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‘ 1 Basic Electronics Engineering (EDC)

Revised Syllabus of ESE: Basics of semiconductors; Diode/Transistor basics and characteristics; Diodes for
different uses; Junction and Field Effect Transistors (BJTs, JFETs, MOSFETs); Optical sources/detectors; Basics of
Opto electronics and its applications.

1. Semiconductor Physics

m Discuss “Hall Effect” in materials. [10 marks : 2000]
Solution:
B Hall Effect:

e |f a specimen (metal or semiconductor) carrying a current 7 is placed in a transverse magnetic field B, an
electric field Eis induced in the direction perpendicular to both 7and B. This phenomenon, known as the Hall
effect, is used to determine whether a semiconductor is n-type or p-type and to find the carrier concentration.

= Hall effect is used in many applications as following: Y
(a) measurement of magnetic flux density
(b) measurement of displacement x
(c) measurement of current E
(d) measurement of power in Electromagnetic waves 11—/
(e) determination of carrier concentration re |
() determination of mobility of semiconductor material. 2 4 Semiconductor bar

m Explain how the phenomenon of Hall effect can be used to determine whether a semiconductor is ‘n’

type or ‘p’ type.
[10 marks : 2000]

Solution:

Consider the figure shown here: Y

e Statements of Hall effect “If a specimen (metal or semiconductor) T
carrying a current [ is placed in a transverse magnetic field B, an £ !
electric field Eis induced in the direction perpendicular to both 7 JE—
and B. This phenomenon, known as the Hall effect, is used to I=—
determine whether a semiconductor is n-type or p-type and to B
find the carrier concentration”. 7

= If the semiconductor is n-type material, so that the current is carried by electrons, these electrons will
accumulate on side 1 and this surface becomes negatively charged with respect to side 2. Hence, a
potential, called the Hall voltage (V,,), appears between surfaces 1and 2. If the polarity of V,,is positive
at terminal 2, then as explained above, the carriers must be electrons.

= Ifonthe other hand, terminal 1 becomes charged positively with respect to terminal 2, the semiconductor
must be p-type.
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[EE] Define Hall Coefficient R,,. Obtain an expression for R, in terms of Hall Voltage V,,
[20 marks : 2000]

Solution:

Hall Coefficient R, is defined as
R, = 1lp
where P charge density
In the equilibrium state the electric field intensity £ due to the Hall effect must exert a force on the carrier
which just balances the magnetic force, or
gE = Bgv  where vis the drift speed

But E = V,/d
where V,, = Hallvoltage
and d = distance between surfaces 1 and 2
BJd
V,=Ed = Bvd=T [ J=pV]
where J = current density in Amp/m?
p = charge density
1 1
J = AT
(where w is the width of specimen in the direction of B).
BI
V/—/ = p_W
R, = 1lp
Vi w ,
R, = Bl ie. V<R,

m In intrinsic silicon, the Fermi level lies near the middle of the bandgap. How does the fermi level move
when it is doped with (i) phosphorus, and (ii) boron atoms? Can the Fermi level be pushed up into the
conduction band? If yes, explain how. If not, explain, why. [15 marks : 2001]

Solution:

(i) Phosphorous is a donor-type impurity. If a donor-type impurity is added to the crystal, then at a given
temperature and assuming all donor atoms are ionized, the first N, states in the conduction band will be
filled. Hence it will be more difficult for the electrons from the valence band to bridge the energy gap by
thermal agitation. Consequently, the number of electron-hole pairs thermally generated for that temperature
will be reduced. Since the Fermi level is a measure of the probability of occupancy of the allowed energy
states, it is clear that E must move closer to the conduction band to indicate that many of the energy
states in that band are filled by the donor electrons, and fewer holes exist in the valence band.

