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Ssilico

electon momtmtis always opposite to the bole hole 
mome rt 
election mornent is great thar) ole rnornent. 

Based ôn the concd uction Solids qve claeS/tiecd ib 

insulatoTS, Serniconductors and conductors. in a 

metal. 

Valence Band 

A band which is occupied by valence electrong 

is called Valence Bard. 

Conduction Banc: 

The Bancd occupies by free electrons are calle d aa 

Conduction Band. his Band my be empty Or 

partially led. 

Forbicdden Energy ap: 
The Seperation betuween Valence band and Conductic 

band is Knouon For bidden Ehergy 9ap. 
Iulatbr: 

AVexy poo Conductor of electouicity is Calle d an 

ulato 

plastic, Rubb&,woood elc 



iden gap 1s den gap iS Veuyarge ana 

-the Concentration of -free electrons is Small

Co per Cubic meto), Ehergy gap is more than 3ev. 

Con duchion Band 

large-forbidden Energy 3ev. 
9ap 

Lnsulators. 

Conductors: 

SubstanCes that concluct elecdoicity ef fictenrtly are 

Known Qs electsaic Conductors. con centraticn of 

free electbons (to pe tubfc metoa) hat are free to 

move tho ug hout the materfal 

C Silvo, copp, Iron gold etc. 

lectrons> holes

Conductors 

Semi-ConductorS

For biclden gap is about 1ev, the Soli s Calleda

Serniconductor. frec eletrons lies blw those of 

Conduclers and JTnsulators (1oper cubic metex).

CTCphite, 6ietmaníum, Silicon. 

ap -foy Duse Silicon is ")Jev and or qerma 

hi o72 oy" atco m temperature. 

of a Semicon duct decrease cwith TQUSe 



in temperature. 

Holes occur only în Valene band.

fn Con 
duction

band 

tree ele chrons occur only fn 
Conduction 

band 

clependin9 upon th concentration of elections ano 

hol, the Semicondu ctors are classiticd intw 2 typu 

Intains ic (i) Extrinsic 
Semtconductors. 

Intr insic Semiconductor: 

ABo Knouwn a pure Serniconcductors, 
without any 

fmpurities tn them are called as rtrinsic Sem 

ConductOTS. 

Ea pure qermanium (4A group)o- ev) 

puTe Stlicen (Iy Agro up) .lev)

at 'o Kelvin, 6iermanium energY gap 6:785èv 

STlCon energy gap 21 ev. 

*Valence band is cCompletely fillec with electrony 

and Con duction band in .empty 

An Trntrinsic Semiconclu.ctor at 'o' kelvin behaves ad 

insulator. 

Absence of electrons in valence band cause hoks CaLue ho les 

in Valence band 

ce CB ce c 
VB VB T Vs. 

b) CC) 

*N. 0f tree electro ns is equal to no of boles n 



Electio ns move 

*holes rnove in appoSite direction towa ds -ve termin

I hole tLcanent
Ikole = ednentDhele = J electroo 

pes Motio of hole in the Valence band fs called 

a hole CUTTent 

Extrinsic Semiconductors: 

When Small quantities of Impuri'hcs Qre added 

to an int ainsic Semfcon ductor, an extrinsfc Semi 

Condu ctor ts tormed. hen the Semtcon ducbr 's 

doped. fmpurities ln 

doping:the process of inthoducing frnpurfties ln 

Small quanites into a material (s calleo odopfng

extrinsi c 

depen oing cuponthe type of impurity, Semicon 

dutor fs of two types.

p-type Ci) T-type. 
ad 

P-type 

nles tivalent impuTity (Such as aalllum ( Gna), In dium CIn). 

Aluminium (A!), BoTon (B), etc.. 

6aliurn (z = 31). ofth 28 inner Shell e and 3 valence 

electrons AT 3d 4 4p 
uvalent impurities aTe acceptors. 

Tn p-type bales are the majority Care,and 
n 

e lect3on3 aTe minority COTfes. 



A p-type-p-type Sernfconductor îs -foTsncdwhen

uantity of acce prtor fmpu ri ty fs acelecdtt 
puTE Sermfconductor." 

Ge 
hel 

() 

n-type Semfconductors 

pentavalent fmpurity (such as Arsenic CAD, Antimony 

(sb), ph asphorows(P), etc 

phosphorus (z =15) with Jo inne Shelleanadl 5 

Valence e 

donarS. pentavalenrt irnpurities are 

e.G -(6e). 

An-type Semi cond actos isorme ohcn a 

Small uanity of donar is added to a pare 

Semiconductor 

Electrons ane the majority caries and holes
minorî hy eaic3. 



lhere avt thee wuuys to excite the 

(i By temperature 

(ii) By givying
dc Supply

CiD By light sourCe

pair is 

*qereratlon: 
oformation Of electron hole pair is 

Called caTric qenerathon, 

Kecombination : 
disappcare ne Of electron 

and bolk 

and it emib Some amcunt ct energy. 

i tempercrture (phonons). 

Ci1) light (in terms of photons) 

the diccle which yelease energy in the torm of 

temperature is phonons

he diodle ohích release ener9y in thetorm of 

light is phttons

CB (CN State 
N electu 

Forbrdden gap 
6N 3P

3S 

C2N State)
Ne

When two atom3 are 

Come coseY then onc atom distancc

wil infFluena the 0the.atom. 

At Som: point all States will Tnerge and to Ym. 

Conotctidn band and valan ce baod an 



bond In 8ilicon atom e have AN States in valence

and GnS tates in con duction Ban d at 3ome poin)

thy merge and foTm 8N States, 4N States in C. thy 
in C.B 

and 4.N States in vB. 

1212 19 Eleet of mobility VerSus mpuyity 
*mobi lity will decrease due to impuri ties 

effect of mobility Verses. temperatur 

Jp If oe fncrease the termperature,

effect. of the împuíies on ewill

Impueihy dstng
de creas t3. 

to 

IF tempera ture is less than 

TOom temperature, mobtlhy 
ott increaae

MdT 

TP emperaitiirs fs qreat than 
OOmtermpera ture, mobuty 

w? de crease8.
Te 

(roon t ernperature) 

i Impurity Scattering atttce pofn Ts 
ci) Lathce Scattc ring. 

. mobtlity. The degret Of freenesS. Hoco much rt 

electron, Can move. 

= Ve 
E 

unib: cm/v-sec ) 

mav-Sec 

. DAtft Velocity: 

when an 
electron collioc with atom the elecbon 

0 move away trom he actual path, it is callo 

V 
Vmax+ Vmin 



iift velti t 
tutal iS7ane

n0of collisfons 

3Mean u pafh:

Ihe distance betwetn tuo SurceISive collisions is 

ealled me an fre path. T - cduratrrn OF journcye 

no of colli'stons 

4 e laxaion time 

he time taken betwetn wo Success/ve 
ttlfS: ons 

is callecd Relaxahon tirne. 

Lnery band is qreal than 6ev tsulaor 

Y1 Enercqy band s equal to 1ev 
Semiconductoprs 

Energy
levols n CB and v6 he roultiplus OF 

Energ4

) Elemental SerniconoMctrs; 

S Si, 6e, Sraphite 
having only One elernent. 

hese Te lease energy 
inteyms of terope ra ture. 

(i) Comp0ut Semiconcut tors: 

Sg 61a,As, Ga P, 6ia n P-Direct Band gap Serni.C 

hese 
Semiconcluctors Ye lease energy 

oterms 0f 

ight 
tmixing of 34 group elerme nt with v group elument.

phoro 

VB 

cmntal Semicon duc tors 

Cornpound Sernicondur to 

birect 8 6S 



3oP Jn elemental Semiconcductovs. d indirect band 9a 

th In compound seiconcduc tors direc band gap is 4 

192] Classi-ficafton of Semiconduc tvrs:

1) classification of Serniconduc tors fs based m mo.ot 

electrons and holes. 

1 Intrinste 

0 four covalent bonds are formned in 1 

C No. 0f electrons in Conducion band ant is equal 

to no.of holes în Valen te band 

CF17 f we supply heat below oom ternp. there oil be 
mo cUTrent Floo in the 

a) Extrinsic 

) here no. of e ts nob equal to no, of holes. 

i1) TP we Supp ly heaf below room tempthose uwfll 

be cuTIent f lo w. 

