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200 \Solid State Physics

tronic and optical properties. The process

semiconductors in a precisely controlled E»::nn is called doping. Depending
on_the nature of impuriti dded

follows :

@ (ﬁo\ Pure or intrinsic semiconductors

(ﬁ:\ Impurity or extrinsic moBmoon.acoSnm

d_o intringic semiconductors are pure muB.nonacnnoa in_which no

semiconductors in whi i ity at modify the

properties) In the present chapter, the effects of impurities and charge carrier
concentrations in semiconductors are discussed.

7.2 PURE OR INTRINSIC SEMICONDUCTORS
As stated a cco<n,p35=m~o moBBosaco"on mcor as pure Ge or Si
are_undoped semicondu is_tvpe of

seinicondutor is solely determined by thermally genecrated owaoau,ﬂo un-
derstand the mechanism of conduction, we consider 90 bonding between

Valence

L_oﬁﬁ_ﬁsw

Free
electron

Fig. 7.1. (a) A two-dimensional representation of Si crystal
. (b) Silicon crystal containing an electron-hole pair. .
atoms in these semiconductors. Consider, for oxw.iEo, the case of silicon with
atomic number 14. Each silicon atom has four valence electrons and can form
four covalent bonds with four neighbouring silicon atoms which are directed
along the corners of a regular tetrahedron. The silicon crystal, therefore,
ax:mczm a three-dimensional regular network type structure which, for sim-
plicity, _m, represented by a two-dimensional network as shown in Fig. 7.1a.
the valence electrens in 2 silicon crystal participate in the
formation of covalent bonds and nc electron is free to cause conduction

I LTIR

Semiconductors 201

particularly at 0 K. Hence pure silicon behaves as an’insulator at 0 K. As the
temperature Enaommmm above 0 K, some of the <&o=om electrons may monEno
sufficient therm and become free from
the influence of cores of the ove randomly in 90.
crystal and are referred to as the conduction &mn:d:.q. Each. escaped elec

leaves behind an empty space called a hole which also acts as a current -

carrier. Thus when a valence electron breaks away from a covalent bond, an
electorn-hole pair is generated and two.carriers of electricity are produced
as shown in Fig. 7.1b. When a valence electron located adjacent to a hole
acquires sufficient thermal énergy, it may jump 58 the hole position to
reconstruct the broken covalent bond and a ho initial
position of the electron. Thus the motion of an electron may also be regarded
as the motion of ‘a holé in the opposite direction. These electrons and holes
move 1n opposite directions under Eo Q.».onﬁ of an external o_ooﬁo field and
constitute the gurrent.)

( The energy band diagram Om :5 i
Fig. 7.2. At 0 K, the valen
band is completely empty. T r.o moB_nbnnmomor therefore, behaves as an
insulator. The elec _nznn band do not conduct as these
are bound to their respective ooﬂowu.?m 68_8388 increases, some of the
valence band electrons acquire sufficient_thermal energy to jump to the
conduction band leaving behind E. eq in the valence
band. The electrons i holes in the valence band
vozwsu as free carriers and increase the i e ‘miterial. The

conditions for the movement of electrons are, :oinﬁ? different from the

tor is shown ms

conditions for movement of holes; the electrons move when the conduction
band is nearly empty and the holes move when the valence band is nearly
full. Thus the electrons move mainly under the influence of the applied field ’
while the holes move under the combined effect of the applied electric field-
and the ionic field of the lattice. Thus the properties such as effective mass;
mobility!, etc. of a hole are quite different from the corresponding properties
of o_oon.oumm_ For éxample, a hole has _E.mon effective mass and lower
mobility than the coiresponding values for an electron. The charge of a Chole
is equal and .ogoﬂﬁ to that of an electron. These wnovn_dnm.. have been
_described in the previous chapter. |I (1t is now apparent that, in an intrinsjc
moB_ogacoSﬁ the number of electrons, n;, in thé conduction band is always

equal to the number-of holes,.p;, in the valence band, i.e., n; = p;, and n_n_on

one of these is called the intrinsic carrier neanmzqn:o:w

|Besides the generation of free n_noqou-ro_m pairs, there is another
process called recombi iers in semiconductors. A free o~oon.o=

