SEMICONDUCTORS V |

" '_a' I TR l.-f ” ™ § = TR r" = = £ '.I-"l" ‘r‘

/"'”éemconduc&-oﬁ_ oif Fo D T -@
/d-"" The mc&ex\cug ,whose el\ecxical "-‘:”’"dq'»‘—'\-\\n-‘rj TR O T
//,1;,;;6 of conduckoxs and . iNsulakoxs , ane enown QS m— -P

//duL\'OKS The co r‘sc\Uc:.-\-\\n-}r i ity ' Yne A ong e o LC) L =% EIE
i ) Yo 16
Slem . The semiconducko¥s axe Fhe Sound=alion of modesn ‘*‘-

/’;\p_/r_:}_xoﬂic.s |ﬁ¢\ud\ﬁ3 *:_c»\&.to 'J'\'“E-\E'-\hs\'c:.n ‘*G’MPLX\EQ‘(};‘. k‘i}‘QPh—h‘
e, D EIREL, &) i dafeaevs

¥
I

s i

comman SericonAduckovsg axe axysYal\\ine salidg but -

pubamoxplhous. and Liquid semiconduclovs  aye also known_r;

. The examsples of such MafrexialSiave sgermyanium (e ),
ce\leon (Si) ',qa-\\-kum»-qxseh-i_o\ej_,(ce,\aﬁ5).-',_; codmitm sw fde
(_c:\%) fedd dellukiNe iede, >dd Foa ol iwn gaposilaris. '

F ot Joreos e \exme: og’y €nexgy bands ; the seniconduclovs mMmay
iz -ba-ra’eﬁ,’-i ved asrthose makexialsy ,WOhich: ok Qoo Fem p ¥ G-

faxe:, 'hc:we_ el 4 P cnekt 223l 21 i Ginsilia &od

L s =

| i) ?qf’z\r\a\\-j Swed c_onckuc,hoﬁ henne\

i1y Paxkially $ived nalence kand ,

Gil) A vexy ncw\rou:) &nex'a1_3q3 QL%,_, v ey ) helween :‘.

conduchorn and valence bands,

At ahsolutre zeas fempexakuxe (Le Ok) Yheae axe no

eleckxons In Yhe conduckion band % Yhe Hs&mic.onduch\g—

and the valence band is c-.'omp‘.a@fe_\ﬁ Fined. Thug Yhe semico-

nduchoxg behave \ike peafec) 1nsulakoxs et ok As the |
tempeackuxe is increased ; the widbh of eneagy gop |

[
~— 283Uk g . cenNsequently | seme of e eleckvans jump

f‘k_‘h’\\'\-o conduckion band and semicopduckox Show seme
|-~\. CoNAURVikY | The conduckividy f semicanductoxe incxe-
Me_‘s Wit ¥he Incxease in fempexealuxe | The leddxical

Cﬂﬁ&ud—\m#\j of semicanductovs Ts in Yhe XINJ L of 1o~ to

K?e:& ohmMm PRX ar

-

aidlilieud willl bdlllSC



T-Ttuy

T e e

gy AR B g » Il"_"“‘..‘,'.:!“
w bod b ol i p I I b dedon

- % Types of semtcondqd-ovs 1
| The Sem\condudovs ave of «Hno. J}ou 6w\!ﬁjl}ma:>rm38 % ;

M.._-,,_._...- gy At )N gy

3 #wo l“*:IPE:S : ivlaals gocros pivsdor ol g

i o2ic s L. Irﬂmmstc_ semicoﬁdutwrs sy fuiskeqou o 2ot ,
s bl . ki I . SN N,
vE o ‘2- Ex¥¥\ﬂ5|c se_mm.or\c!u\c.)mts, i ST SRS .
| i | - ' e e
| SOt | [ il i e __'___'__;__‘_'. i A chie et e -
Coay LYy 'Inh'mslc .Sem;condm‘.&-o‘cs feaiiana)sal @>0020203 -
4 i iion /o =
' A %emxconc\uciov which 15 ‘D its. em&xeme\g PUWQ- foxm 5
¢ re—— —— S —

Ll olissknownasan irdxinsic (04. p-.we,) se_mm.onduc%o't

. — e o

The. Nnatuxe of- 6em\ mna.uurm_ is.suehy Ahat-even g smadi
\‘. R — S — ———— - — —_ —
| Qmount f c.e./a!rmn nmpunlﬂe,s,,,can ch&pge theix; eleckri~
N ——— —

o veatipYopeaties dvastically /DM bo this Facta semi-

LS - ——

conduckory wouwld ﬁcrt be, called '\-Ku\_j mhcmsi’c. ;unless

e o

C AR iMmpuxihy . level s verg smodl. Fox- 3Q¥M&ﬁ\um the

<2 empuxi by level g \e€sssbRony: popavt in Lo PQY%S and

YRR

for S\\icon 4 is \ess thon 1 pcw\— {n 1,0 pqx&sf
- /_Covalent; bamcl &

-

ho
s ';'- L e +Lf st : & [fe +LT & ) o= PRV o + t ? &3 -'\-‘ / 1iil : i
. — e SRR o> . s MY i —
| - . P ! 2, { !
of @R 0> T, foaffi é’! R R AT S Te Be-
| | B 1\ = CQ o=
STONS| 2B RS ,‘; Hey 323 |'-‘:’:;. Dedgeasd o9 } : ‘_-_’\f(l\ f\
R o, . 3 - e\echoDS T
aral =, ol a2 A = ] 34 - ¥ . -
B =1 217 -I{x DI X3 e ey |f S N Jer 20 _!'I )3 _,(‘. =\ iy Al 2nos i}__ J!_:, .
= — - . —

3D Icrt 2 0 [ oy —}-L‘ a3 /1iT e i* i = 17/
= EFS & 24 T ; It s L‘ -0 =) "I -’-ﬁ Y ,,_',-1__‘)_-.‘__,2 ool o

| 5 i ] - ] = "'-._,...-- \_
L | LERURE e o $ cH Ifealrr2g '. fr 42 \‘; £ ;" = I; )r.' NS JJ = \’.]‘ : (I S .'II.J i
L8 SN R BV e [ = - ! 3 f i g
4 l “rll s Elsi /.u.f’ zen2s o000 |2 }S‘.\\“-’Qlo_!bjo‘@;): ;
[ ! : —
| , I T ) A . N >
§ Y OINDPIS dcld ,3--- sz  (la \®fsod82MaAnum grom
»reyly aom U Pt B [oa N .. T i s 4 i \\‘
. . L H s 302 +L| Cui g +-1L‘ S IOy T U At ndu. Hon ;
- n e A ( ce Ban AH
. F o NEE ™ o .“, ferao> M8, .'.II‘.-' l_r'.__:(.,J i 8 T e ' " ° » o
" 4 | I / L B b N i i 2V e LS RS B
NSRS £ . f = o .
g 5 1 b b \\
J (S el e B A B f{,’; - -'.!'_-‘_»" 2 ..';(,'_:‘ I G Y \_{\_ : I,_. s i ,;‘-'__r v Eé; E.l'\e\qu 4

== ok el M - o MIOET,
lof 2t I 2P0 3 (11 TYwo! A\mﬁh%\onw 3\\\('.01')"3’2_. > fhno ﬁiﬁg

qexmﬂﬁ\‘-&m ey eral s 1o ricios |99 59.P.,°

Vale nc.cr

Fl n._ E_r\ﬂ'.'\“ij
Dtﬂe“M ——d
didilnieud willl IOC




THhe S\\icon and gevmamum cwef Yhe Hoo mqs»klu\deig

- Mmcnduc’roxs The <xysial shxucture
e of Yhese matexiaisg to—gé\s¥-s 0§;“q R eaqviax AepMition
- An: Yhyee c\\mcns\gmsr a-.ﬁ Q- E\}?{_c.e.n having the fro‘zm of
—twakfhe.ayon LN one | a’rom od each VeAYX ; The. . s\\icon
‘hag a Yolal) - ot 111 e\e ckxons m kg atomic sixuctuxe Eeelhy
— T AT e

NS , So thok the alomyis: \-Equvu\enh.- The ¥ou~<-.,uq\enne_
»CQ\-E*‘L*\’;or\s-th shown. by the dols (ry Hhe. aboye Fig. 1.
wiThecivele  iwidn i l 2epyesents/ Yheicenkved poxtion €
_ -.‘.';:%e_.-oshbm_',‘ flnc;\uc\{ﬁ'3= Ihe: nudlewg rand: e _e.-.\ed‘-_\(oﬁs exce -
PEMose I8 HRe ouler most! oxkiF. This povkio ris often
Known as cove @ the atorm  These ayoms ave bondec
: doqetNen by a-Foxees, which 2€sulls fxom Yhe shaxing
Lo Hherneighbouxing  atomg ;- Thisg bonding fovce s called
Gavecovalent bond isa and s rshouwns by, Peisiofeuarved

Ariineg AN AR redaewe i guxed vaca (T 20000 n Ledapas

--.-'-}-G‘le_hf;?a\-i'or‘z -:‘o-i;_.-'. Eleéivons: and Hm\es,-' s b E4rtas

Conside2 thot the fempexatuxe tofi {ive Semiconduckox 1s

inexeaseéd fornoom bempexaruve ((1.e.:279%0% Qq0k). Ak
“Hhis Fempexdluve;gomeof tne ¢ovalent bonds ave Byoken.
el Heve @l eledhvon/, wobich /wagios past g covalent hond

Lodheax\i€R tis Aislodge d>.electyon . ~Thigi e\e ckvon 18 Sxee to

SR Y-IV2 2 *c\r;ngmhex'ei)wi it Yhe exgshadis The enexy y-re€quived

4

picct o bveakisueh o covalent bondois eqnod 4o thenband gop
renexay CCEGY  TheVasue of Ef ab-aoom Yempevataxk for
cogexnmanium 1S abolks 0k 7208V g&mﬂv&oé-‘r:sl\{ef_bnvis i1 eV,

s Tlye Vacaney o an lincsrpleyecicovalent bend [1eft behi nd

— itthe Aiclodged eleckxon :(repyesented by/a small:cixele) 1S

called O hole. A hole can be - GEave . aga-cayxie? eleckxi-

— Gy 'ke Hhe fxee elecixani A combination’ofsuch o fxee

 eleckson and o hole is known as :leckvon-hole Paix.

