Theory of P-N Junction Diode

Chapter 2
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to the p-side and holes to the n-side, this process is called
diffusion.

The general shape of the charge density depends upon
how the diode is doped. The region of the junction is
depleted of immobile charges, and it is called the depletion
region, the space-charge region, or the transition region.

The space-charge density (p) is zero at the junction. It is
positive to the right (n-side) and negative to the left (p-side)
of the junction.

The field intensity curve is proportional to the integral of
the charge density curve. This is known as Poisson’s equation.
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Figure 1 A schematic diagram of a P-N junction including the
charge density, electric field intensity, and potential energy barri-
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The barrier potential of P-N junction mainly depends on the
following factors:

1. The type of semiconductor used
2. The concentration of impurity
3. The temperature

Effect of Doping on Depletion Region

The width of the depletion region depends on the amount of
doping on n-side and p-side.
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(i) Both sides equally (i) n*p diode (iii) p*n diode
doped (p-n diode) (W, << Wp) (W, >> Wp)
W= WD) = Wp = VWn
(W= W, + Wp)

The depletion region penetrates more into the lightly doped
side.
The relation between the impurity concentration and

depletion width is
Wp 'NA = Wn 'ND

BiAsING oF P-N JuncTioN DiobDE

Applying external dc Voltage to any electronic device is
called biasing.

Forward Biasing of P-N Junction Diode

When the P-N junction is forward biased as long as the
applied voltage is less than the barrier potential, there can-
not be any conduction.

When the applied voltage becomes more than the barrier
potential, the negative terminal of the battery repels elec-
trons and positive terminal repels holes. Thus, the applied
voltage overcomes the barrier potential and hence reduces
the width of depletion region.
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Figure 2 P-N junction under forward bias

Reverse Biasing

If p-side of a P-N junction is connected to the nega-
tive terminal, and the n-side is connected to the posi-
tive terminal of a battery, since the holes in the p-region
are attracted towards the negative terminal, and the elec-
trons in the n-region are attracted towards the posi-
tive terminal. There can be no diffusion of charge
carriers through the junction, and hence, there is no
conduction.
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Figure 3 P-N junction under reverse bias

The applied reverse bias voltage established an elec-
tric field in the same direction as the field due to the
barrier potential with the result the width of the deple-
tion region increases, and the junction offers high
resistance.

A small reverse current of the order of WA or nA
flows through the reverse-biased P—N junction. This is
due to the applied voltage acts as forward bias for the
minority charge carriers. This current gets stabilized to
a steady magnitude and is quite independent of the bias
voltage and this is also called as reverse saturate current
(I or I).

The reverse saturation current is temperature-depend-
ent, and it is almost doubles for every 10°C rise of
temperature.

Sy =1 2(T:=T)/10 Amps

Electrons forming covalent bonds of the semiconductor
atoms in the P- and N-type regions may absorbs sufficient
energy form heat and light to cause breaking of some cova-
lent bonds. Hence, ¢ -hole pairs are continually produced in
the both regions. Under the reverse bias condition, the ther-
mally generated electrons in the N-region attracts towards
the ‘+ve’ terminal and holes towards ‘-ve’ terminal of the
battery. The magnitude of reverse saturation current mainly
depends upon junction temperature because the major
source of minority carriers is thermally broken covalent
bonds.



ENERGY BAND STRUCTURE OF AN
OPEN-CIRCUITED P-N JUNCTION
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Figure 4 Energy band structure

The energy band structure of a P-N junction is shown above
figure, where the fermi level £, is closer to the conduction
band £ . In N-type material, and it is closer to the valence
band E, in the P-type material.

The total shift in the energy level £_ is given by

E=E —FE =E_—-F_.
o cp cn vp vn
This energy E (in eV) is potential energy of the electrons at
the P-N junction, and it is equal to gv_ (in V).
Where V| — contact potential (in volts)

(or)

Contact difference of potential

(or)

The barrier potential

Contact Potential Vo

N_..N
Energy band gap E; = KTln ——— eV
n-

1

E =KT u]v

Weknow E =gV

- Contact potential V= E.ln NA;?[D} volts
q n;

NN
.'.V,,:VT.ln|: 4 D:|V

I’liZ

The alternative expression for £ is as follows: n = N
-2 :

n_.p, = n;” For N-type materials

2

ni
p,= N_D
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andn p = n? at p, =N, for p-type

P
wE, = KTln[ﬁ:|=KT1n o
Pno Npo

Diode Current Equation

|.'.I= Iyl —1] Amp|

Where v = external voltage applied to the diode, 17 = con-
stant, 1 for Ge and 2 for si

KT T
T ¢ 11,600
I = reverse saturation current. It is represented by /[, = A.q

D D
|: P + n :|n[z

When the diode is reverse biased, its current equation may
be obtained by reverse the sign of the applied voltage v,
(—ive). Then, the diode current with reverse bias is /=1

[ev%vT _1:| Amp.

Solved Examples

Example 1

A silicon diode has a forward current of 750 mA and a
reverse saturation current of 50 nA at room temperature.
Then, the applied forward bias voltage is

(A) 0.75V. (B) 0.86 V.
(C) 0.36 V. (D) 0.97 V.
Solution
V«l
We know /=1 [e AVT —1}
From the given data
I=750 mA
1,=50x107A
V.=0.026 V

15 % 106 — [eVd/2><0.026 _ 1]
(19.23)v,=1In 15 x 10°]
V4=10.86 volts
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V-l CHARACTERISTICS OF P-N
JuNncTION DIODE
Forward-Biased P-N Junction

As the applied voltage is increased beyond cut in voltage,
the junction readily conducts, and the forward current. It
rapidly rises with further increase in v,. These are shown in

the below figure.
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It (mA)

volts)
Figure 5 V-I| characteristics of P-N diode
Forward resistance of the junction diode is

AV, )
Rf =—Q = R;=>is small
Al ,

Reverse-Biased P-N Junction

When P-N junction is reverse biased, the depletion region
widens, and as a result, the junction offers very high resistance.

