
Semico11ductors 

As the separation between the atoms is reduced, the 
splitting of the 3s state into 2N levels and the splitting of the 
3p state into 6N levels takes place. For example, the 
Splitting for distance R1 of the 3s and 3p states into 2N and 
6N levels respectively is shown in the figure. Here Eg is
caUed the band gap. 

Band gap is the difference between the maximum 
cnerp level of the £

5 
state and the mi.oinmm energy level of 

the Es state for the given inter atomic separation. 
On further reduction in the inter atomic separation, 

there is no gap between 3s and 3p tYPes of bands. From this 
separation onwards, we get a combined wave function, by 
carrying out the integration of the 3s and �e wave 
function. On further reducing the separation the tw� 
containing 4N energy level each are obtained. The band gap 
between them is shown in figure 5.4.111e two bands for the 
equilibrium position of silicon is shown in the figure 5.4. As

per Pauli's exclusion principle, we can have one electron for 
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each energy level. As a result, the lower band will be 
completely occupied by 4 N number electrons. (As per 
Pauli's exclusion principle, each level cannot accommodate 
more than one electrons.) Here lower band is called valence 
band. 

The upper band is completely empty. A minimum ofEg
energy will have to be supplied to the eleclrOn to move from 
the valence band to the upper band. It can Il)OVC i11 to any 
of the energy levels in the upper hand, since it is completely 
empty. Ifit does so iL becomes a free electron and is available 
for electrical conductions. rt is for this reason the upper band 
is known as the conduction band. 

1be difference in the lowest energy of the conduction 
band and the maximum energy of the valence band is known 
s band gap CEg)·

There are no available energy states in the band gap. 
It is for this reason that this gap is lmowo as forbidden gap. 

5.2.2 Classification of solid substances in reference to Band theory of Solids : 
TI1e atoms have energy levels similar to the energy states of all atoms. On the basis of energy bands solids can be 

classified into conductor, insulator and semiconductor. 

Conductors: 

Engergy Electrons 1 Engergy
Conductior, band 

'fret' 10 

f 

castablish Conduction b:rnd 

t'c,nduction I • • • 
£1 > S eV · 

f.,. 

t 
Valtnce -",-•--•...:..-.--.-

cl4:ctronsl Valence. bandI • • • e'

I 

bound ro the I 
Vallence band utomic 

structure

r nsu 1:ator 

t:1 
• 1,1 eV (Si)

F.i • 0.67 cV (Ce) 

/:'£ - l.,11 t:V 1U11 \sl 

Semiconductor 

Fig. 5.5 

• E.ngergy

Con()uc1ion band 
l'h< """1> �--------<

,1"\o,,"tl.t(, • e e e a 

\':ilc:ncc b1tnd

Cunductor

Figure 5.6 shows the band structureof a sodium atom, which explains the reason why it is a good conductor of 
electricity. The electronic configuration of sodium atom is given as l s2 2s2 2p6 3 s l . There are 2 N valence states for the 
3s state. Olll of which N states are filled due to the contribution of one electron from each of the sodium atoro. 
TI1e remaining N stares are empty. As a result, Lhe electrons can move easily into the empty available states and contribute 
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tomds elecdcal conduclility. i. many oflhe nelah. dre

conduclion ed dre valence bmds overlap each othcr In

such a snution too lhe elNlrom contibule in $e cleclical

ln subsr.nce vheie lhe fodidden eap be$ee. rhe

lalcnce bmd and $e conduction bdd h lery lage e3eD,
rhc el*r.ds ce noi move edily from the valence band lo

lhe conduction band. Therefore. such a subsl&ce does nol

Wc di$lNd eletronic co.ligmlion of silicon atom

in abov€ ropic. ld scniconduclor, 6 valence bmd is
completely filled, dre el<tions cmot more to olher endg/

l€lels. Hen@,lheE is no elcclrical conduclrvE

Above lne qlence bmd, there is a rcsion whcrc lleE
Gno alailable c.crsy leveh This reaion is kno\\r G the

forbiddcn eap. The * idfi oflhe forbiddcn sap is I ev Tre

lalLrcs ol Eg lor Si and Ge are l 1 eV od 0 72 eV

The icgion oflhe cncrey above the forbidden gap is

tnown as the conduclion band At0 K lenpedtuo, the

conduction band is completely enpry Iflbe elccbn hd
enough c.crey to cross the forbidden gap lhcn the eleton
c& nole fron the v.lcnce band to thc coMuction bmd

Ihese eletions will lhen condibutc toFads rhe el4dcal

is crealcd rnen d electo. noves lron
to thc conduclion bmd. The nunber ofholes

ro the n@be! of elecllo.s preenl 
'n 

$e
Hoe in mintiNc mi@ndriornnbo

At absol e zero lcmpediuic each oflhc talencc

clecltuis of Si (md Gc) is boud bv the colalcnt bond As

a misquence si (od Go b€have as iNulalou al lbslut€
zero remperature. Ilrc abns oflhe cqst l pcrfoh thmi
oeillations at rhc roon temperature ThG tsulls in the

breaking of scvdl colalent bonds and resulls in rhe

ele!!6 fncing nln lhe covllent bond The* li€ eldtoN
@ rcsponsible for electric.l condud'on

@C

Fis.5,7

De{iciency of electron is cEaled at lhe place fiom

vhere rhe clectun becme fiee. Tnis deficienct hs the

abilily ofattracdng thc eleiirons An cleclon which has

bMm€ hee iion my other colalcnl bond cd ger lrappdr

in lhisplacc. This denciencl ofcl.cinb is knorn ts
hole.ll behaves !s ifit h6 positilc eleclric chdec Gee

figure5,?). hhaslobeEhefrbcredthatholeisnotaral
panicle od ir neither hd any posilive electic chdae.