Cii) ConducHon Is high tn Extrinsic Semicon odu c td1s 

(i) h-typt : 

* In -type eare majduty Carric S and holes 

are inority ca rniers 

donar level ig foTmedin n-type due to trec e 

X xxx x CB 
Donal 

levelSi&PE Six 

phosphovus, ArSenic, fntimony 



¥hole formaton 1s ocur wher cova lently bonded at 

are break. o impuaitfes 

dono atorm fhL e 

ci) p-type: Ga , AP 

GB 

0-00 0-0 'entrgyacceptor

oo oo V.B level

x Six 
X 

* trivalent impu He3 are adde d to Jntrinaic to 
1 

form p-type 

* Here holes are the ma'outy Ca rie rs. 

1 free hole is there în p-type ond t torsná e nerq 

le vel that is accept8 energy level 

*When we give Suftictert enerqy to hols thuy 

move to uwards thu valence band.

hole (fred (mobie) 

accepto impurity Cinmobr le xharge 
Caaica



Soma *When e" move Qround the mucle us it CAperrenu, c 

force
ov Ce oD eharqdue to electric fie ld there will be a torce on chav 

CaYriers. 

F 9E 0 

F ma ( 

Cue to Some collis ions mass of e is changed and 

hat ma5s is Knouwn as "effective mass of e 

Tma= 9.8 xioKaa= Vd 

Vd drift ve locity
t Relax ation tine 

F =mVd 
Vo lume. 

cha1qe lensity (,P) ne 

n0. 0f e 

e change of the electron 
dq-Pov
dq= PAc Va=dx
do PA Vaolt 

cdx-Vadt 
d =(P) (A) (Va) 

I (P)(A)(V.) 

J = PVd 

CTent e nsity (T) = me(at)



net 

he e' 

gar arn re gener d 

4 cbtlhy c ee cinddw
o6 &oied

fr pe t hme 

pe1 futt 

ucti y 
he isitv



t T 3 0OK n l0on l" = = 0 ne 

T: 600k n 10on t = 5ne 
20 

Whether it is a Conducti and Semicondu ctö', whe nn 
We incease temEYature. abovt room temperature th 

mebi lity wi) decrea Se. 

Tor Intrinsit Semicun du ctor comductivity. 

inbinsic= nel zln +Up) 

Up mnobilty of holts n ma9-0+ free-e Concun 

mobiity of electCns p-maj.
of holE8 .contan.

6 Condu chivity,. 

6 eatrins ic = ne n +pe up 

Ftum level 
Tntrinsic Semiconductor:

*Fermi evel is in the b micklle of the VB % CB 

* No 0f e = No Of holes.

Tf we increast the temP in 

CB Intrinsic SemiC. Fermi level is 

foTmed at the middle of v 
' and CB. 

V.8 

Extrinsic Semicon ducthi-
n-type SemiComducto 

depending upan the dopíng comun 

tration fermi level is formed

* H we increase temperature in 

V V (n-type. level will came at the midde 
T-type Semi- Conductor. fermi 



Extinsic Semie nau 

Semiconduct8, 1f we 
increase tempevature 

P-type
Semicandi ttb 

C-B 

EF 

V.B 

P-type)

300°K

JntrinSic E utrinsic

=neu 

mobillty decreases after roorrm temp. and com duu ctivity 

also decreases. no of e docs mot effect the 'mobtlity 

of e. 

But at Some point of time mo of e dominctde the 

mobility of e 



Fermi- Dirac Distribu tton function. 

ftE). unik: No unia E-EL KT 

fE): The probabiu'ty of finding an e in an enu97
level E. (Some entrgy states).

k Bottzmann Constant |188xio2 a 
K 

TTemperature. ("K) 
EeFermi energt level (ev) 

When enerqy level is equal to fermi' eneigy level

then the pro babii ty of fin dng an electon s 

50. at whatevea the temptrature. 

)f(E)- (for E-Ep) 
ci) at T0 

EE f we increase the temp 

f(E) = 

1+ 
1 0 of findng an e inareascs8. 

wherCE E)sthe pro beabiity

an oCcupie d quantum Staté 0 

energy gTeata than Ep atabs alul Cii) at T=0 
Zend EEf 

fCE) 40 
Ite 

Graphis *1f we nc rease the tempera tue when ELEG the 

probabii ty of an e decreasts 

The ky epresenu the enerqy State with 501 probabh 

of being Aled il no tibidderv band eris . 

* (LE): pll guanurm 
uveb with energics less than E 

(9E for EE 
will be axcupit d at T=0k *Pe for E Ef 



Giraph: Enev9y verst5 probabru9 

PLE 
T-oK 

T3uok
T= 250o'

0-8 
5 0-6 T-600'k

T-300k

0-2 

--04 -020 02 06 1.0 

E-Ep,evEEf E 

At T 300 K J.0 

TE250

T-300KU E=Ef pCE)=0.5 
O-84 

CiE> Ef f(E)= 0 To O.2 

iin) E Ef f(E) =decreases. -0 2 
-0.2 

At 600R 
0.6 

d E=Ef f(E) = 0:5 
0-2 0-4 06 0-8 1.0 

FCE) 

(i) E Ef 
(in ELE deceascs 

6ira ph: pmbablity verscs Enevgy

E 
CB 

holt 
V.B 

1fE) 

*when an applted ene rgy ts qreatea the E ther 

he robabflity of inding an election in conduction 

band. E>Ef) 

When an applied enevgy is less tham Ee then 

he prohobiüty of tinding n e in YalenCe band 



Intinsic p-type 9-type

By quantum mechanics 

t)NCE) = 2me)E-Ec Cin conduchion band)
NIE) 

The no.o0f density states per Eath energy pe unit 

Volume.

wnib o.f density states

E Cm 

3lCi NE) = 4 (2mh)EF (in Valence band). 

Ec enerqy of Canduction band 

Ev energy of valente band. 

n0 Of electron 
m en 

f) N(E) dE 

Ee 

1 3 
(2me)E-Ee dE. 

3 
4(2me) CE-Ec) dE 



. e 
E (1-t 

(a h 
A (2me)

= E-Ec 

KT 

NE (da) kT 

Ef-Ec
a. ekr e(x (xT) utKT)

a. . eKT. (KT) 32 e- dx 

E-Ec () 

(Er-E)
Ne e KT 

n a:(KT)e KT 

Ne 2 an me R) = 4:1x18" (me T)m3 m me KTI 3/2 

'4 82x10(me 31aT3l mr 
= mo of e in Conduction banol

No of holes in Vatene band; 

P NCE) (1-4(E) dE. 

P 
E 

(am}) ,.) ( EE 
3P 

Jhsam) EE) /14 - 
1t,E)dE 

P 
dE 



4T m Ja, / 
1,En/de

KT 

T 
P-(m, | (Ey-E)V dE 

p- a. e |(E,-E)Y.e kr dE 

Ev -E =. E="Ey-x. dE=-dx

a. el K .eT d 

alKT d P aeKT RTdx 

P a. e (E T m 
Hence, p= (2ma) T(KT) 
P /2n, KT) E 

h 
Ny+8 I(rohT) 3)>Ne=43Rxo (me T) 3 

In amaterial free electvons have mobility of 1000 

cm/v-sec and mn = O.25m, if themal Velocity of 

electrons is 1o7 cm/sec then calulate mean frel hme 

and mean free path. 

3o 9iven 
Al=1000 Cm*/V-Sec Va -10'm |sec 

mn - 0.25 m O.25x a.1x10-3 &.2 15x103 k 

Al= eT 
rnn 

Te n 
e 

Te 000x 2.215x1oS 
1-602xlo-19 

Te 402 x10 Sec 



-Vax T 
dE = 101x t404 xI0 

1-O.0144 Cm 

a An e lectric fie ld of 1o V/¢m mo ves an ea ditance of 

acm in loau Sec .What is the mobility of e 

Va- UE 
M = Va 

E 

Since 

l= Va x Te 

V4 2 = 20000 0 
ioxi0 

l= Vd=axioS
E 0D0000

10 
.1) 

M= ax10+ cmv-sec
yof1000
e locity o 

on frri time 

ACopper uwire of diametes imm and length is 200 m a 

a resistance of 0if concentration of free elect ron 

in a coppes s 84 XI0per m3 ano á Current of 24. is 25 

passing through the wire. Then calculat conductivity 

mobility of free electrons and dhift velocity. 