1. Mobility of a carrier is the velocity acquired by it.in a unit electric field.
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ie., | g = np,=n ) (1.2)

wheré n; and p; are the intrinsic values of the carrier concentration. This

no_wzonmsﬁ is called the law of Sau-an:e: and 4:: be derived later. )
7.3.2 Acceptor or p-type Semiconductor °

If a trivalent impurity atom of Group III, such as boron, aluminium,
gallium or indijum, is introduced into silicon, it forms three covalernt bonds
with the neighbouring three silicon atoms while the fourth bond is not
completed due to the deficiency of one electron, This incomplete GE
shown by broken line in Fig. 7.4a where the small circle (marked ‘a
n deficiency. Thus the trivalent impurit mSB :mm a
@Ensﬁ\ to accept one electron (§ay 'b") fro

io complete the fourth covalent bond. This process requires a small EEEE

of energy which is easily provided by the thermal agitation in the crystal. The
transferred electron leaves behind a br nd, i.e., a hole, at

position 'b' on the silicon atom which

° ° of ©y
ef+4)e @(+4)® o(+4)0 Condtction band’ v
® ° o —— _
e ol g o . ﬂ
o(+4)e @(+3)0 @ (+4) @ Band gap A *
4 v Acceptor
® elw__ |eo - |&| Y _
mpuriy .\«\1 s_o ol P . — level
atom e(+4jo @ {+4)e o(+4)@ Valence band
e < S < I A

(ak (b)
Fig. 7.4. (a) A trivalent impurity atom (B) in a silicon crystal.
. (b) Energy level diagram of a p-type semiconductor.;
The energy level corresponding to the electron deficiency of the type

'a' is located just above the valence band and is called the acceptor level,
The acceptor levels are located at a distance of about 0.01 eV uco<o the top

o~ 90 <m~n=oo g:a in Ge and at about 0.046 8 0.16 eV i

5<w_o=~ —Bnch atom can waon@ o_onTos mHoS a :o\m_:uo ing silicon
atom to produce a hole in the semico . Such impurities are, therefore,

w_.oi: as/acceptors or p-type impuyrities and the semiconductor centaining

such such impurity atoms is kKnown as 4 p-type hnsﬁno?&nﬁen In these semicon:

et Y

i
N

Jemiconauciors

ductors, holes are the ma jority carriers and nranﬁw:w mn:n_.wnoa electrons are -
the minority carriers. In this case, |

= It ma
law of mass-action still holds, i i.e., np=np;= n.
in either type of semiconductors, the o<9.m= ormmr e neutrality is BmSSan

as no charge is added to or removed. from the material.)
74 DRIFT - VELOCITY, MOBILITY AND. OOZUCO.HHA‘EJN OF
INTRINSIC 'SEMICONDUCTORS

Eﬂoganom. due to thermal agitation and lattice vibrations,
some of the <&o%§mbﬁbﬁpﬁ.ﬁﬂéﬁ%@ﬁ
band, i.e., at ordinary temperatures, an intrinsic semiconductor always
&2&8 some free electrons in the conduction band and an equal number
of holes in the valence band./In the absence of any applied electric field,
these eledtrons and :o_om 596 in nmnaoE directions and constitute no

t. Wh ns- and holes get
MHMMBS& towards the opposite ends of the field and their <o_o.o:< .n..@mlsmm
to increase. This increase in velocity, however, does not ooacsco indef-
initely because of the' ooz_m.osm of these own:onm 59 the varj

i vian”
: ‘ul“.n. RES

the wvv:oa electric field, -hu

v, < &

erl -

where the constant p is called the mobility of the charge onh.won and is anmnﬂa
as the drift velocity acguirgd by a carrier per unit electric field streng w

Fm:iﬁ:&o mnB_oosacoSn wﬁsonn_m&aonosmaoé_: =m2.~<
empty conduction band while holes M=0<o in nearly full <Ea=oo. cwﬂﬂw M”.\
properties such as mobility, conductivity, etc. of electrons are, Ms m~ :
different from those of holes. Let v ,, H, and n denote the drift ve Mn_ w.