5.3 lnirinsic semiconduclors :

Thc elencnts hale g@b cleclr'ical Bistivilvlhm $e
good conductos bur havc a loF€r resislility lhan the bad

@ndndo6. Tne ehnents in $e lbunh eroup offt pedodic

kblc like |ne Si and Ge halc such propedies Thev de
tnM d smionduclon. We *ill snrdy hm smondELid
si.
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ThN, $e gel nrc Er€s ofcu4nrs ina sni@ndud.r i

O) Dueronorionoifreederrcn0c)
(2) DuetonorionorboDidelectonorhohft).
Such e eletron hc.omes ne nom a boud sule ad

again eels boud h the neesr holc. Such elccmns annor
be coBidcrcd as liee eledrons. To di$eEnliate lhc notion
of the bound ud lhc frce elecfron! one can consirler lhe
nonon orrhe hole in a diEclion opposirc to tho direcrion ol
the nolion oltne boLrd electon.

Sinceilsnotionninrheopposircdirurionrorhdol'
lhe eleclron i.e. fon the positile end lorvdds thc ncgati\r
end. We *ill lEve to rcmcmbd dd $e @nduction ofholes
mems thlt lhe conducrion is due to boMd electrons.

electric.l conducrion is due ro borhelccrnns as s€ll as

holes. Tne number dcnsily of frcc clccton and hole in
intnnsic (tuE) $triconductorneand nh rcspccrilclt dc
cqual drclo pan pbduction Here- eleclron and holc dc
also tnon as iftnNic clcctiic charge ca e6.bencciis
number densily is indicaled as ni for an intinsic

InSi (orGc)norcnunbcrol bondsrerbtukenrvilh
the increde in temperalure. Thisrcsultsin incrcase in the

nmbd ofele.to.s md hole Due to incres in thc nmbcr
deNitr ofchdgc cffiicn fie co.ductiliq also increases.

5.4 Extrinsic Semiconcluctors :

ftc conducrivity oflhe iftinsic sernicoDduclor cd be

ddic2llyclfigcdby alding itupuitrd in the ishr pmp.nion
TnisprcccssofaddineimpDnrios io rh€scnriconductoL h
kno$n 6 dopiry. As ]brqdnplc pcnlav0lcnt intulis li(e
phorhoius (P), anrinrony (sb). a6cric (At ortiilalenr
impuitis lilc dminnn (Al) g,lliur (Ca) oLr .,r(ln)m
be used for dopins. the dopcd aroms atuge th€nrelves iD

pl.cc ol rhE oriSioal aronr in the host crystal Adding
inpurilics changcs lhc propcnies of scDriconducbs
Senriconductos forncd nr thh \.! rrc crlLed cxkinsic
sEnionduclon,inpuresemiconducbfs.

\:r

YLi

Fis,5.10 '

5,4.1 N- type scniconduciors :

Tvo dinensional synholic
rhe Asenic alons hale bccn.dded

In0tL&oirpft erniond&ror le\'zia

reprcsentation ofsilicon crystal latice sructuE is sho*r in figurcs.ll. Hc.e
d impaiq abms. The fisue sho$B ,\6cnic alonr replrcina one slrcotr arom

rjifdr rirccrhi ot ,-__
' 

: ;1i06^

Fis.5.1l
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INTRINSIC SEMICONDUCIOR f XTRTNSIC SEMICONDUCTOR

2.

l. It is pe si@ndudins mierial andno inrpuiry

Exflplcs mcrrstallire fom ofpN silicon sd

Tbe nmber ofie elcdrons ir conduction band
od the nunber of hol€s in valcnce band is
exaclly equl atrd very snall indeed.

Irs eleclical conducli!ity is los.

Its elecldcal conductivity is

2.

Ir n pepared by dopine a snall quanlity of
mpurily aroos lo the pure scniconducdns

rxdpks e silimn sl gmlmim crynds *itlr
nnpuily alons ofmqnc, orimony, phoDhoreus

etc. orindim, bos., aluminium etc

fte numbtr of fre electrcff dd holes is never
equal. The€ is excess of elcctrcns in n t}!e
schiconduclor dd excess ofholes in prype

I$ ele.liql onducivily is hielr

Its cleclrical conducrivilt depends upon lhe
le'4cnh@ 6 sll a o. the q@dtr ofinpuity
aroms dopcd in the srructure.

DISTINCTION BETWEEN INTRINSIC AND EXTRINSIC SEMICONDUCTORS :

DISTINCTIONBETWEEN N.TYPESEMICONDUCTORSANDP-TYPE SEI\{ICONDUCTORS

2.

L Ir is e exrri$ic snionductor which is obtaincn
by dopnrg lhe idpurity atoms of vth group of
periodic Lble to the puE semdiDfr (ce) or

'Ir'e nbpuiry airtu ad{ied. prtrvideexlF etecroN
in the struclure, ed are called donor dons.

The eleto$ @ majoriqr cmies and botcs m

The eleto. dflsity (.J is mucb eEal€r$o lhe
hole dcnsny (nh) i.e. n.>> ni

llE donor enersy lryel is clos lo dro cooducrion
bdd md f& awly Eon valmce bmd.

