HIflp T Hlerg> Apirn_it Q
TamMiL PHYSICS SERIES

&. Q5. 2 _IUTSHT 10751 T & 6TH & & N5

fbr G.C.E (A/L) Students

- 1-BIm Bl @toni
T , _ AT -
=S/ ynelgnzer

e =~







Sl Gluen fss Q_gm_ﬁ....CD |

%Gmrrsasfr:;

Cuig m Al rr 8. @mruéspﬁarnb
B.Sc.(Cey), Ph.D (Lond), D.I.C (Lond.), FRAS (Lond.)

&.ClUT. &. 2 WIS LOmeRTaUIT & 615 & &M ooT
SlQLILenL. evs Slyesilwev
BASIC ELECTRONICS

for G.C.E .(A/L) students

f- S.REGINALD JEYAKUMAR B.Sc. (Jaffna), Dip in Ed.,\\
(Zahira College, Galle)

S. NIMALAN B.Sc. Special (Jaffna),
(University of Tromso, Norway)

P. RAVIRAJAN B.Sc.Hons (Jaffna), M.Sc. (Peradeniya),

(University of Jaffna, Jaffna)
\— AV, T /
TP S Publishers,
"Annai Aham", @
Puloly South, Puloly,
Jaffna.

(Price : Rs.180/=)




?.....-'.--l-.-"'I.'--.--ll..l-lI-.-.

(ps buSiy - g, 1999

First Edition - January, 1999

ufliy Mlenp - - AT EHErEGs .
Copy right - All rights reserved by the Authors

QsErellgener  uLmmsar oL UL nﬁg@wn@
vedlowyw dfluisalar s s ape
Syl blar asusmsitbly b Slydl Csusursmsg .

No part of this book may not be reproduced in any form
by photostat, cyclostyling Xerography of any other means
electronic or mechanical without the

written permission of the Authors.

QeuarNi® - sfp QuarHss Qs T
Qeual L L meni Her
Publication - TPS publishers
I FFEID ~  E.S Printers
257/1-E,gnaf) &S, Qaseneneugensg
Printers - E.S Printers
257/1E, Galle Road, Wellawatte.
Price - Rs. 180/=

.llll 1. 9. 0 9.9 9008000088000 08806080606006086060686860960606300806053038 0600606060600 9

(i)

1 0.9 00000000008 00068860606008608000606356060680069635060506058958 884699 3¢ ﬂ

IX..!I.'III..'...'.!..l".x'xxllllll"‘

VLIS IIIITIIII IS ISI IS I IS IIIILS SIS IIIIII VSIS 4 (I TIIIIIIIIILI ISP IIIIIISIIIIIIIIIIIIIS/,

SISTHIHSIEH]

Qemamaies UTLFT@SIYID LIGF®VE S PFh Saflg) b
CsHw Qurifisar pewid HPelwe FTTHS LIMLMISE D& F S
AQsTLmd apeim SFTLSHEE@HGSG Guond allLg. F@hub
gLﬁ)‘y‘S)sv Y Peflwed &TTHES HEIVF@HD LID HEEBEE@HD (H&5E
/@mgpwng)@m 2 enaner. GUILILNS 18& pdRwwTereesuyn Cal&kom s

ANARALLARURRRGRNY

AAAMULURRTRRARRR RN

AANNNN
ARV RRRY

Aevrenira Fuweni_bg) eu(h LIGHa L LDIT 65T BasHrafiucy , Hevurerfl alEHehTeT Lo
/Gunmp gioop Fallev 101060 Yy ssnsar HMsTsGe 2 _aranew. @ &)
peafwed Fnips ol whismars SOPD FD& gyaip Q& menTL
wrerei sweanytd Wpeyuyd Qugibd uTHUUSTI D 6T6ng).

< plaflur aflev
Asp QuarHas GSTLA" eTab FaevLiLde) QuaHs QT
2@6‘5166‘)@ QeuafiL. peTaupHBLLG B &G pDaw @ eney £B&Hey/ib
Bs@@wer Heaver&AGper. G et seher & bupwnd) LUT Ty DGTUG).

