-8%0, p-880 YT Wi BSeen
o p-n %08 ERrES® B B O wB6% PBYHSen B0
o HB0rH HBkw &FFwcirRed® p-n $od EEeE S8 [-V o) ogere égzé
o (EPQRE B VD Jpeso GoE) HdBes
o 28 ErQREE VG [Frozred’ SrbiEdn HerR), T HBKTEo HBAM AHeH JBBoSEo
o p-n-p B n-p-n ErPQRGe e Fareen

o (ErQRE5 evoTEHo Vb DAL DT 8O, T JAES HHBA LS vogreid
SPosiso.

o o8 EPURE Bg) DG DT TG VBES [ gD A0, H)B Hvore Peyko HOK
©dDEToeD.

a Vs2PH23 DDA B)2IPHE3 @ga@a’wsae»]

@gw@sveéa o) ésisy)éé [Endelelad Qgredes (X)&éatg) 0B CISNANTS (@éb'&cg) @gwo@sr’enﬁ
Eééébom&. 85 DAY 980D 36}Q§>oa°o.

28.1.1 {qgrdes @ga%“?éo

8 DR D50 BR HOBHEFHD FRADO, WOSRen Jrde: W, & Srosod®
oIy O T YHBSE Ao’ o p0GoBRd Gotrah it HEBLNE . @08 ©
?oogz‘,ﬁam EE0BY). JREHDS 2OR GRErH08° GBI aBHH, 8d B TR worre Hod
82008 'cso‘szﬁxgm S8l seleasvon (D& éoéﬁéa)oé‘s EVls) ﬁséoé’s 2.8 Bo[@e) DEOX0.
(ao@;;@ B8 PS50 Sy OGS gD cDean;éJ & Ko Lermze8 ESEVVE VIRV BrSEo Ko Besorre
HOREBDR. ) @é%éo@'s &8 QO[T OISO EeHendre otron. 88 JOFTIOK HBCK Bogre
W) TR wotrth. 9 Sheodr DS (HarEl) SenritTow. wand RO WOFSE® 08
BENI 23D GOBL0 D PSP SIRPRDED). a8 grdes @gmcﬁéoé‘s QO[S 0O
Bogren QIPEr edent 688 9B Kdobod, '(Soogai) QO[S Beddo Solgre Farado
38 POBOrT SEeg0 BohetHeHod. ©and e (HEFEo 508 HHEE (HREo AoEd Bhero g
BolFo &3 5@‘;&5"3& (B SredynBotnod. &8 @é%éoé’s&) '(3055733 QO[S 651E8 Hg FDoNIHL wb
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Bo5808® B 188 '(30‘5523 @@@;263@55 ©$rB0 2:028 wod Eéavtéo DS0b0 BotHHod. TAWHEED
wend) SO0 $B 5h ©IcHS S Bf-erh (zig - zag) SomeR) BB

ra%l@ ST < £t o S <t ot o
(b) (c)
hE @._.h 'E?- {é}.
(d) (e)

80 28.1 ©8TrEos’ o Lok Sogre oo
@ e

$6028.1 (a) L 56890508, A Do zéccs) 658 o0 Q@Ls;:éa - oo & &domro.
@é%éoé’s@ ?3055733 aoLscgéa N80 (@%) 308 e 3;26093’5 Bo(PR) DEYEOK0. 8)5)&26&0 00D
200’ BHD a8 Qo(E So(B5 Gob. S8 2,080 LTSN SoB°8 90@5526) SPoLTERS (DH& 0D,
208 QoI Pod Ho@resdodh 205rQ) ABYos. B Dothsh 3G 68 3805 0Bt (T,
3388 59 &S Pod 2oer) DY BRI w80 Bob, A Y oG Bolgo 3‘;2606% BoE0enod.
HOSor Azﬁcg oo @9@%&@_), B ESCCS) & Bolgo fbégé)éﬁ)o@. (B0 28.1 (O)). s‘\eaé';3 B 805
S0l A Do) HEH oS @E) Fodo, Bolgrd) A ol B S8 Sendey BB,

[P S & Do o&nHD). B Eétg &8) Solgo w8 PBHS C Eétg &8) @050 Hod
TEBRY) DOFRD ©BHON é&g?oe‘j 20 238HH0H? Coo& B8 oS rieddo, B&os C8 Solgo
550,08 se8eas3 od. [$H¢0 28.1 (d) 08cdw (e) o SrEkod]. @ga%“?éo Hoae 8)66355 (s
B85 Solgren 68 BISTT H:oEHEo Fodmrado.

DD &l eéﬁ;@ﬁé 38, T5BQ) cDoLs;SeD o) T8 2338 HBLredHOB (parent atoms) FeoN
@ofoiel Gol Jggrde w0 2.8 2oKBonNd DH0Rod. Kb LS S &0d 6338
HESrens) SR T5BYY) oo TR SolEE [Herdo Dol Krtorr oder TKod. ©oHDY
JHo@Rresdodh oo BADED ‘@éﬁéoé‘s 90@;5 '(Soogz‘ﬁz)m Eendod. HOS0K &8 grd VBYHE0B.
BT oo woerth. & Diorr HEE Sy Y JoTR-Yolgo motewn DB a8 et Ky
w@éwg@ @’;CSQQEG_JBQ&. SR8 K& 6@;@16 Eécg (300K) Ge £o&md 2.5% 1019 m=3 Qggrades
TS EED SOA dotwod.  GefiE DOAS %"’é NEVH éoapéé’s QTS — Bolgren &SI
TPEPEE0  DEIHEOB. S8 dgorr 53‘3003 qumé B/AS &8 EOSstéée‘éogo e‘é?ﬂgééoo&. ©0&
©ZarirEo LS QB85E 1DeB0dn EOA Gotnod.