Sol d-imm = Ix 10m 

= 300m 

R = 10 2 

I 2A 

=8.4 XI0°/m 

) conductvíity 6, R=-P 
A 

A =T7(0.5x03 
A = T.35X 10m2 



3 
P10x 7.85XI0" 

300 

6- 

3.9 Xin v 
(i) mebility of fre electroná 

ne 

= 3.8xI0

8.4Xi28x 1.6x1o19

.82,xI0 mV-sec.

Cti Drift Velocity (V4) 
V- ME 
Va-8 2M06)

(0 Tne Va 
VA 

ne 

Vs B2x103xR Vat= 
A ne L 

V = 82 X103 x2x lo Va- 
T.85x10'x8.4x10 300 

Vd 1-88 Y 10 msec .6 X1o-14.

Va-1-88x10 mse 
In a metal fermt ener9y is E =8-8x1o1 T and Mn 0.0 2 cm . The velocity of -lastest moving atzero 
deqee Ke luin. 

nven, 
E=8.8 X iD9. 

mn 002 Cm. 
Ve 3.19 xo4 

V=2E 
mn



EfSec of klect it tjeld m Velo ty 

Va-E 
VadE 
U) TP Smaller electric helod is applicd i.e (21o vkm) 

Va is intreases Linenly o.1.t applied tield

Vd&E 
ti) mo de vate electric field (1o E 210") 

Vd increa ses Sublinenly. 

When electric fie ld ineveases drif veloctty (Va) 

intrt ascs then no.of ollirslons încTeasea the mean 

free hime decreasts So it leads tu decrease in 

mobili ty 

ET- Va ?- no of collision8 T-- T 

E L 

i- KE VAKE 

Va-E= KIE 
D lavge elec tie fheld (>Iot v/em) 

VadE 
Vd 

u 

o j0 



3 l19 k, verse drift velocity EveYSuS Mobiltty

VA 
JudE 

110 E 04 

*oheneves the E is urto 10 theve is lineas inCYease

in the rift veloeity
E02 E 410 VaE 

Here in this reqion tlrift velocituy incye@sts 
Sublineonluy 

VdE 
Gi) E 10<E:

mobility ckcreascs 



Onila o N. &N 

g). sh 
Se c) 

3/2 Sec3 
Jsec 

Sec m3 

Law of mass Action:

(n) (P)(Nee)e 
A-Ec-+Ey-E =Ne Nc Ny e =p-ni=no. of 

Cm 

KT 

1 = N Nve Ey-Ec 

2 

Ne Nye K 

KT 

NNe R iT 

In E9 

ln T E 
NeNy KT 

Eg = kT /NNy 
m12 

ni T3E3./akKT A = (482x lo21)e 



When voltage is applitd a constant chift velecttya 
A comducti matertal has eleetron lensity of I 

5x I0mlsec. is gained by the elettrons if' he p 

Sectonal arca of materals is Lcm. Find the magn 

he 

of current!

So67ven,
T I0eI3 
Vd: 1.5x10 ml9ec 

A = 1tm 1xI0A m 

I = ne Vd A 

T = (1024) (1-600-19) (1 5xI-2) (1 x10+). 

PRhe following ciata is qiven -for.a conductov -Fermlenerqy 
wil be equal to 5.5ev, Mobility of e is equal to 

4.04 X Io m/v.se C., No of concluctian e/m3 is equad 
to 5.8x10 find 

) Re laxattm time 

Ci) Rests ivity of thu conducld 

Ciy Velocity ot cwith -kirol ene rgy 

Sol Ef= 5.6e 5-8x 108 

=7-04 X10 m|V.sec 

umet 
LUm 
e 

(i1) 5=ne 

5,81028) (14xI0)(TC4x103) 
t 104 xi0x 9.1XIc3 1522 7 m 

16xIO-9 

LCXI Sec 
Ci) 6xI0-1x5 5 = x9.1xI0Sy 

V 1390T06-991 m s 



on NE) f (E)rNE

dnnoof concduction e"pe cubic mete èneigy ues 

betweenE and E+dE 

NCE)= 

f(E)= 
Itelk-4)kr] 

At room tempeiettuTe, 
KT= 0.03ev. 

fE) 0 (E-Ef >>o.03) 

fE)=1 (E-Ef 420-03 

Fermi level lis h the re gi on f the ent1gy gap midwoy 

betwten the valene ond Conduch'on ban cds. 

g For a parbicu lar Semicenducto, the effective mass ofe is 

m l4m 1f E-Ep = 0.25 eV, determine the effective 

iensty of States In the conducton band ancl Concen- 

trab'on of e in the Stroiconduct8 at -300'k 

N n my, KT] 3/2 Sol7iven, 
mna4m KTh 

Ec-Ef = 0-25ev 
21X 1.4 X 9-1 XD 8.62xi05 

N-9 300°R x 1.6x1D-19c 

T-300'k (G626x1634 F Sec)* 
Ne 415x105m3. 

Concent ia ion of e in thi Seml cuncuc t 

O.2 

(4-15 x 10) eo6 
2.6Tx Im3 



*(6) At T= 400* 

Ne =22n 
()4x)-9xIo3)x (8.62xlex 400 X -6x1019} 

6-626x104) 
Ne a 

Ne- 6:38 x)0m 

Concentrath on Of e at T=400 

(6.38x 105) D951/ 

4) X)o2 m* 

the concentratom ofe and effchve clen4ity of Statu 

in a Serniconolucto are increase d with the îmC reas n 

temperature, 

he Fermi kevel in an Intrinsic Semicom ducto 

LiPr 
(E-EF)|kT)= = Ny Ef-Ev)]|kT F-(Ef-Ev)JF 

Ne 

1n N -Ep +Ev + Ec-tr

KT N KT 

In Ne - Et tEyt EcEf 
Ny KT 

Ey+Ec-2E
K 

In 

Er EeEy-t»() 
Ne =Ny 

E Ec tEy 

T 0' Hence the termi enery evel ie the entu 

of the forbtadden energy band,



The effettive masS es ell 

are mn- 0.55m and mp = 0:37 m respeetively.Find th 

intrsic

positHon of the Fe mí level in qermanium ad 300'k 

Sol mn = 0.55m 

mp- 0:31m 

N = 2ima KTj 3/2 
h 

a217X .5 1.60x t19) 
6 x1O 

kf +EV 

2 
k mid oop 

3 
Lf-Enitdgap In/ 

-3RT 

x0-054 ev 055 
+ 0.31 

-7:7 xev 
ferni leve l is locat od of 1 7 XIev 

In TntrinSic Senmi Comcuc tor Er lies in the miolol le of the 

eneugy 9ap, in cicating eqlal Concentrations.of free e 

and holes.

1fa donas type. acleved to iotrinsia Sem ictn oduct i,ata 

given temp. and a3suning all donan ottma Qne ionizec, 

the -fist No States in the conduction bond will be fille d. 

Htnce it will be more difficult for the e fon the 

Vlence hand to bridge the cneigY 9p by thermal 

agitation. Consequtntly no- of e hoiu paly therma lly. 



generatead dor -that tempercdure will be. re duca,

Since the Ferm lévd s a measure Cf the pubabi

Of OccuypanCy 
of the allowec energy

Stats, it fsck 

hat Ep.must move clases to th. Condu cti on bcnd th 

tre 

indica Vhat many 
of energy 

Stute. in that band 

tille d by the donoy elecdon8, Cnd fewa holes eust n 

The val erce band. This is n-type mat adal.