Conducﬂlion band Conducﬁlion band
E.—» ; E, ;
€ R '"__:::::::ED T ¢ i
! E. Es !
i i e s —— ~Ef
E, : E,—> - IR
Valence band Valence band Ex
0 0.5 1.0 0 0.5 1.0
f(E) f(E)
Position of Fermi Level in Position of Fermi Level in
n-type semiconductor p-type semiconductor

(ii) Boron is a p-type impurity. The same kind of argument as above leads to the conclusion that £, must
move from the centre of forbidden gap closer to the valence band for a p-type material.
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= An expression of Fermi level is given by,

Er = EV+len(MJ for p-type
Na

Er = Ec—len(&j for n-type
Np
where N, = effective density of states located in conduction band
N, = donorion concentration

= Ifthe semiconductor is heavily doped, then N, > N,.. (Corresponding to a doping in excess of 1 part
in10%).SoIn (N./Np)is negative. Hence E. > E, and the Fermi level in the n-type material lies in the
conduction band.

m Explain why a doped semiconductor that is extrinsic at normal temperatures, behaves as an intrinsic
material above a certain temperature. Upon which parameters will this temperature depend?
[15 marks : 2001]
Solution:

C (Total concentration core)

nno

B (Thermal generation curve)
ny(T)

S

------- A (Impurity ionization curve)

Carrier Concentration

T; (Intrinsic point)
@'/ Temperautre
[ I o

Total carrier concentration (shown by curve-Cin the above diagram) has 2 types of carrier.

(a) Carrier due toionized dopant atom (impurity atom).

(b) nj( T), thermally generated carrier (intrinsic carriers).

The difference between energy of dopant level and that of conduction band in N-type, valance band in
p-type semiconductor is typically very low as compared to band gap energy Eg( T), Tstands for temperature
variation of Eg.

= (E,~E).(E,~E)<< EQ(D [in extrinsic range of temperature]

Where, E_ = Donor level, E,, acceptor level Eg is also the amount of energy to generate an electron hole pair

intrinsic carrier. Due to small energy requirement of impurity ionization, (E_ - E,) or (E,— E, ), the temperature

required to ionize dopant atoms is very small and typically between 100-150 Kelvin.

The above diagram shows variation of carrier concentration due to increase in temperature rate for an n-type

semiconductor.

(i) Impurity ionization carrier (Curve-A).

(ii) Thermally generated carrier (Curve-B) and curve-C is just the sum of two carrier concentration. Show in
the above diagram are 3 region, I, I, Ill. Depending on temperature range.

Region-I (temperature range of partial impurity ionization): It typically stretches upto 150 K. During such
small temperature n/.(D =0and n, = Nj is carrier concentration due to ionized dopant atoms. If N, be
concentration of dopant atom then

-
Ny = N{H%exp(%ﬂ (1)
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B term accounts for degenerating of spin}

E. = Fermilevel of the n-type specimen.

Region-Il (Extrinsic range of temperature): In this range temperature is sufficiently high to ionize impurity
(dopant) atoms. So

Nj = N(allimpurity atom ionized)
n/.( T) starts to rise but still several orders of magnitude smaller than N,
The Region-Il ends at that temperature when n/.( T)=NyatT= T/.(intrinsic temperature)
This particular temperature is called intrinsic point. At this temperature extrinsic behaviour starts to vanish
intrinsic carrier concentration takes over the impurity carrier concentration.

M, = n(T) +N,

Region-lll (Intrinsic range of temperatures): It start at intrinsic temperature point (T;) n(T) at T,= N,(by
definition given above).

= n(T;) = Ny

Inthis region My, = nj(T) for temperature slightly above T;and hence called intrinsic range.

Part-2: T by definition is the temperature at which nj( T/.) =N, (ii)
Eq(T)

= - n(T) = yNo N, eXp{—(Wﬂ .(iii)

Where N, N, EQ(D, Khave usual meanings. Now we put n/.( Tj) in equation.
(ii) and we get

E(T))
JN; N, exp{ ZKTJ = N,
= exp| - EoT))| _ Ny
2 7—j NC NV
-Ey(T)) N,
B\l d
=1
- kT, = NN,
Ey(T;)
= T = 9\
! JNGN,
2kin| Y-
Ny

From here, we observe that for a given semiconductor T;depends on N, (doping concentration) and Eg(Tj) or
band-gap energy at intrinsic temperature point.