:VR(V) 0

-------- S-Al

" R (uA)

BREAKDOWN IN P-N JuNcTION
DiobDEs

The junction breakdown is due to the following two factors.
They are as follows:

(1) Zener effect.
(i) Avalanche effect.

Avalanche Effect

As the reverse voltage increases, the minority charge car-
riers acquires more kinetic energy, so its drift velocity
increases.

They acquire sufficient energy, from the applied poten-
tial to produce new carriers by removing valance electrons
from their bonds.

These new carriers will in turn collide with other atoms
and will increase the number of electrons and holes avail-
able for conduction. Thus, charge carriers increase at a very

rapid, and at breakdown voltage, the minority carrier cur-
rent rises rapidly, causing the breakdown of the junction.
This phenomenon is formed as avalanche effect.

It is a positive temperature coefficient.

Zener Effect

Practical diodes are heavily doped, the depletion layer is very
thin, and hence, the potential gradient is quite high. Increase
in reverse bias increases the potential gradient, even if the
initially available carriers do not acquire sufficient energy
to disrupt bonds, it is possible to initiate breakdown by
a direct rupture of the bonds because of the existence of
strong electric field. This phenomenon is known as Zener
effect.

The Zener effect is in diodes with breakdown voltages
below about 6 V, and the operating voltages in avalanche
breakdown are from several volts to several 100 volts with
power rates up to 50 W.

(Vy>6V)

It has a negative temperature coefficient.

P-N JuncTioN CAPACITANCES

In a P-N junction, there is a depletion region in between
P-type and N-type semiconductor, the depletion region
is totally devoid of charge carriers, and hence, it acts
as a dielectric in between two oppositely charged sur-
faces. A practical junction diode possesses two types of
capacitances:

Transition or Space Charge or Depletion
Capacitance (CT)

Under reverse-biased condition, the majority carriers move
away from the junction, thereby uncovering more immobile
charges. Hence, the width of the space charge layer at the
junction increases with reverse voltage.

P n

O0p
O0p
O0p
O0p

00p
O0p
O0p

Where 4 — surface area of the junction
W — width of the depletion layer
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Diffusion Capacitance (C)

When a P-N junction is forward biased, the capaci-
tance of the junction is much larger than its transition
capacitance.

Diffusion capacitance may be defined as the rate of
change of charge with voltage.

We know Iy=1 e

I !
nvy

Where g = % =

THE POTENTIAL VARIATION WITHIN
A GRADED SEMICONDUCTOR

Vi Vo
| |
| |
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| |
| |
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A graded semiconductor is one whose doping is non-uni-
form. Assume the specimen is open circuited, so the total
current must be zero. At x = x|, the hole concentration is
P, and at x = x, , the hole concentration is P,. There exists
an electric field which opposes the movement of holes. The
electric potential is given by

A
Vo=V, -V, =V.In —
2= "2 1= 7T P,

Pl = P2 eVZI/VT
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An Open-Circuited Step-Graded Junction

P-type Junction
/

—> N type

?IA

I¥D

pe X
Assume a P-N junction, where the P-type is doped with
a constant concentration N, and the N-type is doped with

constant concentration Np,. The contact difference potential
V' is given by

Step-graded Junction

Consider a junction in which there is an abrupt change from

acceptor ions on one side to donor ions on the other side.
A step-graded junction is also formed between emitter and
base of an integrated transition.

Wyo.N, =W N,

Waoviz
]

Na>>Np

Linearly Graded Junction

A second form of junction is obtained by drawing a sin-
gle crystal from a melt of Ge whose type is changed dur-
ing process by adding first P-type and N-type impurities.
A linearly graded junction is also formed between the col-
lector and base of an integrated transistor. For such a junc-
tion, the charge density varies gradually. However, W varies

as VJ% .
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Charge density

x=0

Figure 6 The charge density variation vs. distance at a linearly
graded P-N junction

EFFecT OF TEMPERATURE ON P-N
JUNCTION

The rise in temperature increases the generation of elec-
tron — hole pairs in semiconductors and increases their con-
ductivity. That is, current through the P-N junction diode
increases with temperature.

I=1, (e —1)

The reverse saturation current / of diode approximately
doubles for every 10°c rise in temperature.

ey =1, (27TN0)

Hence, if the temperature is increased at fixed voltage, the
current / increases. To bring the current / to its original
value (i.e., constant), the voltage V is to be reduced.

= ﬂz—2.3m\//°c
dT

A Ge diode can be used up to a maximum of 75° C and a Si
diode to maximum of 175°C.

Example 2

A Ge diode has a saturation current of 8§ LA at room
temperature. Then, the reverse saturation current at 7 =
400°k is

(A) 7.5 mA. (B) 8.42 mA.
(C) 8.192 mA. (D) 9.34 mA.
Solution
We know 1, =1,,. 2(T:-T)/10
Given [,; =8 HA
T, =300%
T, = 400%

then 7, = 8 X 1076 x 2100710 = 8 192 mA

The gold dopant, sometimes called a life time killer, it
increases the recombination rate and removes the stored

minority carries.