N-TITE SEMICONDUCTONS P.II?E SEMICONDUCTOI{S

]t is e exrinsic sniondulor shich is oblaincd
by dopine the impurily atoFs of III sroup of
leriodic rable ro Oe puE s€rmdim or silicon

The inpuriq/ aron s ad ded, creale vacanc ics o l
electrcns (i.c. holes) in thc slrucruE and rc

The boles @ najori{v ffi6 dd eletbns de

4. rl'e hole densiry (itis much ecacr
el{rroi densiry(n!)i.e. (nh)>>(nc)

5. The accepror e;ergy levcl is close ro
bdd dd n fai away fron condnction
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Herce in a l-t_vp. s.nic.nduclu rhe elcctrical
conducrility h much noN thd thc el{bical .onducliriry of

Thecnalionol.lcct.h.l€p.nduerothemieEtion
oarhc eleo1nnrolhccondNrion ba.d isn.r I very stable
rtuarion. lrcel.dn sandholescollidcwilhca.h.lh*s

pff rhe la*s ofthemrdlnhics a.d the iemtftluE Thc
elcclrons oncc ae.h occtrpy rhc holc. rhe..edion.f lhe
clectonholetairandilsrccombiralionpsceslalcsplacc
allhc smc linc.Inrhr cqullibriu tlsirion lhc tute ol'
elechu holc pan lonnatior turd llci. rccombi'di.n is quxl

lig.5.ll
.\r 0 K TCllU,.f.rn c Al foolr TdDperatrne

t hcrcc.dlbindioD rate x\ nc

ThercoDrbinarion ue - tu\ n.
Hcto R isknosrastlcrc.oDbinad.o coeficicnl.

l:orarnftidsi.tltrru.e)semicondu.ror ni -n"=n,
Hence llrerecombnrarionraro Rnr ne =Rn l
Ttc rcombinalion tut tur J inrirNic scmicondud.r

and ils cxtrnrsic scmiconduc6.tu equrl

LclNr.rmbcrNqp. andl,llpc sc.1i..nduc(rx
N rtprrcr!i.onduclor:

. nnpunrr. xr.nr Penllvelent.Vrhebnfofpcriodic

. ilNlorour.Jthelirelal.nccclc.ronsdeiNolvcd
in thc fonn.ton ol rlie coraLent bonds anrt lilih
rlectrcn havailabl.asa Ji€c electun

. Onc lr.c cledru. is obt.ilcd fior cach i.rpuriq

. lhcnnprrilraroDsrrecallcddonor.ronN

. l hcdLcchlosan Dr.jori! c.dicrs

P-tvDo scmiconductor:
. iirpui,). atoms-'lnr.lcrl. llrs&urolpcriodictxblc
. llr.eloch sofrheselnipuilvaronBlnn...\rlonr

. lheren.dcnci.n.yof onccl..trooin Jan.rtionof
rlrc c.rxldol hond in onc oitli.lo0. r.i!bhomn-!
aloms. Thhdcnci.o.ydlulecron is.xLl.d I h.lr

. Thennturir\rtonN.rc.xLl.dA.lofry dnns

. lliclblcs!rt.ujnilycaiiics

5.'r.5 TcmDcrrtnr. D.Dcndorft of Con,luclivilt for I

Nirh in.,cns. inloorpcituc. Dorc.o\:lorhond\
aEtrtu(cD.ndhcrccnioroclscf.N dhols.Nr!odk.J
xr chrge cuncr ADd hcr.r cl.dnrrl c.riudilir\ or

scnlcondrlf r.cre6es snh nrcrcN. in rorf urlr:tr.
5.5 P-N Junction diode:

A IrNlunclion isrhc h,sic blildirebloct olmul
scni.onducr.r dcviccslilcdnxl's.hrnsinor..r!,\.l.rr
ull1cstardLig oJ rbejunction bc| iotr. is inrufun:
,nalr_selheMLknr-solorlt.\corlconductordc\i!.\ \\ :.
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Frun, fisurc (5 17) lhc fotl.*nrs xro poinrs aE

(l) Llecror dc no longcr the rnrionrr charlc.Miers in
thc sndl Esion oi rbe N-typc frarenal ncar nE
junction similanyonh.lesartlcnaj.rnt ctarsc
canics in rhe rmll rcgnJn of thc rrrrrre lemi
conductoN Ntu rher urclion. Iih rtlion is kno$n s
dcplct.n hyer lhc \ drh oldcptorion rceion is
appbxnnably0.5|!n.

(2) Thcdhtjburionofclc.ricpolc ialinlhedcplcrion
lals h c.llcd $e deplctioi blmer or porc.tdl badcr
'l]1isrFrenti.l|dierisiDonlcrol0 I V IhnvatEis
aboul0TVforSixnd0S Vforce
1hus. lron rhe iboi c nw, rcinls. ir.ao besaid rhdil'

lhc ch,rsc carricr ha5 ro cross rhejunction rr rhe orhcr
ileioI nh]slocr.sslhl5depl.tlonbrricrand nre.lunes

In PN.luncrio[ do nDgnitudc ol deplerion bmer nd
s thofdwlcrionEsionredependc odrhcconc.dnrin
of$c impuritydled10 dc PrndN O,p. scnrjconducb.
Thc dcplcirn rcelon is widcr ifdrc hounl ofimpdry .tonr

added s less d the electic lield beconcs u.ali.r ned rlk
tunclior The $idlhofthcdcplcrionregtun{lecrses$nh
lheincrdeinlne,mrurityconccnl,ilion l sio.frrseslhe
inrensil] of clccti. licld o€ar lhe junction. lhN. rhe

chrrrcleinics of lhc jund:on.,o bs chmlcd b! in.n$ins
or d.crcanng 1|t iDpurily .onc.fuarn)n ,\ r rlsull N €i
tubnc edidcrcdllpesol lhesemicondd..devrces.