INTER (APOSS) 312 gPaszegisw Vol. I 382




28.1.2 odgpgrde @ga%“?éo

Qrides ©FTrEo &N Q658850 EOA &0enoEd HIBH Beodd. O R TTEE0
§08 et wirool ¢otnod. & SlEre By dggre H0EDY @9&3@5?9@55 08 GHToerio
Ko, H&J aR T 5708 (sensitive) o3 JB*orr ed@rhosEo. dgrdes ($0DHY) warirss
éé:gyé H05ee088 So(geen Soe <De>Ls;5e> Dogg0 203 pSlser i i=tute! éwose:é: BodKo TRo° S8
St OQRWOBDE), VYK GHODHE ©F HoRY JoBHHBEPAOTHOE HODHY BT T
388 5retPe WENHOL EendBTYDA KoLk,

506 Boe Sgprite oEarirRs HrdTRRn S0 HIEDI Srdssno (doping) wotrd.
B0 BRI OB ey Sr8853 (dopant) eotrd. & Qore SrbEdeeo T SO
oldggrdes @gaoxso?e» @0,

SrbESemesy Ferdeaornr edES K)é;)ées‘s&) IS (o (3 o3l Jo(FSen DA &H) Soe
VS id (5 @5625{\) cDQ)LSw"SQD EOA &) Hod EFoerS. Heo 28.2 58 éééé@sio AL
IR SPHB00. FFeSeorT SrbESrI8 GHRPA0T Sorrod Srseedd IS, VE (o

BEgBorr Srdowed.
[ ‘L\" W W
INEEERERE

-’,i ' [ TS | A Se

e | In [ sn | sbol e

$e0 28.2 &XYS é@é a8 o, e Dgprdes @é@‘@@&b‘ Sr8880 B8 I S ok V&
() Sroweld aS3IreAT.

IS inilelolelan K)@ré)cg @EQSWK?S*D@% 080 @8 BEND $B5rea0S® SO DBSreH D Bensdzeo.
Bb Jegrades @gamf?éo o) 10® DBEPERYOB 88 LrdL DBHTEN G0t0H. S DBSTEHen
BIETETY HOgED ST, B8 HEEFHEDH AT?) JVTHD SwHzran Toe Sogred
688 Dyaw. & BokodS® AFY wBI BobKo Ig Sergo A TS0 o8 ore
©HH0H. ®oKBY wdwErdes @gmﬁéoé}% BRI ©HEGRNo SrdLy HEHrEde Hod
&E)NT0HT .

28.1.3 n- 8% p-8¥o @gwo“s"s"ex

Si @@@;5 Qgdo (1 S2, 2582 2P% 3P 352 3P2) 08, H6 aoLs&gSeD So(Bgos® £4)loTet
20GOBTTADY LB TPeNrH JO(FOD Zolsgo heap o5y 8556° BBrHETAN B HB
BEFol. ggrsde: 2O @gwxﬁéoé‘s 2.8 Si005reHS® God Trentd a8 Qo[ 2.8
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FKHS G0t Tentd Si HESreHost .88 aoLsch:é) $H08°0 ?36@53& Potn&od. (BIIT
3SR TedoH 0o woerdd). 9d @é&@diaoé) Erts 50006. ) @o@;% Degdo 1 S2, 2.S%,2P°,
386 3PS, 3d0 482 4p%

Heo 28.38° Fr0eD DOSR (S @6&&’)6530) HoPs @5625{\) (es5g égéés Eoted) aoLsc‘;SeD)
@B @50, @B, ©0BF0 HoB BE® SrdESmo DOSHPD, O ey S08 TP dolgeSen
FPBHS G0t et Si HBE5TenHoS HHo@redah Bogred QE)RPoW. SR 805D (@565'5(3)
cDenLSJ;S ©E0K 20H0SDEE0E G808, F5FTI8 woertns® Gotnod. (Heo 28.3) ©OotHde a8
2908 (St @5‘&(‘00&0) BB Hois T8 Soreod® HrdEtno BRSIPE, ©b whBor a8 ?3055531)
OFTRD AGER0B. TP 5PN n-580 ©YarirEo @otrd. @ DFBI SrdTgen wod HrdTgeon
RSSO,

O O O O
SOFOF0OE 0
pres e sitie T ytv ey
Q@¢o¥©?@¢
pe o elo R v e i N e 5
CO80F030
"‘-O""I 0 < ..‘"D : ‘D

Heo 28.3 n-88o @ga"zﬁ"éoég JS@Rredodh wodo

n-8%o @gw@sne)é‘s '(Soogab QoY Dogy  Bolgre Vowg EX) Trer S Hdon © ofto N’
BerRErotd Ben)od o KoSod.

29eS (Soe 525&(‘00500) 5 S8 @erghicho, mdcHo Sur Boddho Hod (BB (@
égeg@s Ko cDe)Ls;SeD) S08 HBETENHOE® SrbEseo 3?3_00 Ko acg@é% @@@;5@ Kot 1O
$ESreanHo8 Ho@re:dabh 205 AR 2.8 CDQJLSJ;S &850 QBHH0D. & cDQJLSJ;S 65&@&
Bolgo o HHPOFB. BAIV Do 28.48° SrdoTdr. & I WP p-B8Eo wferto
), XrOTELD ((PerE $rdTEO ©@otrd.

o @ 8 @ 8 @ 8 . 3
L ,.-Q"# Amf
o @ 8 . L0800
el qiite ot oiuye ey
o @ 8 .8 ® 8 . %
o Sl @ S
Seo 28.4 p-5§o @é@%’?éo@s JBo@Rredodh oo

INTER (APOSS) 312 gPaszegisw Vol. I 384




AP W Deforr erKSSy).  n- 8o wfsego Gerddo B9 wotrom? & (HEHD
DErEEH0 @) @ BDBHw.

T8 ?SO‘SU‘D JolgSe Sogg ©R0 Bolgre Koy O Frrad wairie Fneeds pIBorr
B, BN el efariro MyrdEore Iy o SrB880DS, ©d IS HBor Bego.

a8 p-8%o @gmgyéo@‘s, Ko efPHE 58 Ko exil Sy SHEradch wogrer B HGT
Bolgre EJ) (P8 Srdogen Sodko g BN Jolgren e o edzron o Kdosod.

©ODY, Bolgre HOS EE TR ) BPSEAL0S DK Gotnod. @od p-88o @gmﬁéoé‘s
Bolgren ©iE Sogrss edarseseen.

[a)aéoe?‘a) 23.en 28.1]

1. 300K && $508¢ RORE® Segrdes a8 wdd mEd 1.5 x 1010 m™ e eod.  Sogre
0BAW V(Y LS Nod?