= '_'.:- i =X -

sidliiieud willl bdll'isc



L9y F_xlfyms;c Se.m;con&udoxs s S pet

An 1n3wm5-.c.a oA pune 5e.mw~‘-0 f\c\uf-lrot hc\‘:'s x ﬁf—ahgnble :

|
|
N

cof‘rciuc.h\r-.%-j ak 2 o00mM &-cmpe’z,q'ru.ver So, -.Jr is not aﬁf ‘any

s

—

P\'Qd-‘c.a.l S\\am{;u:c.\a\-tcn N oxden 3ro ‘malke «l—hﬂ ‘iﬁjﬁﬂﬂstc

-
H

TR T R 3 A T o s P W i S R R iy

semiconductot Uusefuly Hveis chaydctexishies hove +o
ki ‘b_eﬂc-‘.h&hae,o\ byredding a- ée*’z\rmih amsunt of desized

) - smpum\—g q\-chn%. The -aﬁ.su.th NG~ E.QM*L-C_OIHC;I\-\I;);@&SJ&';E called

>l iMpUN e ob QK-‘;'\nﬁsic 5e.m1 QU};—;!H.Q‘\‘{'JYS—_;_.:_; / ,__ : ;;_“___ H,
i The PXocess of aading impuxiky atems, ko Hvesinki—
T meiCmemiconduclon 15 caiied Jopingi Crenevaligs the
. At \Mpwn\-\?.s ‘e oddiad- a.l-: Hhe woke oi‘_ on\y.one Q}QM "# "
:! 2T UM PN pRiiria los Lie ~BEMleanaBticy Storhe. And
: oo baesudt of Mg, the Ympuadhy - alems, axe : séﬁé;&iéa N :
\: e axshad rloye huwé:c;é\s. sy EE;L-’(%QLV\OXS. df_ se.ﬁ:l_clm-ﬁ‘
| boen sho¥ atoms, Ao el dixechons. A ege - 1mpum\—\j qlrc:ms do

s hotl esxesd .Q"\j- WHURNCE dnokhel Mannes (in, whick, Fhe ]
cxystal avows | T4 may be neted ek .an. dmpum by abom
entaxs the ¢ c_rgs\rcﬂ) by subshituring o ong ol ¥

_ s ok, 5\\\C-£>f‘3 BoAMYL s sganst et Tl Gabizand 3
{ 3 A -.- e Puxpose ol A DYIM Py ig bo - Ivexeasge

e sevkhe Fhe -pumben. of fxee eleckxon 5.;;;@.%_9\&_;;1”: e *
. borsemiconduchots s GreneXally, fwe YNPES of. impuiky atoms

v b o exE odded dodhe, semicadnduwdiox nam RV +h& impurily

\ o slakams cantaining 5. valance. ele<hbyons ~lcarLed. penta -
N T valentiimpaxiky afoms) e e Impuxihy s atoms coﬂhpﬁ
o 2ot Aniveg ayveavemee iRt yons. C@mie.aljﬁnvqltnt, Ampuxity o
N Ve iateimso): ﬁe.ptf\chﬁg WPy Hyeldy Pg_ai fmpb\tu-‘rg o
f | Liidadded de the Sericandactoy - +ht,§_a_5u}¥_| ng samicond-
N 7 L olusdoiimapbe o s hapRS): (ior o try Ll -.
‘:‘_L'F";_i i ’?""-NL"\"':J"P"*-*-'Sﬁ'm\'fﬂﬁdwu’m‘és I A s , - s a
- 42} P Jr*jP-EL Sﬁ&m‘o.ba‘;duc.‘\'nrs 2574 S0 el wdin

L o g NN

SfOl -0 22! oD S0 iy
7 f i 2. =/ 3 S Vi [ .I'_'r "1-.] _)'I:uff 23 L2 s r l".rl o
L R g -

aedliiieud willl L,an"ISC



—

N PIStEa e L= Lt i R R e S i i e

(‘1) N-+ype semiconeuctoxs
——— e
The Semacomaudws whlc.h ave, abiained bj mir*mducmg

Pen%-cx\.ro.l-&nt IMPLP(\\“:I' c\‘roms (1 K. o&omg conlgamﬁ1ﬁ3 Svment.e,

_J_f_ electyons ) axe \Qﬂowﬁ as. N-fype gemi Q.Oﬂdlt-\c_‘ro"(s 'ﬂqg _penta

Va\cfﬁ: \mpw«n‘r\j \S an element -E-Yom CrxXoup V og }-h{r PQX!O-

cfnc Tah\c he ?_\emetﬂs ‘m #'ms aycu.\: conkoin. S \iq\e_nqe

e\EC’rYOf')S 'W»e_ ’r~jmca_t exc\mp\&g o suu:h rlements axe phos

phoxus (P) om\-\mmnj LSb) _AYsenic (_As)ﬂncl '-otsmw}h (Bi

—-—'__—'_r-__ —_————

These elements Aunate.excess &\‘:.e.hron caxxiers, /S0, Suth

elements ave known as donow O‘L N AN pe- impcwnh e,S

Table L Penfavealent impuxities

—_—
SX. No .| Element | sSymhkol

Phoesphoxus -P

Antinony Sb

Axsenic 5 =S

clofe]-]

Bismuih 3

When a penlavalent impuxily ig added to a puxe semi-

conduckox sifdisplaces some.af ks alorms . The belew Fig,

shows Fhe: shxweruxe of a/silyewon dyystad laljice containine

~an apXmony alom af rhe ceni¥al pesihon..

S LU LTIy NSNS an ] omialom g d
L S i S b

ol _+‘[-L! .r'.'- sacjeo 2 --rﬁ', >

TN
I‘r_ 7y 2e1d o DI, >~—“4_< ARe %ﬁk\ﬁ OML D orard

I'r
4L |I‘__.|_-_"‘.

T~
S Pree el\ecxon o

; oo ’14.: \aced b ﬁm\-\man atom™
‘:ﬂ ! %\\‘an “7 ® J bdl?lleu WILII Ldl

nSc



;j:,,_r-,-;n D ?i*‘i‘l}c&‘ 2ay .42 (TN
- —— 23 % - - = = st P ey -mal_________ =
- I raty b be marted lfhat g o,ﬁf 5 \Jn\ente e.\e.d\(on% L Qlec’;*:w
P _ﬁ_g,__ffiu &wm mvmleh-t bomdcs b~, shqug one e\ec.-hfon /
———— e ’

ceoch with dye eleckyxons é.? e ne_\ﬂhbouxi N9 ‘akemsg R

sl

=3l :.J, 5“‘3 e\ec};‘mn s an: anlwq eleckyon jand is leesely bound 7
£ w\\-h he anhmunj ‘atann 'ﬁ“s‘ -etx.jr“&q' electxon., ‘g; de—*ﬂltheo\

=

-

o

@*{om ’rhe. G\ﬁ!h.mcﬁ‘\f a*ome will;be - aveyl\dble ag a: (‘_GKK\QQ

Liel D aliie
el oaief dee, c.u’a’hﬁiﬁ't Thie: enex gy’ ‘}_e’,:l\u.\,ﬂfed Yo’ detach s e\ec,—_\',//
= -___mﬁ_i*_c?_h rs‘i§_§~he_imca>eq of o .05 eV fen rsi\icon,and 0-04 ey
—FQ\{ 36.-"1_1“"}0.“ \ g.-r.w.‘., { I SDGIEh BB dtasn Al Sesn At mopeves 11y ‘ﬁ/
SR N ’ S _
- CarducMan banc
i ‘
—— MICh LA A o A R
| B . -.E:' re 3 ¢ ’ ir_: . ‘—T_. g ‘_r __—‘--}/’
=t e e s i " — == Reyl e )
_ b Ei\e-"‘oﬂﬂ %_ R e '—"'"-"“."'j‘._'-"":'_.'“"?Jﬁﬁsfz__l\e\-{:!, ___-_u‘f.
e T Ry :
i_ I b rl‘q._'r'i:.-(l"'. Y
| | i P R e —
= .: = 5 O o] O"z".j_:"?':'f" ° --— }.
L | - JEl Valence banid:, ;9 +l W
' . Faa, Bney ' =
¢ . x. 94 band diaqyarn af - . :
= -f-:u. = | L% SN T e R . a_ _J:_ N *‘\j P""‘"‘—"‘-e SQMLESHC%L\C.\‘QX
‘ ___-— P L E i a‘f’;',-"-',"*,..',‘_l' - - !
———"'I ) i t = A= tf'\.

L TR w BT e huge! semiconduetox
| en i ndHhe hum\oe/)__. bﬁ

a3 sAoped A NL PP impuxilies
elechxans: in yhe eondwelien .ba.nch Ancvea

Seg cdae\re. orllevey s Thakweudd he avadlable in puye sem
| C-ondl.kc:\-ot Howexea__ the numbe_/)__ =

——

i W il
. ‘E‘J‘- et wowld b .