Onlyforinfom,tion
Duc ro drc posnn e and nceariv. .hdles tocard in

rhc deFlerior Inrr, ils propcnics are similarbrh.ie of i
cqractor Ihis..t!citanc. tb r.J..ir lh. dcl)t.rit'l
laroroll NjuncrioniscrlleddcplcriorupacilrDc.{c l
orlftrsnn,. capacnancc(cr)

lmrcalinAlhe\alu.ol$eE\e6c bi.s vnkgeiDa
I Njunctiondio!e.incrcas.srhesidtholrhcdcplclion
ftg'on,resullLreinrdccrrBciD rc\Jucof thed.ptcrilrn
capacnance ((r{ I/d. shc'!. ( = c.ra.irlncc. d =
widlhof d.tl€lionrcsion )

lhrs. h\ chnneni.! rlic vahcofl[creLrrsc bi6
i.lrr-!c or rbc P N jLDdnin tlul..l|c \xhLd otrr
(dctlolion)c.pa.ilffcc c.n.l). bochin!.d ttdc. jl is
also.allod Vanctor dnrde.f !hf iable crpr!iror dode

5.6 P - N Junclion diode, torward and
reverse bias characterislics :

lh.tuhrionbctnon curenr(t)djJ \.lrrg.(v) lnrr
P \jLtrtrli.trdn c is c.llcd n\ I vchxr.drn\ icr

To sludr lbc t'Njhddr dn . !l n.rcri\lir
crFnnrentall!:so di,Icrcnl Fnll.l \!llxlcs dr rDrlicd !r
llc P \ju.crion dn)Je as sh.\yn in Fisurc (j_18) and
l'iguro (s.20). Iir bolh cinns, rhc volrtgs i'r l]fudtct \ rh rhc
dmde caD b. nrcrenscd or Jccrc.scJ \iLtr I fhconlr
..nncclcd lo lhc bllreD. uhi.h !rn bc m.r$tren \irlj r

Assho\. in Fig,(s-18).\hcn icto!1n.r.fu i,jdor'
bauory rs.o.n.clcd ro l sidc.l turcrnnr !nd rclari\.
tennlnal conncctcdbN sidcolitroch.n.$rchrconnccrion

's 
knouxs n'nvard bhs
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so lhat eletrons flce noe dimcL q in dovine ton
Niegion ro P-E8ion ed holes in noving 6on p Eeion to
N-EBion. Figure (5,19) ale shos rh€ giaph of I V
chmcteristic cwes lor revers bias. FDn lhis, n ce be
sed that, du€ ro only a few ninoriry charge canies. for a
sml value ofvolaee, givs a cons6nt electric cwnl of
nesligible value ofFA ordei. Tlis cmnt is called reves
s:rtMlion cMot Now, ifvolraBe is jncded 6od cerlain
limit drnthe cllMt incE@ Fpidt. ftis ulw ofvolbge
is qlled bM& down volrase.

Evd in ce offtN bias, ile d}Imic resnlan@
(nb) of a P-N juction diode (Ib = rcvese bis) cm be
tbud as rhe rario Etio AV/AI by tating a ninor chans€ of
vohage dd cwent n{ a panicule poinr as  V dd jI

Tn€ B@ bi6 d)teic Esislrne (db) is very leso
i.e. offieorderof-106 o. (Beause  r is oflle order ol

Figurc (5.21) shos the s)mbol ofa p Njudion. In
totmd bid condition. lhe amw poinls in the diEcrion in
$hich rh€ l,€ditional cumt nom. A ?-N jwrion is call€d
a P-N junction diode $ lhele are rwo eletrodes p stdds
for aode dd N stards fo! cathode,

5.7 P - N Junctton Diode as a Bectifier :
Most of the elecronics d€lices fld insrtuments

openle on DC poser E.g.j Radio. T.V, Cell,phones etc.
AC €rerey is available in oLr hones for househotd power
conslmFion, so n is nccessary to conven rhis Ac endg/
i o DC ener8y ro operalion ofelecrJonic deviccs.

'nre pr{gs of convcningAc cn6$/ inro DC ossy
is callcd Recdncadon. Tne ciouit shicn pedoms Uris
pr46s 

's 

etled Ecdner A P-Njuclion diode cd be used
forrhe @dicarion. Hence it is called a p Njunciion diode

Fi& 5.21

wlmtheP Njudion is in foildd bi6 condnion.
taditiohal cure.t nows in lhejucnon 6om p ro N. when
r,rie P-N junctioi is in BeM bid condnioh. rhe curEnt
flowing fiom N to P is almo$ rero. Considerins llis &cr, il
can bc uhdestood thal ifthe P Njumtion h applied AC
voltage, then dDnng a half-cycle ehen the terhinal p is
posilive. and theEfoe de P - Njucdon is in foMd bi6
conditio4 $en cuftnl will llN in tne ciEuit. No\ dunns
the nqt halfcycle, rminal P-egion beon$ nesative, de
juction $ill be roe bided. md a neslisiblc cudl wi
itow in the cieuit In this sinEtion. ifa snibble Esis.ace is
placd in dre circun, a diEl c@nt (DC.) is obrained non
illnd D.C. voltas€ is obtained across dMt resisto.

usihg P Njuncrion diode(s), D.c.lolraec (cuaeo
ce be obtainod &oh theA.C. volrasc cMent
s.7.1 tlalf wlve Rcctifier .

As shown in lieur. 5.22,lhe pdnary coil ofrhe
trdstb@er PrP? is codected io A.C. (naiit volraee
source. Tne seondary @il Sr S? ofde mstomer. one end
S I is comected ro the P leminal ofthe diode md rtF olher
end 52 is comccted ro rhe N teminal ofrhe diodc rhrousb

-:l
Fie.5,!2

As shoM in fisue (s.22), when Ac (ii!!t volrase
is applied to this elecrric€l cieuir. duing lhe fi61 halfcycle.
Sr endolthescondarycoil isposniveqirhEspect toihc
52 end, and as a resulrs tbe P-N j unclion in foN.rd bias
condirion. In sMh situadon dE conventional cL!@l ilows on
S |P-N-A B-S2- S r palh N shom ih figurc (S.22). In tbis
@ndilion, cllMt to*s nlm A ro B i. 1ne toad Esislece
RL. Thus. rhis dne rhe A end is posilive md lhe B end is
nesalive. The voltag€ across A! during rhis halt cycte is
caued odpD! D.C. vollrse, which is shown in lisnrc (S,2j).
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in,nfr!fttbilsedforbolhhalf cyclesorA C crnenr s..
$cdtecrionolcMemnovinrheloadrcsisldccrcnans
sdq thus providins tuU M\€ recdncadon.

