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UNIT-V SEMICONDUCTING MATERIALS AND DEVICES

PART — A Questions

What is semiconductor?

A semiconductor is a solid which has the resistivity in between conductors and
insulators. It acts as an insulator at absolute zero and as a conductor at high
temperature.

State the properties of a semiconductor.

(1) The resistivity of a semiconductor lies between 10 ~* to 0.5 ohm-meter.

(i1) At zero Kelvin, they behave as insulators.

(ii1)) At high temperature, they behave as conductors.

(iv)  The conductivity of a semiconductor increases both due to the temperature and
impurities.

(v) They have negative temperature coefficient of resistance.

(vi)  In semiconductors, both the electrons and holes will take part in conduction.

Define the term ‘hole’ in semiconductor.

When the temperature of a semiconductor is increased, the electrons in the
valence band jump into conduction band. Due to this, a (vacant site) empty space is
created in valence band. This vacant site is called hole. The absence of electron is
called hole. It acts as a positive charge. So, it attracts the electrons.

What happens when the temperature increases in the case of semiconductor and
conductor?

In semiconductor, when the temperature increases, its conductivity increases.
1
P <
T
In conductors, when the temperature increases, conductivity decreases.

pocT

Semiconductors have negative temperature coefficient of resistance — Give the
reason.

When the temperature is increased, large numbers of charge carriers are
produced due to breaking of covalent bonds. Hence these electrons move freely and
give rise to conductivity.

What are elemental semiconductors? Give two examples.

The semiconductors made up of single element are called elemental
semiconductor. They are formed by IV column elements in periodic table.
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Examples: Germanium, Silicon.

7. What are compound semiconductors? Give two examples.

The semiconductors made up of more than one element (compounds) are
called compound semiconductors. They are formed by combining III and V group
elements or II and VI group elements in periodic table.

Examples: GaA, GaP, MgO & CdS.

8. Give differences between Elemental and Compound semiconductors. (or) Give
differences between indirect band gap and direct band gap semiconductors.

Elemental semiconductors

Compound semiconductors

1.

They are made up of single
element. E.g. Ge, Si etc.

They are formed by IV column
elements in periodic table.

They are called indirect band gap
semiconductors.

Heat is  produced
recombination.

during
Life time of charge carriers is
more.

Current amplification is more.

They are used to manufacture of
diodes and transistors.

1.

They are made up of (more than
one element) compounds.
E.g. GaA, GaP, MgO & CdS.

They are formed by combining III
and V group elements or II and VI
group elements in periodic table.

They are called direct band gap

semiconductors.

Photons are
recombination.

emitted  during

Life time of charge carriers is less.
Current amplification is less.

They are used to manufacture of
LEDs and ICs.

9. What is intrinsic semiconductor? Give some examples.

Semiconductor in a pure form is called intrinsic semiconductor.

Examples: Silicon & Germanium
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10. What is extrinsic semiconductor? Give some examples.

Semiconductor which is doped with

semiconductor.

Examples: Si doped with Al, In, P, As etc.

impurity is called extrinsic

11. Differentiate Intrinsic and Extrinsic semiconductors.

Intrinsic semiconductor

Extrinsic semiconductor

1.

Semiconductor in a pure form is
called intrinsic semiconductor.

Here charge carriers are produced
only due to thermal agitation.

They have low electrical
conductivity.
They have low  operating

temperature.
At 0K, the Fermi level exactly lies

between conduction band and
valence band.

Examples: Si & Ge.

Semiconductor which is doped
with impurity is called extrinsic
semiconductor.

Here charge carriers are produced
due to impurities and may also
produced due to thermal agitation.

They have high electrical
conductivity.
They have high operating

temperature.

At OK, Fermi level lies closer to
conduction band in n-type and lies
near to valence band in p-type
semiconductors.

Examples: Si doped with Al, In,
P, As etc.

12. Define carrier concentration in intrinsic semiconductor.

The number of charge carriers (electrons & holes) per unit volume of a
semiconducting material is called carrier concentration.

13. Define density of electrons.

The number of electrons in the conduction band per unit volume of a
semiconducting material is called electron concentration (or) density of electrons (or)
number of electrons.

14. Define density of holes.

The number of holes in the valence band per unit volume of a semiconducting
material is called hole concentration (or) density of holes (or) number of holes
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Given an extrinsic semiconductor, how will you find whether it is n-type or p-
type? (or) How can you distinguish p-type and n-type semiconductors using Hall
Effect?