AsFemp. In CTeases. of eithu n-type. Or p-type.motid

incyeasts,the feymi levd moves tooahdthe centre of 

the energy 9ap 

3uln19 
)6ive Re 13x 10-8 nm,averaqe tine of colision e 

42x10l4 Sec.colulate no- of e per unit volume, alo 

ftnd mobility of e 
Sol R-11310 nm 57 5.1 x10 m 

T a4210 Sec 
U=9 

M= et 
m 

m 
eT 0.84x x 101 m3 

= 19x10-1xa-42xl0-4 
-42610 m?/v.sec 

9.1103

unih 

mobi lity m|vsec 



conducting wre has 5x1o8_Nm,at 300'k,Tts ferm 
bt ty 

Ener9Y is 5ev. Jis volume of im3 contais 6xio28

a 
Con chec ting e ind re laxeticn time 9 Aho find the drft 

Velocity if the conuctt is Subjectec to an electric kekd ve locity 
re of lo0 vau per meter 9 

So)K= 15x10-nm =6.6 xIo'nm 

Ef = 5eV E= I00 Vm 
V= Im3 

16x 1028 

Te-9 

Vd ? 

ne2T T b m 6-6 x10 x9.1X105) 

(6 xI028) (16xIU19)2 e 

T 3.91X 10-14. Se c. 

Vd ME 

Va-etE =16 IOx 3.91x 64x 8x1019 
.31 X10-3 

Va- 0.68 mls 

3A copper otse of 2mm. diametei oith a Comcluchvity of 

5.8x IoUm anc.e mobí luty 0.00 32 mjVsec, is subjected 

to an electric freld of aomv/m. then calculate 

chayge density of -lce e 
Ci) edensity of fee e 

Oni) cument desity

)Cument flowing tn thu wire 

chift velocity 
E 20mv/m.

d=2mm = 2x10Tm 

5.8xi0-'m 

L O00 32 m/.See 



P-e 

PL 

58x1b1

O-003

LO 
18125x'D c{m3 

Gi P-ne 
.e D- -82x0-1.13 XI0e 

e 6x101113XID1.e

Cii J neu 

J- 1:13x102 x6xID-19x D-0032X 20xI03

J1571316A 

8)
J: 6E 

J5-8x107x 20 x I0S 

J 1-157 10 Amp / 

Vd 0-0032 20x10 d 

V6.4Io5 mls| 

A 314 XI 

= 3.68 xio A 

6 bonas eved Tonizalion : 

C-B 
CB 

Donat enev9y 
level (No) 

** 

- -0 acceptor en= 
eva 

VB e V.B 



Wher bhe termperalvne is less than 30o'k ihe electon
in the lonar entgy level. will move intn he CB. 

rs 

hen that eneigy levd is Compleiely I onized.

Jf We ineast the Hempevature above YDorm tem pey- 

ature, acceptor eneiqy level elections w/ll move nto 

.a ccep tov 
the c-8 than enevqy level and holes into he V.B the Ce 

At 300'K. 

P NA (P- type). tor n-bype 

KT 
m=N ef-Ee 

EFN-Ec
No Nc e KT 

Np EfN EL 

N eKT 

Apply log on b.s 

n ) = Efn-Ec
Ne KT 

KTn ND) - EF-Ee 

FN Ec -kT In/Ne 
ND 

forp-type Ev-Ef 
P=Nye K 

Ey-tFp
KT NA Nye 

Ev-EFe 
e KT 

Ny 
NA 

N KT 

T Ey-ErP 



pEy 1T In(i 

ntrinsic Seniconducta(fermi Enngy level

= P 

Fv-EFKT = Ny e kT 

Ne 
N kT 

Ne , EvtEc-9EF 
Nv 

APply log on both stde 

EytE-DEFh()-n(
eVi E-26E 

KT 

KT In() = -afp;tbvt Ee N 

N 

Ny -/mh13/2,3h N= (meSl3l2. Ny 

32 EF Eet vKT In 
2 

EFEeEy3KT Inch eni eneny ltuel in m 2 
Inttisic Serni. C. 

htform oping w 
Constcler n-tupe Sero/Con duct.



* when uw apply exfena teA 

feld, cuntnt flovo ang tha 

E and e move opposite to 

6 the E 4 

we apply ExBernal E, colisions OCes and 

CuYrent is produced that urent is calle d dhift 
When 

currend"0). 

cno diffustom Current is zeo in 0.doping 

Non-Uniform Doptng 
*Nhen theve is no entenal 

EF 
EF the CurYent is zeno in 

1 = Non- Unifovm 

ciopfn.
e (diffuse) 

I dif fuse) *elecbons will move dl diffuse 
Hrom hightt Concentvation 

pad'ent to lower concentra- 
dift) 

(4rif4). tion qradient. anl Cument 

will move opposite to the 

ediffusign 
When we considen electricfield inteYnally, er daift 

n 
will move to thu Opposile direction tE EF. and 

Curent oill move alon.cy the E F. 

* So, dliffu ssion ent ond diift cuYYtnt one Oppaste 

in chie cticn, So by this we can Soy thot curet 

Zco whun thee is mo external E-F 



cdiffuse) + dift 

E. (p-4ype)

hol hale, (aitfue)
1 (Afs)

holesholes(cit 
1 (drift)

21PWhen external electvic held is applita
Foa) 

electpn (diffuon) 

fd 
electn (drif) (dvift 

(cirt) 
(19 E 

hal(diT fuot 
hus (diffasior) 

olt#fuston hale foirit) 
AriPt)



2when the applied f isqreats than intenal EfFi 
(net 4) Ecarlind Whenever we appuy exteinaf 

electte fie ld. Dt do esn't have 

diffusiom Current and thoae

uill be moYe drifl current. 

I 1dirt t fusio 
civift 

i).when polaslty Changes

hhen eva we apply enternal e qreates than inter- 

nal k: The met E ts along the applied E 

I Idrift t1 diffusion 

Ci) p- type: 

(iv) P-tYpe hun polarity changes 

drif 
Curent diffus(on 's alcng the holes diffusiam in p-t 

eurrent hffusign is OPposlte to the election

cl:ffus fon in n-type. 



Hole concentra hion of n-tupe comdu ctoi:

np n 

"n 
Po 

ND minovity chavge, eayie, concantval 
n n-typeND 

Se ru 
electvons concenbva tion of p type comducto

p n 

p n2 
NA minor ity charoqe cayrio Concentration 

in p-typ 
Np Donar impurity concentra tion 
NA Aaeptor impurity Concentratim 
Conce ntra tion of chvge conins h Trrinic 

N-bype majority Cartion Con centrati

Nhen ND n 

P+ND nt Na 

Pn + ND =Tn 

+ND Dn 
Dn 

+NoTnnn

-NoDnni=0 0 

is in thu fovm 0f quacvaic ea noots ane 



-(-No) t N41) (-n) n 

=Not No'+ 4n 
22 

Tn +4n 
4 

Mn ND 

T majority chavqe carier coneentration, (electvons 
in n-type

Mn is always positive, 

p-type: majoritj charge CaTler concentra hiom. 

When Np > n} 

Pt Np = ntNA 

Pp = p+ NA 

P Ti +NA 
Pp 

2 n:+Na Pp = Pp 

-n+P-Na Pp =o 

Pp-NaRn? =00 
-NA) 1N-4 (1)-n2) Pp 

Na tN +4ni 
2 

NA NA4nDi 



NA 

np-t Fp Tmajority chavqe camich co cenfvation fn 

Chol es) 

Khen Na >>n 

Pp NA+ NA 

PpNA 
30 u9 Determine the Resstivity of ge rmaníunm

in Tntrinsic Condition at 300k 

i) with donan impurity of 1 in 1o. 

i) with acceptoi impwity of 1 'n lo3 

(iv) th both mpurities simul1aneasly. Ghiven that 

6e at rconnb temperature n = 2-5x o°/cn, mobiuta 

of electrons îs equal to 3800 cm/v.sec., mobility of 

holes is equal to 1800 cm/v.sec. and a no.of 6ne 

atom3.Jem is equal to 44X10 

)6 intrinste = nte (up taln)

= (a.5x ox 16x1o-19)1800+ 38 00 

= O.0224 

P- 44 44nTm = 

O.024 

i Np =4.4X102 
42 p5/Cm 

6-nn 9 ln 



Np Un 
4 X 105x6x10x 3 800 

2.615 Aem 

0.31.n.to 

Na 9 4p 
4 XI09 

In& X 6 x1o-x 1800 

6 0-126 .n Mem 

P 7.89 Dcm 

(v) Meurt pe up Mneln + PneP 

6 (Np-Na) 9 Un 
= Np eun,t nPeup 

No ib 
6 3.96 X105) 

62O7 am 

= 0.415 ncm 

p]19 
Daift cuTIent:

aft Curent is odue to electvonS mumement

Ho p-type: (urent density due to hole) 

pp94pE 
tov -type: (ument density oue to electvons). 