2. 68" SrbEdemo DSHPD n-80 eFIrEoH FotbEeEm.
(i) (88 5By Srdg0
(i) HoBT5BY) BrdS50
(iii) <8 5B BrdB50

(iv) (88 a8 B SHTB

& (HBADDD e ©OLTD.

&0e00H.
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@ p-n dOY ]

n-88o B p-8o @ém@sw@s Y Soges @R TorEen HEIT QoY FoBAW
Bolgren @ S8Hpd Bentn. n-88o DoETE) p-B8o éwgoés TPEXRTT GODIDED Do P&
ot ©HBoETNED?  HISTE SDDBRREERE FE0 FoHTEr? 08 TR e FPosKwo? S
BHeB S5EeE0 SPare0s p-n Hod DB HBCH @b HITD Jgedo K8y Stbdmro.

28.2.1 p-n J0B BYBEEo

&8 p-n BoHA DBIeAE Hero 28.5 & Srddey a8 o8rE Qfito a8 VNS w8
ErOTOR DB BB (8 SrdTgeh HIERYR0 PP SHEPOE HES.

p-(@rodo n-@ro%o

@®®®®@@b-w5

O Solgo

@@" ’ a8 ©
S B! O 3D S

@ (90@ @@

é&b@%éo

&0 28.5 B Fodos® p-n Hod

a8 §B¥o n - (@rosos® QOTH TES ©hEOrTD p-erosos® Sogre Es ©hEoredd
GOSN HIBHPEH Bendd. & DFore &Qothdy JOEen p-(EPoBozy LB Solgren
n-grodo 3 DJ3Bes (diffuse) Tod HIHo& o (recombination) Jothaeow. (B8 HIY)odero
d e Bolgo Hbaiw a8 '(305633 CDQL%S Sonosadaron. B HOSore Hobd Eécg n 085w
prozrod® SHIT FRE O Herddd edirlw dETrow. & wRTo) FOHE
(accumulate) $08D Tendr $O0Y JVEHDH HOK BogredH DD I BE I8 HIWow.
©othHY Q) HBQodrree (recombinations) S8 K06 H& D9 [Erosos® 68 wiE arsrseen
B &8 DR (@rodo BHHo. wd wres) 0.5 um Hoso Gotwod. BT B &Y (depletion
layer) S ger &3 (space - charge) (@080 @ort.

K06 $G FrHHES eBe Dy Digs o IG)hHod. BB JB s FBYCHSKH Bk
BT ©8% PBYCHST Heorh. HLo 18.68° Srdisinm & w580 rod DA Gotwod.
s DS S0 BIpi, Boh Howe eddarirsre D (diffcision) & ©$8%0 A6 06
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B8 )
036% PBYCHS

H00 28.6 1 B B Sy 0SS FPBYHS

©386°% PBYHS @I OYTE Hrrgo EoY) ©f oFepmo. 38 Ged it 0.3 eV 5ok
Si % o&mdore 0.7 eV oénod. & ¥ &8 KRR I8 DIV, B K08 BrHoks Heo 28.7
(a) &° SrRomh. BHE A 930 p-E@Pozrdd wHErEdore ¢od eFE $B B Bdod. @B dorr
B ©36 n- (@rozeR) KD, svéésﬁéa EPHoMT Gotnod. 263@8&&5’@3’5 oeﬁgﬁ:&%ﬁg p-nd08 EXrE
?5"25)&26) S0 28.7 (b) & SrDomrd.

IR DG n-3d JedK0d

=

i P

(a) {h]

H00 28.7 (a) p-n Hod (K&Rri) $oB8o. @rwmo HE) Bodmrdd DS Barra it BOaHERR.
(b) 5:%823568 0o 2.8 p-n Hod EIr.

OYTHE ERROOD Both ol ©ETY SRS @l B Bogys® drdoBto b Ko
6085, St ©FBo Do Jedoh. HG Jey) 0.6 eV ok 1.0 eV 558 &0G @8&200‘3)0
$o8l Jorore E8H A D GH@BEATED. 5 Ikey) 1.0eV o& 1.3eV $85 GOG 2O Hoe3
Sergre 8% B 65@Ah. Boid 980 Snggmd @kgsod Srdkod. A &BES E@rE
(detection diode) (&Ps0ggQ) B £8 8RB §°6% &@& (variable capacitance diode) & E &3S
&@r& (tunnel) diode §6%, Y & 688 SG@rE §6% 0o Z & #5686 §@rEdH 8e)me8
SHBRATLD. B8 (B Dogg OO g BEORD, B9t HE°H PR, KOR Eootw B&OR FBBS
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TR D0k, (@&Qé@é Do EEH 6SBTHA seLerhid rKod). emedrded BY 127 a8
RIS BHEBH EArED Ben)Eod, BZ 148 &8 1928 d56 $a@r&d en)@hob.

oFE DO S Dogorr HGoSTRIE eHBTEten Bobd EE® &8 KrTe)) @B
o EBrE GH8800R HOSER) DoV DXL

o EBrE 50BN A HOAH HDBorH HEeH SOIPATD. D Bord eSEED
L2008, deo Borh BEEESD Krdiyod.

o EBrE 6508003 SEES KrDoSEels el XS a8 D) Bofd SwBTD. Do 28.7(b)EER
o“Jéé p-n 008 B n—-griiold JedRod.

ERE SFESHoT GokEEI8 WPEH0R Srdads Thofe aRh8 ol H Ve sotwod.

[a)aéoef‘ﬂ) [3.en 28.2

1. 8od oD% JrdoBol.
(@) p-n $08 EYRIHPE, S0k oo QdBes (diffuse) BotHozrom.
(b) ©(S&ES (un compensated) (588 £0B0%m TeE woirdenie (@POT°R)  veeerieennn

(©) 20558 ©8% FBYGHS ........ V 8k FR0H0E® @b ... \Y

(d) 5588 DS g0 81 p-n KopeE’, Qo(Tden n-(@Podo ol p-arodogsy NI
BoKw8 Ko 528690, p-EroBod® DED)IIPE n-@PoBod® ... .. ... O TGS i
X esoenod.