- Bog_:w and concentration of electrons nomvao:,\o_v. in, the conduction ban
Ens current density due to electrons is given by

J = nev, (7.4)

where e mm_ the elecironic charge. We can write (7.3) for the electrons as__
= T—am

or
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e Solid State Physics Semiconductors h ’ @
e that \Snﬁ_&ﬁ_ iy qgv S For E=E,x=0 \
T\r U e B(Ey = — {25 (7.15) 2 (Ep=E, N % ingyppyi? -,
Ot g kO ) = .A|ﬁ| AMSMV zmtncm m.%%l.nn\w .?n. Qamﬁw e kT dx
. - 3 * i .
Using Egs. (7.13) and (7.13), we obiain Qg& ? h \ 0

(7.16)

e v

It is apparent from Fig. 7.6 that an electron occupying an energy state E in
the conduyction band, in fact, possesses the kinetic energy (E-E ). Therefore,

in Eq. (7.15), E must be replaced by (E-E)). Thus Eq. (7.16) becomes

4 .
x\3/2 ' \\\ =3 ,
dn = mh (2m)" (B~ E,)M2- mrumm dE (7.17) - \\@
Qﬁ.m T w + 1 . (7.19) .
% . ,

where m,* is the effective mass of the a_,aoqg in'the conduction band: The
Ny . . . . -
tion of electrons, n, in the condu

ing Eq. (7.17) from E = E to E=o,je., -

.

1} . . .
From Eq. (7.14), the probability of occupancy of level E; is given by ;

| m = . " o ”u.,

4n W2 @ Am.lmh.v_\nkm RE) (E.—Ep kT
e = Awiav . E-E 'K.E. of 4 1+exp wm,

h E, nxvm E v + 1 électron . CB .

kT E¢ - Therefore, Eq. (7.19) becomes . )
(7.18) £ g .. s

oV Trersto,for s sees s "0 | ) _ nea || )
¢V. Therefore, for energies greater than \\ \& , .

£, we have

; . ive density of .
Fig. 7.6. Band modél of an The first term on the right hand side must represent the effective ty .

ﬁ E- mmu ﬁm. - Mw.u intrinsic semiconductor. states of electrons at the conduction band.edge. Denoting it by N, we have
1 + exp KT ) =CXP | "pr _ ,B YR . ﬁ E.—~Ep (7.20)
vl Q<6\3Uv n =N, exp |- |\ﬂN,|
® E-Ep\| K C b v . :
wn= Awsu%a | (B-E) Pex .._\ kT .nu o . here %\&»MM?
[ E, S\ - v Q\W« o b Ju\n o !
2nm,kT (7.21)
= =~ | :
i PJA 372 Mm.alIMn/ R«. - — s\ m,mn . . ZQ - N \u;.- \ _
= — —_— 3 bt V) =\ ——\\dE ;
o ol 220 o o] (2 "
- silicon, . .
L.t

¢ Dzt calion 3 T fGFmT 2R T2 )
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iHsnga:%,o Lowd ovel 3[BT AT & 302 hole

= ®<§ Lad fpvel 3% ﬁﬂﬂ: mJINu‘m

e ML s e el

S «m.ﬂnw‘x:ﬁ s

v




J01ONPUOITSS OISUINUL U 10

[2A97] TMLI3Y €°G°L
o7 1oA9] si1surnur oy £q poeoeldsl useq sey g [9AS] TULIS O} SIoyMm

(8T°L) T 2z ulu_ dxo ‘N =1d ._H Iy WIQ dxo °N = 'u

\a 4 7-"q
& Se USNIIM 9q OSTe ueo suonenbs asay) ‘steroew
2ISULAUT IO, "S[RIISJRUI JISULNXS PUB JISULDUL YI10q JOJ PIeA aTe A1oAanoadsal
@N.E pue (0Z°L) 'sha Aq USAIS SUOTEBRUOOUOD OJ0Y PUB UONII[D Yl

w ﬁoo.J 01 X 8T =N
R
T/t .