AppLICATION OF P-N DiobDE

1. Rectifiers in DC power supplies.

2. Switching circuits.

3. Clamping and clipping circuits, used as wave shaping
circuits used in computers, radar, radio and TV receivers.

4. Demodulation circuits.

The same P—N junction with different doping levels finds
special applications as follows.

1. Zener diodes in voltage regulators.

2. Varactor diodes in tuning sections of radio and TV
Receivers.

3. detectors (APD, PIN photo diode)

4. LED and LCD’s in digital displays.

5. LASER diodes in optical communication.

Tunnel diodes used as a relaxation oscillators at microwave
frequencies.

ZEeENER DIODE

When the reverse voltage reaches breakdown voltage in
normal P-N diodes, the current through the junction and
the power dissipation at the junction will be high such an
operation is destructive and the diode gets damaged.

As diodes can be designed with adequate power dissi-
pation capabilities to operate in the breakdown region, one
such diode is known as zener diode. It is a heavily doped
than the ordinary diode.

In forward bias, the operation of zener diode is the same
as normal P-N diode.

While under reverse biased condition, breakdown of the
junction occurs, it depends on the concentration of doping.
If the diode is heavily doped, depletion layer will be very
thin and breakdown occurs at lower reverse voltage and fur-
ther breakdown voltage is sharp.

The sharp increasing current under breakdown condi-
tions are due to the following mechanisms.

1. Zener breakdown

2. Avalanche breakdown
It (mA)

/2 e I

vir (HA)

Figure 7 The V-l characteristics of an avalanche, or Zener diode
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Example 3

Consider an asymmetrical Si junction, with N, = 10"
cm™ and Ny, = 107 em™. If the cross-sectional area of the
junction is 10um?, determine its transition capacities with
no applied bias. (n, = 1.45 x 1010).

Solution

e’ A
Cr=——

26 [ 11
W= " —r— |,
g | Na Np

Ny.N
vj=V0:VT1n|: A D]V

n;
Vj =0.94 volts,. £, =11.9 eOSi

2x119%8.85%10712 [ 1 1
W=\/>< 9x8.85%10 [

e X| 1o +1017].(0.94)><10-6
W=11.17 um
11.9%8.85x10712x10x10712
b 11.17x107

=9.428 x 107F.

Zener Diode as a Voltage Regulator

R
o\ .
I
Variable Zl T l I
|
Voltage = vy
AL

Source l

A zener diode, under reverse bias breakdown condition, can
be used to regulate the voltage across the load irrespective
of the supply voltage or load current. The voltage across
the zener diode remains constant even if current through it
changes by large extent.

Zener breakdown occurs and current /, flows through it.
A current /| flows into the load R, .

V,=I_.R,
v,=V,

The current through Ris, I=1, + I, .

If the supply voltage now increases, more current is
drawn from the supply. Since the zener diode is operating
in the breakdown region, its current 7, increases and /|
remains same (¥, = constant)

If P, denote the power rating of the zener diode.

P, = VZ.IZ(maX), watts

If the load resistance decreases, more current flows into
the load; if the load resistance increases, the load current
decreases. That is, the load is parallel to the zener diode
operations with a constant breakdown voltage.
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Example 4

For the circuit shown in figure, find the maximum and
minimum values of zener diode current.

5kQ
80V - 100V
T ‘

§ 10k Q

Solution

From the given data

V,=50V,=V,
s = @mA:ﬁnA
10
If V,=30V
=370 A —6ma
I=1,+1
IZ(min) =I-1I =(6-5mA=1mA
V., =100V.
100-50
max = mA =10mA
Imax = IZmaX + IL

Ly = (10 = HmA = 5 mA

. The range of zener current is varies from 1 mA to 5 mA.

Example 5

Zener diode is device.
(A) A non-linear
(C) an amplifier

Solution: (A)

(B) aLinear
(D) None of the above

VARACTOR DIODE

The varactor diode also called as a varicap or tunning or
voltage variable capacitor diode, it is a lightly doped diode.

The diode is reverse-biased, a depletion region is formed,
shown in below figure.
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If the reverse bias voltage varies, the width of the depletion
region also varies.

If V; increases, the width of the depletion layer ‘W”
becomes wider.

Ve ¢ W.

This depletion region is devoid of majority carriers and acts
like an insulator preventing conduction between the N and
P region of the diode, which separates the two plates of a
capacitor.

€4
CT:W F

The capacitance is inversely proportional to the distance
between the plates (C a 1/)

x

A

. el
P

Circuit symbol of varactor diode

Applications

1. Varactor diodes are used in FM radio and TV
Receivers AFC circuits.

2. Self-adjusting bridge circuits and adjustable band
pass filters.

3. Tuning circuits of LC resonant circuits in Uw
frequency multipliers and in very low noise Uw
parametric amplifiers.

TuNNEL DIoDE

The tunnel or Esaki diode is a thin-junction diode which
exhibits negative resistance under forward bias.

An ordinary P-N junction diode has an impurities con-
centration of 1:108 atoms. In this, the amount of doping is
1 in 103 atoms.

Negative
4 resistance region

1
|
A

[P A

Vp, Ip = Peak Voltage & Peak Current
Vv, Iv,= Valley Voltage & Valley Current

Ir

Figure 8 V-/ characteristics of tunnel diode

Operation: When the semiconductor is very highly doped,
the fermi level goes above the conduction band for N-type
and below valance band for P-type material. These are
called degenerate materials.

Under Forward Bias

Step 1: At zero bias there is no current flow.