4 /n

Duin8 tne nrsl halfcrclcofrhc A C. curcnr. rhe

P Njunctiondiodes DI anrl Dr renuin in loNardbilsas
shoM in ngurc (s.26) and cuiicnt lloNs along lnc p3th

A P Dr-S'X-Y-Q- Dr -R-B-A. Meanwbile P-Njunclion
diodcsLlrdd Dr remain inEve^ebiN

riE.5.!8

DGng11[sccondhllf'clrlcoflhc A C ourenr.lbe
P-N junctioD diodes Draod Dr rerniin,n lnRard biis as

sho*! i0 lisurt (j 2?) tud cMcnl no\rs alons r ]\JrDr Q.
Y x-s Dr' R-B-A pa$. McaNhile Ihc FN ju.dion
diodes D I d D. Emain in E\eFe hif,s The ,\ (r rtlr md
the D c .urrur.brx,ned liomthcbridgerccrincr lsnrou
,nfisurc(5.28). iirvhicll.$cD.C on(l)nI obrJne.l br D D.
md rhen DrDrliodcsin lonrr d bias onc by on.. ir nanrr

5,8 Zener diode as a vollage regulator :

Z€ncr Diodc : Erflier rve bI. sr.n tl ( \hoo r
P-N-juncliordiodc h Fyerse bi6ed. lhe curco' Jlo!ins,.
itisduelodre nnn.a! ch4ec!me. fh$.ncnr$ol rl'.
order.f pA Il rhererc6cbias klt.-!c is nc.Ncd. ll).rc
nanFidrisc iD.urcnr bclond...tunrroltx!..rhich is

callcd the bFakdorn roitare If rbe c.orcnbrln)o ol
inrpun\ io rhc dnJdo is in.rs.d. lh. r.\t6. drrc 0lrli.
ordcr olnilliampcrc can bc oblaincd ncirlhe brcikdo$!

The higherthe inturny coolcnt ot lbe diode. rhe

.rno\!errhe*idrholrhedetlei nftgol llr \vni$ ol rbc

dL'plcrio. lnt.rc.nbc ir.rcascd bJ..{lurnil llic trrplrnj
.anlenr of dE IrN junction diodc.

'llrcslnbolofaZcncrdiolcissho\n l i! s lrr 1
slnrbol ofZenerdiode issanr rs P Niuolliordnde. bul
ilsclh.de line nb.m in x Z shrtc.

I'ierrc5 l0 sho$srhech.nclcrhticof i/,cn$diod..
Tle lonrad birs chracteri$ic is snnilrr 1! rhlr ol r
c.nvcnri.nr! P Nluncrtundi.du l.rrveacbhcondih.o.
lh.!.lucolcuir.ntisverrrnall(oflhcord$olrr\) rhr
csionof lo\tvohaleless lhenht donnlolu-!.

lrcyond lh. brc.kdosD rollas. {Vz). tlir c0'turr
increasessuddeolylolheo 0rolDriLlianrl]crc.(hichis
crll€d the Zen€rcur€nt (J,)

Hererh€brejldow.. incrse.l Zcncrd dc. js\cry
shxrp ,\s c.n b.sccn f6n rh. relesebidschex.red{i.
sraph. i liryer change in curenr can be obhin.d Nhcn
r\cry snull chrnac in volhge lpplied rer rhe Lr.xld.\ n

'" j'' " 1,
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!ig.5.33

In some oflhe *micondtrdos like CalliuD aJ*nide

the cnclg] n ohained in ir for.r of Light Thc mrxrhd
wlelength ofrbc elccbma-$cic Mles have ! ]u\.lcnsth

H.rc. (E") i: rhc band gaP cnellY

h-llo s$dn.d. c= tlocit)_.fliehl inra'uum

lnordcro3nidivelytbl.iDlhe in'c.si1\ ol tltl1!hr'
riscseotirlrhrlrhe.uftb.Lofels.rsninrhc.o.duc rn

bdrd od rhc nudF ofholes i. thc valence bdd have b bc

larse. H ighly dot.d N ind P rrpc sem iconductoi d ralicn

andP-Njmc(sn G fomred

'l hc P Nrd.tion di!de n kcpl in lirirlr largc laNard
'ii.\ condnion (as shtlvd in lis 5 ]l). Due ro larye

.onccotarian of elc.ton iD rhc N regnn .nd larg'

co..crt rion.flrlcsinlhePrcgionof rcdiode..larJe

crft.n!11,^'srhrcuBh it lhc\idthof dcdefl.(ioDLesion

he\ten.lysmrlll.ftko er!f lcrv|m)bec.Ncoflaeo
dop,ng inN qt. md pryl)e AsrresuLtthcclcctron:rrc
c0siil.blc 1o cros theluncrion.nd rccombine Nirh thc

holes On(unrbiDari.nof elecltuntuthole, thecncrsrN

enrtuedindrelom.f hcatatullighr(ie.th.lor) lrordor
ro obdr emissior in lbe lnn oivi5iblo lielI P Nj undion

semrcondncror dtudos arc made of malclials Iikc galhun

rhcridc (GaAt, lallnun lhoslhide (CrP) and -qalliud_
dscnie phorphide(CaAsl') the cobriof lishemiltcd

deFcnds ullon lhe ltpe olnateial used in nakins the

semicondncto' diodes d gi\€n below

l. c.lliun-denide (GaAt infrued Ediarior'