“UODI[IS JO ‘93P PUEBq 9OUS[EA ) I8 SI[0Y JO AIISUIP 9ANII2 oY) sjuasardar

D 20 g

EIELTY
Ly a,, _ 10
(oz'L) _H - kmulu_mxo N=d .
y LY dxo A &«QENV_ ln.N =
vj\dg-"g ) w\ T Ty
h ,
! P Naxo (dug) £ =
, P e PenX ] uel ) T2 7 ) et e uy
* LY d e .
- — |dxo wy) — =d .
P A,S valou\_ﬁ&u\vuhx%,hmwlﬁmw A N\mA* v 127
0=x g = g 304
xp Iy-= AP
112 . , $.4039MPUOIUIS

el

!
x= A

q-q ot |
2y ~( Iy 4
d —_ mg) £- =
mﬁﬁ ;mlmw xuu:Am mv ;._m._« h kml >.Nv93..~\mﬁ ._ENV uy
LY a == d mQ -
ap ﬁm..w‘..mwaxoghw - ‘@) LW N\%*ENV uy d
/ .Se pueq 20uUaeA O Ul uonenuUadu0d J0Yy Y Urqo,

o g = g 01 00— = 7 woy Supessenur pue (TT'L) oA ur (b2'L) pue (€T°L)
'sbg Bursn ‘pueq oousea 93 Ul 9]0Y ©_JO SSBW 9ANI09JJ0 Yy sI *n_mt aIoUyMm

a Y
eL) ¥ w\ LA { vu\mﬁsmv Wm =@a

o S€-USJJIM 3q UBD pueq 95Ua[eA o UI SUINOA J1Un Jad soEls Jo
Ayisusp oy ‘1030194 ], "(F="7) SI pUeq OUS[BA oY) UT 37 18IS ASTato oy ur
910y ® Jo A310ud ORRUN 9y ‘OSTy Pueq 99UdeA A 03Ut y3dop ur 9seaNUI

s X3 $SESI0ap saj0y Juiply jo bEnEo«m N. 18] SMO[]0 1] éﬁw\%

(€T°L) ﬁ LY u dxo = (Y - 1 T 8\?@ @ﬁg

‘q-7

108 om ‘sny[, "AJUn 03 uosredwoo ur Pa10918ou oq
AUl JoTeUTIIOUSp 94 ur Y1193 renuavodxs 9y AFSH eours ‘pueq IDUS[eA I 4]

A

"oy P Y
Mkﬂlmwmxu+~ _ ﬁwmw.!.wwmxo+~
¥ ﬁ L7 u dxs I

MON "7 ae1s £S10us ay
9T 'uondJ[ ue Aq Pardnaoo oq 03 jou

IIqEq0Id 3 ™ ur 910y e Jurpuy jo 77y’

4 a1e1s A310uo ue Jo P09

L =0wo.~.no.~ :o..ﬁ?. LTY-TT4q (7Y paserdar aavy om aIoUuN, o0y
Tz L) @y -1l@a=ap . biearpgy VY W
TSE USNuM 3q Ued Fp + 7 pue 5 ofuel A31ous ay ur \mgd% N
“OUIMIOA TN Yad $3[04 J0 Taquuny QI I0J (g1 2) O3 Tequls uorssaxdxs uy
PUBH UIEA 33 U UOREBIIUIDUOD) IOH 7'S'L
e m@u 5201 X 8T =°N o
L .
c/e : @
'S5y 21018 pi1os il

AR AWAY




212 Solid State Physics

n=p=n;

Therefore, from Egs. (7.20) and (7.26), we get

N, 86_ ﬁm Mm.w u.chxw lxm,s.l;m..cu

¥

| U T U &7
or exp ﬁmmflm..alm«g| N,
kT )N,
2E; -E,-E, N,
or »H =N
. _E,+E kT N,
or Ep=E = =< > LA > In ﬁﬂ”u (7.29)

@\ m\%
0 ?eﬁ@\

AtO K,

2 _ (7.31)

i.e., the Fermi level lies in the middle of the conduction band and valence

band. This is also true at all other temperatur rovided m * = m %

Eoioﬁuﬂ in general, m.* > m,* and the Fermi. lavel GL.EEEE%
T exceeds U K, For Si mn 300 K, the increase in Fermi energy is about 0.01

eV only which may be neglected for all practical purposes. !