2. JOIDR $Srerard) doHs ol
(a) $058 aBHFHO Ko wiTe S p-n Hod 5 0585 PBYDS D oH0b. & 9D
(1) 068 éogpcgé RSO
(i) o) éoa;cgé PRSI
(iii) B T8 B (88 oirSen
(iv) D &S D& =,
(b) &8 p-n %obSt ey, PBYHS GRS SoeRd® 3G Ko Hardro.

() @) Sogregs arsdrsee D80 g JrBH
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(i) ®6F Jogregs arsrsee DIBE0 Bg LB
(iii) &rE50, wRHTPen KoB Toerko B EY
(iv) €50, DX Boggs® HETE wRhwren Ko TendTan B
C) &8 ©¥Y SR, 8% PBIS DL00U.
) ahErozrad®d wey Sogrgs arirsPel
i) aBEroTres® ©is Sogrgs arirsPel
i) 8 éoa?agé 0B o) éoa}gé PO BoHo&
iv) 2 &St D& .

@ p-n 309 HB°88,0 sHodw &6"‘-5!%0]

55§§ BIEI0% Ko @otrdd. p-n Doh o BaHeeds Koo Qogo n-ggo
(@080 Ho& p-88o (Frozrds EHTer wearTi Sored eEd B38° Eader Toird) Hobd. Dok
B85 Hod o ©55%% @B(‘anﬁ)é—:éa HRDOBTI8 p-n Hod DB 38 a§°§e0520 Board. p-n 5068
2500 Both QErenr EoDBD).

o argead FRGTRY p-S), Bee)TR) n-3H LT, HAV HB°EKo (forward bises) woert.
Dexo 28.2(a))

o argead S IR - B, Bt p- BHH EOF. IV 8o (Reverse bias) wotrd.
(Heo 28.8(b))

Slota) @65%%065 BRYRPLH, Fo 0588 sb"@@pﬁa&é: BB, BoErod weKH0B0rT KoY
Boirdoier oK H08J @ p- (Frodo Hod, n{Erodod EaBer Vod. ©ST JVFOD
@ I 2060 wler TRod. EFrES® HEDUE HIEEY GO, SFFEE’, kS
Barsro Q) D @odhchy $8H DEHE0H. DB ATR ?‘g@é’s 000 DS (DIeeFAE SN
6% Beorl Eod. BAD DB Fo woerd. B HoHrerR) @drosKoTe?  KHod JB%Fo
HBSree0 10Q Soo& 30€2 53°§§3993‘s €0E000.
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a (b)
S0 28.8 (ai)J $acirS (b) 88°20rt &8 e p -ndod

p-n $08 8&f0irHe’ SHIPED, p-rosod® &) Solgren, n-@rosos® &) o(Eoen Ko
2008 Erdorr adirhEran. ®o8 $eaHos® Egs [HDEPoBE 65&32@? S, &8 &Besdo SOl
10) Boags® oS - Bolgo uden )8 wanSoHdy aP Erre FOF DS (HSLK08.
w00gRSE PSR Hg AB)ES S kg BT Ko DS (Hardro Sae HEF DS (Baeseo
©OLPD.  TBesgHdBOrT gy E@rEeS® GRS Barro BT QBore ok, oS
88%asR i errshsts. &R H8srno Ge E@rEo 5°Q) DE° wodahrsst, SiddrEes s
©020H8S® Gotnod.

p-n %08 E&rE HB RSt BENS 38%;?&)&, 88 a0irnst Q&S 3@@&)& é@ﬁé@o&.
P10l EXE T8) & o) ac Aado(Eso B &DIPARD.

G 0rR 55§§ &°Q) Hodse 58%)'5_ o&® &3P p-nBod Howe DS SPSKB PO JEND
g0 EhEgahnDEo Hg I8 SPo TrBeydod. SPGE s E@rE JFHEKo BorhEos®
& Ssgézéa 8)313655 55§§ (break down voltage) @otr. F&Sore HI 8od Dore HBoBDE).
880518 Ko @éaé_@noéé?oé@d) TPy DS :si@ﬁo Q08 5 QY H0b. &3 é\@éo @) @aﬁééacﬁaé o)
RBogrgs o Eideo BoBRos. O OYTHE BBErEDYOS® wdrdo Bobd 48 abdS® KD
cDe)Lsgzéae)é) QB 3@_3033 (95er0d) $DB0) L8050 (i) womres® 2odoHend &) 9@@;?63@:3_3
2OHS Q) (DAPACDHE S S @Rresd oheogreds 8)?:555260 3@_3033. B $DSore @S
VS - Bolgio wsen Ko S dYybEran (855 $980). &3 Bod Heseen, 888050 55§e§ S8
RIS DHIHET el BE NS (et sow. B HPBY £I6 DF)BSo woerth.

[31360658) a3,en 28.3]

1. HBPosirhd Q&DoLok.
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2. 88%0irnd QBDowod.

3. grdeodd JrdoBod.
(@) p-n Db ERrES HBPTHH 050050 B5HE SRS (oo lal0) S

(b) p-n %08 ERrE BPcrRS® &P S T (@050 L) ..ceoevnneen.

SPEED ©OEPD.
4. $BS D DoHEos.
(2) HBPrR & LoSedd HohS®
(1) n{FoBoe® Sogren, p{Frodo FHE Eensrow.
(i) woyorsE airsrod® 8898 ¢otnod.
(iii) @3¢ Feszren 8o

(iv) Bok (@rosre (n 50800 p-Frodoen) &8 wbE Dogrgs aPeEren S8 (Drosos®s

Bhenseom.

(b) 88%acirRs® &) vopst
() o565 FBYHS S0k,
(i) ©§8 Soges Trrsres® B SKO8 Gotwod.
(iil) ®e) Sogrss arsrseos® SrEdh S50 Gotnod.
(iv) DI =

@ D - n 0 BEBREO vPOBIEeN ]

Qo8 Seasre? YT HOETL TRHFOE wiSETen T DS D, 55§£ I1-V)
© B0 BoPOFo D WBEHHH0H. b wrer nggRD DT HOXrR) BAPEHTD 08 wern
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QHenod @oéﬁé‘@o&s. g8 V-1 ededere J5BcHos® 28 K)ée‘é Sséé 38 Qo DS, Db EXE
Hote ([H58P0E° o Beds®iKeo.