— e ava)
{ ln ?u‘ce sem\cd ﬁe\b\c*\-oi e

L conduckion eand fian I5aF ok maick a1
H\e- Feum\ Leve_\ shitis ugp

& Valence band,
mo\_ﬂsd. Yowand g the Lolory of Lhe

————— e e

aedlilieud willl bdlllSC



I.'I) P- "SPE Semucondud-ws

/”f The- gem|ccnc¥uc_\0‘65 L».Jh\c,l‘\ AV’ Oh’f&\ﬁ-‘.’.d bj,m-’r*soduc]ng
f"'fr_ ,;; '\-Kwa\e_wt 1mpu«g‘k-~f atoms L-l-tt. a%cms con%a;n1na y

P valenae etecﬁr'&oﬁ"a ) a¥e knownas Pihype seroiconduchoxs,

e ——

o 'The -\—x\ua\-&nft mnpu.m Xy \s- an e\e.meﬁ't of Gwou-p‘m of the

fm‘odxc_ Yable The. elements in iy, gxoupicontairy 3 vale -

ﬁa-.e\eaﬁohs,aﬁfpicm examples of. such/iefements axe

—gallinm (G@) ; TRNGRs CTa )] Auminiam CAR) Bovon (B)

ebe Thege elements ‘mave available PosiFive chayge caxsi—
L eXs hecous e Ahey: cxeatre h-ok'é,-s,»,; whichrean adeept the
% o :e\&c-t*mn&’:.-- Thexefove: suckyelements axelpown as acceplox

ReDX P Hpe o PAXYR RS

iy O U Yy g1y

! - _' )t {“'. (713 Ii'-,‘-' 7

SO Taple s ewalentiimpuiies o o coans od
Y b :'_-.rgsx‘,m-__ !IE'|&WTQIYES:*u: o 3| SqebaXxifr sor il
i Gia\linM Gia {7547 (2D
| eea] 2qvig Fibee QAN solonnsdi iy ooy .
Vitudl 2y 0a00 | L@ [AVRIONPVORY i 2o la AR cod ey
___; coed a2 sy PROXON T sr s i By dishelos s
___‘_ Chanel ri5110020085 ad O G0 Sy _ gkl el D3 ey

w:hen-m:\xa‘wéxlﬂmbam?uﬁ*ﬁﬁsla@ldedu'\-c‘; QA pu¥e senicond -

weA ey ¢ Aig plalees-rsome of alomsd, The beloo® fig, §- Shows

‘2 Yhe shxuckuxel 7§ o siWeon caystal coptoaning:an. Indium aom

v ok-dhe ceplxaY Posiyon sogiclow i al
Mo ‘he ceplxay Posy A ;

]
|
L Fig.{, 2\icon atom J:_é-;-ﬂqc_éd by Iediimm atem IJ_‘
oQ0Cdilieu widl udiiroC




ey

A A ———

) _ : -_ P i.w!*m;g"-ag:ﬁ% 5"”?‘ ﬁﬁ ?’u!’ /
7

_ The 3 /valence efect¥ons , of ap Jndi™ ator; foxms 3 cova-

— —

e —

___a_f:;gl,;_h;oumhq ~atoms. _4}—_\3}0&\;&1 H!& “0““\% ARSI /

I k;_r;;# \S, mmmP\t&-e A V:cxr.cmc‘f wh‘c,h exist m bhe inco-

o Shoxiha ejecton
 slent bonds Imj ghaxmg .one, etec»\-xoﬁ wikh, Fhe 2) fons Ny

e e ——

m?\:i:;é_ covavent Bond mﬁ&“"fu’fe"ﬁ o hele » 1iendyfhe

- insdiun:okor! Seelks o swvouﬁé‘-ﬁ‘é;—““’ms”so ARTD =
n'c chmxa&he Lt Q\@Qx\:xorsl fo C-CP"“P_\QTE— A sova BNk bond, _—
Jeno Thdoes o bY taking Gn:  advahEnqeof bheamal mokion, N
-—_-.-_;TLTSW:\*\E"\“H\DK\ ngs. ONR. e\e,c.’fxen-};so_r;; the swacownding akoms. 7

: :.Jhus an. e\chon whichy 160 o favouyalbler pocnlnqn 1S cap~
%uwsed b\j an indium atom, Auev domg s, Ahe mc\‘um afom

hecome.s an ltﬂNle\&h |or),; The- e;e_::em m\fo\uac! In coplux~

Ing the elechdon 1o o052V for Silican ond 0-01 &x fox gRYM-

anium, i I

L5 ]

il

\

I} o Puxe sEM; conduchoy fs doped with p_iype Irpicatizs, 3
the numbex afiholes in HseNAance band incyeases abovea
level which wewld be available in & Puxe Semiconducto, R
even, the numbed o§ eleckxdns in khe conduckion band decyea-
- 52545 belouw a \eNeAL AL s duerto the:fa et khab o Vaxg e numbey
oz of heles-pxessnt inithe semiconduckox; Jncxeases Yhe yatre
chols Aedsmbinatien =i dholesteoith Rlectvons: Because, of the gxea-
Yex numbed holes in Ahe valence lsand: Yhabd Fhak of- electvons Bl

in Hhe conducton lvand , the Fexmi level shifls downwaxds ..“.Ou_)q-‘.\\"

¥ds the Yop of Yhe vadence band as shobwn 1n belguw) Fig. 0. =

| ; ; ? S s ~—

% — = "}« Conduckon bap d________,f\

g ¥ ' -]

B '\':ﬂdﬂs‘“l‘ I5E -

| A — i ﬁ\ el ' ; N

| ‘ .ﬂ"_;:-——-—— ERESE = _-Accepm—\wﬁ!———————/\

PSP rT [- ~ Se—————— s 8 1] 1

B | e 5 ,5,0.5.35 Fey nL-L&el— e \

S e ! g8 a8 s ‘l-ﬁn—\f—?*-_&!lcahg__i___;__,,/\

F—'3 2 E_neY‘aj %QM‘ dia xGyam ﬁ p.erpe 5em|cor\dkuM'(

-

8

Scdiineu wiui udhnsc



¥ p- N 30-”@410% D\Ode 385 ,92Q 30 Q2 rimeau =) %'_
//v""""_ As a madlen ai Fack ’rhe. P-pe csmdl N-Yype scm\cqnc\uc\.ws
L faken Sepexayrely , ave of lilkle uge T pyackice 1§ |
/‘*""J“‘“ o piece of P-+ype semiconduchor Yo A pPiece f Nbype

/’i&M!COhdUC“rM such ’t\ho“.* he C.X\JS"OJ, S*YUC:\'\AYQ NeMOGNS -

\

'//” coninuowug ok rhe hound\o\c\j ag shown in bhe\ow F13Lﬁrtl
/munc_hah is foxmed. such a pwN Junchion foYs a vevy I

i useful Aevsice and (g called & semiconAUckoR dvode, PN i
,//‘;;\-mn Alode o2 SIMPIY & exysidl Sicde. i, . F

]

o |

/’! il et TR o PN Junekion . sz s L 3 Il

!/‘-_______________‘__ A
_I, = -‘_:_-. i [ B - i _' o &;l [ P - s - * o M i

DLl A5 Rt iy |vala 2l st 2ar 24 =i 241 |

!
L T _. P L F‘ S‘l_"{" {PN JU'ﬁChoT\ iy Fadile = ) v 2D
2l 2.3{8 v (1O c..'f._J;.'_ -.-'u::‘-J _'J'-.'xf.':f-_=; ‘.J_a_.'j;- Sretd o Q]S "'.’-—-'-; e

52N ?N f:{uﬁt.hbmt?cﬂﬁﬂo\sz& ﬁ-o‘tmta\ ‘_b-j___«ﬁ;i;'m P\\j,jqiﬁ ;ﬂﬁ (o3 :
oo o dpeldingiibe fworpieces Fogerhe2y/heeause jhwonid pyod) -
L o r uee ot discontirvapugicxyshad; shyu ke speciad Labxica-|

Hon fecdhniaues oxe Uused' o pNepaxye P Junckions,
Herloos The PR junerion Asia N ampoxiant Jevice (Beside Vs,

—_—

all geimnjeeRn AUckoR dexices contaiPhiakn ledStdéne PN Junchon.

3 ']'Thexé'f-ot'ea,'-ri'!f:i ol vexy impoviant to ungexstond tnhe behavi-|

rols ofZia PR Jubekion, when conneched in/aN elechic
'-‘--'-—————

. id BN S L] S S 5 ' i .
c.l.")..ijl' DL BovE gt A0 EEOADT rogypr SHIE U | CiT o s r
" - -
3] Yooy ¥y 8 % b . t . A ; x . PR b 2 g -
‘**--__h___d_ Pk Ao ipsPNUWOSORA ol 20 ionls 2557 sdT v

P - 5 T B 3 A C3gTaen S ) 4 =T ] . : "
e O [ Py ST IF B S SV W e A e T W DT PLENIY ay "l e B : R g 4

i hd ” . t = & i —=fL4{

£y yihe i - ‘/-, o i (Vs . c, 2 x .': 9{ .'. 3 Soatem o -‘ :IO :a-o::o?o.l "o'l ". 5(' _.‘ ._
\—x e 1&g UI"? 2 T ey
: — D -\-uc: F_' — o ooT0o

\ir 5‘."'&00 Sll‘cod -;'--:'.ii e O md~oa¢c')- ._‘.' .-’ ."}'I‘b_-.“é ‘:.;.1.1_,
\M {S4¢10s £ 121 3¢ seb| i ao o 00 00| @0 0 o
U pay prNaunthionin o ¢ svot ok Holes - LEIeCIvoNS
Srdd s , cLb)The: N 'xeaioﬁ'i-ia.s rany
Il rhrss nes af oon3es Midk ~igr po SAEELYENI and F5E P xeqion
e : ‘ o Rag many Reles

sedlilieud willl bi:lll“SC



#
* Fotmahon u; Deplation Lay Q2 i5. 6PN thch on /
== 4 : A
200 NSKaY e 3qptalt bew 3@ J?utnlal-oﬁ Ladiey 0% Q-:Lnjof‘ _____ ——— /
. ey
il .i." ' '_ <E Tayeq A (O 55 |"J- _‘L}i ‘\_l,- - 3 g 1 a& 1. o> f
o o s Joree ae| e Lo e ooid o aing o § -
: T L 5 32 2 / l' J ;! LN : 'I . ; T . = ‘
c r*i.'..“_ R B 5 o i e B FQ'IOQI l@@ -’@,@: ele e | AGHI{ASE —‘_://
% i ".'-:J‘_"Lr T 2aslodd rad ol ‘:} (G’O‘" @'6 @ @:’ 8 a.p i 2o ‘{'.FJ: s
Yoo P o2pad Ftﬂ l,!., fa'E:O\meuoﬁ a-?_ Qeﬁkghgﬁ la\"iﬁ’t '”15 Pr-q jupcjﬁm
Lies  Ri _'_ ——
Gl . _".' -u'.‘ o T .-,r."-,- =% '_;-_,r_. i ;' ’_._/:__ "'_’»'./" ] .lrJ.J" :