GaAs
2000
Si

< 1600
=

€ 1200
£

= 800

400

N (cm73)
1013 1014 1015 1016 1017 1018 D

Intrinsic temperature Vs Doping
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m “An n-type semiconductor has more number of electrons than holes, hence it has a net negative
charge”. Justify or nullify the above statement. [10 marks : 2001]
Solution:

e Since the intrinsic semiconductor itself is electrostatically neutral and the doping atoms we add are also
neutral, the resulting extrinsic semiconductor must be neutral.

e The neutrality of extrinsic semiconductor can be checked in another way. In an n-type semiconductor,
the electrons in the conduction band are as given below:

(i) some electrons are due to electron-hole pair generation which have their corresponding hole in the
valence band.

(ii) restof the electrons are due to the donor impurities which have their corresponding positively ionized
donor atoms in the donor energy level.

Thus, we see that every negative charge has its corresponding positive charge (either hole or ionized
donor atom). Therefore, the extrinsic semiconductor is neutral.

Pure silicon has an electrical resistivity of 3000 Qm. If the free carrier density in itis 1.1 x 108 m=3
and the electron mobility is three times that of hole mobility, calculate the mobility values of electrons

and holes.
[15 marks : 2003]
Solution:
Conductivity, (o) = ;
yie) = resistivity
Forapuresilicon,c = (u,+ Mp)”,- e
Where, u, = electron mobility

H, = hole mobility
n. = carrier concentration

7

e = electroncharge=1.6x10719C
Giventhat: u,= Sup

1

So, = (Bu, + 1) x 1.1 x 106 x 1.6 x 10719

3000
or W, = 4.7348 x 108 m?/V-sec
and u,= 3Mp = 3x4.7348 x 108 = 1.42 x 10° m?/V-sec

m Explain Hall effect.
An n-type germanium sample is 2 mm wide and 0.2 mm thick. A current of 10 mA is passed through
the sample (x-direction) and a field of 0.1 Weber/m?2 is directed perpendicular to the current flow
(z-direction). The developed Hall voltage is — 1.0 mV. Calculate the Hall constant and the number of

electrons/ms. [15 marks : 2004]
Solution: Y
m Hall effect: ]
e |f aspecimen (metal or semiconductor) carrying a current 7 is
placed in a transverse) magnetic field B, an electric field E is E
induced in the direction perpendicular to both 7 and B. This —
phenomenon, known as the Hall effect is used to determine 5 ‘
whether a semiconductor is n-type or p-type and to find the 4 Semiconductor bar

carrier concentration.
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= As shown in the figure above, if I is in the positive X direction and B is in the positive
Zdirection, a force will be exerted in the negative Y direction on the current carriers. The current I may be
due to holes moving from left to right or to free electrons travelling from right to left in the semiconductor
specimen. Hence, independently of whether the carriers are holes or electrons, they will be forced downward
toward side 1 in the figure. Hence a potential, called the Hall voltage, V,,appears between surface 1 and 2.
If the polarity of V,,is positive at terminal 2 with respect to terminal 1, then the carriers must be electrons.
If terminal 1 becomes charged positively with respect to terminal 2, the semiconductor must be p-type.

Give that,
w = 0.2cm; d=0.02cm
I = 10x 10°8A B= 0.1 Wb/m2
V, = 103V
BIR 1
We know that V, = E - —H (—ZHH)
pw w Y
Vw108 x0.2x1072
R, = HZ o _ 0~ x0 ><_20 =2 x 103 m3/Coulomb = 1
BI 0.1x10 nq
2x10° = ———
% T nx16x107°
n = 3.125x 102'/m3

m A Si wafer is doped with 10'S phosphorus atoms cm=3. Find the carrier concentration and Fermi
level at room temperature (300° K), assume N, = 2.8 x 10'%cm3 at 300 K. Explain the concept of