-179 m9 4n E 



Carrier life time:
The amount of time the electron spend in con 

ctfon band it is calle Caritn Life time.

n condu

Diffussion uet 

he turrent due to the chonge in the concentiah 

radient.

P_ -type 

p (diffusion) o op 

p oliffusfom) ol 

p (difhusim) d-9 P 

J(dtffusion)-P 
Jp cliffuston) Dp 9, P 

d 
Total current duu to hales. i's - 
Jp (dlithusim + chuift) = P 4E + EDp ) 
for p-type



n (dilfusion)e dn 

Jn (diffusfon) q 

Jn (difhasfon) 9 

Jn (diffusim)D 
dn 

Jn (cift+ offuston) TqUnt + Dn% p d 
Cuent dnstty du tv elect vons 
Cunent duu to elt ctions: 

n (Tn) A 

CuYTent clu tu hg les 

p (Tp) A 

Ihe average lite time of an elec tion în con ductitn

band is caleo corrier life time. 

njecteo minovity chrge con centra tion 

Pnlx)- P,+P 
P uwhen z ~D 

Pon)-Pn, t+P 
aLn p(7) = ,+pe |Ln 

when n=0 

(fid the Concemtration of hole3 and electrons in a ptype 

geTmanium od 300°k . f the Conducti vity (3 j0o(nm) 

rsume t hat tht Comolu eivity drue to electons in 

negbgible comport tv that 'due to holes. 



6 I0D n p: 18Do cm/Sec dov qcrmaniun 

T 300k 

6P pe . 

too (Nem)

&oD Cmv.sec x {46310C)

3.141X1bl m3 

Tp (251idm3.4y1XJolCn3 83xI07Cm3 

Deteymine the posi t'cm of femi level with respect to 

the ege of the conduction band t th qermantum 

of pant (a).Assume Ny= 6«0xI0Cm and Eg- O.12 cr 3D0 k 

Ny=6xi0cm 
Eg =o12 

T 300'k 

dor p-tye Semicon oluctov 

Na 

E -Ev=KT b 

-38x 10 2) 3ov)ln (6xno'1 
3.141 X1o1/ 

- 0.134ev

Fermi Le vtl is lotote d at o134eV above the edge of v.8 

Ewith Yespett to conduclion B. 

E Fe = (Ep-E) - (Ee-Ev) 

Ep -Ey) -Eg 
0.134 - 0 1 

= -0.586 eV 

Thus FE- s a 6.586ev blow the edge of ce. 



In an n- type Silicbn the donat Con ntrallon is 1ad. 

pe 2x10 silicon atoms. ssume
' that the effective roas 

C the electhon equuals the thuu mass and the dens'hu

of afoms n the slicon is 5x atoms cm At whaf 

temperctun will h Fermi le vel colnctde with thu edge 

of the coeductton band 

Np1 (5MIO)x 5xlo - 25xID4 adons/cn
axio 

EFREc- ND 
tu -Ec KTln No 

N Np =9.5x io'4 

Fermi le ved coinldes oith thu edges of the conducliern 

band 
in= 
T= (a-5 xIo 20 2/3 

44 82x Io/ 

T- 014K 

For a paticuln emicondu cth matevial, Ne = 15x Icm3 

Ny ).3A loCm and Eg--43ev a T=300°K 

(a Determine the position of the inthinsic Fermi level 

with respett to the Centie F the bandgap. Ohat hu 

positim of the Fermi level with tespet to the top of 

the valence band Ev 

(b) Fincl tht tntrinsic canitn Cn Centration of thu Semi 

Conclucto af T= 30 k 

( Deterrnine effective masses mn anc)mp of elections 

ad hole respectistly.. 



position of level uwith respect to centve o bando

Emidgap f obtalned far 

Fp- Emidgap = -0-0259
15p 18 

1-3o 

0-028ev

Fem le vl is locaded od 0-028ev above thu Ctritre of 

banclgap. 
position of the femi level with respeet to Ev is 

FF Ec-Ey +2by_ KT N 2 

e-E Ey+ n) 
CEg-B-Ey

F-ky43 138AIox300 In/l.5Xlbl 
I316 2 

0-715 +0-028

|Ep-Ey 0:143ev

mi energy levl is o.t43e above th v.B.eclge Ev. 

Fermi enenerqy leve w.r-t CB edge Ec 

Ep 2Ee tEy+E 
In N 

EF Ec-Es- KI |n ( l5x i0l&8 
1.3/0/2 

Ep-Ee= O-EG - n) 
= -0-681ev. 

Ferm eneqy evd is located ot o-68T ev below E 



D)m Ne Ny e / 

o-0259)
(15x Id8)(13xuo'") e 

n = a-05 xIb'Scm,

7 H. 53 xIo Cn*3 

(C) Ne I:5 x lol5 cm3 
N = 482x102 (mnT ) 3/2- 

N 
I5XID4tn3 

mn 4 82x1021/Tm 

M 
3 00 J 

=C135m. 0135x q.)2ID ={23X)0Kg. 

KPfective mass choles 

4-82x10PT N 

I3xI025

4-8210) 300 
mp=5.88x103 K9 

The effechive mas ses of electon and hole n 9enma-

num are mn = O.56m ard mp -0:37m Yespectively. 

find the posithion of the intrinsic Fesmi level in germa-

nium at 300°K

mn0.55m 

mp0.37m 

N a/åT XmRT )32 2X 0.55 X9-1xI03y o.0a53/2 
h2 (6-626x10-34) 2 

A(GAC1?) 3/2, 
=022 x/0 25 (ms 



Ny a/ mp KT )3h ( 60 XIe n) 9 
h 

the posi tion of th F.L w rt the micidu of 

band 9P 
Emid gap ketEv

-Enidgep -T lr/ma)3

-KTn(mo_
mp 

3% O.b259n055 
6.37 

.7 XI03 ev. 

Fis Located at T.1X103 pV below the middle th 
Fabidden gap of Tatqermanium ot 30o°k

KT= 
For a pauticulas &emiconcluct, the effective mass oh e 

1S mn = 4m, If EcEp = 0-25eV, dtfeymint the elfectv 

denaity of statea in thu cmductiom band and 

Concentratlon of ele ctroo înthe semiconductir d 

TA00' 

mn :4m 

Ec-EF 0:25eV

N. = 2an A th4xt-1*10)(8.625x105) (4oo'k)x1.6A1 
.626x1034)2 

- 6.38x 1025m3 

h= N. e ) 
O25 

0259 638xio5

7-410xi m 



Detemine the concentration of fre electrons and hoes 
a Sample of qeianium at 300'k whith hes a Cmcentratio 

of donal atums tqual to xIo4 atoms/tm* ond a cmcerd1-

ahion of accept atom equal tv 3x10 afoms m3 thi 

PB n-type gemanium9 In otha wdds,is the Cmduct

vity du paimacly to boles d to electons9 

Npxi0 atorns Cm 

NA3xio afoms/am 

7 5x iDCm3. 

T 300'k 

NAN) +l(NA-Ma?: 4n f. 

(axI0- 3xI0")+(3xiol4-2xIo 4)4 4 a-5xI0B)2 
n 590X IQcm3

p (a-6xId3) 
= 1.06X 0 on3. 

5.90 X1o2 

or nMne 

- (5.90 IdX:po0)(1671o") 

O-Oc36(ncm) 

p pep 

= (106 XIo(16x1o-19) (18o) 

o0305 (ntm) 

O- 030 841.Teadu han 5p 
18uv0-45 n 0-0036

6ni 38D Hence the Sample is P-ype. 