If the Hall coefficient is negative, then we ensure that the material is an n-type
semiconductor.

If the Hall coefficient is positive, then we ensure that the material is an p-type
semiconductor.

What is n-type semiconductor? Give some examples.

When a small amount of pentavalent impurity is added to a pure
semiconductor, it is known as n-type semiconductor.
Examples: Intrinsic semiconductor doped with phosphorus, arsenic, antimony.
What is p-type semiconductor? Give some examples.

When a small amount of trivalent impurity is added to a pure semiconductor, it
is known as n-type semiconductor.

Examples: Intrinsic semiconductor doped with boron, gallium, indium.

Distinguish between n-type and p-type semiconductors.

n-type semiconductors

p-type semiconductors

When a small amount of
pentavalent impurity is added to a
pure semiconductor, it is known as
n-type semiconductor.

The impurity is called donor
because it donates electron.

Electrons are the majority carriers.
Holes are the minority carriers.

The donor energy level is very
close to the conduction band.

When temperature is increased,
these semiconductors can easily
donate an electron from donor
energy level to the conduction
band.

When a small amount of trivalent
impurity is added to a pure
semiconductor, it is known as
p-type semiconductor.

The impurity is called acceptor
because it accepts electron.

Holes are majority carriers.

Electrons are the
carriers.

minority

The acceptor energy level is very
close to the valence band.

When temperature is increased,
these semiconductors can easily
donate an electron from valence
band to acceptor energy level.
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19. State Hall Effect.

When a conductor or a semiconductor carrying a current is placed in a
perpendicular magnetic field, an electric field is produced inside the conductor. The
direction of the electric field is perpendicular to both current and magnetic field. This
effect is called Hall Effect and the produced voltage is called Hall voltage.

20. Mention the uses of Hall Effect. (or) What are the applications of Hall Effect?

(1) It is used to determine whether the semiconductor is p-type or n-type.
(11) It is used to find the carrier concentration.

(ii1)) It is used to find the mobility of charge carriers.

(iv) It is used to determine the sign of the charge carriers.

(v) It is used to design magnetic flux meters on the basis of Hall voltage.
(vi)  Itis used to find the power flow in an electromagnetic wave.

PART — B Important Questions

1. Explain with neat sketch the different types of semiconductors. (or) Explain with
neat sketch the intrinsic and extrinsic semiconductors.

Semiconductor

A semiconductor is a solid which has the resistivity in between conductors and
insulators. It acts as an insulator at absolute zero and as a conductor at high temperature.
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Semiconductor

Based on
Composition

k4

¥

Elemental
semiconductor

Compound
semiconductor

Based on
Purity

Y

Intrinsic
semiconductor

Elemental semiconductor

Y

Extrinsic
semicondictor

y

n-type

semiconductor

h

p-type

semiconductor

(i) The semiconductors made up of single element are called elemental
semiconductor. They are formed by IV column elements in periodic table.
(11) They are called as indirect band gap semiconductors.

(ii1))  Here electron — hole recombination takes place through traps.

(iv)  In this process, phonons are emitted.

(V) Life time of charge carriers is more due to indirect recombination.
(vi)  Current amplification is more.

(vii)  They are used for making diodes and resistors.
(viii) Examples: Germanium (Ge) & Silicon (Si).

Compound semiconductor

) The semiconductors made up of more than one element (compounds) are
called compound semiconductors. They are formed by combining III and V

group elements or Il and VI group elements in periodic table.

(i1) They are called as direct band gap semiconductors.
(ii1))  Here electron — hole recombination takes place directly.

(iv)  In this process, photons are emitted.
(v) Life time of charge carriers is less due to indirect recombination.
(vi)  Current amplification is less.

(vil)  They are used for making LEDs, Laser diodes and ICs.
(viii) Examples: GaA & MgO.
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Intrinsic semiconductor

(1) A semiconductor in a pure form is called intrinsic semiconductor.

(11) Here the charge carriers are produced only due to thermal agitation.

(ii1))  They have low electrical conductivity.

(iv)  They have low operating temperature.

(v) At 0 K, the Fermi level exactly lies between conduction band and valence
band.

(vi)  Examples: Germanium (Ge) & Silicon (Si).

Extrinsic semiconductor

(1) Semiconductor which is doped with impurity is called extrinsic
semiconductor.

(i1))  Here the charge carriers are produced due to impurities and may also be
produced due to thermal agitation.