7.5.4 Law of Mass Action and Intrinsic Carrier Oouonun-.nso: .

Since for an 5535 mon:oo:acQQ.. '

n= p = B-.. ) B ‘
the Egs. (7.20) and (7.26) yield -
np=n2 = NN, exp ﬁ Ec—E, w
Y kT ,
a ﬁ m‘N
= NN, exp | = (7.32)

i T et

Semiconductors 213

Using Eqgs. (7.21) and (7.27) ,_the above expression -becomes @

(7.33)

This shows that, for a given semiconductor, the product of electron and hole
concentrations is a constant at a given temperature and is equal to the square

of the intrinsic carrier concentration. This is called the law of mass action

and holds for both intrinsic and extrinsic semiconductors. If impurity atoms

are added to a semiconductor to increase n, there will be a corresponding
decrease in p such that the product np remains constant. ﬁEw we always

have ; ’
Eﬁ . (7.34)
The intrinsic carrier concentration can be directly obtained from Eq. (7.32)
or (7.33) as

} = (NN exp (7.35)

T

@ »?quw%,ws L E, wE Ad T
=2| %7 ) (mm) ew|-35| o fEase o)

For pure Ge at 300 K, the intrinsic electron concentration is about 2. 4x1019 .
m~> when the concentration of germanium atoms is 4.4x10% m=. This
shows that, EERBER? only about m<o covalent bonds "x.n 1019,
atoms of germanium are broken and no i

nhn other hand, in metals such as copper, about 10?8 electrons per cubic
are available for conduction.

6 CARRIER" OOZOHZH’>H~OZ. FERMI LEVEL AND
CONDUCTIVITY FOR MN.HNHZWHO SEMICONDUCTOR '

As described earlier, the ao:o—. or acceptor levels are present in an
extrinsic semiconductor aono:m:.m on the type of impurity ﬁnomonrﬂ\.g\
concentration of donors or umonnﬁoa in a semiconductor affects the Fermi
energy, the carrier concentration and the conductivity of the semiconductor.
We consider the following cases :

(a) N-type Semiconductor .

The energy level a_mmn:s for an n-type mon:oozacoSn is shown i in,
Fig. 7.7. At 0 K, ail the donors are in the ynj
levels are occupied with electrons. As the temperature increases sligh
some of the donors get ionized and contribute electrons to the conductio %
band. Also, some of the valence band electrons may jump to 9@ oo:aconoa
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216 Solid State Physics

0.6 |- Conduction band
0.4 |-
- 0.2 |- Intrinsic
3 level
0
i 600 T(K)
W —02 |-
-0.4 |- N
_AO .w,‘p
Ne™
-0.0 1~
: Valence band
8. Variations of Fermi level with temperature and }
S_ESQ concentration for .wr.
A_direct relationshi

n
and the position of the Fermi level relative to the intrinsic level, as obtaiped
from Eqs. (7.20) and (7.28), is

[ EF-E;

(7.42)
1t is obvious from this equation that the equilibri el >
approaches the intrinsic carrier oo:oosqmros as mm approaches E, i Also, the
electron concentration. increases exp i ~n<o~ moves

E Snoonacocon cwu& A similar relation for So hole
concentration  will be obtained Tater. _ :

.Hro m.oo_ electron concentration in the oo:nccco: cwua is obtained
by substituting the value of mw.. m.oB Eq. (7.41) into (7:20), j.e.,

E,-E. 1. (N)] o
ar N pe

c

n = N, exp

i —\N LS -
= N ﬂ.&.&. ex| ._hm.nlm.n |
LN, P\ 2k

]
N
3
2}
N’
S
1D
o
*
©
—
0
=
~N

(7.43)

emiconauciors . -
D

l _\N Il|
| ,AZa.va oxm. h N S.

where AE = E -E, novnomosg the ion-
Emcoa osonm 0m the donors. This shows

ntration at moder-

(7.44)

(¢

In

c=eny, =e Nt

1/7 —>
. 7.9. Conductivity versus

temperature for a typical n-type
germanium sample.

(7.45)

duction is s.
Knowing the electron concentration, n, and 90 electron mobility, t__ at any
given temperature, the electric j .
(7.45)\The temperature dependence of electrical conductivity mQ. an n-type
germanium is shown in Fig. 7.9. The. following conclusions can be drawn
from this curve :

(i) Starting from the ve
sponding to the point A, the conductivity increases with rise
in temperature. This is due to the -:Qommu in the number of
conduction electrons as a result of igpj nors. The
conductivi
E. The temperature corresponding to this a

about 50 K for a moderately doped :-Qvﬁ k::ms_:a.