D+Ffusion 
01C hon-uniform Canuntration of patlices ina serniCa

tO° thu com centration of pof holus vantes toith
lis tante n in the Semitonohuct),and there exts 

Ule Contentaton graient dpldn n the censity of ca. 

he existence of a gadient fmplies that, if an 

maginay surfac s cawn in the semicondutt, lh 
denstty of holes imme oiat ely on mt Side of thusu 

1 

is 



ou lo12020 -p Phta)Fh +Pe 
he avvoge

isane tha h minority thor carricns

Coveh during tts diflusfon n ih ie tirne is called

diffustn length

1 Figure shouws an n-type Serni conductt ilumlncde d af 

le ft end find iiffussion cocentiation and cliHfussion 

length. -/LP 
Pn)PnhotPhe

Po to) Pn t Pr 

10 (o+ P 
P xno 

0.2mn 

( Po() PnotPe
0-2. LP 

Pn lo-2) - 1xiD+ Ixjo0/p 

hlo-2)-1 xio=1Xoe-02/1p 

x IxlSe0.)lLp 

e- e-0:2/1P 

p 02mm 

a) In an -type Serniconductov the FL is o.24ev bloww 

the cB at 300°k. IF temperale s fncreased to 

350k de termine the neu position of F.L wrt CB. 

-EFn = 0.24ev 

T 300 K 

EcFrn 9 at T-350°K



n=Ec- KTh/ NO 

Ee-Fpo KTIn ND 

Ec-EFN TIn To 
Ec-EFN) neu 

A KTln/Ne ND 

O24ev 300 

E-EFn 350 

- EFn #0:28 ev 

If temperatuse intreauses the fermnt bevl wil also 

fncreases. 

In a p-type 
Semiconducti the f.L is o3 ev above the 

V8 at YOom temp. determin thu nuw position of F.L 

at 350° K and 40o° 

EFp Eyt KTIn /Ny 
NA 

ErEve KTIn /Nv 

K7 n () 

(EFp-bvinew KT IN 
EFp-Ev 

03 800 
350 Fp-Ey 

Erp-Ey 035 ev The F is 035eu above the c8 

300 
-Ev 4-00 

Ey0eV The FL s 35 ev above the oB 



CB. Find the posihion of Ferm 

tion of dona aorms is incre ased by a fackii off 

1) 4 times (ti) 8 fimes. 

Sol EFn Ec- KTin (N) ND 

Ee-EFn KT In (Ne 
4ND 

Ec-EFn KT In /Nc) 
4ND 

0.2ev In (o 
(on O. 2= In (ye)-In (No) -Inf nd 

+In luNo) 
Ee- EFo n (Nc 

4ND 

IrNo 02 
The) O1 44 ev the 

E-EFn 
. no) 

In )-Int4)) 
Ec-Ern 0:2 

LIn 
92 TI 0:21- In[4)

Ino 0 n o KT ND 
0- 2 =In/Ne 2 1- 39 

In N ND C.259 
ND 

0:2 - (:386 
7 12 

02 0-8204) 

Fe F 6-164 ev 
(1) 
e-tfn 0-2 1-nl e) 

7.12 

0-2 (0. 130) 

5Ern0146 ev 



5 In a p-type 3eml conduct the F ies O.4ev abov In a p-bype

VB determine the nw posi'hion of fTf hi ate. 

atoms are multiplt d by the fact of 

0.5 

-Ey- KTln (N)0 NA 

EF-Ev-KTIn (aNV) 
N 

O+ EF-Ev KfInN 
EF-Ev KIn 2) 

N 

0.4 In ) 

In +Inla) 
0-4 KT n/ N 

NA = 0.4 n )+n (2) 
In ( In 154 

-0-41+ n(:) n 

O4441+ In) 
15.44

0.459 ev 

Nt 

n(5N 1ama 
Na/ 

b.4 1+ n) 
In N 

NA 
-4 0.16 

5.4 4 

0:423 ev 



02 D 2020 pove that EFn-EFi = KT}n (ND 
ni 

Fn KTIn(N

E -T In(o)- tEy, n ( 
E-KT In N)-EctEc-E6, KI In/N) 
Fe-KT l()- [ EEln () 
-KTn()+ Eb -KT lo( ND 

-KTIn)+ KT In [ NN- In 
- KTn N )+ KTIn/ NeNu ) KTln{N ND 

KT In Nc NV 

(Ne/Nv % 

KT InNe N)/ND /N n N N 

kTIn /No 

FnEF= KTIn (Nh 
E-EvEni 

Prve that Eps-EFp = KT In ( 

EcEv TIn (-Ev+ KTIM | 
EctEy+KTn/N Evt KTh( 



it F tEv In nN Evt KT In /Ny 
a 

t6+KT In(N KTIn 

In (Nev)+ KI In( )-Kr In 
KTn (Ne N) KT In( N KTn ( n 

KT In/(Ne Ny N 
Ne n2 

Nv 
NA 

KTIn )| 

N 
NA 

KTIn NA 
mi Nv 

KT}nNa 

EFEFp KTl»/N 

Eor mulas 

) EFn Ee- KTIn() ND 

EFp Ey+ KTIn NA 
3) EFn Eft +KT Ih () Ti 
4) Fp ErKTIn[ ni 



ptbitm-1
Ihe mebility of e ctons and holes n silicm are o1n5 

/V do.048 mv.ser resprcive ly Determine 

the comcuc tii hy of tntinsie stlice 91'c.1f the 

vinic Carie ConCtntra tion is 16x1o odorra 

Ahen it is prd with io23 phosphorous atoms/m3

Detemine equui lbrfumm holu concentr atton, Concluci' M 

and pas'tion of fermi level nelatie to he ntrinsl 

levet 

Up= O-048 m/v se c T-n6x10 afomslm3 
LIn 0125 m/v.Sec No (1023 

T Te 

6 forinsic n9 (Un+up) 

= (1.6x 1o9(1-6x16-9) (o.049 +0-125) 
4428x104 'an 

Pn = " 5 n 
Np 5 3000 tn 

( 1.6x Io 62 .56 xIo 
lo93 

a N 
0.4068ev

Ep-Emia87-InN 



Einatn helatton for Semitm ductd'g:

DeKT V 

V Thevmd volta9e

h diffusston comstand f elee tvons 

Dpdtffusstom constant -for holes 
Un mabilty of electvons 
p-mobilihy op holu 

KT 6 my. 

= a6mv 

A )Eg= EG- BT 

EG Ene19y 6c 

Es Enevgy Gap at T0K - St+ 1-21eV 
he0185 eV 

for Silicon 3.6 X i0* 
for 6ie 223 x104 

T Temperatu re 

Energy Bandgap af ro0m temperaue for sslicon 

Germantum. EG= 1:21-(3.6xlb"4) (8 00). 

lev 

E 185-(a23x10) (300°k) ae 

E 
0 T& ev 

ge

*For any gmicmduct9 the ratio of dhiffusston const-

ant to mbblluty of Caies depends on temperature. 



1) Generative Type Semicon ouctors.

A Semiconduct3 which obey mass action lauw is 

Called Gienerative type Semi conducts

np-n 
+Tf we increase the donan Iopurlty Cmde ntraion

the EFa will move upwn. 

*Tf we dope FFn Voy heavily EFn will move int 

the C.B (Tunnel diode). 