28.4.1 HF2rS whoferen

H80 28.9 (a) B IrKod. p-nHod ERPESH HBHAES wdogiresn AchmEdS ard (B)
$S5 GFeRy E@PE p-SH% OAPRPE TROe oo Qo KoBod (BaEegmahorne, S0 amged
D GHRrA0BHE)) EERESD @926)26200“33750 Ssgézé) 6@?@3&5 JBHost S50 S005088
DS (BB M b (MA) Feonod. SRS $§ SPFEH SPepdoed Seonod. Bodmead
DS B BF, EBrE wrer) HEy BIST Gotwod. HFHD & 6 EBrE XS T
(D588 o ég@éée‘éé) Nlasisplelhvielal 55§§263 2098 EBB0rT DEIHHOB, DS (PP DedD
©568° GoSmedd Hochos® A'Eo (R) & EOF5.

QB0 Hochod® BENE*E DB, e Dy TSR [HREroHORY ERrE TEBorr FQ
Dod.

HBP0rS & &) p-ndod -V ed oFen JEQ) Hto 28. 9I(b)S® Sredomeds.

f.h

0.7y =
Knee

(b}

[a)

$0 28.9(a) HTPEFRE ey p - nHos E&rE GwE) I -V wdogn Sodhe.
(b) Deogen odoFen HEo.
odoge HEo Sredotdy) rHore DS Kbdokod. wersey V-0 0% 0.7 V zécg
0D, @08 @SB PBYDHSD ©BRDOVOSE ey 55§8€0 ©BBOHTVEDE p - n Do

5550 BOLBER ©PHBE0B. HOH 265?:6?386‘5 &0 @Ssssgaﬁ ) 55§é§' (knee voltage) @oér.
88 Si p-nJoH8 et 0.7V, Ge p-n 508 o 0.3 V. eoénod.

Q08 &5 Bolgo - aeLscgﬁ HIoGeHok [EFE0PoBTRE & Ssée'? 5B, K050
PGS D TS So8 2&BDH BArE rhowe Qi Bahore 1EIHEOB.
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28.4.2 85°¢0 wdogrre

p-n %068 85°8) wdogmron AcHEeIS Hwo 28.10(a) & Gl $oUrR) GOERAT.
&I, HE° IV wdoferod e¢d@rAol Hto 28.9(a) 8 Y rRSHE & 8o BO1S Bokd
S KA.

(1) o0& @6&:65&3263 &(&ED&o D5
(i) 8)3;@’&-9&)3&&)8 20850en @@@ﬁb&@g (ULA) S &HRorhoTL.

p - n 308 @88%%065 2.8 doge I -V edogere HEod Heo 28.10(b) S Sredomed.

| | +~— 8)31365260 ;’?“

"D ) 16?308526 DS (Darero
R ‘* ~} -V
' t &(EE (Frodo
- 4,
wd) 4

(2) (b)

Heo 28.10(a) p - n Hod ‘@’68%%0@38 I-V odegerod Srokierld Sodh Sto
(b) HT°8E wdogr SFo.

888%%065 8)3136526 Ssggﬁ 8% B85 ot @) 5s§a§e>é3 208 (Barsro SfeBAKoE SESe
60008 KoAoBok. 8)?:”31)(‘.626 5@8 38 Ssgﬁé’séo BED ENBE (Haeso BB DBHE0.

28.9(b), 28.10 (b) Serexy FFNIHD p - n S0 E&eE, @65%3’%065 BENS 38508'\)& 885%%065
BN (‘0851;5%0& RV eTatY) éad‘oéé_gow. P - n008 EXoetd @55%%065 8)?:33&526 Ssgjﬁ 38 e—péﬁg@m
80N AT e Sy wEIEH™ BE°AE Hariros® JHrHEe Gotnod.

B Lo08, P - 1 &SR 28 83S8° $rdo BohEhosd Hdo @éagszézﬁ)z) ©0& HBPrHSE n-
880 (@rodo o0& o(Een p-88o DITH (DN, 2.8 638 Qg S0 sotnod. Soles®
3. ?53&1565 ¢BSAS (turnstile) B (esen 28 o388t o N SR Goerd. Qoo o8
51808’ ol SPSRE $ErE TOS® p - n 906 K@ T8 BHIFTODH EOA wod. TBE

L &@rE O8 BTEE 8 80, ac SEA de SFare $rg) DE BEBASE® SHTrKHOH08.
2SS, CD by, er5Hers I;oderd arB HI6Hsmeado (recharge) B2 argesd amgéef)‘s
ERrEOD SHDBPATE. A HB0D B0 Hworr SKaed PEos StrHEed.
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2. as°§é06e>:63 SEDRPA0D HBETeD ERPED DA sotron. EArE &8sst &V as‘géoé
5008 denHoB RS (B0 DCHLDH Hore EEBrE AT 06

[a)aéoefsﬁ) ad.en 28.4]

1. 5°YE (knee voltage) g5 DHB0SOE.
2. (@) J ITE 2OS E@ES® ... , 20000 EBPES® B .o
(b) p - n%od EBrES® XS .......... &S SrED (BSLR08.
(c) EQRaDo ERrES® & Sod)D (Hardro (Reverse saturation current) .............
3. B3 @A Hdobok.
(@) p-n 0 EIr& 0“9)85%%0 [-V e@deogeso 82 BenH&od
(i) BQcHo = Si8o
(i) 3o SEo
(i) Sa% 6%y Thakbo =R grifo
(iv) 23D =o.

(b) p-n S8 @88%%&065 SV 5S§é§-€63 o, 5‘%5&5@% 030 0S8 [Harsro &
BDGB

() Soerd aBH&0d.
(i) HB° 80 B FPBYEHS Lol VENBHED Soo(&D.
(i) ¥08 $F DFF0 OASHE KD

(V) DID .
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@ BaeEed® Bseen ]

p-n H08 E&rE $r6E5e S;cm, Srb88e K)mgo, g8 (H05res0, FTPego o e

Sedko oo TP 8)63355 SoB%w éaa%yﬁﬁo (optical behaviour) @ o855,

&3 806 ééééé:é@ﬁﬁoé) FEHIE ERrED ﬁseazéiﬁa.