Step 2: A small forward bias is applied. The potential bar-
rier is still very high with no noticeable injection and for-
ward current through the junction. However, electrons in the
conduction band of the N-region will tunnel to the empty
states of the valance band in P-region. This will create for-
ward bias tunnel current.

Step 3: With a large voltage, the energy of the majority of
e in the N-region is equal to the empty states (holes) in the
valance band of P-region. This will produce maximum tun-
nelling current.

Step 4: As the forward bias continuous to increase, the num-
ber of e ’s in the n-side that are directly opposite to the empty
states in the valance band (In terms of their energy) decrease.
That is, decrease in the tunnelling current will start.

Step 5: As more forward voltage is applied, the tunnelling
current drops to zero. However, the regular diode forward
current due to electron — hole injection increases due to
lower potential barrier.

Step 6: With further voltage increase, the tunnel diode V—/.
characteristics is similar to that of a normal P-N diode.

I“
i ,/
Ip A //
| /
| ,/
I 7
] /
1 7
N /o AN B it
i 7
o e >
Vp 4% "4
(a) Symbol
Rs Ls

(b) Tunnel diode circuit.

Applications
1. High-speed switch
2. High-frequency oscillator

3. The most commonly available tunnel diodes are made
from Ge or GaAs.



It is the difficult to have a high ratio of peak to valley

L, . .
current — with Si.
v

Example 6

The reverse bias breakdown of high speed Si transistors is
due to

(A) avalanche breakdown mechanism at both the junctions.
(B) zener breakdown mechanism at base-collector junction.
(C) zener breakdown mechanism at base-emitter junction.
(D) All the above

Solution: (C)

ScHoTTKY DIODE

1. Schottky diodes are high current diodes used in high
frequency and fast switches applications.

2. A Schottky diode is formed by joining a doped N-type
with a metal such as gold silver or platinum.

3. It means that it has a metal-to-semiconductor junction
rather than P-N junction.

n Metal pe °

(a)

Figure 9 Schottky diode structure

1

(b) Symbol

4. The forward voltage drop is 0.3 V.

5. There are only majority carriers with no reverse
leakage current.

6. The metal conductor has many conduction band
electrons and N-type is also heavily doped.

7. When forward bias applied, the N-type electrons move
across to the metal region and rapidly loss energy.
The process is very fast which makes Schottky diodes
ideal for fast switches applications.

8. It is also called hot carrier diode.

PiN DioDE

1. The PIN diode consists of heavily doped P and N
regions, with are separated by intrinsic material.

2. Inreverse bias, the PIN diode acts like a capacitance.

3. When forward bias applied, it acts like a current
controlled variable resistance.
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—— P / N

(a) PIN diode

(b) reverse biased
Ry
° AN .

(c) forward biased

Example 7
Find the correct match between List-I and List-II.

List-1 (Diode) List-1l (Application)
P. Varactor diode 1. Voltage reference
Q. PIN diode 2. High-frequency switch

R. Zener diode
S. Schottky diode

3. Tuning circuits

4.Current controlled
attenuator

(A) P-4, Q-2, R-1, S-3
(B) P-2, Q-4, R-1, S-3
(C) P-3, Q-4,R-1, S-2
(D) P-1, Q-3, R-2, S-4
Solution
P-3,Q-4,R-1, S-2

Example 8
Match List-I with List-II.

List-1
P. Zener diode
Q. Tunnel diode

List-ll

1. High-speed switch

2. Voltage stabilizer

R. PIN diode 3. Negative resistance
S. Sidiode 4. Very low reverse satura-
tion current.
Solution

P-2, Q-3,R-1, S-4

Example 9

The values of voltage (V) across a tunnel diode corre-
sponding to peak and valley currents are ¥, and V,,, respec-
tively. The range of tunnel diode voltage V', for which the
slope of its and /-V; characteristics is negative would be.
(A) V<0 B) 0<Vy<V,

©) Vo<V D) V=V,

Solution: (C)
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Example 10

A p*njunction has a built-in potential of 0.8 V. The depletion
layer width at a reverse bias of 1.2 V is 2 um, for a reverse
bias of 7.2 V, the depletion layer width will be.

(A) 4 um. (B) 4.9 um.
(C) 8 um. (D) 12 um.
Solution
We know

N
Vj = junction potential = Built in potential + V

Vj= Vo+ Ve
W VotV
W, Vo +Vro
2um _ [0.8+1.2
w, \0.8+7.2
W, =2x10"°%x2 =4 um

Diodes and its normal operating region

. P-N diode — Forward bias

. Zener diode — Reverse bias

. Avalanche diode — Reverse bias
. Tunnel diode — Forward bias

. PIN diode — Forward bias

. Varactor diode — Reverse bias

N NN AW -

. Schottky diode — Forward bias

Example 11

A silicon diode has reverse saturation current of 2.5 A at
300 K. Find forward voltage for a forward current of 10 mA.

Solution
I=1, (e -1)
0.01=2.5%10"° (e V/2x0.026 _ 1)
V' =0.43 volts.
Example 12

Find the dynamic resistance of a P-N junction Ge diode at
a forward current of 2 mA.

KT
Assume — = 25mV

q
Solution
_nVr
rg=—
Letn=1V,=25mV
ry= 0.025 =12.5Q
0.002

Example 13

Determine ac resistance for a germanium semiconductor
diode having a forward bias of 200 mV and reverse.
Saturation current of 1 LA at room temperature.