@ 5QgrLMelr wpsw mroons “IuylusL FadHgelwd”
Aereirp @pmrev Qeouafou AGTng/. GbEred S SHumbsbsiulL
/5; Qunr.g (2.8) Quarhls UTL SH L SHDG oW (ORI
/aﬁ?eﬂ&a;wrra: TpSLILL (Renengy). Qg UenL. el whiFemens Qgefeun &%

WA,
ANNANY

AN

gy Wes Ferd M ser Hevrr

N

VIR AR

WA

,mﬂm&:@mg,a_m T g & safier afensssem s Gbu® S gb CHTFGL e
/§rrm$@l_m iU 2 STIes el FF@pHD QNG F@HL T Falg Wl
/uuﬂpaﬁ aflernss@p, UNBHTey efewrTEE@HL ST LU (BeTeTe.

h%@ung (2_.5) Il &HEh5E WL HILoeTH LVSHMUGSF DS (LpFH6V

"\ \\\\\\\\\\\\\ AL LAY

‘m@l_ OIGTUTF@REGD UTLFTme YA EE@HESG0 O]
zuw@jmmgn&; <% & Loty GHD et gwl_/eﬂGQ)m IlSgLer SDCUT®SHW
aﬂ@@rrm Qamifevn/ U euenid Flulled Q& PluenownT SIS D eTeT
@Gug:ﬂgmﬂwaﬂcu gy luenr. Peveits Qup afl(p LD 6TeU(F HGLD

@BErD LW TN STS IGHLOULD.

AVUUAARRRRARRRARR LY,

G’ua‘mﬂrﬂ:un & . @y Sdlennd
B.Sc(Cey), Ph.D (Lond), D.1.C. (Lond), FRAS (Lond)

AAALLLANRARRRNRN
SOAOSRARARERN

aeweufl 1999 wpgBevals Quendsl Gug mAmlui b
2 5w G pevGeual wpesrermen genewr (eub s o, /
’LIUITQI;DLJLIITGUBTLD. UJIT#) LIGU&?GU)GU&&Q&LD. ;
Il 7 ITIITIIITIIIIIIIIIIIIIIATIILEIFIIIIILFITEIIIITEIS 277272722777, 1/////1/111m

(iii)



‘I.-.l-ll...--.--l.......-l...-l-..-...

n3.0 flyrsrd Hmir

]

X 3.1 SonerAppi GeirBer QFwpLIT® 54 :

: 32 AonerApphed LweTU® S S0LG D 2 meuenliyFar 58 N

: 33 Qungissnal &b e Aoy Fer 58 :

ol (i) Vg 0mprg Havevuien Io o I, wangy 59 X

: @) ey Oy LﬂgGg&m 60 :

: (b) ewiiyl 9rGsew 60 :

" © #Howue IgGsem 60 N

" : . o

: (u) IVCE wIPTG ;ﬂmwu'ﬁcv Iy e Ve swengy 61 :

: (iii) g u.on.r_r)'ng’ Bevevdier 1. er i Vg ey 62

N 34 Qewpurd Glyeren 64 N

: 35 ewevrshsen 68 :

X Qurgissma) elfwevrshser :‘70. X

: 36 epPuner efwewnsHi & DM & Ferr 77 :

: 3.7 BonarApmi gy elums @grrgﬁg_nu:_w » 83 :

WO emhadloaris sppéas - 87-121%

: 4.1 @lyel gk Aevest s & DM &F S » 88

: 4.1.1 Qewpurl @ edfwerssH 89

X () Gprwry eIfwersd 94

: ' (ii) G‘gfrmngy YT afflweor &R 95

: 42 Qwss @@mﬁmm[;g F DG FeT 96

o 421 sBssiUL_meser 97

X () AND 97

o (iiy OR 100

X (iii) NOT 102

° (iv) NAND 104

X (v NOR

- ) ‘ 105

X (vi) XOR 106

: (viiy EXNOR 107

: 422 g'@ézgér QF ien & Fer 109

x () AND 109

X (i) OR 109

: (iify NOT 109

o 4.2.3 NAND, NOR wuL ewevsafisr S&fld & anp 11

: 43 @Gvéfﬁg"G)gngﬂ@)fLuggﬁs&r BV GO LD FafT 118

: ajgngfmﬂwa:m o 122 - 150y

W UCGsiTe efewmisen 151 - 168N

: Luimd eflewr m e 169 - 178x
aflenL_F6iT o

!.-..-..x-----.-.---.--............119.;11835

vi)

xxxxxxxxxxxxxxxxlxxxxxxxxxxxxi

1.0 @smm&uj;g‘,]&,sh

(The Semiconductors)

1.1 sLssa 51, GODSLSHS, GLSSs, 551 GHE6T
(Poorconductors, Semiconductors, Conductors, Superconductors)

Qasdrafiwed 2.0055H0 BHTQTE D&HG U WL FFoHe5T&
ST GODFLSHEFEalsN o (heuTssliuGAGTnar. @ 55760 RerCp
BasHrafwalley Genpst.SHaaflr (paFfwsgialgeang 2 erTSSUGUTHw
Fr@b. qearle, PaGHrailued uphPiu Beaeuuid ouDPGT LIwI6T
unrsmeryw ok fs Q&reneyHDE GDSL_GHFen LDPW I ey
@ i PWen oW T S S MTEGLD. FGeMDFHL SHHT eTariiLBHLeal LA eHewT $FHL &EILD
FL g Haafier Hiib, LOGTMTESL GSTS FLFFalsallen Hib B0 sHE5s
AL LUl L saravwenwd Q&merGener £ alws mi &ermEn.