BA5°BS p-n 23088 ERrE
(GASP & 1 P)

YN Boddo N lep :;cg& (&0 énosp,g@:é 26»%5._326
EH) =<Iesultetel
ESS) e | Sob588ea0 ESS) A DS S ROBERS
LG ZS p HdBosw n 3)3135526 55§§ (Erosod® B odolEo
(@rodoen EOA &) ES](Yo) FZ FEowe
p-n 308 EE@rE QEoBB (s
oo Hensd B Y DBYBE%00.
(<10 nm)
Pees® &+ [p-n o EBrE 008 st 888%%065 &y T.V $8dc» VCR
EBrE T ST OBITE HrTe SPepank | DRS00 DS | BFeeS Lols*S
SODPATLD. 98 Hedd | HOSo (Qdaeseore o0& Ty dosSere
p-PoBod EOA Gonod. SeB08k. ((eSeESone
8D K080 EDFEHORS
DEBeso ELor Fgso B
SPPERE S0tk
LED |_ 37 [6c-6om Soe 55555 DolEens| HEFES® B8 | LhHhesE’, Band
(@Frozred KH022080DS QDD D& K& ororost, H6%
58 $hen Ko Sorgres® S0 drdjgo | Tre Fnes, s

é)gééoSe)eS's, ?\3552‘5’563
o, &ordradn
@96§§ ePSES0OSE,
BReS So|¢s*S
pelatteloTon
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QBerd .| 22088 BBEHw0E P08 | P QeBg 88 Degd
OISV IS §°%hee0 Boore | SepanE | #re Setybo

058 p S n [Frose | HOB0
ok B Hoos® Sase
& DS p-n 2088 ERPE

1. &dBes 48

55 DTS

2 ergedold eREHS
S eleToN

3. sggené)éééos@e?s

(360D 55,0 28.5]

1. $B% o doHhsod
(a) &35 E@rE BAS® B Fdyod.
@) @88%%0
(i1) ééﬁs%’ééo
(iii) 3 BotH
(iv) 23V
(b) £385 E@r&
(i) 8 SrHESe0 BD p-n H0d D&
(i) SEHSre SrESe0 BH p-n Hod E&eE
(iii) QoSLore SeEESw0 BV p-n Do E&eE
(iv) Feedes p-n H08 EXRPEDH D08
(c) €35 EBre&Ed &8 Dore 2 lovulplotariny)
@) Eégéo
(i) DEBLES
(i) R DT HBBBo (constant current device)
(iv) % 5°ge Q) $88Bo (constant voltage device)
2. grdodd SrdoBol.
(2) B5E EFBPE wvvvvrerrrerenn DB BHESH D8 SBBHBO.
(b) B EBPE .vvvveene 8o&® HITV08.

(c) PBe® ERPES® p-n K08 oo OYTE éwgoés BATE5HH08.

(d) LED e 280588 H&3 & i EVEOS] émgoés SABHTeow.

(e) 08 &8 EFPE...ovvvnnnnnn. %ééoé‘s HAB0B.
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() LED &° ereo D8 P08 ............ IR VLIRS ot

(g) LED & 08 ‘%qgéo, cDQ)L_SJ)’?ﬁ), fofo] (v N dg etrvEod.

() LED oo, Ko sEEdorT SOB0B.

(i) DPEHIO e Berso egrdorr HABR0B.

() o8 DB TS BT o 38 o JrEErod PG Hreo B DEIHDH @b

............. o S - oo adud Dbde BHod.

@ pnp SO npn Qﬁﬁ)ﬂf‘gmm]

B08H Lwok grifod® Deg&S a8 BES°® Sr@D HHEroDRDIT) p-n B0 EITE HBoY
JpoTd. 86 EBrE @BETO0 DEHEBB 58k §¥Hoeth LB HOMB0 Byod. DN
SODIREEDR P50 B35 Do @@QQS (bipolar junction transister).

S arBAS, 665 (@8S $8an DDHD S 19486° USA 650 86 Sedwbde® )60
EPE00 DOERE HOFHS® DPTEE Srdyes SN0, S JEEDB0E® Hvo &H@EPAO
e BB od Fine $8%, TGP o8 ErEBe)R S8 (LR o8 EsPenre edRrHHHTHD.
Bg D& (EPPEDH AoHoBOoSTA8 oR HBETen B SBFEPKIDLBHTID. 6 TEBGey,
ST ERgsHe oY) H56 zéagzééo@s, Bogrgabod® @ SmaggeonT emma.

$e20 28.11 &° Srdey w8Tl S8 a BB Kt p HBAW n-Frogren EOAS &B)AcHo
Soe 2OS B0 (ErQP8. B Lorth (Frozreid arpddo (B), swedo (B) 2853 (C) 99 ©oerd.
$05556° 0B [@rodo wrrdo, Bah® Bow (Frozren GTREEo0, DEEB. Saeite DEEBen 28 S8
(p S n) DoBIS totraw. oot (Erosred® HESH (Froso 'zbc‘g&m SO0,

SIS0 DESH %S (580 DS B8 LBRS Vabo@nod. & dobolBes 5L
ERrES® bsedosd DS (Do Aaho@eadd (ErQyR5% Beoor@od. Srste 85 &
R n-p-n S p-n-p eore JFLomed.

E B C E B .
oO—-y P " —0 Oo—t r n " ——O

{a) (b}
S00 28.11 (a) n-p-n &8 (b) p-n-p E=R56
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EPQRE BgESe B DT Do Rorr BOAbER. n-p-n (EPPFES® s Hod
OB Bogrss TEFEEeD (Dolgeien) 50858 DiiyertiEran. eErdo SEHIMP S0688800 BoDEH0b
B8 GurdBo 0ok HYS QoSO 285 S48 Hodod. Hed [Frozres® Bl EBBD
oK@ Both (FroTrosan) JEYS SR Sodgabo BRob.