Solution
. nvr 0.026

d I, (eV/nVT) - 1x10°6 (e 0.20/.026_1) =11.86 Q

Example 14

Find the value of contact potential of an abrupt P-N junction
at room temperature of intrinsic concentration n, = 1.5 X
10'6/m3 with doping level of Ny =N, = 10?!/m>.

Solution
2
1021
e (Mado ) T (107)
n? 11,600 (1.5x10%)
2
1021
= 300 In ( ) =0.5745V
11,600 (1.5)(1016)2
Example 15

A germanium diode carries a current of 1 mA at room tem-
perature when a forward bias of 0.15 V is applied. Estimate
the reverse saturation current at room temperature.

Solution
The diode current, /= I, (e Vi 1 )

1 1x1073

IO: (eV/nV _1) = (60.15/0.026_1)

=3.12 uA

Example 16

Calculate the wavelength A of an electron with kinetic ener-
gy of 300 eV. Mass of an electron =9.108 x 103! kg, charge
=1.602 x 1079 ¢. Plank’s constant, 4 = 6.626 x 10734 J-S
Solution

Energy associated with electron
=300 eV =300 % 1.602 x 1071°J
2E

m
=10.273 x 10® m/s

Velocity of electron V' =

A= % =1416 X 10710 m=1416A°

Example 17

An N-type germanium crystal has a current density of
100 A/m?. The crystal has a resistively of 0.5 Q-m and
electron mobility of 0.4m?|vs. Calculate the drift velocity
and the time taken by the electron to travel 10 um in the
crystal.



Solution
Electron drift velocity, v=ux E

=uUx S =UuxJxp=04x100x0.5=20m/s
o

Time taken by the electron to travel 10 X 107° m is crystal
_10x107°

20
=0.5x 107 second

Example 18

A specimen of germanium at 300 K for which the densi-
ty of carriers is 2.5 X 103 cm™, is doped with impurity
atom for 10 germanium atoms. All the impurity atoms
may be assumed ionized. The resistivity of doped material
is 0.039Q cm. Carrier mobility for germanium at 300 K is
3,600 cm?/V-S. For the doped material, find the electron and
hole densities ¢ = 1.602 x 1071° C

Solution

Conductivity of doped material,

1 1
0,=— =——— =25.64 Q-cm
p 0.039
o-n = nq'un = NDCI[.L“
Ny = O 25.64

gi,  1.602 x 10" x 3600

n_=Ny=4.45x10"cm?

n. o (25x108)°

P =— =
4.45 x 10

: =1.4 x10' /cm?
Np

Example 19

In a P-type semiconductor, the Fermi level is 0.27 eV above
the valence band at a room temperature of 300 K. Find the
new position of the Fermi level at a temperature of 400 K.

Solution
E.=E,+KTIn Ny
Ny
Ny
E.—E,=KTIn N,
At T=300K,
Ny
027=kx%x300x1In — - (1)
Na
at T=400 K
NV
EFI—EV:kx4OO><lnN —(2)

(2) + (1) gives *

-E :@ x 0.27 =0.36¢eV
300

F1 v

The new position of the Fermi level lies 0.36 eV above the
valence band.
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Example 20

Find the diffusion constant of holes and electrons for germa-
nium at 300 K. The carrier mobilities in cm?|v-s at 300 K
for electrons and holes are 3,600 and 1,700, respectively.
Density of carrier is 2.5 x 10!3/cm3. Boltzmann constant k =
1.38x 1078 J/K, g =1.602 x 1071 C.

Solution
Diffusion constant for electrons
ﬁ ~ 3600 x 1.38 x 10723 % 300

D = =93 cm?/s
0= Fh 1,602 x 1017
KT
Diffusion constant for holes = My, ——
q
1700 x 1.38 x10723 x 300
= X X X =43.93 cm?/s.

1.602x 1071

Example 21

In an N-type semiconductor, the Fermi level is 0.24 eV
below the conduction band at a room temperature of 300 K.
If the temperature is increased to 350 K, determine the new
position of the Fermi level

Solution
E.=E,~KTln N
Np
N,
E,~E,=KTln —*
D
N,
0.24 =300 x kx In — (1)
Np
AtT=350K
N,
EC_EF=350></‘X1“N - ()

2)+ (1) gives °

Ec _EFl _
0.24

350
300

E -E_ = @ X 0.24 = 0.28 eV , that is, the new position
FI' 300

C

of the fermi level lies 0.28 eV below the conduction band.

Example 22

Find the conductivity of intrinsic germanium at 300 K. If
donor impurity is added to the extent of 1 impurity atom in
107 germanium atoms, find the conductivity. Given that
at 300 K is 2.5 x 10! cm™ and p1_ and 14, in germanium are
3,800 and 1,800 cm?/v-s, respectively.

Solution
o =nq (4, + 1)
=2.5% 1083 x 1.6 x 1071° (3800 + 1800)
=0.0224 (ohm—cm)™!
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Concentration of donor atoms
44 x 1022

107
Concentration of electrons
n=Np=44x10"%cm?

=44 %x10"/cm?

Concentration of holes,

n2

p=—— =1.42x 10" holes|cm?
Np

Conductivity in N-type semiconductor
0,=qNyu,=2.68 (ohm —cm)~!

Example 23

A potential difference of 10 V is applied longitudinally to
a rectangular specimen of intrinsic germanium of length
25 mm, width 4 mm, and thickness 1.5 mm. Determine at
room temperature
(i) electron and hole drift velocities
(i) the conductivity of intrinsic germanium if intrinsic
carrier density is 2.5 x 10'%/ m?
and
(iii) the total current
Giveng=1.6x 1071 C,
u, =0.38 m?/V-s,
i, =0.18 m*V-s

Solution

Applied electric field £ = K =
/ 0.025

(i) electron drift velocity, V,=u X E
=0.38 x 400 = 152 m/s
Hole drift velocity, V, = M, ¥ E

10

=0.18 x 400 = 72 m/s.