2 (lalhnlphosphjde(OaP)redorsrecnlieht'

L C |nD Ncnnie thosphide (CaAsP)rcd olvello$

liglrr

LLDS emi no lisht sncn reveN_bi6.d bul l-FDs {nl
bodcslLoled{henrevcse b'lscd

(ll l.ED h uscd lor illuni.ation pu4ross in 
'rcry 

pl!c'

tdonesric, industial and tublic) du! to ns hisl

lunrinositt andlor possc.rBioltt.r
LLDj d $cd in hmc sier turd silTrl lighrs .1 3\ ':'
inlede.tion &d in lhc srtct lrlhls

'ltey @ usd 6 a disFlay in disilal clmks, alcuLaus

Dd dieiral mLLlrimelqs. ctc

Thcy .F dlso used as d indic.r.r in elellrical r:
.lcdFniccirnilsdddevicesroi.dicolerhc ppl] r:

Ilis uscd indieilalcaneralashe5aidlodrliglrr\
l.EDs are usd h med,ctl ctNrpmed

I asdLFDSthateDirlieihtof arinelesakl€n,lrhf,:
used in oplical libd connmicalion

o)
(6)

(7)

(8) c.lor{ul LrDsare used lordecordrions and 'nloli
LEDSthucmilinfrtcdlilhli\nolvkiblet drclli\.
e)esdrcrcforcitnusedinsFccialaDhcarionssuch:

(9) J.fnrcd LEDS d used i. $c rcmo'c ..ntol s) {.:
in I Vs,!ir.ordilione^.crc

(10) In bursllr.l.rm slste'n. it is r.d ro derecr k
pres0... of dry pe6.n pa$in! bcxv.e0 rh.n

5.10 Phoro diode:

whcn a P \ iunclion diod. h .\Ns.d !o li!:
(phoront. lndf rcveue bia. n pbdrces elcdbn Nd hr ,:

pairs Duetolh. fl o$olrhcsc chargccrni.rs.r pnrdle:

Constnclion:
'lhe consttuction of photo diode is snnih lo L!

n mial diode. I he only dillirence bsNccD lhe t*. is ti
lhere n a sau windo$ in a pholo diodc dnoush $lii.h a_.

lisbl (liholons) enlds md nrcidcnt or lhel unclotr
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\rften pholons ol lighr (ofenerey hv > E) fall ar the

junclion. clcclron hole Pairs de Cen€nted in the depletion

laler (or ned fie junction) rle elecmns md holes

prcduced nole in opposne dnecions due lojuclion ie\d
The photo generaled eleclrons move torurds n_sidc of
P N juction. The phoro Cmenled noles molc loMds p

sidc ofP-Njunction. Tney $ill be collected al lhe s_o sids
of the junclion, eirinB rhe lo emf bclween de top md
bonomnelalelectodos Ihc lalue ofdlis oflhe o'der of

o+

Fi& 5.38

The lop delal conEct acls as posidle elecftode md
bouon netal cohtacl acls as negalile electiode. A photo

clmnt 0L) dos in lbe extehal ciion *,ben it is omecled
$i1h a Esisror R. The la]!e ofthis cmnt &d pholo lollage

borhdepend on lhe i ensiryoftheliell.

Noie that sunligh is nol always requitd for a sold
ceu Any lighr wnn photon cnerer sEalsthd rne bed eap
* ill .lso pmduce pholo voltage

Thc sol& ceus can be conn*ted
comrecliontoobhin fie desned lzlue
curEnr such e arrogencnr is called

I Sold cells are usd lor chtrging
day rine, which can supply the

2 The sold cells aF aho Ned in anificial
opedte lhe ldious clectical insllmml!

L They ae upd for gen€raline eleclrical €ndEI .
wkhg iood md pmping wier
Sold €lls de ued h elculatos. Mn s
liehr nets (in pholosraphY).

5. Solx (ells are usd to proddcc elsi.
remoGaRas, sherepoNer from theclctft
slpplt is nol alailablc.

6 Solar cells re sed lo poNei ftmc sisN

Tn@ e sone qBlioN $nicn have a$\s i
)es or no As for.tdmplcdc ansser i! rhe q

-shelhq trsrllrdnronoNworDUr' i\cirher\6

Ar lrish @thenaticia. Ceorge Boole d.
D@ld algebn b€scd on tbe $imce oflogic md a

Shmon develop€d eleclrical circuit b6od o. the

algebm which @ knoM as logic ciEuils.

S$rrclnns a on bls ple in such J losic ciEil
theF is a presmce ofouqut volase, lhen n is slid b bi
dre ON posnion or stale 'l'. If lhe lohaee at $c onq-a
zeothenitissaidtob€intneOFFshrcot 0'state.I!d
! ci(uit the ourpul \oltage hd onlyrwo stales hene d.
ciicuit Nd the bindy nmbs rynen.

Ifyou look at dpfineN or osiuato]n lhe inpul iel
used is a continuous, time-varlins curefl or voltage Tb
sigtuh can rake any vslue berween lhc mininum aid t:
mdihm lslue of volt ge or cuftnl. These sisnals -
Conlinuo6 or Anrloeue Sie.ds. Ttey look like N \hoN -
!ig,539,Thesesjgalse*lledAmlogsignah.