Bz b
Fxom Figiy: ¥4 'Te ‘noted Hhaki the endive’ somplenis @ Sing.-
- le cxyshot. g \efk half is a p 1.;3 PL and the xight hal f (s a __7/
| N-tYP€. The P-vegion has holeg (as it i m“f‘f\ﬁrshﬂﬁd
The N-tegion hag .féx‘ee e\ec.’nmhs (as MO om'&-\_.] r_cwmexs)
The SamMple as a mho\e., 3 e,\e.c.ifmc.cutj neurYol and so 7
axe the P- and N- 2eqions, considexed sepexalely. Thus in

i

lrhe, P-xeqioN, the Yolald pos.i,-we chm‘fges on 4he he\es Vs ;
s equiot-+or ,g,he_.q.ogoqrmggahue chaxqes; on Axee electyons,

'--:-"w-'_ S\M\\‘R’t\'ﬂ Ny hei™y '*ﬁﬁ%vmﬁ &.-hb-‘m\;cul negah\:ﬁ ¢haxge on

.Q-gé,e_-,( e,'cedwona’::s enixa): Yo H-n:. &‘O’r&.\& pesitive. chaxge on
.(':..' ‘holes oy 1MMO|01.\.£, TDF)S) S D

” _—-,I,Jf“_',_-:"a“" Y S

Bl F F A d

0

L
\.J

£ |
B (8-

el & AS soon-Ge; irhtzuune_-\-ma Nns - Loxmed:
ﬁ;';:";": 'G\ha \JR\EI’)LE. bﬁ:he\sno-g,

JIYhRD conduckion
b e T

p and IN-4+9pe -matex] als. onvex\op,
Ae,q xeﬁuﬂrﬂ‘f} Hnis Ahe! following. PYocess take place:

i LY TIHE holles [ Sxo M - e P-ﬁ&agﬁﬁhse ket W

a_egmh Whe2e Yhey combine WlH's the fyee &lechxons

(2% The fxee cleck¥ons , fyom Hhe N-¥egion diffuse fo
H‘se— P-xeqion whea e '\"hﬁﬂ combine Witk heleg

(3> The Aiffusian o.t heles ( (rF'ron') P-xegion to N- ~-xeqgionN)
ancl J{xee_ electyons (fi-"roﬁa N~ Ytﬂi—_ﬁh_

on }o P_xegion
Place due 1o the ¥eason 4hoek ke

O T Yheve \g q émﬁ?e‘s’t
nCe
- concentxotions 10 khe fwo - ¥&3ioNs 1. she -

Mmose Pumbesn of heleg , Wheqeas ny_-

)/ )

P-xegien has

b -¥eqion hag mexe num-
S bl e
ey ﬂﬁ fxee elecivong Thig =\1$J;e.'senr.e, = Cﬁﬁctn-{-'fa}-,onf

Ll

aedlilieud willl bdlllO‘C



| cveakes a concenivalion gyadient aixoss Fhe, juncion,

CLy) Tﬁ: dsﬁw\swn of holes and fxee . elecdvons acvoss

~ the junchion Fakes place fox a shoat kime, Afler o few
f’jg;_,:,f«\b\h“ﬁ on _ofs heles and: fxee eyectxons 1N the NI mi-j

”’fﬁ he Junq’noﬁ & -Y.&er‘Kﬂ-\nghj foxce is; ,cm;.om@hc&”y S’t+vf31

e

Lo con @yhhen: .‘-’-\._ce\j&.;_ﬂ.f.- e \.jung-\‘boﬁ et ;‘:{G;.s_u'\-\- pﬁ, H.“S gug;.hiy '
diftusion of holes and fyee eleckxonNs -FYpm .one XLqion }o

Hhe okhe2 1s stopped by Mhig deplerion \ayex.

e : Fog g !
3 L i B o S A A
- - N A T45 i i o L i 1 i~ ‘

& * Bi&‘éif\‘ﬂ"-ﬂ\ﬁ.’ﬂ“j@hﬂcﬁqﬁ, g . .-"i IR P AFS s | tf Doeldbie by l
.I.ﬁ_,_P-. ! Nl N NS i { S liarht P T N e l
oo : il donke D 20 i 7 L e = - ;5, o }
il - e | = o) B ¢ ['-; a3 -3(,'.;» &2 ST S J !
{ fo g oo i AL DS Za = l
Rtz g Cefpyans & |
l Lig 5| |
Al V
Fvg (a) Foywayxd biag - Fig. (b) Revexst biag

- 1% no extexnal vo\faqe is applied Yo the PN Junchion,
rheye is No nek flow of cuxxent acxoss the junchion. As &

;Qesu.t-\- Ihe unbiased PN _junchion fs_ of no use ind ockuod
prackice. A PN junckion connectead Yo an extexnal voltage |
ig calted o biased PN Janckon. . such o PHJqﬁchor\
T coMonS 1D Semiconducroxidevices, |

0472 56 ORNEES

I,'.‘ﬁa\g o vekveky o f appl

. '-“’BEI-'“PP“? I-ng' argcexyexnod No\taigelaexoss /o P junclion

T we axe oble fo contxol fhe widltn of MHyevrpleron layez.

o TG oW DWS WS Yo conkxol Mne 2=5TSHANCR -of ¥ PN junchion |
+, of cuxxentdbeb-can pass. H-womah

= '-.‘lqndfo.'iso e famoun

- s o T four ~ il = %
I e g N V7 A L b o 0 e e ST £ PSP VIO A I 8

the  dexces: srir¥ o oid 3aric
Thexe A Ye ¥wo. WoNs of connecking velfage.souxce ko & PN

| qunchion as:
ek Fmswwfd a5t

1In ¥his case positive rexrminal of

Pne, VG\\'G@,Q- 5ou~;ce is conne_dec& to the P-side and neqative

Scdilieu wWitareaisSc



texinindl Fo Hoe - SidE asiEholon1eoRiglad dclavge
'F'__"c_a;xount of! 5:&';{ ﬂows "h“‘?_‘jfﬂh s-he.,\;&nch on undex
— 'H'“S Zordivioh. - o il emily BeAmd AcLISEBL i
Uy Reveyse e i ense s Pf_f:’r_sz_*i“_‘“‘w
Fqoio2 ole f thevottage souvcefs ! con_wjf.cke,& Ao ke by- 9 _l.ie-"--l
“-‘_-:‘_'-'ﬁg'ahve_ fexminod fo the prSid & as. Showan (0D Fig- Cb) .
pxach cadly, fNe cuxxent ! ﬁxoms Jrhxouah +h£—quﬁd‘f°ﬁ andex | )
i f H‘-\S condilo ol s> 324 ban 3lard B __ 'f SN |
e L Aok ik pd Baqdatz o c3cibs eid
i A pNyjunchion diode c:on'ars’cs of a PN junclion, Soxm. |
e either in gexmaniam o S%\‘c.dm'IC‘ﬁgﬁrk"ﬂﬁf\'ﬁQ diodies
nag two fexminalg nnme\g anode and cabhode .The ansde
| 'D.QJ;E‘{S.-\—C; ‘he P-Mpe xeg.an and cul;i;;i_e. e fexs bo the N T
ype xegmn_;; Shown In ketow Rig, Ce) 1hs ey SYymbal
| | s shown B Rig, o). | e
§ i TYREN (. “’ /o M 35 4 K _
: i B3 1‘ #I? : NTP badlgdm 2 J‘E"'-’A:sijae.’ i l//‘ % ;_cvci\-\‘xgcle
w i ey iconstyeekion: 10 1o w :ga)lsﬂmgbk
| tositprr i 222 30 Fxg FNJLmC.%@h dma\& B2 s
I T, Gl ol N B —~
L oo iy Ther avyawd head), showny ibidhe dxeudt symbad ;spoints b
v e dikeeonof slwend flowy wheni it As foxwaxd: buqsed_i
L .07 A7k ey be hoked-Ahed it {s dhessame dixeckon 4n which
| 7 Hhe mroNement of holes kake places, «« i oorn oo I
L Cwiban v The mostcomfren fuindidn o5 o diode-is Torattow P 3
| dprranh eSO AN SN Hopass Thone divachion Geaned .
E ‘FOXUJRTJ‘ IXedoN) Wi blocking cuxxent [ the oppo - ;:
_ sﬁc-ehvsqt_’riorﬁ G catred 2evexsedivecton ). - R
: et
S Sl Es: i i i eidl ar Z2ni8 beo ased T - ~
flopha dap B8-S odf o sl 102 Sprdlay od >

aedlilieud willl bdﬁlSC



4

~

P V-I chasaciesishies af « P '.sumhon Dtode
/ T+ s vexy \Mpoﬁs-\rant lo now houb e dﬁ‘\”(ﬁ *{c.sporscs\s

¢ ox behoves) uotw_n W} is connecked in an electxica cixewa .