(ii1))  They have high electrical conductivity.

(iv)  They have high operating temperature.

v) At 0 K, Fermi level lies closer to conduction band in n-type semiconductor
and lies near valence band in p-type semiconductor.

(vi)  Examples: Si and Ge doped with Al, In, P, As etc.

n-type semiconductor

(1) When a small amount of pentavalent impurity is added to a pure
semiconductor, it is known as n-type semiconductor.

(11) Here electrons are majority carriers and holes are minority carriers.

(ii1)) It has donor energy levels very close to conduction bad.

(iv)  When temperature is increased, these semiconductors can easily donate an
electron to the conduction band.

p-type semiconductor

(1) When a small amount of trivalent impurity is added to a pure semiconductor, it
is known as p-type semiconductor.

(i1) Here holes are majority carriers and electrons are minority carriers.

(ii1)) It has acceptor energy levels very close to valence bad.

(iv)  When temperature is increased, these semiconductors can easily accept an
electron from the valence band.

2. What is Hall Effect? Derive an expression for Hall coefficient. Describe an
experimental set up for the measurement of the same.
(or)
Derive an expression for the charge density in terms of Hall voltage.
(or)
What is Hall Effect? Give the theory of Hall Effect.
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(or)

(i) Explain the phenomenon of Hall Effect. Obtain an expression for Hall
coefficient.

(ii) How will you measure Hall coefficient experimentally?

(or)

(i) Explain Hall Effect in n-type and p-type semiconductor. Also state how Hall
voltage is related.

(ii) Derive an expression for Hall coefficient.

(iii) Describe the experimental set up for the measurement of Hall coefficient. (or)
Describe an experiment to find the concentration of charge carrier in N-type
semiconductor.

Hall Effect

When a conductor or a semiconductor carrying a current is placed in a

perpendicular magnetic field, an electric field is produced inside the conductor. The
direction of the electric field is perpendicular to both current and magnetic field. This

effect

is called Hall Effect and the produced voltage is called Hall voltage.

Hall coefficient for n — type semiconductor

X/
L X4

X/
o

X/
L X4

X/
o

X/
L X4

Y
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/) Magnetic
Z  feld

Consider a n — type semiconductor.

Current is passed along x — axis.

Magnetic field is applied along z — axis.

Electric field will be produced in y — axis.

Since the direction of the current is from left to right, all the electrons will move
from right to left.

All the electrons will move with a force in downward direction (face — 1) due to
magnetic field.
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Ey— Hall electric field

I, — Current along x — axis

B, — Magnetic field along y — axis

v — Velocity of electrons

e — Charge of electrons

n. — Number of electrons in n — type semiconductor

Force due to electric field ~=—ekE,
Force due to magnetic field =— B _ev,
At equilibrium,

7Z¢EH :%BZ ¢vx

EH :B z vx
E
=5 1)
B
According to current density definition,
Jx =—hn e evx """"" (2)
Sub. (1) in (2)
L ek,
X BZ
1
E,=J.B |- —
n,e
E,=J.B. R,
1
where Ry=|-—| (3)
n,e

R, — Hall coefficient

(3) is the expression for Hall coefficient of n — type semiconductor.

Hall coefficient for p — type semiconductor
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!

voltage

){C/Hall
.

X/

+ Consider a p — type semiconductor.

¢+ Current is passed along x — axis.

¢ Magnetic field is applied along z — axis.

% Electric field will be produced in y — axis.

¢ Since the direction of the current is from left to right, all the holes will move from

left to right.

+«» All the holes will move with a force in downward direction (face — 1) due to
magnetic field.

Ey— Hall electric field

I, — Current along x — axis

B. — Magnetic field along y — axis

v — Velocity of holes

e — Charge of holes

n. — Number of holes in p — type semiconductor

Force due to electric field =ek H

Force due to magnetic field = BZ ev,

At equilibrium,
% EH = B z % vx
EH :B z vx
EH
v =—
"B )
According to current density definition,
Jx =mev, e (5)
Sub. (1) in (2)
n ek
']x —_h H
B

z

Page 10 of 31



Selvam College of Technology (Autonomous),

“A” Grade by NAAC, UGC recognized 2(f) Status, Approved by AICTE — New Delhi, Affiliated to Anna University
Namakkal — 03. www.selvamtech.edu.in

E,=J B |-
n,e
EH :']x Bz RH
1
where Ry=—1| (6)
n,e

R,, — Hall coefficient

(6) is the expression for Hall coefficient of p — type semiconductor.