Fermi level.
[10 Marks : 2005]
Solution:
Since Si-wafer is doped with phosphorus atom, so it is a n-type extrinsic semiconductor.
So, N, = 10" atoms/cm3=n
N, = 2.8 x 10" atoms/cm?3
According to Mass-action Law, np = ’7,-2 (n,=15x 10'%cm? for Si at room temp.)
= carrier concentration (n) = np

" 225x10%
= - = 1 = 225 X 105 Cm3
P= 10" /

¢ Concept of Fermi Level (E,) in extrinsic semiconductor:
= Fermi-level is a measure of probability of occupancy of the allowed energy states.

= Inextrinsic semiconductor Fermi level moves closer to the conduction band indicating that many of
the energy states in that band are now filled by donor electrons and the number of holes in the
valence band are few. This concept is in respect of n-type material. While for p-type material the
Fermi level is nearer to the valence band.

= So, the CBand VB positions will shift relatively to each other in n-type an d p-type material as shown
in figure below:
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Conduction band Ep Conduction band

Ey E,
Valence band Valence band
0 0.5 1.0 0 0.5 1.0
f(E) f(E)
(a) (b)

Positions of Fermi level in (a) n-type and (b) p-type semiconductors
= Astemperature increases the density of electron increases and hence conductivity increases.
= A calculation of exact position of the Fermi level in an n-type semiconductor is,

N,
E. = E~—KTin —Cj
F C (ND
- E.-Er = len(%}
D

For p-type material,

N
E. = E,+KTin| L
e (NAJ
Na
Now, we have to find the Fermi level at 300° K for n-type material.
From equation (i) we have,

2.8x10"

E.— Er E J (Atroom temp. KT=0.03 eV)

0.0BZn[

(E,~E;) = 03076V

(i)

Thus E. will be 0.307 eV below the bottom of the conduction band, for a donor density 10'°

atoms/cm3.

m When a current is passed through a semiconductor and a magnetic field is applied at right angles to
the direction of the current flow, it is observed that an electric field is induced in a direction mutually
perpendicular to the magnetic field and the flow of current. Name this phenomenon and calculate

the voltage developed.

[15 Marks : 2005]

Solution:

The given phenomenon is Hall Effect. Y 5

According to this effect the statements are: E T ‘

e |faspecimen (metal or semiconductor) carrying a current /is placed ! ¥
in a transverse magnetic field B, an electric field Eis induced in the A ).
direction perpendicular to both 7 and B. This phenomenon, known I=—\7
as the Hall effect, is used to determine whether a semiconductor is B ‘
n-type or p-type and to find the carrier concentration. 7 1

e Consider a semiconductor specimen bar having volume charge density p, (in C/m?), width ‘w’, thickness

‘d’, cross-sectional area ‘A’ and developed Hall voltage is “V,;".
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F
Since, E=—
e
F=eE ()
also, E = q(vxB) (i)

In the equilibrium state,

Force on specimen due to electric field (E) = Force on specimen due to magnetic field (H)

= eE =
= E =
Also, E =

Vy =

Drift velocity of charge carrier

Now from equation (v),

= v, =

ev,B
v, B

Vy .
o (iv)

Bv,d

[where v = drift velocity]

J
Py

BdJ BId  BId
P, Ap, wxdxp,
BI
pW

(Vi)

This equation (vi) represents the Hall voltage (V) developed in a semiconductor bar.