//‘Ffus infoxmakion is obtained by means of e qyaph knowd |

— chasackexistcs,

as 11 Vel —ampexe (or \/- 1)cha‘xo~c\-e.rushcs 0% Sty )

I it is-a gxaph belween rhe \Jollrcq.e, appljed acxoss Hne

T ehen dicde. with 2espect boo byeak: down voltage Vag) . 1t
o e be neYed: Yhakthe complele graph canbe dsnded 1nto

. EC\"\Q“GC\%.&%;\_S:}{LS" o b » IBnIngar FUISEY it

Jexmin®ls of @ deyice and +he cuxxent Yhat flows thyvough i

4. Figuge L shows the v-1 chaxaclexishics of a dypical pPr jud-

fwo paxks namely foxwaxd chasackexiskics and 28N€XS<

o —— = _ 5

oo, gal B & ICALP+ = 20T FISVEYS == ;,:.-.'-"Jl.-’: Lo ool il ot !
il “E c:xm:ewt'l‘ : 4
5 i vlissbpgp gntad bwesld - “} wawmdx o a3 02H
3 ’ Fiar o l PIEEX ;:; -;_r _;‘_"‘.. 1
. g 2 \j’“" 27 |4 / 73 Bris Qe rsad
X Lo frio S L Y - N I A N Lt he
£ e Lo IR ]f_ o Sl inla . N5 ,prfi'*q?l,e:ﬁ-b ] !
e ) T e -- s s R T U G S 1AL :
0 r::_: b =1 A = Pt SR B R I rRe'ueﬁe 4] R .'-.j.la"._ e B i e |
j_; - * > T Loy "-I-; 2 i = 1 ﬂ' ‘._‘ 1 v'-“.': ; _‘J 5 ;! ‘.-;_-J 1! .:_.,-‘. eras ;_ i
- il T Y e |
2 atha g2 o Ends LidwEnp 207 B0 v S0
L Riged Ny Lchqmdemehcs 'oT- & PN aw‘scham ama!.e |
i : v d sat Rveip 29 sl i P Fapsed af Fl 1
3 (1) Foxmcwds (:hc:n;r;’.s.<:1n=¢~i;ns}«;fsr wd oaaggo- Fied e l

Lt

SFig c2) shews Fhe, ey q%kuﬁcﬂem&nt £o¥ aliaining

1 Hve ,Eb‘éuiﬂ?f,d cehaxackexiste ofio diod e, 1ny s . CAXEW) J;J+he.

digde yo connected forad- e I.-‘G;Ngﬁl-&bmugh a.pore nriomelrey|

oo pYands o kes ‘syance (). The Potenkiomekex: helps InVaxying

Hne volrage applied aexess] thedlode . The vasighanice (RIS

L inciuded. inAbe: ciyeuid See astorlinid dhecune nt dvough

~ the lede, e

e eyLidad & Yo

dcdileu witl udill SC



‘% ,kmax ’L’*H'w%uﬁ g s 2 NETFE ﬂ,J-g *"r’f’” ‘f} I',ﬁ" *

d e g , — m S
A ~ o ‘DiedCuonsiop) - Al pecye F)‘ dov 21 L
. e S il &

- - J‘ ’ of .

; 1 ik b | g5 —f——

Chord el M ¢ ix =" Sleoamsa ked 213} IRVET] B357 I",'/: 101

S + = . I—s-y;.,« . — A %'— :

I »\JA‘{;—LJF- )gp iz ("'.-'"'l'-"--c,'."»"f‘ J_ --‘-.é% g = -.._-;_ A / ' 3

[T aofieeafareds

T " ] TR S - ! 1 ';]' i '-_: :9_]" O'G\f Fo\;udtlfd VOH’

dAprroud Frg 2. Civeuil o}ggaﬁg‘r.gm’\'{-‘.v:\{j B0 Bb }'F;:a’»g Fox axd ehaxarchexishe

:
of 'J. '\ T £ ' - ,:‘" . o i - .‘\1 . .‘. - - - ~ - _. P | = - " . D 1 i %
L ef1 PN SR ~"—'-’f.'lt'f;'—'-‘:‘_é,‘vh:’rﬁf"-’ L~V 9ab 2werle L ZZvoprd | 7

(™

g v A Nolkmvekex 15 conneeted iacexass: the Aidde . to-measuxe

:-b Srety] 'H-'sé:.eﬂ;'nl"tcx‘g.'e.:,-:-mhqxe; s ol MULIAMerex Measuxes cuxxent
FELIUR MnlackeidXiss sornds b snisra) vismea gheod sus)

i | The PGSt*WE fexmina) of {-he VOHQSQ Sou¥ce \s coMnfceled

. o the ancde of a Alede and nego&-\q\re ey ming) 4o the calthods

: Hence dicde is foxwaxd-biased - Lebus Jxadually incxease

q Hhe voltoge in smaly steps of abouk 0-LV and 2ecoxd the

| ' coxXesponding Values of dicde cungy et 1 ‘we plot o gxapy
ém‘i-h Voliage acyxoess Yhe d\oc&e. AloNg & hoxizoenta) axis and
Fhe dicde cuxxemt  aleng Yhe vexH ea) axis , we shoeay obtarn

% CuAvVe OAR a3 showdy in - 9.3 The cu'lv-e °0AB s called

N I*“’e’ fexwaxd chaxackexishics of a silicon PN Junchion al{ode__-f

| A coxeful study of & the foxwaxd chavacteyd stes indica-
Yes %—b;a.’c Hhexe s no diode cuxxent Hil Hhe point A is xeached,

“ 1t is €cause o

s being oPPosci\ *:; f:iji:i:h: Zﬁmw P

\ O11Ar6a7 N Ko 8iNieoncand 6.5 xS o) e o i i ~

| oz Vet et Ao oS e, 28

-. .. oV thekiok point A the diode

FoOy QM"G‘C'&‘\&; \nCthgﬁS‘:—:‘f’&Pj

™S

v '8 _ ;.".' ¥ Gu'\) o‘ r\‘aqt og a\bd'«k&j

dY 23t Ko kexe -beer cnbsao,v-edl Hhat
1 velt. Pxodwces g £oxwoaxd cuwwﬂff

obedd 20 e, 56 mA- The.. SPPlied Volage. ‘Show d ‘net. ke m"-’“‘i“‘

rprssided beyondiaceakaing safe (img

— ‘rJ Orhexuyige. the-drode 8

\\k&'ﬁj lo buxn oul, : s, |

yof sm e .y
DOrE Tyl

aedlilieud willl L:dhlSC



C.LL":. i Volfagqe of Si cmcl Gle g sl e o]
/ : lhe, ol oltaqe o-'c LOh'!(-h ihe. dicale S'TQ“’cS conduchng, is called
— 7 o knee: VDHG\@& et oy Eﬁﬁ;\_’rggﬂ 04 Yenesihod No\yaqe, e |
e ‘,t.nLa-\tc;iic_%;_uis c\f_stgﬁcﬂrad as \JK ke vatue is.equal to .

e e e

ff,'.'-’ & @,\; Lox s\ con and) 622\ —Fm gexmamum The,lcnet,\wl’rﬁjcn

o mq«j ‘e ‘obtained Lxom bhe -ﬂo\cmafd ehax ac}ﬁm&hl‘_ \,g\r ex\—e_.-.
= ndmg the L.Ll-‘)_,\.f-t ma, ch\quxds I rreeks Ahve. boxizonkal .

aig The, \J‘q\w; ey +he. hexXizontalk: axnS Ag eawal ko e knee

. \fowcm_:,e.. . 20 BRI spdatensd LG il oF i
__-_____.—————‘-_I ‘al *

- F 3 : = .
v 6 0. 5 S B R B e O S L o (e [ R O

(my Revevse chaxadexistics
The cinccuad axxangement o2 ob%ﬁm\hS”Ph‘fiﬁ'ﬁ‘W‘:"se‘*QMYqQ"

Xevighies oi} & g de (IS Shown in:belew Fig. Ly;

-

KR s B ol S BT P e Qeue'rse.

| o x 2he e ol asee |/-l '/‘_‘T}:‘ -VB‘R go}’rﬁﬁe : %

| [ 2 codeionmes o e il 2 v3

E Efiara]n Phrsciiionre ae9ilay (i wlosils ;.l.D'-:‘.‘ 2o w 0 5
B :;:ea::;,;cig;guwf‘awaﬁ_gemenf‘ F.‘-.a",-s.;-Re'uetseghamc\ie”@is(-;é
. forayiaasy OV Loz s radivrn vl oimal ¥ Aot o 48 2
L%__ T PAAY be-poted Fhat néqafive texminat of thevoltage
L souvce s connecked o the anode sf a diode and pesifive
L rexminad to the wathode: Hence the dlede 1s Atvexse biased.
7 The Spplied nevexse Volkage s gqyadually ey eased abeove

—exo 1H switakle skeps and Hnhe values og a\\oo\& cuxxent

axe aecoxded ok’ eqch skep.: Nous Pl rwe plok ol axaph with
revexse voltoge along the hoxizontald axis and fhe Siode

caxxent odeng vexkical axis | wWe shall obiain a cuxve max .

ked ocD as shown iN Fg.5 The cuave oed is caxlled 2eVeY-

ge clhhoxackexistic of the aiode,
A cagefud study of the 2evexse chaxoctexishc inadicates

aedliiieud willl bdlllSC



that when the applied 2evesse vollaqe, is befows the

B | —
S —— — — =
;

b\{eq\f\aowﬁ qo\ﬁ-q%e L\/ng the, ahmc\*e. ot 1S Small

e ———— =, 2

cmc? ’Q.E,MG»tDS/QOﬂS"rOLﬁt Thig- Valme of- c,mxre.mt is,calied

Q&we\{se s«ﬂn.wcxhcfh @ux%eﬂt € Ta)ihiss e.fl .\-he_ GY&&YJ:?

e ees e e e e e e T3

haneampe"r&a iFox :S\i coh diede, ond, NIEXO G-mPﬂ*c*_s fos }

= e |
Seamumum Mode: wihen, Ahe, 2 RVLYSE: \ro\iaae 45, ineyeo—

Cged- -&o ie ’SMS'Q'—"C.;E,F)PC‘_T lqmge value, -‘rh& dmd@- QeNexYsSe

. — S}

JeusY AR tNexeases 2apidiyas, shou.)ﬁ by pr& C.%Vd cD

]

MNP —

W the Fiq,5. The applied 2evexse yoltage , at which his

hoppens, is known as bYQQ\f\o\auJﬁ veltage (_Vgp,) of & dv ede. |

S 2 ', i . . o 3 A ="
el O R o R [ e A-.fJ-,- '

s 5

> o

e

DsoaeAppl;cthﬁs

A PN Junehion- dxode has an \mpo‘i-\-aﬂ‘t cbq*(@.t‘_\--t“ushcs

Yhak it conducks well 1n foxwaxd dixeelion and pooxly in

sevexse dixeclHon. This chayxactexisiic malkes a diode Vexy

"uselul 1n & numbrx of applicalions Jiven below:

L1y As 2echifien ox powex dicdes in d.c PoweX suppiies,

£0% AS Signad diodes iD communicalion <i¥owts,

3y As zenta diode 1n volkage stobilizing cigcuils .