£ ¢ E

B (a) B (b
S0 28.12 (a) n-p-n %00 (b) p-n-p (LY SoSaren

$e0 28.12 & n-p-n, p-n-p €= RS SoSzreokn Srhomrd. @raRIhey oD DEns
BTEBED ‘D08,

n-p-n @PQ\)Q&S‘S PRI DY DOHE DA JHB oA, p-n-p @P?OQQ&S‘S o> 9350“)8&3_@@
OB ot WEKHEN?

n-p-n @.Pé%ggé‘s, QO[S0 GITEEO 0k BTPEOB (DKW GBS (D0 e0énod.
B0 Fodmrad DS, wgrdo od eagésvfo'é (DH8P000. BB ereas) HE) wreEohod
0HB IHEH Gotwod. p-n-p @PQ\)QS@S, So(gren, t%csgééo ENVICTA wleToS VSRSV Shs o TavhaIS)
GRS (BP0 DBOHOs. @08 FoHTD XS, STEEo Dok STPEo [HHEPROB.

EPRQRE B0 HOEToen EHE 9 ©hE Kogrgd B ©e) Hogrgs TErsee & rEHE
HIBFoow.

DO (@r& @-S§ rES (William Bradford Shockley)
(1910-1989)

EPQRE EHIPH0tE 19565 $058)808® SPand (e Kot Korhth

DKo IBost agd a.88.

28.6.1 (&R0 ST “ro

p-n 508 HITD S0 Hood W wrre Beokd. @3 0 EPQRE HITD Jeeso Hdod
Beon®Howro. BITBH HV0 LN SBRPACT n-p-n (ErQ)5:0 S omro.
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H0 28.138° Srdden EPQREH O DD SPPEY ©HBYoBLVEDBHE Sothe HE '(505633
Dolge e Sg Soh B Fen VGyEEraw. (H B PEH 05T FBYAHS 25°c 5
ROSS (EPQREH 0.7V FGRbo (ErQHES 0.3V, ey S°EE TBord, Iy Baese Sedord,
SIS Srtyes SEES 180 Hg VIS EPQREH #TNAHO (EPKE BT DBIM GHERPAFE
o e @3§§om D008 BB HF SKYS° 2O @P@Q‘géﬁ S omro.

GRS eers BSWPE DEEB - 8 SRS

\

i [

el o, iy _-:__'-u“‘

= e A ek e e e e

=
B0 28.13 : ST wHBGoBNHL ErYFES™ T TV

Q8 &0 Hortd ([ Feomeen 3356) ﬁgooae)é’s SrEE800 BODHDEHOLE SLTPEen  RERED
5&@9@55 Gotraw. 8 [aPoB0 BN $688800 BodHIHK, Hob e airde oS Erwe
QBT 08, HOBorT JNB TDIE DEYHHoH.  WeET DHBIEHOETTE. W0 Eadecte
S0 DESBSE FNSHH SLysre $0688e00 BoHZ0LKS B PBen Lot DENTP PEAODE,
t%m;;ééo DHEORSE SE)dre PEAODDE Gotron. (Heo 28.13). «ose t%cgééo BW Y, HESH
BSrE st BO)SHE dfre Gotnod.

£ QB S0P HIVAFOE TR DHEDH B SEE 0 ©HSGodHETD. I iR
(biasing)eotrt.
n-p-n (g»$6

o 28.14(a) & &8 doge n-p-n ErQRE BwE) Doges adiPRoR [HerrdS Srtowed.
GIPEE - eTP8 KB DB EGoE’, VEEB-wrr8 $0p BEEEoS® GoTB Kook, ©HH
o0 Ty STPBE0 (HaPEY) v DEEH (B ©oSTRAD Hi). P STBE (B0’
BEPEHD DECS (B Ho¥o SrRpo. B8 se¥erd) Srcro.  emprdsPA8 HEESYY
©DSBONTIEHD, ecsgééoé‘séb 'foogajz) JolgEdoen, eerd @ro80&®8 (H5BoumI8 w0ty PBICHSD
QKoY Gob. (Heo 28.14(b)). Vi, 0555 @"8@1053526) ©&EDoAIDNL RO @PFOQQS %
0.6 VX0o& 0.7V 58%) & @@Lsg:é)e» Seo 28.4(c) & e8¢0 eEed|Frosostd @3%@0}3.
288 wrdosts IS S , S 96@326)@ DN egrdo Ko& erdyy errd Sosso@ (lead)
& oo DESD 08 o8 DEEH ([FoBod’E (HSTrFow.  errd [Hariro (Bod3H) ©odol
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DV (D570 @O, egrdo Trer SENIT £o6588890 BoOSOLHSY BB Bolgren ogksndtio
B9 HIZOTrH Barro wrer SEd. Wrd (FPodo e BT Gokt0 I ©8 IS doggs®
cDe)Ls;é)eD PoLHEnod, Vi > 0.7V & orerdsd ao@;mm DEEB SIPESEE DBes DotHzeaw.
83 PBSED '(305572) aeLsc‘;zﬁ)eD, DESS [Frosostd &5chH (B B é@oéﬁs) daran. (Heo 28.14(d))
SoBGs» as%“xg?%éée% TOEB0(BEP (HS&rFom. ©08 RETE Qolgedoen BreeesdBo BYISH 56O

E 1] [

)

L

-
-T
T

(b) (c)
aTPs Qg (a0 BB DS Baesro
f—» J_- - -|-]- - - - - F_b !

1 8 DS (Do
I"

(d)

Swo 28.14: n-p-n PP (a) amd PGS, 88D 88°8Hes” ajdps (b) amrost '?oogag)
Qo(Toen (0 "30553 Qo(FTlow S8osts PABOE SO (d) "30553 Qo[FToer BP0 TTe DEEBRS8
SHErBoOSHE
GRS (PoBos’8 (HIBFow.  HTEGo & T wTrd (Fododts (HiBoier TKos.
BOTHM™ ) Jo(ges eerdo Do RSB B PBSE DB Borhzeaw. SHIPEFFo, Ricloxe!
QoSO DEBD [FroBod®8 &5&ob. e SBB @.PK)J@Q@‘S 95 BEOETY ABEND &IREE0 AR
oFTen DEEBSE (HS&eTow. 5 TEo ST SENS oo PRy STl TesSo@E°R8
S50,

B B0k, Both BRI 28R BHE 288 ©HoTrH0 T EPQIHEK FPorsDindd Joxbed
o808, @tndod HocHos® (HE SERES® Boh B Ve EOA Gokko Su Iwdo Sechost
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Tenth SriEsen Frogrenotran. errtiErodo T (EPQIREER errd (Frodoeei eokd. (R
zﬁé?gé) 58690, @é)&?érw Sr888e00 TobS t%csgééo 0B Eﬁacéggom S788800 TodS DESB
B05500) BEdTe FrbBEBee0 BoBD WErBo. @ERSo Howe (HErBow ?305533 Jo(geroen ot
o) DD 608 DESH Tzeaw. DESB (Haeso (Io), &0 Rarsro (1) © &g Sowoeedy @.‘PFOQQS
@) B8 (Harss $Bo 0L HBorr Bagysey). BA 808 Dore ABLDI.