EBE The intrinsic resistivity of Germanium at room temperature is 0.47 Q-cm. The electron and hole
mobilities at room temperature are 0.39 and 0.19 m?/V-s respectively. Calculate the density of electrons
in the intrinsic semiconductor. Also calculate the drift velocities of these charge carriers for a field of

10 kV/m.
Solution:
Given that
Resistivity p, =
W, =
Mp =
Now p, =
0.47 x 1072 =
n, =
Drift velocity v, =
For electron vy =
v, =
For hole v, =

EBE In intrinsic GaAs, the electron and

[10 marks: 2005]

0.47 Q cm
0.39 m2/V-sec
0.19 m2/V-sec
1 1
i NG, +up)
1
n, x1.6x107'°(0.39+0.19)

2.29 x 1021/m3

o

uE
u,E=0.39 x 10 km/sec
3.9 km/sec

uE=0.19 x 10 = 1.9 km/sec

hole mobilities are 0.85 and 0.04 m?/V-S respectively and

corresponding effective masses are 0.068 m, and 0.5 m, respectively, where m, is the rest mass of
an electron. If the energy gap of GaAs at 300° K is 1.43 eV, calculate the intrinsic carrier concentration
and conductivity. (m, =9.11 x 1028 gm).

[15 Marks : 2006]
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Solution:
Giventhat, p,=0.85m?N-sec; p,=0.04m?V-sec; m, =0.068m,; m,=0.5m,
E,(300) = 1.43eV
m, = 9.11x 1028gm
3/2
Now N, = Z(L@”Hj
h
3/2
N = 0| 2xmx0.068x9.11x 10! x1.38x 10" x 300
= 2
’ (6.626x10%)
N, = 2x2.2236 x 1028 = 4.447 x 10?8 /m3
3/2
N Z(ankajg/z_ 5| 2xmx05x9.11x10°*'x1.38x 10 x 300
Y= | ° 2
' H (6.626x 10%)
N, = 2 x 4.4335 x 1024
N, = 8.867 x 1024 /m3
E _
N, = NN, -exp(——gj = /4447 x8.867 x 10° x exp(%}
2kT 2x26x10"
n, = 2.26 x 102/m3
Conductivity o= ngu, +K,) = 2.26 x 10'2 x 1.6 x 1071°9[0.85 + 0.04]
c=2322x107S

m Sketch the variation of the density of states function, Fermi Dirac probability distribution function and
electron and hole concentration for n-type silicon where N, = 10'7/c.c. and N, = 10'®/c.c. Write
down the condition for charge neutrality in a compensated semiconductor at T = 300° K.

In an n-type semiconductor at T = 300° K, the electron concentration varies linearly from
2x 10'8to 5 x 10" per c.c. over a distance of 1.5 mm and the diffusion current density is 360 A/cmZ.

Find the mobility of electrons.

Solution:
PART-1

[15 Marks : 2006]

Area = Majority carrier
concentration

Tty NG = (Nd_ Na)

‘0.147 eV

x=f(E)=33 10"

0.402 eV y=1-1(E))
) R S N =1
y Area = Minority carrier
Byl 1 concentration
__
Po = Ny—N,)
9UE)
0 0.5 1
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Above diagram shows:
(a) Density of states function g(E), g (E) in conduction and valance band respectively.

(b) Fermi-dirac distribution function f(E).

(c) Electron and hole concentration (n,, p,) for a n-type compensated semiconductor.

n(3800K) = Intrinsic carrier concentration for
Silicon = 1.5x 10'%cm3
and given N, = 10"/cm3, N,_=10"/cm?3
Where N, N, are donor and acceptor concentrations
= Ny=N, = (10" -10%)/cm® =9 x 10'¢/cm?
E—E A KTln[MJ
J
16
= 00258 1n| 19| _ 0.02561n(6x 10°)
1.5%x10
E.— E, = 0.0258 x 156.607 = 0.402 eV
E
and E.-E; = 79—(EF—EF,-):(0.55—0.402)eV:O.147 eV
1 1 1 3
= f(E,) = — = = ——=33x10
1+ exp Ec—Er 1+ exp 0.147. T+exp(5.69)
KT 0.0258
Condition for charge neutrality = positive charge = negative charge
= Ni+po = Nz+n,
NJ; = Donor ion concentration

N = Acceptorion concentration

P, n, equilibrium hole, electron concentration in valance band and conduction band respectively.