Ly As VaxackoX diodes in nadis and T 4eceivens,

(5% AS a 5m\irc.'n in \egic c\xcmirg used in compulexs.

L6 AS ovea-veltage, pxﬁechun devicein qﬂ%egxgl(.ed

- Cixeusks £ tnokox <o Nixso\W\exs -

S

Ly AS ANOMZING i yadidaicn a'e:\-ec)cor

.r_,--"--
S »

L2y S o %-\;ee_xmg device in Un\ﬂmﬂhh\e Powex

S“P?‘\ﬂe-s o '-':.‘-.: i T ‘_'._‘- ==

e

g 8 i

b Pre. an-:lectyonic: musicold reyboaxds .

¥ B -;‘f.‘-l‘

aedliiieud willl uaﬁﬁc



% Zeney Diode_b

fﬂ : . - ‘ A

Lot 2 R L e S ene IR 'G}Laoﬂ-'-:., TT Sty il & —
§ g : R S Pj.’.q' e — P —F-o ——
/{_’ o i {“\\:\ i ﬁ\v.' _'_Fiq':\: ' T 2ea 0 ibiag vegod
i Anode =l Cathode: il \v}‘iz=-,,.vgé_,_ g / il
— L ey symbol il S N
A Coe Bt [iching I - Reveyse biag) f v a 1
§ L
M - ; __IR > --'.
(hy \/-1 chavackexishe |
Figs L. Zene2 Diode, - R A e T |
‘A zeNn€’ dioderig also talled ‘a - Voltage < efeyenie Volit- 'l“
Qqe Aeq wiakeot o4 . byedhd‘omnfd-iéélc.- L-Hcé.-;ﬂl'*b__-tc;k'fﬁf‘e-x diodle
Gbis-adso impotkant in many powe abplicaktions...Fig, 1 () ':
e glhew S ou _5-.c—he;ma_5;i < symbol ot & zenea diode. T wil\ be |
inteyesiing to know Yhat fhe ine at the énd . of Hhe axyow ;
looks like the \etten 7 |
The zenea diode s of Bilicon PN jasch ° o A eNrE e which '
Jiffexs fxom & aechfier diede ¥nok it is opeyaked in 1[1
- T
\he 2evexse byeal down Aegion. The bxeakdown Vollagqe
of o zenty diode is sel by caxefully contxolling the doping 1
: . 1
; level Auxing manufactuse A zene diede is made by T|.
heavily dopins P and N sides of ihe junchon. puetro |

: oo S VeY
e The deplelion Yegion foxmed i the diod v |
: sequently  elecdxic §Sield 1
thin (\ess than o.co0c00i M), Con > |
fox such o vexy ihin deplelion ¥egion is Vexy ' LSkt |
y even fox & sral) vevexse biag Voltage of about-

500000 V/m

evexse volfage acxess o dicde is inexeased,

oSN \hen (@72
s ruolhiche, A e Aluexse ‘cuxxent nCxeases shaxply as: shown by
C i AOE 7 -

th e N B ) o LD R a2 st Sl
= <ccinxg when Yhe eleckxic Tield acYosSs

- . gy -
2% Ak ]

: s The zenex: Lyeakdown - e
' the jumc Hon P*EQ'& uced due o -AeNvexse "J‘T-'.‘:i c.'-‘-?:e‘:" 1SS ; R aien
! s Jumay 27 WS _

TG gk This. @leckie Fed

enesls o Sosce on Hhe eleclxong

Qudilneu widl udll

- 1
calléd bxeakdawn Voltoge 1S ~wenched ok |

1Sc



]

':;‘J o

' LV " o= . .
g o -

in the outex most shetl. This foxce is _so Imah an’c @-!ﬁﬂhqo

ne. axe bulitc! au.-)qy_-ﬁt'xa_m yheiy Pq'fe”*: nuclei and become

g ee. cnvscexs. This 10:‘)110~hoﬁ W"‘“‘*h OLLMNS '”]‘ue’ Fo Hne

'e\e_d;xos\-th @o‘cc.e, of QH"{Q;Llrloﬁ 18 l‘-ﬁo@ﬁ as -1ene_x'

~£

of {xee cawxiexs qm:l henu; an incveass In the Alvexse
——— Sy

cusent .

——

' The zahe.*( cl.\odé-s with bge«ukdomn VOM&QES C’f !&53 3

|Hr~.n_n 6V, opexates pgedommqn-ti-j in 2enex byeakdawn.

S
-5 These wikh b‘semkdou.'m ,Noltogeg:! guta%—ews +Hhoh 6N opex-

e T e et s ———

R RN .q'-ge-e,s P'ﬁ&d@m‘&ﬁﬂh"z{“r‘- e avratoanche bx'eqkdc}u.nﬁ Thf:_ fixst

r

(B, L.t one shouwld i lbe. calred: o- zenex T o:nd Hoe! S'E.".G:Jﬁd an

s avelantke Alede; But An-dckuwal ipxackoe, both dhe fypes H

wose oS Toled ZENE dMGdesS troll wend o walosssiod

- -

. S fln] seld oo

Aside :r- R,e.ue*:se Chaxactexisha o% k: ‘zenex Diodess woi

CEd :rﬂ.'.’;.".'."- o LY lasld 2 ), AR &
i B e B8, z VRLU°'+3) i
“- : !}, g L E T ST B i \J'-,_' s el s S baadaily o*-"" Pl > S i
!’ i "._'r "l KT ]S-,,:".— r-up ST T Lats o i. q ,'I.T-_ L. 1
'L-": .'_,;-,-;-_'.‘_' .:_ - j"‘- o f -. __-"\ "H-::-‘_-;__ - -'.:-_‘ ; ) r_rt. Py fe r el .
=a. T Beakdawn' i ol 44
S L Y [ i vl “Iat ) " g 1 . " ar r i I
2 bt nsvhoomi s (b Aegulabion bals §§ £igef s
1"‘:.' el ¥ & _.' s "ra‘ £ ; A .-‘!‘ 3 ' .= ¥ : i P N ;},Eﬂktﬁ:ﬁ' } e ‘__.,- 1 .L .{ht:nﬂ'j ;
bigrp 21wl s A g QTN aen allossolsy o _ - g <‘ .
# . - - flv] . —"‘—'-'-:--_—..\ .cl-I\_lllll_-lr-1 = —_ : ks ik Calr i r -'; (.;: ; f i S —
'_.‘ T e X _", oo LD 2 oMy ooy i e ;"'M.J. . [ .
' ; S8 B . = A VI b gl '
jasdr Tol 3 1_ s Re.\!"e'ﬁse.. ‘ehay ‘e o
IS ?:\ as 'E'IE"'I.C‘ of Zenea Siade - 5 o
J, . N M—“——n_—-d‘-“-ﬂ_' . T
1 ol The: Fiay i =_=.hmbs *r’he_f e
.0 veyxge oxlion o
B o ki § ihev-1 -

."LF" Lo dieinvas@ckeyisie. 08 Mne eney djode L Ty e ihoked o

HATS " figuy € dhek as dhe Yevexse Velkage QVR") s ineveased,
B -Pne. 1&\.’&:‘(56 cuxxent (.'I )"lﬁm“’wﬂs ﬁ&%‘r’:g.bly smod ] p to N
khe‘kinee > of Hhid codve - re L PO Ky 20101 At thig pqmt_;lr::

refpeck of Byeakdown process Beains. Fixor he: boklam aﬁ
NEN . "\ S | S—. L __‘_'___——-———________'__ ‘\\

theknee :rhe byeakdewry s Nolkage. (Ng) Nemex ns. NS . essenba

e

aedlilieud willl bdlllSC



R T AR =

P up .} .Y '. - -
1300 akoid pailtind Sdeid
e L T

\ly consyant. This alx".i’rxj af ahncle. is c‘.alik;} .“EC‘.g’u]thé q[n.ghl*/
and 18 an |mpm:\anf{ {eu-iu-u._ a:@

a ltentx c.hof::\{:. y & Mu\ﬁ\'ﬂ-‘inﬁ s |

-~ an tsseﬁ_hg_ll.l_os_ constant volfaqe ac¥oss itg fexminals
T ovexa specified xange of zenex cuxvent voruwes. Fonow: -]
e ng Fwo Poibis axe impoxtant Fvom the choyYocrex:s hes |
of o zenex diode: 1
il LI> Thexe 1S @ minimum Value of zentx cuvyent .|
called byealkovey cuxyent desg&ﬂed aAsS Ty 02 I_L(m:;,‘

which Must be maintained in oxdex bo keep rhe diode in ]

b¥ealkkdown (ovx yequiahon) xegqiod , Idhen Fhe cuxvyent s |
-yeduced below Hhe knee of Hhe-cuxve, Yhe Noirage chqngcs'{
dxashcodly a;.\d, ,Hne._*xt:‘au’g%hbﬂ.;i s \osby =
Cosene AT Y TheXe is o Maxipvum vValue of zened cuas ent
. desigpated. ag Ly ox 0% 5Ly ¢ imany abov E.{-.O.-I?,_fc.h Fhe diode
. May. be damaged The Nalue.of ¥nis cuxxentiis qiven by
' i—h&_ MAax, mum .'pc:-u.!e—k:-,_e‘?{\'ssiipqh'.or‘)'_a?--rk;& zeney diode . A4S

et S R

eyl —

S

-

e Lo long as; bhes maximuay Powex di 5527:_;? Hon is: oo*t,:g;ceedet:;