QU ioumevTeer iy el Ferler Lieirened &L S/ GWeOLITET S/
Ifemeu FLopen QETeiTRenen T der FwsHTeTsaBaCu Huuduararg).
@F sunrder @evGHrarser HueaTsallsr FUTFAsEG oL 1l grg,
FUWTSGTIOTF TEVT B FF@HFGD TS H MW &1 WesT. &1 ST [T Gwr
Bevenwsafiev Feraflevd Hg e H6lt 61 (LOLOTDTF I0F 6o ML WG ey b
Qb FevwgHev HrafwQoneirBiesr 6155CuTT GNISG G GUUT UL &GS
Gm&Ssyeren HEg WarGaTppL LUNTUFFOTTS LUFAWLTE G (HESLD.
errer HyalwsBer G (pearaHensAoLtic) Hupss el ST b
ety WrGurdssuu®@p Quruws Kaalewsdrersefley 61 wpwTDn
Bussio Gaopssliu@eugLar Yemed P UNHIFFOTE R Hevsuiled
Qumss QsTLmGD. @aury Gspw urTwFFors @ Sl
QumEn @osHrarsarTd BGr@ewmliib 2 (HauTESILGID.

E
$ o”___
SRS @i@ olo” gra ||
N

(a) ~ (b

2@ 1.l sLggounafe @eosdramadar Quasin.
() Bangeonpm@urgy (b)) Weyeomgeo

SigluenL. Bevgdrefluey )

( &onsLsdes




BlerGarn L. smafsefiesr QuéssHe gpuBb BB F6V
B afums serflesr gHent TATLUGD. R B efw g Haeir s R gyergy
Y gar ponw |, G &g Qeul Glugiy A 6T GOT LIS D W)L 65T LAevT 6w (/5 Lo T Ay
QETLIYUBSSLILRID.
l

R=pX

Bue P - HrefwsHer SO GEHDGT eTerILIBUD.

8 s g Hpernerg FraiwgHeir QuerIgip QaiciuBeame
Beib gryAuyenengy. @ geir S EPLs Qluimy e ib, 1/payergy FLGF)
Spear (0) erer Ve g WD &SULG AT D).

. g{LmeGm 1.1 yew g Ho e sefeir L% Seir serficor 5 ib
SO & LG Ferllewr G/1d QU 1o 65T ) Heman PUIIG Rett p ).

1 euemerr 1.1

Sy el 20°C @ 20°C @b
soLsdpar (p) Qm | s smPper (0)Q'm!

Qeuenrer 1.6 x10% 6.25 x 107

Qeiiy 1.7x10* 5.88x 107

QUi 2.3 x 10% 4.35x 107
| 91w Benfus o 27x10% 3.7x 107 sLgBser
@\ by 10x 10® 1.0x 107

Qo 94 x 10¢ 1.1x10°

Ggirwmesiuin (1-5)x10? 20 - 100 :

Ao sair (1-60)x 10" 0.1-1.67x 103} GopsLshsar
ST GUT [T 19 10°- 10" 10°- 102

spgsid 1015 107 1076- 1077 } s-bp e

. Beeul L arewessruien FLSHF, GMDSL &HFar, &L G HaVlFen
sTrUupPeT Seni & Hmefla Limfw afls Huwms o & T6wr Ui U (heu & 6w esr

D UBTSANSEQTID. 2 &7 T 6w 0TS FBSF % Hevr SoL SHneT Geuenafiiay b

( eonaLgdas [02] o @esdysfiun )

10* LG 2 wireuns 2 aneng). Ggrwrelwib Hallédser Curerp @D
SL g Hsaflesr e SHDGT FL&HF@HFGLD FLSHVF@HFGD FemL Lt
Bemevdier 2 emenerr. QUITHUTSE FML SSDST 2 wWiTUTEHayerTen LUSTT S
SHIFN S 5HSMFNTEVYLD SL.&HDG GWDUTE 266 LISTT S5 Sm