3. With neat diagram, describe the experimental measurement of Hall Effect.

Y L

X
J--VH

\

ZH

Magnetic
Field Y

-—@——[th—'\/w—‘r

(1) A semiconductor is taken in the form of rectangular form.

(11) Let its thickness be ‘¢’ and breadth be ‘b’.

(ii1))  Current (/) is passed along x — axis using a battery.

(iv)  The semiconductor is placed between the north and south poles of an
electromagnet.

(v) The magnetic field is passed z — axis.

(vi)  Due to Hall Effect, Hall voltage (V) is developed in the semiconductor.

(vil)  This voltage is measured by fixing two probes at the centers of the top and
bottom faces of the semiconductor.

(viii)  Then, Hall coefficient is determined by the formula R, :IH;.
4. Derive an expression for the density of electrons (or) carrier concentration of
electrons in intrinsic semiconductors.
(or)
Assume Fermi Dirac distribution function, derive an expression for the number of
electrons/unit volume in the conduction band of an intrinsic semiconductor.

¢ The number of electrons in the conduction band per unit volume of the material is
called density of electrons or electron concentration (7.).

% At zero Kelvin, all the electrons are present in valence band.
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¢ At high temperature, electrons cross the band gap and occupy conduction band.

AtOK

+o At Tempera@e T

~+—1— Conduction band —f=

E;

at 0K
S

E,

E
v
] .® ®
. ‘-i— i
[ . Valence band

)

The number of electrons per unit volume in conduction band

n,=Z(E) F(E)dE

For entire region, n,= J.Z(E) F(E)dE

Ec
(1) y
3
7| 8m |? 1
We know that, Z(E)dE:E{ hze} (E_EC)A dE
(2)
m, —> Effective mass of electrons
From Fermi distribution function,
1
F(E) - 1_|_ e(E_EF )/KBT
(3)
Sub. (2) & (3) in (1)
3
- Tz{SmZ b E-E):
L2l | 14T
3
7| 8m, X (E—EC)% JE
4)
SEEVRT
1 +e(E_EF)/KBT ~ e(E_EF)/KBT

(5) becomes

+ co
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_ .3
T 8m, Aw(E—EC)% JE
R, _E_ 2 | b:[e(E—EF)/KBT
Y
LT TR T
20 b £,
(5)

Assume E-E.=xK;,T = v (0)

E=E, +xK,T oo 7)
dE=0+K,T dx oo ®)

Sub. E=E_in(6) Sub. E = o0 in (6)
E.—E.=xK;T o—-FE =xK,T
0=xK,T o=xK,T

0 0
=X =X
K,T KT
0=x =X
x=0 X =00

Limit x = (0, o)
Sub. (6), (7) & (8) in (5)

3]
S}

o]

n =2 8me} I(xKBT)% o\Er~Ec=xKyT)/KyT (xKBT)dx
0

1% o
. _% 8me} ij% (KBT)% o\ Er =B VKT J(xK, TYK,T g
0

% y o0
n :z 8me KBT ’ e(EF—Ec)/KBTIx% e—xdx
2 0
* 3 1
_£|:8me KB Ti|é e(EF_EC)/KBT ﬂ_A

n =
) h’ 2
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Q

. 1 87Z'me KBT (EF_EC)/KBT 1
n=———=*:2—1 e —
2 h? 2

3 . 3
n = 1 X 84 ﬂme KB T A e(EF_EC)/KBT
© 2x2 h*

3
_ 42 x 2 [ mm K, Tr J(E LKy

n
e 4 hZ
3
_/4/>< 4% 272'77’1: KBT A (EF_EC)/KBT
ne=—/r I e
: 2
n,= 2|: 27[’7;@2](3 Ti| e(EF_EC)/KBT __________

©)

(9) is the expression for density of electrons in conduction band.

5. Derive an expression for the density of holes (or) carrier concentration of holes in
intrinsic semiconductors.
(or)
Assume Fermi Dirac distribution function, derive an expression for the number of
holes/unit volume in the valence band of an intrinsic semiconductor.

¢ The number of holes in the valence band per unit volume of the material is called
density of holes or hole concentration (n;).