(ii) Intrinsic conductivity of G,
o,=ngq (.Un + Hp) =2.24 (ohm-cm )_1 .
(iii) Total current, / = o; EA
=2.24%x400x4x103x1.5% 1073
=5.376 mA.

Example 24

™ vww—K
Lo WW

D1 10 1Q D2
+

(*)cost <§1Q
> "

In the circuit shown in figure, calculate and sketch the wave
form of current i over one period of the input voltages.
Assume the diodes to be ideal.

+

el

Solution

The two input voltages are shown in figure.
For0<t<m/2
Both diodes D, and D, are forward biased and are, there-
fore, conducting because both sin and cost are positive. The
circuit is given in the figure.

AMN MWV
1Q \ 1Q
+ +
<> cos t <§1Q <> sin £
By KCL at node A,
Va — cost N Vy —sint N Va —0
1 1 1
3V,=cost+sint= VAZM
3
= cost + sint _ V_A
3 1

For n/2 <t<rm

During this period, only sint is positive so only diode D,
is forward biased and conducts. The circuit is given in the
figure.

Forn'StS%[

+
10 (sint

For this period, both cost and sinf are negative, so both
the diodes are reverse biased and do not conduct, so i = 0.

For%rs t<2m




During this period, only cost is positive, so only diode D, is
forward biased and conducts. The circuit is shown in figure.

cost
The current i = > wave form of the output current /,

as calculated above is drawn in the figure.

i
0.5 0.5
0.47
1 ) 1
8 = 3
3
0 t
n T 3rn/2
2
Example 25

A silicon sample is doped 10'7 As atoms / cm?. What is the
equilibrium hole concentration P at 300 K? Where is Ep
relative to £;?

Solution

Since N, >> n,, we can approximate

ny,=Np and
2 20
: 2.2 1
py="1 = 225 X107 5 o5 % 103em?
no 1017
E,—E=KThh ™
n;
1017
=0.025In ——— =0.407 V.
1.5 %101
Er
11eV 0.407 eV c
Ey
Example 26

A P*n junction has a built in potential of 0.8 V. The deple-
tion layer width at a reverse bias of 1.5 V is 3 um. For a
reverse bias of 7.5V, the depletion layer width is

Solution

Junction potential = built in potential + reverse bias voltage

Vi=Vy+ Ty
Now for abrupt P-N junction depletion width
W< V. 12
j
W=kVv?
i

3% 106 =K (2.3)12
X=K(8.3)"2
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3x10—6_(£)l/2 X _(g)‘/z
x  \83) 3x10° (23

X=5.6um

Example 27
In a sample of GaAs at 7= 150K, n,=6p,and N, = 0. The
value of n, is

Solution

KT=0.0259 150 =0.01295
300

For GaAs at 300 K
N.=4.7x10"/cm?
Ny =7X 1018 /em?, Eg =142eV
—1.42

3
1
2=N.N. | —=— 0.01295
nl C V(300) e

3
1
n2=4.7x10'7x7x 108 x (E) 142001295

=4.7%x 107 x 7% 108 % 0.125 x e~1:42/0.01295

=4.7x10"7x7x108%0.125%x2.39 x 1074

=9.828x 10713
n,=9.91x 107/cm?
2 ”5
" =ngpy = o

n,> = 6n2 = 58968 x 1012
ny,=2.42 %107 /cm’

Example 28

If the current flowing through a P-N junction diode increas-
es 10 times what is the increase in diode voltage? Assume
forward-biased Si diode operating at room temperature

Solution
I=1y(e"m 1)
I:]O (eVz/nVT _1)
10 = ¢V>%/2%x26
2302 = h-n
2%26
V,-V,=119.7mV
Example 29

An npn transistor under forward active mode of operation
is biased at /. =2 mA and has a total emitter base capaci-
tance of C, of 20pF and base transit time of t; of 200 psec.
Under this condition, the depletion capacitance of emitter
base junction is
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Solution
It is the diffusion capacitance
i.e., given
Cy =20pF
7
C =—",n=1
H nV n
20010712 x2x1073
C = =15pF
H 26x1073 P

Depletion capacitance = 20 — 15 = 5pF

Example 30

For an abrupt P-N junction, the doping concentrations on
p side and n-side are 10 x 10'%/cm? and 2 x 10'%/cm?. The
P—N junction is reverse-biased and total depletion width is
5 um. The depletion width on p-side is

Solution
N, =10x10"%cm?
Np=2x10" /cm?
W.=5um
WpNA:WNND We=Wy+ Wy

N,
Wo=(Wy=Wp) N—D

A
N N
W, (1+N—DJ=WT—D

A NA
_ WiNp
" No+Np
_ 5umx2x10'

— —7 —
g = 53x107=83pm.

Example 31

The maximum value of Zener current.

5kQ

—‘— 90100

40V 220 kQ

Solution
L= 100—-40 — DmA
5kQ
I = 4—0 =2mA
20kQ

Current through Zener diode = 10 mA.

Example 32

An unregulated supply 50 V varies between 30 V and 50 V
and it is desired to use the Zener shunt regulator so that
output will be held between 7.4 V and 7.6 V as load changes
from 200 mA to 25 mA. The minimum permissible value of
series resistance

Solution
L ..=10% ofILmaX: ix 200 = 20mA
Zmt 100

_ VSmin - VRmin _ 30-74
S Ipmin e (204200)x1073

=102.72Q.