Fo1 sLGhHsennsean, @avLiul L gL sHpar Qsrewre [10°Qm-10°

Qm] usTTSSHFHN GWDSL FEHFGTTH@D & TewT L1L1(h)FGET DT .\

OSTT &S G5/ Queiunard Qurgains surdar Fad
HrcirsalBevBu  &mAH LU SOTTEV e DI 6T 6w 65011 &6M &Ll T 6T &/
&L s g Apefiear QumporearsHneg Crralfls swearns @k 5560 Gt
Querp @B WPYaIhEG Bhsdr FUGUTIPS) @ibHESSUTD. YETTE
ufiGen ewerr (Lpig ayFen Beng agjgguu@ggjummu;na; 9jeniow aFevenay.
o gngewwns Gy, afelu g Hrelwn sevars &mber,
QFly Iayeie (IamQ@aemr 29) @ eayeeteyy @esHre i,
Sfafiefl 9 amefen (e Qeisr 13) apeiry argeuare; FewsHrer
F@pi 2 emener. eTewGau QFifer leTaL S5 FmeT 2 1feshiug Feir
HarsL G Hpefllas LUTTES GopunTearsTs @ @Fsse Geausm(Gib.
QETTR L LameTwnersy @S0G TDTST S &SI KDGT G ML eer ke
Fenen STLHAGTDSG. e Geu @ euaugyeueaney FevsH T 6T Hen, i e Ferfler
FuTFAlsanmey, gemeru Fod Ay e saflan STEHEFSADSGL 2L UL Tg
FWTSaTon S Gk Falcveney eTeTL g Qgelkay. Y HTeug L ST Fmiseilesr
e s & Hpewer swnder FewsHyersGer SiimesilsAerng, eTern
“surder FesHrer QEmearens” aifeuss wpigey Hraiwn sefr
BersL G560 QGueveru pepewwns efarssallme. eTanGear R
UsTissHar 0TS G5 Hpoet DO WPWSTS ATTw yHu R
QaEreatens, “F&HUL L& QFmatens” YlalpsH) QEwiwiiul L g .

1.2 Hevorwmisefled F& Ul L EaT

TESQuUT eyl Fegdrarser GearuGauy &&H
wl el Pupadarpg e@TUS BTD HB55CEH. 2 HTFaTIOTF
é[@/ ereior 12 Qeneswre wéetfuwin (Mg) yeemeus & gemsuiay
g ger Gewgyerr HenevuwenioliL 182, 282,2p¢ 352 QY ESH  FKTeETLLER
ASTDG/.

(_emnaLgdasn 03] siglueL BesHyelus )




2 18*

T

BeosBraimetal erasIant Hens

E - Geosdnar s&HBS0L.0

v

(@ - (b)

2. @ 1.2 (a) Mg (12) Sl 6) eI He BeosSa Baveouenioliy
(b) Mg eigzy6leunaimiggeen BeosHaeiiseler S50 L RIS

@ Jayeie BriululLsss WL m&er, BruuluL mng
F&h wlLmisar aer B ums F&d WL L BIFe &mewt LR AT post
aaiumg 2@ 1.2 Qgakurssst GASTDS. I gy st B 7wt
qarpLer g@earn Gsi&GLlUTE GQeaeflwgHrer &4 OLLmSET
@aQauraryn B FEIHLLLESNTS Wfuyp. BCSCUTe cLpeT M
< ay dsemand G &GDELITE QR6uUQeuTEIT LY D APET M DL LB SN THL
Lirfluytb. HeVor OO ET 5/ I H60T 1cm® serararaley TPSSTL 102 gyamy &
Seend Q&I 19§ FGLD. 6TewGey HeTiowd G Lies F&H wl L hiFeTTeT S
gaGarapn 107 mpsarsidiyb. §émpsepsdoLGu o erer
B el Qeuel 185 85 FevTeiliu TR CaumnIfs SPiw LPLYWiTHOUITS
QEmLitF AT EE &mewr iRt DET . @areuCuw FSHUULL ST 6T6r

Jlmbpé;&au@ﬁaﬁrp@.

SiglueoL. Besglyeflue )

( @opaLgdas

v Bpoung F&HS

-‘-u---n’u-nllmnlnlm"' ap . < -LL!I_l_.LQ
- 1
2P
8 | Brovuy #ags
L 28¢ | Wl isen

]a“ :s‘thupas ELEY Broung sadl

.............................. o Lo UL 6L
Bl FHd Doty s
i UL 60 S8l

\j
\j

(a) (b)