¢ Probability of filled state = F (E)

% Maximum probability = 1

¢ Probability of unfilled state =1 — F (E)

The number of holes per unit volume in valence band

n, =Z(E)[1- F(E)|dE

Ey
For entire region, n, = _[Z(E) [1 - F(E)]dE __________

(1)

2

%
7| 8m |
We know that, Z(E)dE=5{ hh} (E, —EY* dE

()
m, — Effective mass of holes
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From Fermi distribution function,

1

EE TR,

F(E)="

1

1 + e(E_EF )/KBT

1-F(E)=1-

1+e(E_EF)/KBT _1

I_F(E) - 1+e(E_EF)/KBT
e(E_EF)/KBT
I_F(E) - 1+e(E_EF)/KBT __________
3)
SEER)KsT
<<< ]
1+e(E_EF)/KBT ~1
(3) becomes
I_F(E) — e(E_EF)/KBT __________
4)
Sub. (2) & (4) in (1)
8m % |
= j { h} (E, —E)? " 55T g
% Ey
8m | _
n, = 2{ hzh} [O(EV _E)? QU EKT g
(5)
Assume E,-E=xK, T e (6)
E,—xK,T=E=E=E,-xK, T v (7)
dE=0-K,T dx e (8)
Sub. E =-0in (6) Sub. E=FE,in(6)
E—(~o)=xK,T E,—E,=xK,T
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E+owo=xK,T 0=xK,T
0
o=xK,T =X
K,T
= 0
=X =
K,T *
=X x=0
X=00

Limit x = (0, 0)

Sub. (6), (7) & (8) in (5)

- 1%
n, :% 8;:;” I(xKBT)% e\ By <Ky T=Er )/, T (— K, T)dx
— -3
| 8m, e %( % (Ey~Ep )K,T (-xKyT)/K,T
n,=—|— Ix K, T)? e e dx
20 ] %
B * _% 0
nh = Z _8 mh ]Z{BT e(EV_EF)/KBzj% e—x dx
2 h )
-, -3 .
_z[8mK TR e 2
n, == 2 ¢
2 h 2

nh:_

. %
1[872'7’”;1 KBT:l ze(EV—EF)/KBT l

2 h® 2
3 * y
" :lxgé ”mhKBT ze(E,,—EF)/KBT
"2x2 h’
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47252" [ 7m K,T %

e(EV _EF )/KBT

n
h 4 h2
1 % y

) i [2am K, T P s
h 4{ ]’12

; A

| 2mm KTk

n, = A

h 2
(€))

(9) is the expression for density of holes in valence band.

6. Derive an expression for the carrier concentration in intrinsic semiconductor.

(or)
Derive the expressions for density of electrons and density of holes in intrinsic
semiconductor.

Carrier concentration

The number of charge carriers per unit volume of the material is called intrinsic
carrier concentration (#;).

Density of electrons

¢ The number of electrons in the conduction band per unit volume of the material is
called density of electrons or electron concentration (7.).

¢ At zero Kelvin, all the electrons are present in valence band.

% At high temperature, electrons cross the band gap and occupy conduction band.

AtOK i AtTemperamre T 4o
—-—— Conduc_:tion band —1-~
| & & 8 0 & @ |
E, E,
0 | B0 Bplo e __ a0k
AR O oo ooo |k
'....... .........
®.0® ® o0 0-!‘— Valenccband —=® o 4 ® o0 © ®
oo.o: o O hd *e® o o
™ L —o0 ':. ® 0% o, .

The number of electrons per unit volume in conduction band

n,=Z(E) F(E)dE
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For entire region, n,= J.Z(E) F(E)dE (1)
EC
%
7| 8m ]
We know that, Z(E)dE:5|: h28:| (E—EC)A dE. .

()
m, — Effective mass of electrons
From Fermi distribution function,

F(E)=" :

(E-Ep)/KgT T €)

+e
Sub. (2) & (3) in (1)

3
“rl8m'? (E-E, )
P2l n | e EIRT

’ z{SmZ}%]" ()
2

= e Ecl N e(E—EF VKT O mmmmmmees “4)
JEEVKT
1 +e(E_EF)/KBT ~ e(E_EF)/KBT
(4) becomes
_ 43
n —Z 8m: AT(E_EC)% dE
€ 2 i h2 1z e(E_EF)/KBT
_ e 1Y
n,= 2|8 | (E_E )i BBt gp 5
e 2 h2 ( )
L 14 Ec
Assume E-E.=xK;,T -—ee- (6)
E=E.+xK,T e (7
dE=0+K,T dx W = e (8)
Sub. E=FE,in(6) Sub. £ = o0 in(6)
E.—E.=xK;T o—-FE =xK,T
0=xK,T o=xK,T
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o