Example 33

A p*n junction has a built in potential of .8 v. The depletion

layer width at a reverse bias of 2.4 v is 3 um. For a reverse

bias of 8 v, the depletion layer width is

Solution

Junction potential = built in potential + reverse bias voltage
Vi=V,+ 7y

i

for abrupt junction depletion width w o< V;

1

w= VJA
3 um= k(.8+2.4)%

Also, X = k(8+8)"2

ﬁ_(ﬁ)%

3 (32
% —(2.75)"
X=4.974 um.

Practice Problems |
Direction for questions 1 to 25: Seclect the correct alterna-
tive from the given choices.
1. Calculate built-in potential of a Ge P-N junction if
p-side is doped with 5 x 10'® acceptors/cm? and n-side
with 5 x 10'* donors/cm?.

(A) 0.612 volts (B) 0.696 volts
(C) 0.276 volts (D) 0.236 volts

2. The resistivities of the two sides of an abrupt silicon
P—N junction are 9.6Q2 cm on p-side and 100 Qcm on
n-side. Find contact potential.

(A) 0.5 volts (B) 0.6 volts
(C) 0.55 volts (D) 0.65 volts



10.

11.

12.

. What is the ratio of currents for a forward bias of 0.1

volt to the current for the same magnitude of reverse
bias of silicon P-N junction?

(A) —6.841 (B) —64.81

(C) +6.841 (D) +64.81

What is the change in voltage at 300°K for a 10-fold
increase in current for a Si diode operating in the con-
ducting region?

(A) 0.24 volts (B) 0.36 volts

(C) 0.48 volts (D) 0.12 volts

For a silicon diode operating under conducting region

at room temperature, if the voltage is increased by 0.24

volts, then the current flowing through it increases by
number of times.

(A) 10 (B) 20 (C) 50 (D) 100

What increase in temperature would result in a reverse

saturation current, which is 50 times its value of room

temperature?

(A) 40°C  (B) 50°C  (C) 56°C (D) 46°C

A silicon diode operates at a forward voltage of 0.7
volts. Calculate the factor by which the current will
be multiplied when the temperature is decreased from
25°C to —55°C.

(A) 0.9 (B) 0.6 (©) 03 (D) 0.554
An ideal silicon P-N junction has a reverse satura-
tion current of 0.1 LA at a temperature of 125°C. The
dynamic resistance for 0.8 volts forward bias at 105°C
is

(A) 12Q (B) 122Q

(C) 24Q (D) 1.8Q

For an alloy Si P-N junction with N,<<N,, calculate
depletion layer capacitance (Cy), if the resistivity of
P-material is 4Q2-cm, the barrier height, V is 0.3 volts,
applied reverse voltage is 4 volts and the cross-sec-
tional area is circular of 50 mils in diameter.

(A) 100pF (B) 10pF  (C) InF (D) 10nF
For a Si P*N junction, Ny = 10'5 per cm® and V, = 0.5
volts. If the applied reverse voltage is 10 volts. Find the
value of electric field at the junction.

(A) —5.62 kV/cm (B) —56.81 kV/cm

(C) —5.62kV/m (D) —56.24 kV/m

For a silicon P-N diode, N, = 10'% atoms per cm3<<N,,
and the built-in potential of 0.5 volts. If the applied
reverse voltage is 10 volts, find the transition capaci-
tance per square mil.

(A) 0.02 pF/mil? (B) 0.2 pF/mil?

(C) 2.84 nF/mil? (D) 2.84 pF/mil?

Find the magnitude of the electric field at the centre of
depletion region of Si P-N junction with N, = N, =
10%! atoms per m? and built-in potential of 0.6 volts.
(A) 94.8 kV/m (B) 94.8 MV/m

(C) 9.48 kV/cm (D) 9.48 MV/m
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13. For a silicon P-N junction with N, = N, = 10*! atoms
per m? and n, = 9.8 X 10'% atoms per m. Calculate tran-
sition capacitance, if the area is 1 mm? and the junction
is reverse biased with 10 volts.

(A) 10pF  (B) 20pF  (C) 8pF (D) 12pF

14. The zero barrier height of an alloy Si P-N" junction is
0.6 volts, and acceptor concentration is 5 X 10'¢ atoms
per cm?. If the cross-sectional area of 1mm?, then the
space charge capacitance for an applied reverse voltage
of 5.6 volts is
(A) 0.26 nF (B) 0.20 nF
(C) 0.50nF (D) 0.90 nF

15. For a silicon P*N Junction, if the diffusion capacitance
is 1 nF and diffusion length is 2.6 um, then the current
flowing through the junction is .

(A) 1mA (B) 2mA
(C) 10mA (D) 0.01 mA
16.
D
N
LU PN
! 1
41!
6 volts

Assume silicon diodes with reverse saturation current
of 10 nA and Zener breakdown voltage of 10 volts.
Voltage across diode P, is

(A) 6 volts (B) 10 volts
(C) 5.96 volts (D) 5.3 volts
17.
D D
N
T N
! |
o Lo
6 volts

Assume silicon diodes with /;=10nA and V, =5 volts.
Then, the current flowing in the circuit ‘I’ as shown is

(A) 2.25mA (B) 10nA
(C) 2.25Amp (D) Cannot be determined

18. The zero voltage barrier height of an alloy silicon PN*
junction is 0.6 volts given N, =5 x 10'® atoms per cm?.
Calculate the width of depletion layer for an applied
reverse voltage of 5.6 volts.