PART-2
Now, in an n-type semiconductor at 300°K, diffusion electron current density = J,,
an
= Jn = gD, &
17 18
- 360 Alom? = 1.6><1O"19><D,,><|5X1O 2x10'|
| 15mm |
17
= 360 = 16x1079x 2219, p
1.6x10"
= Diffusion constant for electron = _ 360

n

D. =2== =225cm?/sec
1.6

Again by using Einstein relationship,
D, D

Zn _ ZP_y
My wp
D, _ 2250n7/sec
= Mo = VT 0,026 Volt

mobility of electron = p, =8653.84 cm?/V-sec
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m Define carrier mobility. Draw a graph showing the variation of carrier mobility in a semiconductor with

increasing temperature. A 100-ohm resistor is to be made at room temperature in a rectangular
silicon bar of 1 cm in length and 1 mm?2 in cross-sectional area by doping it appropriately with
phosphorous atoms. If the electron mobility in silicon at room temperature be 1350 cm?/V. sec, calculate
the dopant density needed to achieve this. Neglect the insignificant contribution by the intrinsic

carriers.

Solution:

[15 Marks : 2007]

If a constant electric field E is applied to the semi conductor, as a result of this electrostatic force and
electron would be accelerated and velocity would increase indefinitely with time, till it will not collide with
ions. At each in elastic collision with an ion, electron loss energy and steady state condition is reached,

where finite value of speed called drift speed is attained.
So drift speed v, is proportional to €.

v, < E
v, = uE
where u = Mobility
Mobility is defined as drift velocity per unit electric field.
Vg
T E

Relation between Mobility with Temperature

Two types of scattering influence electron and hole mobility are

1. Lattice scattering, and

2. Impurity scattering

In Lattice scattering a carrier moving through crystal is scattered by a
vibration of lattice, resulting from Temperature. Frequency of such
scattering events increases as temperature increases, since thermal
agitation of lattice becomes greater. Therefore we should expect the
mobility to decrease with increase in temperature.

-3/2
T

Lattice

. scattering
Impurity
scattering

T

On other hand scattering from crystal defect becomes dominant mechanism at low temperature since a slowly
moving carrier is likely to be scattered move strongly by an interaction with a charged iron than is a carrier with
greater momentum. So impurity scattering event cause a decrease in mobility with decrease in temperature.

R = 100 Q
[ = 1cm
u, = 1350 cm?/vsec
A = 1mm?2=102cm?
/

we know that R = pz
)
o = @:100><1O _ 1 9cm
/ 1
Oy = lznqu
N 0 n
1 1

n =

For N-type n =~ N,
N, = 4.6x10%/cm3

PXGXM, 1x1.6x101° x1350

= 4.6 x 10'%/cm?



12 B Electronics & Telecommunication Engineering « Paper-| Conventional

Solved Papers

m A silicon bar is doped with 107 arsenic atoms/cm?3. What is the equilibrium hole concentration at
300 K? Where is the Fermi level (Ep) of the sample located relative to intrinsic Fermi level (E;)? It is
known that n, = 1.5 x 10'% cmd. [10 Marks : 2008]

Solution:

Since doped material is Arsenic i.e. pentavalent impurity, so it is an n-type material.

N, = 10" atoms/cm?
n, = 15x10"%cm3
According to the law of mass-action
np = n?=2.25x 10%° (1)
According to the principle of electrical neutrality
n+N,=p+N,

= n=p+N,=p+10"7
n~10" [as Ny >> p]
20
Therefore _ 225107 2.25 x 10° atoms/cm3

10"
Fermi level energy for n-type material is given by relation

n= nie[EF - Ei]/kT

cB
. = e[EF_Ez]/kT EC
2 ity Wittt Er
n 17 0.405 eV
= EF_Ei: KTII’I(—J = 862)(1075)(300 In L‘IO ‘
n, 1.5x10")  peeeerteeee- E
107
= E.— E = 0.0258 In| —
! 1.5 E.
VB
= E.—E, = 0.405eV
m Derive an expression for current density in an n-type semiconductor in terms of drift velocity. Show
that the conductivity is given by 6 = neu,. [15 Marks : 2008]
Solution:

m Current density
e |f Nelectrons are contained in a length L of a conductor as shown in figure below. If Tis time taken to
traverse distance L, the total number of electrons passing through any cross section of wire in T per unit

time is N/T.
— N-electrons
S )
I L {
(A = cross-sectional area)