E

ris.5,39

No$i it isposiblenr bave d inpur signnl wi& dncrcte

r€lB ofvolage. Or io sinplc mds. m input sienal rnich
pFvides Letl 0 or Llcl I volt ge. nr* signals re Digid
Signalsi efdio the dia8@ beloF:
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Inthis lable the ON slarc is Iatcn as I dd offsble
s ndiaGd a 0 . \!e can descibe lle clmcleristics ofdrc
OREare b6ed onrhe above ruln rlble \\i€ne!er any one

,nputorbothlhe pusm I ,then$egerodltur_l i

).-. "

lrulh Table for OR Glte

0 0

1

I 0

L

Boolcan cqualio. : Y=A rB flere. drc +'sien
docs nor indicate tie sig. ofadnnioh but ir nrdicates thc OR
oFeiarorTheaboleequadonnredennloss:'Yisequal

Thesynbolorthe OR satc is sho{n i. fi9urc5,42,

Tne ngure 5,.13 sho\s lhc cncuit conhiding rhe bulb
ind lhe ts! swilches A dd B to iuustrate tle $orking ofm
AND saE Hcrc, the No switcbes A drd B de .onn.cted
nr series wnh lhe bulb. Therefore, rihen any onc of rhe

$rtchos *ill be oll curent $.lll nor loN nr tne cncuit dd
bulb \iil rcnain OFF \r4len bodr s$ichcs s ill be ON dren

f
Fig, 5,11

Table 2 indicales tle posilion of lhc switch md ns

coresF.ndine srare oflhe bulb. Ihe rurh rable oflhe a\D
circuil c& be prcparcd non dis table rs aolloss

T.ble 2

Bulb

OFF

OFF

ON

Tnlt T.bk ror AND Crt.
B

0

0 I
I 0

1 1 I
F@n lhe trulh tabl., nD.rion oftheAND Satc cs tc

Tne ourpu oftEAND sare is 
.1.ody ifall th! i4u!

ee I . Forall othdcondilionsof theinplqn"0'-

Tle Boolea equalionn Civei asY= A.B.
HeF' nknotrndANDopeBlorThccquation

read as Yh equal toA AND B-.

The slmbol oflhe AND ga€ is shoM in figu re 5,44.

FiC,5,44
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A NOR Carc k a ombinarion ofOR Cate and \OT Galc It is called NOR a N slrnds for NOT' h6ing a r-OT
ORCaG FdlqoormoEirputs.lhcoutpulis 0 shene!{dyoneinpulis'l .wluewraIdchputs@ 0.theourpDt

As shoNn h ligue 5.49lhe ourpr ofthe OR gxte is Civo d inlut ro the NOT g.te. Tbe Booled cxpr.sion lor
rhe NOR gaie h sivcn as forlows.

Boole.n Equrrion : y = fi-
Thh equalion isread as i - Yisequal toNOTAorB."
The ciEuil 'liasm ofihe NoR gare and its symbol G shoM in ngue s 49 . The bubble on lhe OR sate indiatcs

lhat lhe ourpur ofrhe oR sale sets invcned. The rruth kble ofrhe NoR gate is sno\ n in lable 5.

.1, \.
J Fts. Y._L,,/

FiB.5,49

Talrle 5
Tnth Table for NOR Grte

B. A+ B \= A+ B-

0 I

I
I 0

NOT gare using only NAND calc :

Th. nC@ shos two Mys in which a NAND gate

cd be usd 6 d inven{ NoT sate).

1. AU NAND inpul pins comect to the input signal A

A hiresal garc is a C'le rhichcd inpl.henloy
Boohe nacdon sithour need lo use my other eate \T€. Il
delns lhat all orber gales cfl be created lron it. The
NA\D dd NOR sarcs de universal sarcs. ln pnctice, rhis
is ld$laeeos sir€NAliD and NOR Cares c mnonic.l
&d e6is ro fabricale ,nd are the basic eares used in atl IC

NAND Gare is a Udv€rsal clre . To prove rhat
any gares cm b€ creared usins only NAND cares. lve wil
shoR rhat lhe A\D, OR. dd NOT gates cm be realed

2.

o i- m.r
-I++

One N,{ND input pin is connecrd to the inpur siCral
A $hile all ode! inpul pins dc comecred ro losic 1

' --1

AND gare sins only NA\D Ggres

Ab AND gat€ cm bc Fated by NAND
shoM in lhe figuE. Eer€ ourpu of NAND
comected as nput ro a NAND sate invene.

---
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Special gates or derived de nade for specinc
tpplica{ions $ch 6 halfaddeN. tuil oddeN, dd $bbdoN.
nrere m llrc dedled logic lates mde fton oR sd NoR

XOR Care (Elclusive OR, EX-OR Crtc):
XOR gate is coNtxcted by conbining ft O& AND

mdNOTCatea shoq inFis. fte BolmdpNionfc
lhe XOR gale is giv€h a follow :

Thus, lhe NOR Cale is a uiveGal gate bi.asAND,
OR dd NOT gales co be created by NOR gate.

The cieun diagm ofiie XOR sate ed its s)mbol is

Y= A.D+ A B=A OB

shoMin nCG. The erh bble of rhe XOn rarc i\ (hos:

B

Input

Table 6

ff-[ T -1"-"
B AB A E It B y=A.E+,4-.8= AOB

0 0 0 0 0

0 0 0 I

0 0 0

0 0 0

Tle chedeiistic olthe XOR eate cd be given s foltors :

The output is'I'whmevd orny one inpur is L WIen bolh inplts e eq@1. eirhq ,O' or.,l.,the odpur is cqut ro
'0.

For nore rhm 2 Intut XOR Catc, dre charsct€ristic ofihe XOR gate ce be siven 6 tbllows :

lteoutpulisI,$heneverlheoddnMberofinputsisI.Andwhcnnoneo!€venrbenunberofinpulshI,the

Tn€ trulh rable ofthe 3 inpurs xoR gate is show in table 7.

t
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5.13 Aooban Algebra:
Boolemllgebnisabr&chof alEcbnrhatinlotvcs

vt.rbles ral halelvopossible values:truc(t) and fatse
(0). llnahocalledBinar_\Alecbra.rlogicalAlgcbn Itn
thc tbmdalion of digilil losic desien dd is {idely used in
computcr *'e.ce. elcctical enginering dd Dalhemaacs

tsNicBoolcan Opcrutions :

The basic Boolean openlions arc explaincd beto$

The AND otsaltur h dcnored by a dor ( ). ri eruns
lruco.lyif bothrdiableslrelruc (tl.