If we increase the tempevature the EFn will move 

down wnd 

a) De-6enerative Type Semicandu ct: 

*A Semiconcluet8 which does not obey law of mozs 

achion they re calle De-6ienerative type Semican- 
oluct.

p tni 
Eq Tunnel diode EF 

ParameteYs Siltcn Gier manium 

1. Atomic numben 32 
2. hattice co 0 543 nm .565nm 
3Relative peimitivity (E 1.8 6.0 
AEnerqy Siap ot 0'k 13ev 0 185 e 

5Energy Giap at 300k 1 ev 0 12 ev 

Electron mobility (An) m/ysee 0-13 mv sec 
hoe mobility (Mp) mly-sre 

.38 

0-05 m/vsee 018 m/v.se 



8 Intvinsic Concentraton 38 x10 m a.5Xio/
9 klectron diffusston 0.0034ms 0.0099. n 

Con stund (Dn) msec 
O 0041 

o13 msed *0msel0 Hole diffusston 
Constamt (p,) m|sec 

IDensity of states at .8x 105m3 1i5m 
Cmcliu ctt on band (ne)m3 

l2. Density of stades at 1X105m|xio 3 
Valence band (ny)/m3

Problems: 

1Astlicm Sa mple, is untfornly cbped with io phbs phou
afoms (m3 an axig'6 boron atond err.f all the 
dopant are fully fonizecl the materlo is 

phosphorous adan g6 will make n-type. Since thi 
dopani are fully fonized the T of electrons will bo 
equal to no. of clonam otoms 

ND 10 fom3 

NA = P Boran otong 2x10 (cm3 
Na> Np 

P-type 
CaTsier Concentraim 

= Np-No 

2x106-1o4 

1o lm 



h mtrinsit cner cden'hy ad s is 15/o0lm in 

STlicen fov type siliton ckpeod t 2.25x attmslom 

the equilibrhm elect wn arnc hole cde rnities ove 

I5xIo/em
ND 925xId"Jend=n 

m»n 
np n 

(15 x10) 2 
a.25 xi0 

The election COmCentrattn in a Sample of unifermly 

P: m o5m 

ope-type Silicon at 300'k varies lineoa y fro n Io"r 
at X=o t 6xio em od 1-2m. Assurme a situotion 

that electvons ave Suppllecd to Keup this concentration 

gracient cmstant with tint. Tf electronic charqe is 

6xto c and thu cliffussion constarnt Dn 35Cm 

the Cunet cdensity în the stlicon, if no electric. Reld is th 
present s. 

Jn9n nE +9D 

Given ETO 1o"/cm3 

-type Jn = Dn 9 d 
2 Jm 

do6xI0610 T 6x10610X106 
214o x10 

XID4 

Jn Dn9.dn -2xI020

35x16xio(-xIo20) 

-11 20 Alcm 

-type siuton kxw oi Cn lonq and l00ttm'm Cyoss 

Sccbonal area has a majouls canjer contentratn Of 



Of 51020/m3 and he canies rnobilihy is O:13/nv.;oi 

500°k 3 the charge of electhon is 16x10C, then h 

TCsistance the bro 15, 

Given,
0-1 1 Cm 0m A 100ro l00x1Dxio 

5x10 m 
An = 0.13m/V.Sec 

R=9 

0096 bn 
(5xI0) (1 6x16)(o13) 

R- P 0.096x i03 
A = 10n 

00X 0-12 

silicon sarnple A is copecl with 1o ato ns ltm3 o 
Boron fnother Sample le' of lcen hca dinensions is 

coped with 1o8 atma/cm3 of phosborn us, h halio 

Of Electun to tole mobility of is .The ratio. 
Conductivtby o the Sampe A to 8 is 

Sot A 10|om of Boron p-type B10orof phosphormus m-type 

6n n9Un 

6n 

A A heavty doped n- type Semiccncluct8 has the followin data. 



af Hole electron mobtlity mto 0.4 

Doping concentialifon: 42x I* |m 

In tinsic concentration: |5xdt|m 

The Talio of conduchance of the m-type Se micon duclo

to thot of intrinac Semicon du ct c Same 
material

and atha the same temperaBure is qven by 

l 0 
Un

N4-2X IoS/m 

n = 5x 10t/m3. 0 

6 

bn mg Un 
5 m:9(atp+Ln) n1+ h:+04) 
4-2 XIo 

2X10=6 
67 C1.5XI04)(1-4) 

Silicon 1s dopect with boron to a comcentratton of 

4XIo1 atom3fcm. Assusmt thu intrinsic Carrier concentra- 

tion of Sillcen to be 1:5xioofcon3 a Hhe valut ofP 

to be 25mV.at 300k. Compare a to un-coped StiCon, 

the Fermi level, of doped 8fiCorv, 

Sd boron-ptype: 

NA =4x10on 

=15X 160 

5m V. 

Sincethe Senicn duc t is of p-type, the Fermi wll 

90 lown. with re3pe ct to intrinslc level 



Cex The expres/on for quasi Fermi level tor p- jon tpe 

Conduct in toms of Acept
contantration 

FE= kTIn (NA 
5xio4xol 

5xIo'0

510 n (9.6{xI0
= 0-4 25 ev 

he tlcm Sample with unit Cross - Sechona are agho 

below s in thermal equillbtiurn. The tollo win q 

informaton is qtven: T= 300°K, electo nic charge » 

-6Xbc, thermal voltage 26my. arcd ekctron mobilin

= 1350 cn"/v-sec. 

) Tu magnitude ot the elctiic hieel d d=o-5um is 

Sol 05Um 

T 300Kk 

T- 26mv. 

I6 xI019 
JUn 1350 tm|v-SCC. 

E - 
1um 

- =16 V 

E = 1O KVl cm. 

i The magnitude 0f tho elethic drift curent oensity 

X = 0 um is, 

Sol T- GE Noq tnE 
10 1.6x 107 x13 50x 10x to 
= 6x 1350 X 10 



J-2.16 x164 A/ cm2 

drift Cument is samt throughout thu Sample.at =05, 

Q Assurne electonic charge 9 1.6xioC, kT = 2 5mV and 

electron mobilty An =1000crry-s.Df the concuntralicn 

gradrent of electrons injected into a p-type silicom

Sample is 1X10 |cmt4, the magnitude o electron 

diffussim current density (in tlon) is 

25 mV 

Mn = 1000 tm|V-s 
cm = 1xI0cm 

d 
n(a) 9,.Dn 

d 

Dn Tn =VUn 
25XDx 1000 

Dn = a5. 

Un(x) Dn 

= (.6 x1614) (25)-(1x 102) 

Sn(t) = 4000 Altm 
to) Considet a 8ilucn Sample doped with N =] XIoJun 

clonoT atprm8, fAsume that the Intrisic coier 

Concentra tion n;= 15K10° fcm. TP tha Sample s 

addih'onally cdopecd uwith NA= I«1oCocceptbr adom= 

the approximade nurnbe o electrons ln in th 
the app 
Sarnple, at T=300K, will be 

No=IXIo5/Cm3 NA= Ixtocm 

h 5x 10Cm T 300 K 



a 1.5xo'D) 5x100

NA-No) (1o00 x to1015

= a.a5xo 9.0 

999 x 1o5 
a52 x10 

aa5.2

problems: 

n 6e Semiconducth material af T-400K th 
intrinsic Concuntratfon is 

Sol: N L-04X1o 
=a Teglky

=( 
Ny 6xio 

E6= 0.6 

n; (4 831xtI) 'ek./400e 
300 

T-4-0O

n; NeNy e 

-O-64 C.04 10") (6x018) e 3.625x10 x A0 
n} = 5.53 x10t cm 

)The intrinsic carrín contentralion in Silicon is n be 

no intege than n = |]X 10 Gmhe max imum 

temperat ure allowed for the Stlicon is (Assunt 

EG=1.12 ev) 

Slicmy - N =de 8x10 1 Ny= 1-04Xlo19 
n=Ix10 Eg =-12 ev. 

E N Nve 
E9 ni e KT 

NcNv 



n 
Ne Nv Eq 

KT 

T 
- Eg 

KIn h) 
NcN 

=1.12
(8.625xI0-5) |n (0x 16/2)

2.8XI011x 1.b4 XID1)

T 389.89 CaK. 