Ng Nqv .
Therefore, 1= T T ..(0)
, I Nqv .
Current density (J) = 27 A ..(i)

(unit of J = amp/m?)
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Since, % = n(electron concentration in electrons per cubic meter)

. J = nqv=nev=pv ..(iii)
where p = neis the charge density in Coulombs per cubic meter and vin meters per second.

The conductivity of a material can be related to the number of charge carriers present in the materials.
Now, combining equations (i) and (iii) we get,

J=ngv=nqukE
= J=oE .(iv)
where, o= ngu ..(v)

where ¢ is conductivity in (ohm-meter)~

Derive an expression for current density in an n-type semiconductor in terms of drift velocity. Show

that the conductivity is given by 6 = nep, [15 marks: 2008]
Solution:
Let force Fon the particle when an electric field Eis applied is given by
F=qE=¢eE

We know that F = ma
SO ma = eE
So Acceleration a= et

m

Because of collision of electron during motion, electron, will not get accelerated indefinitely, if T is the relaxation
time, average velocity of electron known as drift velocity given by

Let

ak
Vd = axt=—71T
m

current / flowing through conductor on application of £ with corresponding drift velocity v, In time df,

electron will travel v dt and number of electron crossing cross-section Awill be Av ,dt.
Total charge flowing through section dg = env A dt

dq
So I = ar - env A
. 1
Now current density J = "
By ohm’s law J = oE
and v, = uWE
coE = env,
oE = enuE
c = enu

m Describe the Hall effect in a semiconductor bar specimen. Derive the expression for the Hall voltage.

Solution:

[15 marks: 2009]

Hall Effect:

The Hall effect has played a decisive role in revealing the mechanism of conduction in semiconductors.
“If a specimen (metal or semiconductor) carrying a current ‘I’ is placed in a transverse magnetic field
‘B’, an electric field ‘E’ is induced in the direction perpendicular to both 7 and B. This phenomenon is
known as the “Hall effect”.

In figure ‘I’, is in positive X-direction and B is in positive Z-direction a force will be exerted in the
negative Y-direction on the current carriers.
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The current (1) may be due to holes (if specimen is p-type) moving from left to right or to free electrons
(if specimen is n-type) moving from right to left in the specimen.

Hence independently of whether the carriers are holes or electrons, they will be forced downward
toward side ‘1'.

If the semiconductor is n-type material, then all free electrons will accumulate on side ‘1’ and so the
lower surface becomes negatively charged with respect to side ‘2". Hence a potential, called the
Hall voltage (V) appears between surfaces ‘1" and 2",

If the polarity of “V,;" is positive at terminal ‘2", then as explained above, the carrier must be electrons
and so the specimen is n-type.

Onthe other hand, if terminal ‘1’ becomes charged positively with respect to terminal ‘2’, the semiconductor
bar must be p-type.

Y ‘2’ (upper surface)

/ ‘1’ (lower surface)

z

Consider a semiconductor specimen bar having volume charge density p, (in C/m8), width ‘w’, thickness
‘d’, cross-sectional area ‘A’ and developed Hall voltage is “V,,".

Since, E = F
e

F=eF (i)

also, E = g(vxB) (i)

In the equilibrium state,
Force on specimen due to electric field (£) = Force on specimen due to magnetic field (H)

= et = ev,B [where v, = drift velocity]
= E=vB .. (iii)
Also, E = V# (iv)
V,, = Bv,d (V)
drift velocity of charge carrier = v = — = J
B p,
Now from equation (v),
v, - BdJ _BIld _ BId
Py Ap, wxdxp,
BI .
= Vi = pW (i)

This equation (vi) is the required expression for the Hall voltage.