2@ 1.3 (a) sgmeanddayde eosBIa S Lol L el

(b) PGSR GEoHBIET FHBULL el S

Gy gy RETHY FEH WLLMSMTES & SULGUME,
HeT i safey FEHUul e garas s@somp. 2. 1.3 Hpour
B swer afan&@GRerpg). @Liul e seflv FogHyerser B oLywGurg)
s&d) Gopss Sp FovluleLser gpsald BIiuliuBAGTpeT.
Beusunyy Bevs AT erFalleaned (pupants wWrFGeam g LGHwuTEGeur
By audiule Guhyp s&Hlul L., weyaerayiiuleL [Valence Band]

erar LR . @ ereugyeuereyliul e &g Gnir GG @B &@n HrluluLng

Culer, sLgdauler [Conduction Band] erewndiiu®@p. @Oui e uied

e erar @esHrearsGar erenars SLSGUBHAD GUEBD LUKG QsTer
feirperr. Beualps uLLFEhsEGD G Cu o.aren &4 Gaugur®
s&Boul e Beo@auafl [Energy band gap] erariiu@ib.

a;x.éé‘ﬁul%a»; l CB | Conduction Band

FHFIULL L. GeoL eeuaf IEg Energy band gap

algualata]lILL enL
. Valence Band

2@ 1.4 soaalu oL sEph FHHULL L @@L@meﬁ‘uﬁn

( @mnsLgHasm

sigliuenL. Bevg Slyeiluey )




s 58, LSS, GopsLLsalen
FEAOULDLE Qsmarens PTG

Hewwr s sefieir 1aTemen 55 G&I0 Fueiiev Guwpsmpu argy
awarayliul e, SLGHOUL L  ppid FEHULL ML @ewL Qauer]
QU@ QFOUTHGF CF Q) S 5 AeTner.

CB

CB

Eg > 2eV

Eg < 26V

M (i)

(a) &LH@6s: (b) sova_HS (c) a8
2 — 10 FHHSHHO - . FUE ) @zmeuid st
o @m 1.5 Fexuniseied FHIULL L a6t

FLGSMFET pDDTS BT bifw QIGQUGTeYLILIL GO GO LD
Quiw s&Puul e @t Geuefenwuyid Q) & T GBOT L. ([ LI LIGHGU LI IT (1D
B 5FL SFNFEBFGS GNIFEEH Ipds Caumn(h RemenpLt 97 Qi AFH@Lp
Gurg, 2 NG GTHWSHGTTD LPDDTF Brue Blenevuligy eren
wgyeareyy Basdrearsar Yosw Curu GarhBL b T vy
@evewev. pHPTE B bued Havevullgyerer asgaseney @ev g A eir Fen,
F58) s Qupmyd sLSHOUL L GGUBUTS 61 S SeflS@GLD. 6T M6
@esaid(m UL L &@hF@GlenL Guiuyeren s&HiuC oL G Qauaf QUASTS

Gulugerned GasHrerser eugyaiaray il il by sLSHO

UL LEGS STejalg) Fgeriors @@ s@t. aerGa Qe iaramer &oi-55
Wywr HGEGW. ’

s gHFamen T(HSHFQSMHTLAN LGS BT 1w (25T 7 6ooT DTS
Na) evavgy pDpTS B biiw (2-gmy ewerwn s Mg) QUQYGIGTaY LI DL LD

siglueL Bevgdyeiiusy )

( eonsLsdesn

SLSHUUL LD Cupour® SH FrewrULGID. @ searnev, @ g HyeTsern
YewvFausnG WBaeayp Iewenwuies GuiTHuere e GleuHPiL i F6rr
snawiu@RSTDS. TeGa YWss CeumurLLme o (Heun G e
YESTH FosHrarsmear FoGans IYmsFss PLyyib. Y FTaug)
L GHFN Q@GN & IASTOT 551555 Fnl.ll ST FF sresTL LG ASTDS) .

T>0 ‘
() (b)

2@ 1.6 GopsLsSeundm Gelu @IMHL. L el BUngl

@oODSLSHamen THSS5IS GCIFTGHTLTV DjeupPieir F&H
Ul oL @enL Qeuali@Qumonerio @retey ABwsTs &5 SAPCTHe b
0K Qeautiudemeouier eaeaeraiulmided odrar QwsHyersen
FLGHIUL DL EGS STayaghE Curu &How QuUIDUB é;ezmm'_n_rr@.
TenrGas GeaQeuliuBaauics @ e LIGTMET SFL G5 PUY-WTS BB FSLD.
Yot srsryeaw Jop QeuluBameouls) Faippen Hw SLGHU
Ul L é@s sTejashETu &&Howuls Qupnei@n. @ eamy STafID
QesHrarser eugyaameyiuLamL ey HBF T FiewanHeen
(Holes) el (pé Qocvgid. @ Sgymarsenr Gpir gnm SesHyersar GUme
@FwhuLeudeer. tfsryed 17 CurAssUL @ Sgmans@Hid SLSH
UL &GS sTeiu Gws AT earsepwr & CFabs LAGIT MG & FL & F/ID.