The condu
ture up to about room 88@0383 (point C) and is attributed
to the decrease in the value of mobility with rise in temper:
ere is also an increase in the intrinsic conductivity but to a

lesser extent.
Pttt

(iif The sharp rise in conductivity from C to D is due to the large
increase in intrinsic conductivity which offsets the decrease in
- mobility, .
(b) P-type Semiconductor
The case of a p-type semiconductor can be treated in the same way
as that of an n-type semiconductor; The energy level diagram for a p-type

semiconductor is shown in Fig. 7.10. The acceptor impurity atoms occupy
the acceptor levels, E,, which lie above the valence band. For T > 0 K, a

w.
"
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225 Soliz Ssaze Physics Semiconduciors 221 ’ D
ACCEPICTS Combine with free electrons of the donors and aii the ionized donors From Eg. (7.42), - . ‘

combine with free holes of the acceptors to produce no net free carriers, Fo
Ny*=N,~orsimply N, # N, (donors and acceptors are assumed to be ionized),
the semiconductor behaves as n-type or p-type depending on the relative
magnitudes of N,and N, and the cases described above-become applicable.

. n

)

s
| | _ = m.% x 1075 x 300 In 5= 10
SOLVED EXAMPLES R —— ———-Ef = 0406 eV _
Example 7.1. The n_o..nn,o: and hole mobilities in a Si sample are 0.135 and t1eV : 0406 eV The position of the Fermi level in the

| Bi  band diagram is shown in Fig. 7.11.
_ Example 7.2. In intrinsic GaAs, the ‘
electron and hole mobilities are 0.85
and 0.04 m?%/V-s respectively and the.

Fig. 711 corresponding effective masses are 0.068 .,
m, and 0.5 m respectively where m, is the rest mass of an electroft. Q?.oa ) i
the energy band gap at 300 K as 1.43 eV, determine the intrinsic.carrier

0.048 m%/V-s respectively. Determine the conductivity of intrinsic Si at 300 K
if the intrinsic carrier concentration is 1.5x10'6 atoms/m3, The sample is then
doped with 1023 phosphorus atoms/m3. Determine the equilibrium hole
concentration, conductivity and position of the Fermi level relative to the
intrinsic level. _

Solution. Given

M, = 0135 m¥V-s -~ concentration and conductivity.
M, = 0.048 m%/V-s Solution. Given, . .
: n; = 15 x 10'6 m™3 p, = 0.85 m%V-s.

In the case.of intrinsic semiconductors, M, = 0.04 m2/V-s
m,* = 0.068 m,
3«._.. Q.m.ie
E, = 143 eV
T = 300 K’

From Eq. (7.36), the intrinsic carrier concentration is given by

n= P “.Bm
Therefore, the conductivity is given by
en; (, + W)
= 1.6 x 10719 x 1.5 x 1016 x (0.135 + 0.048)
4.39 x 107* (Q-m)"!
In the extrinsic case, since N, >> 7;, and assuming r: the donors to

i

(o)

L ) N3/2 3/4 E
be ionized, we have . S 2mkT AEH S*v exp | ——&-
1= N5 =102 atoms/m3 ! K? 7 2kT
Therefore, the equilibrium hole concentration is -
,, P : 32
. p="i — = 2,25 » 10° m™3 Tl 663x1074)? . N
n 102 . _ : ;

The oonaromiﬁw is given by
143
T 2x862x107° x 300

Cc = enp,
= 1.6 x 10719 x 1023 x 0.135
21.6 x 102 (Q-m)~!