I
o=-5 (28.1)
IE

o Dend oBo SENIT B JQIPET w8 Bo& ST Goenoid KidoBod.

o (EPQ)RES” DEED (B0, errt (HIEEIS Hoik Soworodn HEESSL). SV BE
o850 B (Ber)8® Srdoss)

)

& |3

B =
aiyd eTpss dTRos® S (Harse 5880 B S0, P Deod DIRore 2.8 Eod
QBN 50008
GIPEE (HTEP0, DEH (Hariro DHOKD errd (Hardrow Iwdo S8
L=T.+1

woder 1.8 grhosme

owm]

ke 1y
I

r
~
o0
@

o 508k P o Hdore, B HBA TochHre

Soe B=—— (28.4)

p-n-p EYPE, n-p-n EPYPKE o0& Sbre dor Gotwos® rro.
p-n-p 0.

Borde Frosos® AT Der HT® acirRS® GodS p-n-p Q)5 oo 28. 156 S0meds.
n-p-n QK6 exthenre p-n-p EPANRG oD aged DBBe é@&:ﬁ)oéﬁzﬁ)?\) K&oQoBod.
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_h._..._--.—h—-—-.—
. b

Se0 28.15 : Boirdoorr ¢okerds wssrRe® ¢oS p-n-p e

B0SE Ewodd erreR, GIPSE BgP8 KopR emgtd 55§£ Vi & 98%20rts%, 2858,
STE KoH Vip 500 FPTES 88°00irRS® somrd. JEEB - egrd $o8 (B 88%wakrts®
GoTetd) &° B SR8 ©TP8 $06 DB iR &° Gob 858 & 8% o Trer SN, BOBBOD
By DB TR 55§£ 0.6V 0 arpds - eord $068 ©5hod B, BB - WprS 0068 I

88 20rS FFE 9V S edBgosiao.

amsso (p - (Froso)st SIREE-eTP8 Ho§ GwE) DB ATR ©HE Jogrss TS Solgrotn
DBYER08, 8 amgd $3g)Ho IS DEGoHaE wErdo (1 - (@PoBo) &8 DB Bokhsrow. wErdo
@wégy S Teer HeNWT GO O b ééé)&érw $768890 oIS Trew ééé:grzé (oo
Bolgres® Botk Hod& st B°s$0) Solgren, erdod®d (HR80D aetggéaoés DI odTro Bordaeam.
95% o0& 98% do(geoen BBB (oo DbEeow. WESH - errd (oo BEnATREt &0,
BEHE 0GOS BePBYANSEH & (Frozrd) DO Solgrenr wiBodwiEron. Swoe VEBH
Baesro () DBorh&Eos. B8 emrds [Hareo (Iy) & DHIDEL, DESH (DY) DowHE&ob.

[a)aéoef‘ﬂ) ad.en 28.6 ]

1 8BS $Lrpeard) dohs ol

(a) @Pc‘(bég $08808° ereas) D8 & BED Jrddod.
(i) &Tees (@rodos® Sogre (B
(i) &Pss (@rodod® dergie [HaPEY
(i) B (FoBos® @iE Sogrs ardrsre (Harstl)
(iv) 23D =o.

(b) (EQRE Froedes PR GIPsE (Haesro
(i) SEEB (Haesro BT BES
(i) egrd (Harso HBAD JEBH (Hardro © InFod vErHo
(i) &8 (DB SdrSo

(iv) 23D =o.
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oDk JrdoBod

(a)
(b)
(c)

(d)

EPQRE e (PO BSID .vvnneriiinnnnns Bogron DA Gotnod.

Q8 S & o) EOA &otnod.

STREE (@POBO e $rE88e0 BOHDE, ovennnnn.. (@rodo S8)Se $o888es
Fohatsos.

Q8 DESB e, HOLE0 ... $r88800 EOA Gonod.

............... %08 HBTRS® $r8aw Ko BB ARS® efHPD Q)36 Borde [Frossos®
GOD WOETLD.

.......... SDBAD i, @3&@5@5 BotH Bseen.

28.6.2 (¢35 DgRren

ER)RE oo Gen Ko HOELo, ad TR DS, Ao Dbde Iod. T8,

QLIS Toth VSBen wSdBZmotrom. BV FPokerds ErQRESR Surthd A9 asT
Il GohErd. a8 BHISH IR VI8 eyl GodS EPQKE dTretn Hwo
28.168° Srdowmeds.

I3, DDA GTREEo eyl &08& Gyl SIPsE ATHHODH PodHEeEsn (B0
(28.16(a)).

DS, QLD HaTres eTrdo GSam &08 il eTrd R0 SPothEesm (560 28.16(b)).
R, €O§Eﬁ> Seoired HESD ‘%éaé&m &08 6253&& DEOR Qg0 PoHaesn (Hero 28.16(c)).

8 dgR0S° (ErRPE whogmren IBES (HEEore totran. CE dgo S°EE, diigs

(Baees 00 Py HAD DGk,  EHE HIV e edIEALL.  CB dgbod®
(EQRER0 {8 DeigS (ParsrasdBorT SHEPALD. @8 CC Dmege) APe8esorr 50068) drgdons®
EHRPAFE.

c -
<1 L7

B Ven R, ';,

te | F

= "r'::-:

(k) ]

S0 28.16 : (e85 dagren: (a) CE (b) CB, (¢) C.C.
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