@D SLGHselar 1065 FL &I Hpenee, QT SSLoTesw LT & HFH6N
Gsriuger apad Iy HeMesard. Fbwrsssar GFT&sOUBSTW
FaBlul e @ Qaeal (Eg) gmpssiuGATTDS. (b 1.11 @ generr
BivLiL. edersGRETDS!. ST GWDSL SHeen 2 arel B GDEL SFE T
[Intrinsic Semiconductors] erewmayib, o7& &&6n CFTFSLILILL GODSL B Fen,
QaeNfiL.Gs @onsLsdsear . [Extrinsic Semiconductors]  eremreyd
Qe p&SLLIBID. )

SiglusHL. DeusSysiued )

( sonsLédesn [0




1.3 2 arafl®s @ewp &L sHsen [Intrinsic Semiconductors]

L4
OO .
) o G o
RN
I I i“""—— LememoriiL
- oo H@»
OlaCa

2@ 1.7 sopealiupaeued SoDHE_SBOUTEHE Grutianes el

Qunrgeuresr QeuliuBemevserflsy QT & ST QL6 G GuIT UGV
ivio sl eevswsartfw Si, Ge aadTumar GopsL SIseann&s
sresTliL@Rer per. @eer @ gew@n QeuedBuri 1y 6 Brerd §ewSHrer
Fwars QETETIg (&G G Ualh@GHuTs 2 arenGurg HraT(ps
QMLILTS B\(F FGD. PuQauT(s 3@ e Serg BTerE QaueafBurL®
BasHarsdar sear mAaener Iaysseprer 1:1 asrp FHulew
LA A@D. sTerlas @aIGeTE @b BreTE UkELGU e iU
2 L wer. 0K Qardiufereviey erevewn s Arearsenid LlenesrLiiey
FOUBU ST uallsrerg, Heop FLSsMUTEs GFwDUGBID.

QarliBenev I HsN&EG CuTg QauLiugHeT (%L L a6 Te
Av GasHrarsda Lloamlieou 2 @mL&ssdmigu F&HeowliQupn
SyewiniaE5s QualCupP swirder G eg ST erserTs 1o Q) Fer per.
TeGas QauliuBenew st swumrSer @ ewsH e Farfier 61 evevnlsansuyid
Y HsMégn. @50 Qauiufow Lwy YT FLGHHDET Fhid
sngeTongn. Umariis @@rs 9B Seosdrear QaeaGwmnw
Qung srssHd @B QupdLid gpu@arps. @HCa geenr
[Hole] erargyanpssiiu@Aarng. 2smeug Seer CHigpHpd 2 grer
UgGsswn@w. 2w 1.6 Fsmars Ggafuns alens@RAET D).

8 | sigluspL. Qevgdlyeiwe )

( eonaLsHesn

Fievsniuss BeodSrafusoin

TR

M o o ]

¥

(@) (b)

2@ 1.8 (a) dsiyeogPer G L SHenalseta L
(b) WBehrGami L SHanaiseaisd Guasasln updu Ll
(BNl GUSSHSSHOSSEI CeubfL i SDFangGS HILIELI)

2 araf (D& GoDILGH Qereny B6ir FUROTGT G (Lpenes

FeH&HEG RPeoewsgn Cung swunder @wgHgerser Gpirupeearaas

Cor&Aujin, gemensen erHipencireney CrTEAUYLD enF Hler Dot .

Pereumsd GopssL FHeaflev (Ger enewriily ReTn 2 LUl R
BewsHrend @b Giemenutd S HMIeFESLILIRID 6TGITL HEUT TSV & TV S He0
FUQFPUTET @S FT T HFE@BHD FHDMMFE@HL FTTULIRID. QUTSTS
giwargafley b UnTiEs , sunder GesHyarsafes sgrsfl g &4
2 wieun@. eTewrGes WeaTEL sl QGHTHTET il LUBDE

ou K& FlewT DET .

1.4 QaeNfl®F GewpsLgHsar [Extrinsic or Impure Semiconductors]

GoOp SLSHAunaiSer SLsGHpweT. 5GHS BeEGODES
SeoneleTSTH 1T&K ey Fsoard Corluger gpow IYHsMsass
QFuiwend. QLITHTS ]06&[@1&5@&@ PG _0TF g eTew |
aflAG G Hev CFr&HLILEGRT perr. B FQF WhHLT® LT (Fi_ L 61T LILI(ILD.

Geveuryy wrGLlLuul L GopsL shan Qeualil (& Gmp FL_sFFen
qeriuBn. Poes BB wmSULGD.