. 2 P4
x T.o%xo.mx?._xaév w exp

1.94 x 10!2 m3

TR AR T R
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AP

. 3/2
’ 2nm, kT E.—Ep
= exp| - :
" "2 e
27tm kT 2
m Ep—E
EHN P expl - F v
K2 N u

The intrinsic carrier concentration 'is

20kTN? ) o o\3/4 E
:..nwﬁ X u ?::S v exp| -—£

10. The law of mass action, i.e.,

IN
3ﬁ|§m

holds far both intrinsic and extrinsic semiconductors,

rx\—\ In an intrinsic semiconductor, the Fermi level :om in the middle
of the conduction band and the valence band edges.”At moderate temper-
atures and impurity concentrations, the. Fermi level of an n-type semicon- -
ductor lies almost in the middle of the donor level and the conduction band
edge, whereas in a p-type semiconductor, it lies in the middle of the acceptor
level and the valence band edge. As the temperature increases, the Fermi
level approaches the intrinsic level,

VERY SHORT QUESTIONS

What is an intrinsic semiconductor? :

What is an extrinsic semiconductor? m

w oo

Explain the concept of hole.

What type of carriers is present in a semiconductor?

Define mobility of a charge carrier. o

—

What is doping? _ -

N o bhos

‘Draw the.energy level diagram for an n-type semiconductor and label
it..

8. Draw the enrgy level diagram for a p-type semiconductor and'label
it

What are majority carriers and minority carriers?

Define law of mass-action. For what type of mnB_oosacoﬁoE does it
hold?

Define drift velocity of a nm:..mn_..w
What are degenerate semiconductors?
Which has greater mobility, electron or hole?

Can a semiconductor containing both n-type and p-type impurities,

behave as intrinsic semiconductor? Give reason. \Xs\u Z f = \Cﬁ\

SHORT QUESTIONS

Give the properties of holes vis-a-vis electrons.

Explain the conduction Bﬂo:wEmB for n-type and p-type semicon-
ductors.

What are donors and acceptors? Give two examples of each.
Derive and discuss the law of mass action.

Explain the concepts of drift current and diffusion .current. How are
they different?

Ocﬁ::»snxwaowmuonmgoo:acocﬁgwo».mz 55:20 mnﬁ_oonacQQ.
How does it vary with temperature? Qlﬂ

m:oéwﬁv\vwom_,\mnmmo:om oo_.u_aconiﬁw ixrnoavonmanomgms
extrinsic semiconductor and explain the different regions.

Define the Fermi level. What is its importance in electronic grade
materials?

LONG QUESTIONS

Discuss the current,conduction in semiconductors. How do conduc-
tivity of a semiconductor and a metal change with impurity content?
Explain the difference in behaviour of these two materials due to
change in conductivity. ,

Derive expression for density o». free electrons and holes in an intrin-
sic semiconductor. Show that En Fermi level lies halfway co?\oon
the valence band and the conduction band.

What is an extrinsic semiconductor? Discuss the variation of the
Fermi level with temperature for an n-type semiconductor. ‘

\




(pueq UOTONPUOD Y} MO[Pq AD 8¥°0) _ \
‘A? €00 = ¥ USAIZ ‘[oAS] TULIDS 213 JO uonisod ‘mau Y}

puyy ‘pajdin SI SWOJE JOUOP JO UOHERUIOUOD 3 JI ‘pueq _=osunvwo,o

uE 3.22 A2 §°0 SOI| [9A9] TWI] 31 ‘JOIONPUOIIWIS um&-: m\m_ uf

- X697 1-W-1-T 89'T ‘c-We0IX18°T) 4401 30
mmae%uw anmaw,umv_vcro s omnoMoE..oQ 20 JO anoW JIqND M.& .ﬁovvm
ug jsnur syuedop AUBW MOJ *SSEUW J$31 JTUONID A} Sureq Yw ‘Aoan
-0ads91 0w ¢ 0 pue Qg () 9T SI[OY PUE SUOIOA[A JO SISSBUI 9ANIVID
ay) PUE A9 £9°0 SI 20 Jo ded pueq 3 J1 3 00E ¥¢ 2D JO ANARoNpUCd
vc,a uONEN U0 I9LLIED DISULNUT 3L} sunmalag *K19A1100dsa1 S- A /7 W
41°0 PUR 6€°0 ik 90 SISULTIU] UT S2[OY PUE SUOXIS[S JO SANIIQOW SUL

L

S4019NPUOITUIS

has

(“risuz) Ananonpuos 3o on[gA wnwiuIw A1y ,ocu_.EBQ ‘Koandadsal
$O]0Y pue SUOIIS JO senIjiqow oY) jussaidar “r pue “d ‘uonenuad