~

>

= o
Il
o = N

Limit x = (O, oo)

Sub. (6), (7) & (8) in (5)

= 8

T 2L
n, :5 } .[ (xK, T e\ Fr~EemxKsTKyT (K,T )dx
0
Yo
ne :z 8m :| zjx% EF_EC)/KBT e(_XKBT)/KBde
2 0
nezz 8m KBTi| (EF EC)/KB Tx% e—xdx
2 i h? 7
* 3 1
n =-— 8me KBT Ae(EF_EC)/KBTﬂ_A
c 2 h* 2
® bz
[Ix% e‘xdx:ﬁ—
) 2
3
n :l 87Z.me KBT Ae(EF_EC)/KBTl
) h* 2
3 N 3
. :1><8A mm, K, T Ae(EF—Ec)/KBT
© 2x2 h?
3
. 47 x 2" [ zm K, Tr J(E LKy
© 4 h?
3
- _/4/>< 4% |: 27Z'm: KB Ti|A e(EF_EC)/KBT
s h

Page 19 of 31



Selvam College of Technology (Autonomous),
“A” Grade by NAAC, UGC recognized 2(f) Status, Approved by AICTE — New Delhi, Affiliated to Anna University
Namakkal — 03. www.selvamtech.edu.in

(9) is the expression for density of electrons in conduction band.

Density of holes

¢ The number of holes in the valence band per unit volume of the material is called
density of holes or hole concentration (n;).

¢ Probability of filled state = F (E)

% Maximum probability = 1

¢ Probability of unfilled state =1 — F (E)

The number of holes per unit volume in valence band

n, =Z(E) [l - F(E)|dE

Ey
For entire region, n, = IZ(E) [1 - F(E)]dE __________ (1)

1%
8
We know that, Z(E)dE =%{ ;:Zh} (EV —E)% dE . )

m, — Effective mass of holes

From Fermi distribution function,

1
F(E)= 1+e(E—EF)/KBT
1
I_F(E) - 1 B 1_|_e(E_EF)/KBT

1+e(E_EF)/KBT _1

I=F(E) ==z,
(E-Ep)/KsT

I=FE) =1 —mmmr ()

SEER)KsT
<<< ]
1+e(E_EF)/KBT ~1
(3) becomes
1— F(E) — e(E_EF)/KBT __________ 4)

Sub. (2) & (4) in (1)

Ey, * %
n, = j%{g}’?h} (E, —E)? "5 V5T 4

—o0

Page 20 of 31



Selvam Colleg

“A” Grade by NAAC, UGC recogn

e of Technology (Autonomous),

ized 2(f) Status, Approved by AICTE — New Delhi, Affiliated to Anna University

Namakkal — 03. www.selvamtech.edu.in

* % Ey
_ 7| 8m, 1 (E-Ep)/KsT
n, _5|: h2 :| »[O(EV —E) e dt. .
(5)
Assume E,-E=xK, T (6)
E,—xK,T=E= E=F,—xK,T = v (7)
dE=0-K,Tdx —  —ooeeee ®)
Sub. E =—o0in (6) Sub. E=E,in(6)
E—(-0)=xK,T E,—E,=xK,T
E+owo=xK,T 0=xK,T
0
wo=xK,T =X
K,T
~ 0
=X =
K,T *
=X x=0
X =00

Limit x = (oo, O)

Sub. (6), (7) & (8) in (5)

T
n,=-—
h

2

T
n, =—
h

2

V2
n, =-—
h

2

V2
n, =-—
h

2

_%0

1 6
_8m*_%w JA Y (By-Ep)K,T (-xKpT)/K,T
| [ (e, TR el LTI g
i 1 o
S 1 %
Smh# e(EV—EF)/KBTJ'x% e " dx
7 1
8mh KBT ze(EV—EF)/KBT ﬂ.é
h2 2
. P
|
o

Ec
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. %
1 |:87zmh KBT} ? o\ Br=Er /Ky T l

n,=—
2 h’ 2
3
n, = 5 e
2x2 h
3
4%X2% mm, KT & (Ey—Ep)/K,T
n, = : e\"v R )R
4 h
3
4/><4% 2xm, K,T % (E,~E; )/K,T
n, = - e
A h

27zm, K. T %

_ { zTm, Ky } (Ey—Ep)/KsT

n,=2 > e
h

(9) is the expression for density of holes in valence band.