1. n- auemss @GpFL G HFer
2. p-umss GapsLsIaen

( eomaLEdeen t 09 | sigiuenL. @evgdlyefiluey )




141 n- wewss GODEILSHEET

- @H @ @*
el i) ® <———-—————ﬁu_m§asr Beop P
" (Donor atom) @

I<————-L?smamruq
. @ ._o@ (-

o@m 1.9n-awa @onsLsHeunaar @ouflorer algeLn

QU S ST YL L UG Uie) ivih sLL  apevsGiomer fer
GODSL.SHOWTST IV ViD Sl L P FGILDIT &T PlewT 9 @y | GYeu TGN D,
[Qurévugen (P). syeweifs (As), 9ibHieui (Sb)] sowpsLSH ey
QeurerPar @L P GFTssTa S (5 AT Y G & & (@ L 68T
BTG URSLE® g lifenemr i FFenen £ L TSAu L9657 T (% LD
CuawHswrs @B SosHTmers GI&TeT g @ SGL- Gsr&sialL Vib
sl L Yayeiear Guwds Qs £)7 GIT_B] SEUT_&(/R & LGl QUG FEH®DHS
Hewesriiy BeowdGoGu F@s@h. Bsarred Gg Bea@urs 3 B6T
s elalp b5 aIGLLE e 9 e & HEHESGS STeUSomIq W Benevuiey
B s@h. 88 GEDFLSHID SuTSer Qasdgear Gurery GFwph
u@b. eerGa @EGDsL SHuied gmarsellap UTTES HYHS
srasmaiamesunes swutderwren Gwsdyarsda GGEED. FEEGOD
SL_g HFen A6 LV@LoTeT ey 2 e QU g Fmigu Lt GTGETTL L LD
wevp & hpaparer §evd S & e 6o o T &SUUBD. @ SeTTeD Qemeu
n- umsds GoDSLSHSE e, Faiphv FVGFUULL  WT&

S aydaen G wsHyen smefaenr [Donor] ererisL@id.

srefl Iamys QFpPe; N, ereru Qurgun&s GO&SLLBID.
n- UensEs GPDSHL S HFeafev swrder @Fes By ersaiear GF ol Ter S
siemarsafiar Gs PojLer @UIBD GuTS 8% Y HFwnss FresriiuGib.

2 ST FSIWTF lem® sereuearey Halésar (Si) Hewrwnd RETOD S S

SugiusoL_@evsSlyefiwey )

( eonsLsdaen

0.4.ufeV, B BV T GIT T T F 1()23&@)@;56‘” Fmevwr (DD, FeVld & eufleir
fem® serauaraicn 1()3331@)/¢a:d1 FTETLUILILY @D, Y HGV PG GWT T TS
10" swr Ser @ovgHersGen Fmewr LAt per. 16w Gay G SHuwena e
giweansepd sreTu®n. @UCurg 100 Aanssar yewssEnEG P05
Quaavugew (P) am eTarayb efAGs5H0 wrsUBS M GopOsTeTary
U®BIeU KT & &5 (1 BT, Flasls & evfleir lem*sereranaied - 1](()),, = 17017 BewgHrer
g1 QuaHFwT&s srewILU@ID. eTarCar sHCUTMFW QT Gg5 s HT 6T
Qe (10" +10'7) ~ 10'7/ cm? & HaMadgn. yeTTe Femerseflar
@& Plafev or HNBig b H&LpT ), 10“’/cm3cgaGm QETLTHHID FTewerI(RID.
eTaorGey LIKLURSSOUIULL lem®, n - auews Palldser HeawwsHa 107

sunder @ausHrearsesd 10V gmarsenn srewTiU@GD.

1.4.2 p-cumaés @m‘r_nau_g';ﬂ(sdr

*@H@._e@h

SIDLITET <Siggy 4___ Uemaartiy

(Acceptor % ‘ @
- @ H@ e—o@e—

e 1.10p - uws Gons_SHSOLISNa Gmururar algarln

SeunPL_ b
(Zemem)

QYo G ST Lt euementuiley IViD i L apevsGinmer e @Genp
sLgHgaflev il b smiit oo Geurarenp [B,Al,Ga, In] gewpsL $48 9 e '
Qauneirfeir @LgHd Grigsned NG AT a5 EHL 6T
URIEL (B g IIeneuT LI 2 GRTL T&SE R @:vgggm GO DY LW HTH

@5 &@ip. @eveunm) il (B ey 11966 LIewLl D 68T LT F@eu H6irT Quim (s L
9 (B Hapreren 2 ggy daefliip 3555 FvSHTeT @t QL DIIFCIFT 6T EHLD.
@sarrey Feiuams GopEL_SHuler 2eren earyGeursria G s BT er
GeunPL (D QRETD S (HUTGD. Y STeUE 9 &G®DFL G Il eugyarenayls
UL L U6 GewanHeT 2 eBTL T&FLILI(H AT new. g &HBeu dii b smil L Y&