-U0D ISLLIED JISULNUI oY) ST 'u axoym “yj, 4 1\r 'y SOUIND3Q SUONIA[D

JO UONEXUSDUOD Y} Uaym EEEEE v y3noayy sossed 31 18yl MOYS
‘19a9] Kiundur 3o wonisod ay) Surfueyd £q pauIeA ST SUONIS[S JO UON
-BIJUOOUOS oyl uoym saSueyd JOIONPUEINUSS B JO AIANONPUOD JY],

(4201 * T1'8) .TmT>N£ S8€°0 SI 10310npuostwas adAy-u
ur SuoIjOd[d Jo ANJIqOW Y} JBY) UIAID “WD/OyUI-QOS ST AIANONPUOD
9SOUyM POWLIO] ST.JOJONPUOITWAS adA1iu ue yey yons [eIskIo wniuewsy
oind jo dnow 21qnod 1ad psppe 9q pInoys swole J0uop Auew mMOH

(¢- 201 X §T°9)

'SWIOJe JOUOP Y1 JO UOHEBIUAOUOD 3y pulj uay) ‘S |_A
W 6£°0 St wnuewIsg ur suonose Jo Aupiqowr syl JI EEL )
6€ S1 1010npuoorwos wnruewdsd odAy-u Jo Aanonpuod ayjJ,

(A2 11D ‘1S jo ded
pueq aSeloAe oy SUIWINR( "A[9A1303dSaI D, LT PUE D60 18 |- (W-T3)
p-01 X ¥ PUE O] X LI'p SI IS OISULIUI JO. AIIATIONPUOD By,

(D,0021) "DoLT 18IS S8 At
~AIIONPUOD JWES 9Y) SBY PUOWBIP YoIym Je armeradwo) oyl ajewnsy
‘A[oA1109dSa1 A [ | PUE $°C 2Ie UODI|IS pue puowrelp Jo sded pueq ayL

(- 1-01) *Ayisuap
Iaured Ajuofew ay3 arenoe) ‘aimesadwa) swes ayl e W , O] O
$95B2I93p AJISuUap ajoy oy} ‘Auowinue Yiim padop usypy "sinjersdurs)
WonI17e ¢_W 4,0] JO AJISUap 2[0Y © SeY [BISAIO WnfueulIod oIsunul uy

SINATdOdd

{1019npuod
-1Was v JO AJIAIIONPOD [BOLII09[S JO JUSWISINSBOUN QY] WOI) PoUTULISIaOp
deg £S10us ay) st MOK “ormieiodwaj USAIS © J8 JUBISUOD ST 10JONPUOD
-[WI9S B Ul SUOIBIIUSOUOD J[OY PUE UOIDID JO 10npoxd a3 18Yy) MOYS

‘uonesnuad

-U0D JSLLIED OISULIIUL Ure3qo O} S)INSI 9833 9S[] "SIOIONPUODIUIS IIS
-ULNUI UEe I0J SUONBIUSOUOD I[OY PUB UOJIO[ JOJ SUOISSaIdXD SALIS(]
‘s1039npuoorwas padop .ﬁo. Lyaponp

-u09 10j uorssardxa ue ureIqQ (AINARINPUOD pue AI[IGOW I JBYM
-J01onpuodtwes adL1-u ue J0j

pueq uonONPUOI I} UT SUONO3]9 JO ANSudp 03 uolssardxs ue satog

so15y 4 2101C PNOCT

o

SRR



"< g =TV m e Lo omoiclnna AN - B ,
Gmwc.QH ,x\\bu‘||ml-- wwm: uwP_ @NJQ.VP e- nrhw § £’ \N“\ NQ\ §§ é § ; |Cﬂ|d N \
m\ Dyt eguing, Co.o)en "
E, W 004 Conductior Bard @ Stble OG0l $ ,
Velenee Bond. Gnd bewoma omebile, : . [
awckbine.

| =%, Accepton e Semicoducton | (2)  CApable @\?\&?N &x é?
Abtmdom

& acceptor Doweq 4t recy, 5
o.QS\H M\&\ e E g ¥ L€ Vadord Lord §
\e

m\ .

ég?@\%&g@w&sﬁe v
fur #TA & Tk 06.3@ §
ITTET Ih Qrdos B beteme 4

hole. & §§€