Intrinsic carrier concentration

WK.T. 1, =n,=n,

2_
n,=n,.n,

. Y : !
5 2{ 2xm, K, T} o Er KT | ) o 2mm, Ky T o B ~Er )/KsT
W n

%//
2.—4 {M} (m*m;:)% e%_ECJFEV_/EI/V)/KBT

h2
3
27K, T s %) _
ni:4 th (me.mh)/z o\ Er—Ec)/ Ks T [ EE, =EgJ
27K, T % x«  x\V4 —E,I12KsT
n =2 TB (me.mh)Ae o

7. Derive an expression for carrier density in n-type semiconductor.
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When a small amount of pentavalent impurity is added to a pure semiconductor, it
is known as n-type semiconductor.

Density of electrons in conduction band in an intrinsic semiconductor is

. 3/2
¢ h KT
L Conducting Band PPY .
E.
© ionized donor 8600000000 E,
E!
—— Valence Band "0 by
o 3/2
Put N = 2[727““‘1KBTJ
g h~
Density of electrons
E.—E
N = N_.exp|—= —©F .
; e p[ - } )
Density of ionized donor atoms is
E;, —E
N,[1-FE = Npexp| 2 —F .3
o[1-F(Ep)] b p[ o J (3)
At equilibrium condition,
Number of electrons Number of holes
per unit volume in = | per unit volume in donar
conduction band (eqn (2) energy level (eqn (3)
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E_—FE
S =
B
exp L;(_JT—::C
B
B
E.—E.—E_ . +E
B

Taking log on both sides, we get,

log {exp{

K.T

B

{EF—EC—EDHEF}

AtT=0K. E. =

E

Ee-E-Ep+E || | [Ny
KyT - 7| NG

log {&}
NC

(Ec+Ep)+K;Tlog [%}

c

(Ec +Ep) KT IN,
> + 5 log A

Eom) L,

At T=0K. Thus, the Fermi level in N-type semiconductor lies exactly in
middle of the conduction level (E_) and donor level (E).

This equation shows that the electron concentration in the conduction band is
proportional to the square root ofthe donor concentration.

8. Derive an expression for carrier density in p-type semiconductor.
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When a small amount of trivalent impurity is added to a pure semiconductor, it is
known as p-type semiconductor.

Conducting Band

|~ hole

m
E
X
m m

jeul
<

O 00 0 |
Valence Band o
[ I N X il

Density of holes in the valence band m an intrinsic semiconductors is

x i —3/2
2mm, KT Ey-E
_ o | [
N, | 12 | I{ KT K1)
2mm KT ]
mm, Ky
Put N, = 2|—>5 — -2
v . W | )
E.—E
Density of holes N, = Nyexp {‘71:} 3
K;T
Density of ionized acceptor atoms is B .
E.-E
= N,exp ———*=
Na F[Ea] A P[ K.T } =
At equilibrium condition,
Number of holes Number of electron
per unit volume in | = | per unit volume in accepter
valence band (eqn (3) energy level (eqn (4)
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E.-E .
Np[ﬁ} - N“P[%}
B

B
o —|E.—E
e = 3 —[Ee—Es] _ M
K.T KT Ny
_ Ey—E—E+E, N,
K. - N,
Takmng log on both sides, we get,
log exp[E"’_EF_EF +EA} — fop Na
E.T ] | Ny |
B, E-BaE ] IOQ_NA_
KT ] - = i N, |

N
E,—Er—Ep+E, = KBTlog[N“‘}

v

N
—2Eg = —|Ey+E,]|+KT log[NA }

Er = , log

o WET R S F IOQ[NA}

Substituting the value N,

E.+E,) Na
v g KT s = /2 =
E = ( > - ;‘ log 5 [ 2mmy, KyT ]3 k)
- h*
AtT=0K
(E\' +EA)
¢ 2

At 0 K fermi level in p type semiconductor lies exactly at the middle of the
acceptor level and the top ofthe valance band.

9. Discuss carrier transport in n-type and p-type semiconductor in detail.

Carrier transport

In semiconductor, electrons and holes are called charge carriers. They move from one
position to another and this movement of charge carriers is called carrier transport.
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RANDOM MOTION of charge carriers

In the absence of electric field, the charge carriers move in random motion (in all
directions).

DRIFT MOTION of charge carriers

When the electric field is applied, the charge carriers move with a velocity called drift
velocity and reach a steady state.