SN WIHFEHEFANTHESG GETHTHeTen GWDFHL GHFen FASTTeRT Geuliu

Sl Qeugdlyaiue )

( eonsLsdesn




. Benevuiieh JyeupPiaT swrSer FewsS e seflg)b LUTTES I B e1ev el
DFUTET FjaTFEMend QLF TSI LY (B FGW. oG @ EGOD&HL SFlFen Lher
yoQurer Bayener Gurg smigw um@ Ber@armiiib, GHT aDpEpenen
gmenFarTe) FLSGSULMPL. Fsarnew @eval p-umss GDFLSBE6n
aar Y psslu@n. Faphedy SWESUULL TS ESET g Hger
ghumrarsar [acceptors] eTarlL@ib. & HLImeT ey & QePey N, ererus
QurTgUTES GHFSULGID. 2aefl H& GonsL Shser Gured Beaprigyw
AT Ger L Lt G (HeUehE F&GHETIFeNTLD 2 GHTL TSSUILIBIUD. YW M6V

Cpir gpps srelsaflsr eawaNsms JYHFWTE GG FS0.

(o ] [oo ]

ghurer  F&F wlLb
(acceptor encrgy level)

snef FeHd Lo
(donor energy level)

T=0 T>0 T=0 T>0

(a) n - s GoDIHL-HSH (b) p - e @oDI_SHS

o 1.1l Qeelil (oo Hseie &HSULL L
2@ 1.11 gyarg n umssGopsL Ll el £&8 wiL Pavewew b

P wumssEGODSLSHW gpuneflar s&4 wLL Haeweawuyd GigauTs
GDFART DS

15 fHralwiiselled 106TSL S5

Ay aflwiisefier aTSLSgb yppwrers Hralwssses Hoeiu
Caupul L snss sreariu@Rearpg . BaTGermi Lkigen @ ums GFweir
e paeley_2 (e T &L (RFGT New . P eme i T 66T .

() ugpeuev erGermi .o (Diffusion Current)

(i) o ferGarmii o (Drift Current)

LT eue) A6 Gewr mL L DTG &) QUL & srailseler (genarsar, @ s H T e 6r)
QEPey a5 HunssHer sngewwrs gpuBAGT DS . FTTew STy DU
sy w Hyelwr sy QoBGICaTTLLID YDESRNESSSESST &4

SigluenL. BevsSysiwe )

( @mnsLsdssn

( ®onaLsdasn

ST HUBAGT DS/ . YemTev FFFev WarGermi L wrerg By CGuaREsiu@ion

WSS Gm@un@ STTETOAS ST WIGTLVS ST &F1T76wTIon S

L (peuT AT DG

@uugSier BT HrefwiiFefler 06T &L &g HDGT Hmt fujener &g eshlaer
upy alfleuns YFriGeunid. QH5 FWHEDE YL 6UBDES (LPetr LHGI L{eULD
(L), BersLgggmer (0), WerGarn L Yrinsdh (Neaaruapnés QoL .
leorer G rLrenu QuUDm&QETeTel s Heuflwiwndearng . herGermiL
SLasd (Nearug HYogh ugluame HyelwsHar® GFeeyid ler
GermitL b g5ib.

Iisraig J=—.
A

p soL_ghpar QaenawLgin, A@neeg Qeul@luging, ! Herip eearp

uflorewre GE&TETL gwrewr Fralwd RTINS F(5 HF.

A Srefussar @.eanurly

| Srefusaiat Hebd

2.0 1.12 Bayeosser Hrafusionarm

@ sHrefwsAne Veaargyn AwWss a9sHunsw IgQurREsiuL 2 (%
sur@n terGarmi_Lib laarug gufier ed$iiug tRereuswmn STlu@i.

\%
[=—
R
: / AV
<9}, 69T TGV R = p_ eTar@auy 1 = AV
A pl

. Co v
WS Cupuniy&ar srgawwirs o (huT@d tBeryaww E =— eaerp
l

@ rLTUT® SFuu(ib.
AE

o

SigiuenL. Revsdyeiucy )




1
S SIS erQerml L LTSS J=;E

Ladrug Srolusger wersesgPper asiugna Beir@esr L
QL1 & Heow LG 6 (B LD asg afley eTIPSTLD.
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CprealfgFw wrpdl W aarug QPosHgersaflen @ E&HL g EEsTer
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1.7 bscgHxen  (Superconductors)
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