L therdiode wiW Pot pe damaged  at Ao come ouk of the L

byeakdowOn -'ﬁéﬂioﬁ when Yhe applied Yeveyse veolrage s |

\{e:duc.e_d be) o, J,-he,. b¥eakdown velkeoe, . % E

ey A o Loy RIS LIS S B ,—,,,‘_-x_,._!. ads Stk @] i
k- Zenex. Di Daoa\e. ApPhcahons e Bt Y SN ShEk 2

The- lcf'i-ﬁ‘&’ drgdes hqve._ a- nu.mht‘;r.. applicalvens., some ot

e .t‘-htmlfq‘{'c S E E\Qa'.}"'{".'; i = il DEVE £ B
ALy AS b NOLYAQE ArguiadoX rri 3 DT

Coeoay s o fixed \;e.‘.'.egenge. yoltagejn-fransistox, biasing
Ny T @ B f_\{tpw!rs Safir; 22l0a oM $5 BOISWS

L2 As pedk c-hppers oY \imikexs in waveshaping civcuiks.

(e Fov Mmekex proleckion against damage from accid -

B, , epfak opp\ieaions .o, i Lo et aite
— -1 E, ¥
T g ) ! " i i - Ly - e - Il
DA L e = Il-J-'}‘:" Seld OSB3y wod i A 800 - AT

dcdineu witi valiiSc



Q /
; -ﬂ- L:ih'l: Emt’d'mﬂ_bwclc SLEI”.
e s T b o M
el e e O
"_ 2hcifenyny Lid a2 iy 7O o Zao
g it ; ',f?’;f
Toed NS prdaail o
(. | reg——
. : Y R PR e B l._l JM.;’ -JCOJ‘_\‘)_QCLQ__/
;_ s asdl 2% 3% $TC?EOAE, YAttt PO Yo A BN Ry £ 5 Ho¥s 1\/
2hoGd) oymisol o xolvt Al ity BaBrer strue Frre ~ |
: ity aeduid FM;L L.nghtl emitring diode cdg_fi'g)_*_ i_ ki
8 2Ea = 12 CN (PRY Junction diede, which emﬁs hght when Fwwa_*rcl
biaged , 1S Known.as e light emiiking diede. & LED)Y The
\ emitred \ight ™oy be visiple o2 mwélble The amount of -
L ek oukpudiis SlixesHy . PpxopoKiional o 5 Hhe fo¥ward cunsren{
< " Thus;, highe2 fhe foxward cuexent, blglﬁt\( 1s” ¥ine” lig vt ouwlpu
i 5c.he.rv'>cx'rvc symbel of a Vight emithing - ‘diede ,)S ehown in
\_‘H__i::' Ry Qn} The QAEYOWS pomhhﬂ Quay Qxory ),.Hg._ doche symbod
4 >+ {a$ alight-emitting idiode as xeprxesent: the \\qkjc;,.whmh is
¥ < 70 being. ransmrted-away 4¥f°m Hye Juncheon: s oy
Fig.1¢b) shows e basic stxuckaye bX. Vg emiit-
ing Shode, Heve an N- '\*\1P€: "‘q"f‘:‘ﬁ' iS 9¥oWn on o p. e $d
- subsivate  not shown iniRigkce ) doy. dwﬁ-usmﬂ:l}mc_%ss 3
e R e et o e e
and cathode ""Q“"ﬂma.ts — €/ 1AYRY¥S5 make angde 1
N B lis yeleaseds at tha Junchio z%ajjiiﬁt vt enery) S
of electvons Wikh holeg ;cx: 0 e T paliog
";— EVRrE ‘caamn o ___ﬁ__} Place: Afjex Passing thyo' ~
—— eght /s ﬁ"‘ﬂlﬂ—ed HhYough the woimdon
P m il pPYoNTdedi ek Yhe top P oF Mheisuvs 3 ok R
. idhen the LED ig S Z——" h;q::: ;-ln--; -~y g
| . e.\td-\mns and

hojes move Lo waxds

e Junchion
—=— T2 and khe yecombinahion

Scdileu will udinaC



 dlrers e c.cndu.c—"rmh banmds. of i a;e.ﬁuc:vh Fol into e heles

qu 0 Ahe yatence boand of a, P-xeqion ' The diffevence of

ene;fa:.‘; belween the conduchobn band and valence . band is
. gadiated. in ‘he foxm of lug'nt enexay . 1n DYd\ﬁO«t’\j dncole,s
T thie enexgy is xadialed in the foxm: 0% heaki., Bl

-~ Theé Se_fmi'c.ohc\uc_h‘hg r:{alrem'o.ls used !}o\: munaf}-a;mﬁn&

light emithing diodes axe &Q“,uf\"\rPhOSPh;dﬁi gallhiuMm a¥se -

nide phosphide  Zink selenmid e _and, boxon, ;“H‘hnde. The silicon

S and. gexmanywun, ,.5,r:-__oi:. used fox, manufackuxing light emit-

e

ing-diodesS because rhese axe heal producing makrexials.

MoxeoveX  these malexials ax® vexy PooX in-emitting \ight

qu\nhcr‘lﬁ ikl e _‘J-fl.' l.__ ..{ i Gt P P ;,,..1 Wz, A0 4

“The. L.Ebs ~Nodiake \ight/in du?-\'-e_xtn-t co\ou‘cs sueh as

xed  gxeen yeWow blue oxangr. /ic. some of/ Fhe LEDS

e_n'n&'r infraxed. LJ&ztnvns.b\ﬂ) Vight; 2480, Tive coloux 4 +he

_-il"f_Mr-H-ee!" \ight; 'ALPpend s upo@ Hoe +qpe.u$..me.5&m>c0hduqhv

used. Thus. qaMiam; qysenide. emils infxaved. yadiahons

30».'.\{u_rv's axsenide phosphide pxodwces eibheX Yeod ox Y ellow

light | gallium phosphide emits xed ox gyeen \ight -and gall-

Tum nifonde produces bilue light.

% LED Applications.

The LEDS OPE‘.YQ#E at {ow voltages L&, fxom LSV o 2-S V.,

They have o Vong life abouk Lo,000 hours, and can be s witched

Con’ and ‘off' ak o vexy fask speed (= 1 nsec) These Feakuves

“make LEDS Vevy impoYkant elechy¥onic device some of the -

Impochant applicalions of the LEDs ave as kelow.

L. 1n oPhHcod switching applicahons,

2. 1n7-segment | 1&-segment and dot matyix dispiays.

3. Fo¥ indicaling; powex ON[ORF conditions., powe|eve]

_indicatots -ox shexio amplifiers s o o v

Vs Fo imegessensing SeN sang civewa ks an. pichaxephen,

aidlilieud willl bdlASC



’

g ime B Thdhe Feid o¥ opkHcax commumca\mon wheye LED:;
_a et “ave used fo i—*.fo.hsi{--t/l. enexoy Cxam pre Q\"cc.m\- HJ ou\“‘ ~/
F_ ""'_6-.__L’E.D5 ave aolso useck !-0 send e.ﬁﬁx’qxf ‘o Gibxe OP]‘_‘QMHH/
= e

o cob\e, which {-vc\nsmﬁrs e.ntvay b*;,a means 2 Jobod

A I - -
m\uunn-! QE:QU:C-%—\M‘; ; g bR P : ; -7 :

17 Fov sovd i\rn!re_ Nrdeo: qhsb\nys wl«ndm ONE. \’Q-FHC”"} chh

L ¥ XHpiay

':f

mc,m;g cathode Xay tubes gcgrs) ez sar

— - _—

g 8.3 bu\cgmv SAOY ™ s«m«'&»ems { e
T.T."-_*E_Lgﬂs axe used  {ox buﬂ'\‘-\\?h"hhg o Qulr-omohile dash-

L boaxds mnc\ lg‘qc\gk\cﬁb\y-‘ng oﬁ. '(:.e,gpmo’\s on . cc.llu.lf:-"t. T

—

Fhg e T Phbnaa
e \A\c‘l&'\j used \n dxaffic E:\Cjﬁ e
VLl ANt ON "u%‘h\-\hﬁ AulroMo‘n\Je \\gﬁflofitihsi
and genexed, L;cjhhﬁoj =g Lost - ;

oy Tnfxaxed LEDS axe u.s.eo\ AR X EMO
TS pnamys lnc\udmg -&El&mgma PUD

-

AT

e, conivol wBits of

ANy commexc
p\m«rws ond Othea domeshc. q'p\:han.e.s

s T

¥ Phobdnodﬁ ot bar mims FFieqsted PVHRE | ngs
VR 4 N
. ey i _P —_‘P:‘[ : i —_ ‘_:_-:
] ~ e U-._'.r-
i - 1
..____r Lfl) S ta (b) & ror ey -4 -
T Laypigak xRS T\gi Pho%ocime}e B2 -5 0d :

, A pho&catcde £ Q"i‘ﬂ{ie G.T- Phc%—cdﬁl—e_d—ov Cﬂquil_ii%-ﬂ’
conueﬂ-ma Iight inko: e.ﬂrheQ cuxxent o4 volkage c},e_.l:}é,r‘\ g
mode of apexaiion The- comenory -'wa\chhﬂh“-t

e i o ibhe iy

aedlilieud willl bmc



s S,O\'JFC

[ "‘.‘olli ),|=-.,._, 1 i

B . ._.-__..._ —— -

cevl s wsed.fo. 5&4\&1@.%& e.iec_\-"nc. solax powa-{ is o

,.——""T..