Wat-pape
1 An n-type Semicondu ct8 has tti Felmi level ato 25 ev 

below the Conduchon band edge. If the density of 

Semicondluct8 in conduclion banc at roorm temperalinu 

is 51XOa°/m3 the majôi ty caviei Conentralion 

S. 

ol:- Ep - Ec = KTIn(Ne 

EF-Ec - In Ne-In ND 
KT

mND = In Ne- EE-EC 
KT

In (251xI05- 0.35 
0-0259

= 58.48-9.652 

nND A 8.82 

ND .6 05xIo/m3 

2Vols Supply Is applied to the Semiconducts bas of 

length aim. Then magni tuck of eleetic field (rfy m Vfen) 

at x= 06Lum S 

l=2Um = 2X1D6mi = O 5.X 10tm 

E=9 V-2V 



E- , -A10° V{m 0 5x106AD° v/m 

3 na Semicmducto Sample the tectron and holu 

lety. ae o15 m and 006 mYespectively he 

diffuasion Consto t for electrons is 375x103 n er V-S V-S 

lhe difuston Cmstant f holes is 

Saf n = 0:15 mvs 
Mp = 0-06 mv.s 

Dp 315xnsec 

Do
1 Un

Dpup Dn 0.06x 3.15x0
0-15 

= 5XI03m(sec 

The cunrent producecl in a 6ie of area 1 (m> and 

length o3 mm when a potentia differen ce of v 

IS applied acoss itAsume n=2x10'?, un = 0:35 m 
and up 0-11 

VS 

Avea 1 Cm 

= 0:3mm Un = 0.35m/sec 

V aV Up = 0.11 m/V.st 

A I= JA 
T MntMp) 

T- 6E (axo) (1 6 X10) (0.35011 J -664+ X666.67 =664 
J 1093.33

O3XI03=6666.66 



T JA -11093.33 X Ix/0+

1.109

Gne 
The cliffussion cument n a sampu oflgien havng
Concentration qiadient for electrons of :5x10elctrens, 
m4 fs Alm[Assurne the dlffusston canskedt

for elethond = 0.00120 m*/see

5 

Sp/-Dn 0. 00120mse c. 

Co 5xib2e/m4 

Jn Do 9n 

(o.00120) ( 1-6x1619) (1.5 xio23 
Jn &.88Alm2 

3 Two Semicon ductt material have exactly the Same 

proper hes that material A has a bandgap of 1.0 ev 

and material B has a bandp enerqy ot 12ey. he 

Yatio of intrinsic Contentration Of material A to thatof 

maerial 8 is 

n=Ne Nye KT 

Ne N, e 

i Ney e KT 

n8 NPty 

e C059 e 
-2 

O-0259

iA= �1.5 (8). 



In stlicm af T- 300 K. tha they mal eq u libruu4 In 
Comctatiom of elec ?ron T, = 5x io+ cm. The ho le 

Comcentration is 

SolT 300K 
o5x10 tom = Np 

5X104

P-45Io Jm3 (A) 

5 In silicen at T-300K f the Ferm ènergy is oa2 2y above the valence band enerqy, the valuut Po t 
T-300K Ny= 04 XI01, 
E0-22ev. 

P Ny ety-E 
(-0 22 

(1.04X1o'") e 0.025 

P 28 xio15 (a) 

6 1he ther mal- equiibium cm centratton of hotu p in Silic at 1=300K. is 1o" cm3 The valu. ch n is P 10 Icm 
n= 15x10/0 

T 300 

nen 

h n-(15100) 
P 

-25 x1o° /cm3. 



al 

1 Jn 6rermanium 
Semicondiuttt 

dona Comttntiaion 

Conctntra tion is Na=1o10'cn and dona Conenthahon 

is N 0 he thenal equtlibriun 
concentralim PIs 

T 300' 

NA=lo3/m

No 0 

P.- NAFNo+|(NA-+ (n 

lo'3 

.95X I05Cm3 (C) 

8n ermanium Semicomductd at T300 k, the împUl ty 
Cmcentrath on aL 

Na 5xIo5/um3 and N=0 

The thermal eq uilibri um electron ecntentralion T, is 

So Ng-5AIo5/ Cm3 
Na 0 

T,No-Na NNa)+ 4 
5x16 

a a(5xI0 )+ 4(a4 x 13) 

= 5x105/tm3 (A) 

The theima cqulbium hole con centroaiom is 

- 5 x10 (5+(a-4 X I03) 
= 1-15x i"ems



0A Sampl of 8ilicon of T - 300 K s oper 
boron afa conctntrabion of 25x 103/cr and wih 

arseníc ata cmenthalion of Ixia'3/cm' Th mal 

Sol' T-300K
Nd .5 1013 Crod 

-Na 1x 10s Cm 

Na-Na (Nd-Na +n 

n- 15x 1o3/cm3 

P Na-Na (Na- N41+n 

P= 1499 x 107/cm3 

M-type. (c) 

y In a Sample of galliun arsenide at T-300 K, n,-5 
Po and Na =0. The Value ofn, is. 

Grven, o - 5P 
Na =0 



Ge at T-300K s antforrnly doped th an acceptr

Concentrahon of na =105cm3 arcl a cond Concetrai on 

Of Na =0.The position of fermi enerqy with respect

eal to intrinsic Fermi level is 

is SadNa-1o Icm3 
Nd 0 

FT EKT In ni ) 

O0259 In (lo 
d4X103

E EFp0-09ev 

BDn Gheat T-30ok, theiconor concèntratom ave Ny=dt
cm ane Na o. he Feimt ene1gy level wulth respect
to intrinsic Fermi level. is. 

SolNd 104 lcm 
Na0 

5 
EFn-EF= KTln (Naj 

n 

0-0259 xln 10 
A41013 

= 0.0369

EFn- EFi 0-04ey

L4yA 61a AS. is dope d witha donan Concentratian of 
3XI0 Cm. for the devia to operate properly, the 

inthinsic caTrien conCentrautt on must remaln luss them 

tempenaiu 5. of the tota cmcetation The 



maximum temperatiru m that the device mau, 
Operate is. 

1.8AIU

Nd 3 x1o!5/Cm

n t x 5 XI00 / 8x I06. 

T =? 

15 For a paititular Se miconduct at T=300 k Eq =15ey

mp =lom andm n;=)x io5 Cn3 he posihen 0f 

Ferm levd with respect to the untre of the bandgap

SolT-30b
tg= 15ev 

m=10m 

Ep-Emidgp 3KT Inmo 
mp 

(o-035a) In/ 
=-(-00 441) 
0045 ev 

/A Sliton Sarnple Cmtain8 accept aspms at Contentratton of N=5x loS Cn3 Donal atpms ane 
adde d fprming art n-type cormpenk ode d Semicon



dur t gurh tha Fe rmi le ve ts 0»215e be0) the 

COnduchan band eclge. The (on Ctntodion conors

atom a olde d an 

Sol Na 5x10"/cm
Nd? 

EF=0-dl5ev 

EcEf KT|n Nd 

N-e-Ef) n (Ne) 
KT 

nv)0.21In (a.8x10") 
o 0351 

hNd = 5:15x1 
11)A S7icon Stmiconducto Samp of T-300kis dopee 

with phosphorous atom at a Concenthalions c 

10CmP,The postHon of the Fermi level with rusprd 

to thu intrinsiG fermt evel ts 

n;= 15x10 10 

EFn EFr= KTIn (Nd 

= (o-0359) In 

EFn-Er0.8Te

18 A Silicon Cstal having a cros Secti onal ona of 

C0ol Cmand a lengfh of 301m s Connected t 

iends to a 20V battely #T T= 300 °K uwe want 

cuYent of loomA: in Chuptal. he ComCentat tn of 

clonar aom3 to be adde d 's 

I l00x105A 

An=1350 
1= C.0) cm V= a0V 

6m T-300k 



R- 2 
100 1b 

d RA R200 J 
A 

6a00XAOX16 
0.001x10

P- RA 
(16 10-19)(1350) 

P 200 X0.00JX10 
30X106

(1.6x10-19) (1350) O- 4 

61 
nd= 4629x1o

19 he Cross Sechonal avta Of Silion bal is t00um

Ihe length o ba is dmm. Tht ba Is edope tl uith 

arsendc atoms. The reststante Df b is 

A 100XI0"4n R Pt 
I- 1x10m 

R 

K Sia volh is opplie d across a acm long Senmlcmdu 

cb ba, The average thift velocity is vo4 em/s 

The electron mobility s 

Sad V=6V. 
-a1tm 

Vd l0+ cm|s 

E= -6 Vd-E - 3 

1ot=UX3
= 0 - 3333. 33 (m/V.S. 

3 