(i) Carrier transport in n-type semiconductor

¢ In n-type semiconductor, electrons are majority charge carriers.
e Holes are minority charge carriers.
e Apart from this, there will be equal number of immobile positive ions.

Diagram

imyncbil posiive -9 0O OO

M.

SN
o
®
=
(=]

%o

Explanation

e (Consider an n-type semiconductor.

e Itis placed between a pair of electrodes.

e An Electric field (voltage) is applied to the electrodes.

e Due to applied field, the electrons move towards the positive terminal and
disappear.

e At the same time, equal number of electrons is generated in the negative
terminal.

e These electrons are attracted by the immobile positive ions.

e Therefore electrons flow continuously from one terminal to the other terminal.

e The net current flow depends upon the biasing voltage.

(i) Carrier transport in p-type semiconductor

e In p-type semiconductor, holes are majority charge carriers.
e Electrons are minority charge carriers.
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e Apart from this, there will be equal number of immobile negative ions.

Diagram

Electrodes

Immobile
Negative lons

@ Electrons @
© © ®

@ oles

1 Biooton ecwn |
L

Voltage

MANSS

AN

Explanation

e (Consider a p-type semiconductor.

e [tis placed between a pair of electrodes.

e An Electric field (voltage) is applied to the electrodes.

e Due to applied field, the holes move towards the negative terminal and
disappear.

e At the same time, equal number of holes is generated in the positive terminal.

e These holes are attracted by the immobile negative ions.

e Therefore holes flow continuously from one terminal to the other terminal.

e The net current flow depends upon the biasing voltage.

10. Derive the expressions for drift transport and diffusion transport.

Drift transport

e In the absence of electric field, the charge carriers (electrons & holes) move in
all directions. This is called random motion.

e In the presence of electric field, the electrons move towards the positive
terminal and the holes move towards the negative terminal. The net movement
of charge carriers (electrons & holes) is called drift transport.

e The current density due to electron drift is

J, =n,ev, (1)

e Drift velocity is directly proportional to applied electric field.

vdocE
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vg =M E e 2)
Sub. (2) in (1)

J,=n,eu, £ 3)

Where AL, - mobility of electrons

e Similarly, the current density due to hole drift is

J,=n ey £ @)

Where L, - mobility of holes
e Total drift currentis J = J o T J y o (5)
Sub. (3) & (4) in (5)

J=n,eu, E+n eu E

Jz(nee,ue+nhe,uh)E ---------- (6)
According to Ohm’s law,

J=cE (7)
Compare (6) & (7)

o-j}ié :(nee,ue+nhe,uh )Jé

Gz(neeyeJrnhe,uh) ---------- (8)

For intrinsic semiconductor,

Ne = Ny = n;

(8) becomes O ;. = (nl.e,ue+nl.e,uh )

1

o =ne(ptu,) e g

Diffusion transport
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While doping, excess charge carriers are introduced in the material. It leads to non-
uniform distribution of charge carriers at some places.

When the electric field is applied, the charge carriers move from the higher
concentration region to lower concentration region in order to attain uniform distribution.
This transport is called diffusion transport.

The concentration of charge carrier (An,) varies with distance (x) in a semiconductor.

0

Rate of flow of charge carrier oC a—An B
X

Rate of flow of electrons

Rate of flow of electrons o¢ — An o

Ox
%)
Rate of flow of electrons = — 1) e An B
Ox
D —Electron diffusion coefficient.

e

Current density due to electrons

Current density = charge of electrons x rate of flow of electrons
0
J,=[-el]| -D,—An,
ox

J, = eDeQAne ---------- (10)

ox

Current density due to holes

Current density = charge of holes x rate of flow of holes
0
J, =[+e] {— D, a(A n,)

J, :—eDha%(Anh) ---------- (11)

Drift and diffusion transport
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If an electric field is applied to a semiconductor, the total current contribution is due
to drift and diffusion transport.

Total current density due to electrons

J,(Total) = J,(drift) + J, (diffusion)

J, (Total):nee,ueE+eDe§(Ane) ---------- (12)
X
Similarly, total current density due to holes
0
J, (Total):nhe,uhE—eDha—(Anh) ---------- (13)
X

Total current density due to electrons and holes

J(Total)=n,eu, E+eDe£(Ane)+ neu E—eD, i(Anh) ------
ox Ox
(14)

(14) represents the total current density due to drift and diffusion electrons and holes in
semiconductors.
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