S la¥ge a¥ed o

£ .opph cakion of pholodiode, .

A- photodiod

e ia.or fwo Fexminal- PN junckon. aeNnvee,

cwhich opexales in G AGNRYEE biag,

Vi ,pe{ent wihdow, which. o-txows light o stx)lee b2 PHJ“MHOV}

'ﬂ L ¢a) ano € b) shows Fher shxuckuxe &hd sahem&hc S*im—-

s bol of a phefodiod e, The basic byasing - QYYQh‘ﬂtméhL of @

"""'_-_—__ . .
. photodvod e s ishowss i F\q.-L CGyene

) bt __'_

e vie APN junchon diode hasoa N gXy small f}_’&\J‘@.YSE-C.UWQM",

rwhen ik is-Aegexse: biased - The Same is fyue fox photodyode

o oS0 . The aevexserbixsed cavxent is. pYoduced by Ahexmally

—_—

genénated e\eclr*con-ho_t&;\a.ia.ixs ihcrhe deplevon \oyex, whiely

I1t.has G- SMON FxOmS— |

. oxe. swept acxoss Ahe jun chon by Yhe ervechyic Syetd cxeal -

s e oy bhe AGNRXSE volkogesy Tn & PR jangkon drode, Fhe

Hevyexse- XX ENt VNEYEasSes . wikh _l\-e_.mpe,zo\-u{e due o an

- -';.-;,‘,‘nc»:.ease.-:f):-x-ha’ NumbetA;: of elgckyon-bhole paixsy -

,,g.-;phoko_ch!adﬁ.(d,‘_gﬁ.g_é_.\.gs Syomy- o P junshon-diede in a

cense that it ABVEXSEe cuwYvent incxeasts wikh-the)ight Infen ~

'\ okt Hhe PN junchiony - \ken:yheveiis no incident \rght

the AEVEYSE cuxxent is acdmost neqligible and is calied the

Cdaxke cuxyent_  An INCYeASRIN the amount of \ight enevay

'pyoduces an incYease in the 28VEYSS CuYYent Gox & given vawe

of aevevse-bias voltane. Rig, 2 Shows rhe chaxachrishc cuiveg

—
| foy & HyPicod diod& L peverse \IDNREQ.L.VF‘)
54 & &k
= 10 - 1a0
e —— oo was
//ﬁao !
- f’z chaYClc\-ewSHC He Cwaves a# a \Dhu’mo\u oele

aedlilied will udi

nSc



Pho{-oduode. Apphca.hoﬁs \

Pho’rodmc\e.s axe u-:—:.e.d Sy milax GPP\aC‘*\'toﬁs ‘ro O\rhf;_y

Phc‘goalt:.‘rc.(l.\-o‘fs guch as Pholo C-ohduc.k-o*(s charge cmf?\f

-cle.\nc,eds and phole mu\\nphev l—-u‘oe.S \hey mq‘;{ be “5_&1 o
_3e_r\9_"£'°-\'€o e oul-pu.l‘ ooy 1% .:J.e.p{-:ndent upoh the

(W -ty '.\lluM\r\u\-‘or\ on to change the otate of 4'3‘*“3‘1 SN l"‘“?]
-h a\:\ahcq'\—aar\s o$

——

7
~—
—

—

- : ¥y Fouowthg cwe: some.' Oi Hne ‘mpovlfan

\Jho\-oo\todts - g +< = ' . AR

L. used In consumMmex eleckxonic devices such as c.omp~

T . 7 ack-aise €ew) playexs, smoke -deteckoxs,and khe

I————
P ———

q_ec_&wtx’s Lox ln-f-xa*cec\ ~<emole C.On-\-‘(n\ eqw PW‘%U\\'S

—

T 2. used fox accuvale me.c!\%m\(e.m-e_n-t oi. \H:_\"n"c. \ﬁ\-&hSlH )

—

A e P S — —

N scence and \né\.ke,\-hc\j
'55 \A\de\j used \n medica applicakions T such as delec-

L bexs ‘;o\r compuRfL Jomo ayaphy, 3 nahea mefﬂs bo ana-

lyze sumples pwise oxymelrexs |

B ®ecause-of fast switehing s\:-ee:-} used fox ophcal

o commMunicalon and 1n \ighting xegulalien .

5 obleal communicalion 5~1st5

Clegld Sgs! ehang ehens necoqmivon -
v.. Encodexy =i Lo be o Fan

SuidIiinieua witll bdllﬁc



% Vayackex Diede
e
A vqtqck—o\s diode 18 a revexse biagsed PN Juncl-;on
/"fughmh ubilizes ¥he inhevent capacil-ance of ihe deplehon

" Jay€¥, I} i5 ols0 known as Naxicap wvolbcop 02 Funnrng
T diede. T+ s used ag a volfage voﬁo.h}f:. c,::-,-‘:c&-c;'}uf_,

F i _Dielecinie (_Dorﬂﬂl-.an'h‘j'ev}*'-f-’ TR ---?.f s, WD -“{)“V *
___..r—""_'_._-_ o _. y ) <] - 7 i vt o
: ; . L — A LI i red i R ¢ _./TH
L e e S il o = . _ R
; ;- i L ' "'“t:.l\.'[ '.: Cidoy i s | £ 3 -1 A B 2/ /J _-_.‘J |
b _gr O T L ol e e |
A nlbel ot oot Il e B S s 79
L Blate  niaks £
E— — 1 F : Revexse—1O-
1] - Voltage
~ Fig i, Revevsed biased PN junchon, [Fig.2, capacitance vevsus
“everse voltage |
1n PN junchion the deplelion layey cxealed by Hne 2ey- I
eyse bias acks as a c&chi\—o‘f_cnge.c{—ch., whtyeas the P- '
and N-¥egiens acts as the capacitex plates as ghown in |
Fiqt. =
\When the xevevse bias voltaqe incyeases | the depielHon
1 lavex wiAens, Thig increases Hhe dieleckxic Fhicknass which
Cankuxn  veduces bheicapaatanie . adhen bHhe Arvevse bias |
- ..yol\kade decveases; Yhe depiehon \ayex - navrowds down -This ]
.. decyeases bhe dieleckyie faickiness, which in kuwn incyea-
ses the copaciyance.. Fig. L -shows the vavialen of copa-
cikance . with fhe 2evexse voltage, This indicakes Yhat
B - sl
Hhe vayiahion of capacifance is maximum when the 2evey-
E ) ; ]
se voltage 15 equal to ze¥d . 1t ¥yeduees in o NoOn-\ineax
L-____________ e - -
manney . as fbe value of: aavexse Vo\kaqe Vs, incyeased
- 2 g g :
" (R AL S feri =50 ser Bl RN -':'E-l' == _CT-
‘-—________ I_s
- oAl ¢ _ T
l_\ Fa. 3 Symbal , F\EH EQ,LJVQJE‘Dt eixew b
— - g '
Crle v fTRe Figod (showstar seh@malic 'symbolFexia. vaxacloyx
l SR _3';'.'.‘1 :: .C-"-—"-"l}'f." e b . - ""-f {_ﬂ

Obdlllleu WILlI bdlllSC



.v.*.:t; ,{: Jafnfn.v \}-

- ..

~diode and F\_ﬂ b shows iks tﬂ.wvﬂ-‘.ent C!Nw‘r Hexe

sz is a Qe\zerst scme.s 'J.e.s_-msr%o.hm ano CT s @ vax] -

ab\e capqc.lrnnce, The umue, of‘r Cr Yan%ts Hpu:.tl's"nf g.smm

e

2PF Yo LoopF o

—

% Vavacio¥ Diede Applicakiods i g e

A majox appheaien of vaxacyox dicde I.B in lrunhmg r_\uuqks

"1t 15 used in eleckxonic ‘,—uhet’s in Yadio, -'rele_ms:oﬁ and oney

COMMMEYCial A eCeivexs. Lihen o vaxackox is Gsed ina Funing

l:.n‘cgt.u’; ik allows a xesonant fxequenty Yo be adjusted by a

\anqb\e: \Jo'«i-ae,c \eve) as 5hcu:3_r_;;i"'r:»' he\'aw F'-CJ T
e 8 ot T = i
AR .. ' et = S
_ =Y ag &8ss ..,\'JS_ ) AN ’
) ? LI = CUQ‘E\QID\E. dl':) \l’ i
: l - /_F D, o
Ft"i.-’-i . - 5} = Ei—a;;i,' ‘_- e hy
Y 3 In.this cixewad | fwo vaxackex Aledes: D| and D; Provide )
.,,__"-15"  Yge Yotad Vaxiable. c.npqcﬁm.nce.s ina Pavaliel xesonart
5 c'_wcmk- and \Jc 18ia \Jn"ﬁq‘a‘le d.c, \.fol’rqcie. which contxols
=X e T S | i e _____._.—-""
L - L Yhe aeveYse bias.and the cqpqt Fance of the . diodes. The N
— R OO PO - PR s e T
. f:_e.sorwo.nt {-we.quf."v_x‘ci o.ﬁ‘. &-he_._j—_cmk civewd Fis given hzji‘f-_}_,
b a_:\uhaﬁ et P P asamyey s
192 lam it P oy 3 .
| 1 o ) = . ____________,/
b F,_,_-._.;__‘r':‘*""ﬁ“‘- = = : Sheindudtance s
- = The value of ihe oty c:cx.po.t:d—&nf.f, which .
! e T it et o v St g S i Vi e R B P oo i s EuS _____._--—-
k. e s given by dhe - acialien Lt
l - e __C. ‘ _‘ E-_Q_ FR- R - _—.-—//m,
T . ... S -
S mhct&. Cy and 2y . axe  Mhe. Maximum  and miﬁ.\mm wajues
of the copacikances of Jdisde,
e m
Sc