Sunrnarl of l,uAicC.ks :

fhe ORopcrarion isdcnot.d b) ! pLrFsi{D {+l Ir
Ftuns tre {l) ifat hanorc ot'hc oFerrnds is rrc (1)

nrR-B+]\
3, \OT ODenrion (NcUrtion) :

TheNO,f oFrarion isdcnorcdbraD o\c. line ( 
^ 

I

it nrved! rhe laluc of rhe opemnd.

Sonrc propcrlici of Doolc.r algrbrr,

lnlheDmlcxnAlgebra.\rhxveideDril cLrDenNiirr
both AN D a) lnd OR (+) opcr.tions The idcnl ity ta\f lart
lhat D tsoolern aleebra we have ch variablcs rhl or
operahg rvirh AND ard ORoperIioD re gcl ft srnr

Theoutputoilhc.\\D gar is I onlyif.llrlr
Dp$de l Forlllolhcrcodirionsotuh.i.rtr'.

\ heneveranroDe inpmornllrhe inpr{s aE 1'

rhcnrc gerourpur LAnd shcnall rhearpuls
are 0 then \fc 8cr orrrut 0 .

NOT $'nenevcr anr" one inputorall rhc inturs are I
rhen \€seloulput l.A.d\vhenall rc inps
!E ()rlhcn sc gel ollput 0.

NA\D
'lhooulputheqMl ro l shen m! one intul is
cqual lo 0 andtlrcoutaulrsequaltu 0. *hen atL

NOR The outpul is 0 $heneleraryone inpul is l'
wlrcneleralllheinpuhm 0_lheolrpur isequal

xoR lhe orlpul is I {hcnever the odd nu'nher ot
inpulsis I Ard{ncnnoncor$enthc nMihcrot'
rnptuss l, rheoutpur is 0.

INIOR \\hen odd inpuh !@ 1.lhc ourpu \tttbe 0i
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IIcncc. Deltloreank
\AND !!1e k cquivalent
Iirllo$ing tuth lable slDss

second ra$ poves ihal t'c
lo a bubbled OR gxre The

EXERCISE

2

1.

5

Explain : (1)co.dudos.(2)'nsukro^,(l)rnrinsic

\liite|{lroicc.nlismtian of silion(si).
Explain lhe concepl ofHall in a sniconducror
Explajn Rith dirg@r ho{ cidro6 md holes onducl
elediicitv i. purc or inrrinsic setoiconducro6
How de N-tlp: seniconduclos prep@d ? $no ae
lhc n'a.juny ch,rge carie$ in rnis lype of

Wrirc a shon n.le on Pr)Te senico.ducto.
$irilc InL.poinh 01diilcfcncc be[rcen p-qpe anl

Explain lhc elecrrical condncri.n in inrinsic
semcotutuclor{nhrhehclpofbdddidsmn
Erplanr cnergy btud diagram lbr insulalors dd

Drarv and explain lhe cn$ey band diagDnot N,
q !e scnrico.ductor Jnr 0 K tcnpeErue and roon

B E [+ B

0 0

0 I

0

t0 :i

t7

)2

lr

t5.

:0.

Draw dd erplain lhc band diagran for a prrpe
semconducror 31 0 K rempcmutu rnd Fonl

wlal is a P-Njucti.n diode ? Explain rie dillirsion
pFccs bring plce nctrdejMdion duing lomarioi
of lhejuncrio. ls rhisproccssco.hnuous?

Explain fi c dctlclion layd and derlehon bdicr.la
P Njunctiondiode * ilh neccssa4 diagam

Dr,N ihc cirflrn dilsmn ro obriro rbnqrd bias
chara.Grndcs of a P N unclion and di\ctrs dr
losard bi6 char.d$nli.s olil.
Dmrach,ructeristic ofbRlard biaserath lora p-

\_iucliondiode iloicanficdynamicrcishceof
rhc diode be found arom thh t
Dnv the elccri.ll cncun diaero lo obkin lhe
Evc^e bias chancre.sric for a P-N juncrion diode
anddiscu$ irsF!c6c biischan.rcl.c oaph.
wlile four Finls ofdin:erence bctsron li,s,tud bia
and Fvesc bias characrerisrics of P N juclion

$'hd isredincrdon and reclr lier ?   P Njunction
dlodc cr. beuscd!s ar..rific. fxplain n inbLi.f
based on druropdc discussioD.

DNthecncuitofldl\rivcrc.riierand.rtta ns
\olliDg Also dra$ rhc irpur !oh4e and orrpur
!.llase $a\€aoms foilhir cncoir

tjsins r$o diole dnN $e etectric .idn offtl *a!e
rccrifier Thsugh rhk cinuil explain ho*,lhe roll{e
ar lhe output h lound duiDe bolh hatf{l cles ofdrc a c

wilethree poin6ol diifcrci.ebeh\ccn hrlf \r\c
rddfis ed inl mle recrificr

ExplahInervo ingolaOltg,re.Civcrh.srDbol.
Boolearexprcssionand truthhbteolaOR glte
E\phin the *lrinng ol a,{ND g,re cilc ln. srnb.t.
Boolcln extiession tud rurh kbte ot.r\ND gar.
[xphin thc N nre ol a NAND gar cive lh.
synbol. Boolcrn cxprcssion and lrurtr tablc (1.;

ErplainrheuorkingotaNoRsare Cird r.srhhr.
Boolean cxpression and rruthbbteofa \ORlarc

2t.

11.

21.
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