(A) 0.5um (B) 0.4 um
(C) 4um (D) 40 um
19.
+ V- 10kQ
l
i
+ 1=
5v
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The V-I characteristics of the diode is given as

I1=+0.2 V-1 for V=21
=0for V<1

Calculate the current ‘I’
(A) 1mA
(©) 0.24 Amp

20.

(B) 0.1 mA
(D) 0.5 Amp

+ Vi-
1kQ D1

Vi
Vo=?

Vo

1kQ D> 10kQ

+ 5 volts

Assume Ideal diodes (Fr=0, R;=0 and R = o)

If ¥, =5 volts and V, = 0 volts, calculate the voltage
drop across D, (Polarity is as shown)

(A) 5volts (B) 0 volts

(C) 0.45 volts (D) 4.5 volts

Direction for questions 21 and 22:
/

+ ]
N,
V=280 volts
L/
I\ b,

Assume breakdown voltage of each diode is 100 volts.

Practice Problems 2

Direction for questions 1 to 17: Select the correct alterna-
tive from the given choices.

1. For what voltage, will the reverse current in a P-N
junction silicon diode reach 95% of its saturation value
at room temperature?

(A) —0.260 volts (B) —0.156 volts
(C) +0.260 volts (D) 4+0.156 volts

2. If the reverse saturation current in a silicon P-N junc-
tion is InAmp. Find the applied voltage for a forward
current of 0.5 HA
(A) 0.39 volts (B) 0.25 volts
(C) 0.32volts (D) 0.42 volts

3. A silicon diode at room temperature conducts 5 mA at
0.7 volts. If the voltage increases to 0.8 volts, the diode

current is
(A) 43.12 mA (B) 34.21 mA
(C) 21.34 mA (D) 12.43 mA

21.

22,

23.

24.

25.

If the reverse saturation currents of the diodes, D, and
D, are 1 uA and 2 P A, respectively.

Calculate the value of 7 shown

(A) 1pA  (B) 2pA  (C) 3pA (D) Zero
Voltage across diode D, is (from ‘p’ to ‘n’ side)

(A) —36.04 volts (B) 36.04 volts

(C) 79.96 volts (D) =79.96 volts

Calculate the doping concentration required for P-type
Germanium to have breakdown voltage of 10 volts.
Assume breakdown occurs in Germanium at a field
intensity of 2 x 107v/m

(A) 10'6 acceptors/cm?

(B) 1.78 x 10'¢ acceptors/cm?

(C) 3.12 x 10" acceptors/cm?

(D) 0.196 x 103 acceptors/cm?

1kQ D1
%
! Vo=?

Vo

1kQ D> 9kQ

Assume the drop across conducting diode is 0.7 volts.
If V, =10 volts and V, = 5 volts, then V, is

(A) 8.0 volts (B) 9 volts

(C) 8.3 volts (D) 7.8 volts

The zero voltage barrier height of an alloy silicon PN
junction is 0.6 volts, given Ny = 5 x 10'® per cm?.
Calculate the width of depletion layer for an applied
forward voltage of 0.5 volts.
(A) 2nm
(C) 2um

(B) 51.52 nm
(D) 1.5 um

. Calculate the factor by which the reverse saturation

current of a Germanium diode is multiplied, when the
temperature is increased from 25 to 100°C.

(A) 90 (B) 181 (©) 120 (D) 150

. An ideal Ge diode at room temperature has a static

resistance of 4.57Q at a point, where /=43.8 mA. Find
the dynamic resistance for a forward bias of 0.1 volts.
(A) 28Q (B) 56Q (C) 280Q (D) 560Q

. Find the resistivity of the P-type material in a Si P-N

junction, where cross-sectional area is circular and of
40 miles in diameter and the transition capacitance is
61 pF, The given barrier height is 0.35 volts and the
applied reverse voltage is 5 volts.

(A) 4Q-cm (B) 3.5Q-cm

(C) 3Q-cm (D) 4.5Q-cm

. The transition capacitance of an abrupt P-N junction is

10pF at 4 volts. Find the decrease in capacitance for a
0.5 volt increase in bias.



10.

11.

12.

13.

(A) 091 pF (B) 9.428 pF

(C) 10pF (D) 0.57 pF

Calculate the width of depletion region of a P-N junc-
tion under open circuit, when doped equally on both

sides with 10%! atoms/m>. Assume built in potential of

0.2vande = 10.
(A) 66 um (B) 66 nm
(C) 6.6 nm (D) 0.66 um

Static and dynamic resistances of a P-N junction
Germanium diode, if the temperature is 300°K and
I,=1pA, for an applied FB of 0.2 volts.

(A) 91.324Q,11.872 Q

(B) 11.36 Q, 88 Q

(C) 11.36Q,44Q

D) 44Q,11.36 Q

The diffusion capacitance of a silicon diode with
N,>>N,, when carrying a current of 1 mA, is

Assume diffusion length of holes is 0.026 cm.

(A) 0.65 uF (B) 1 uF

(C) 6.5uF (D) 8.5 uF

2 x 107 v/m. Find Zener breakdown voltage, V., for
pure Ge.

(A) 23kV (B) 23 volts

(C) 14.166 kvolts (D) 230 volts

Calculate the Zener breakdown voltage of P-type
Ge with doping concentration of 1 in 10% Ge atoms.

Assume Breakdown occurs in Ge at a field intensity of

2 x 107v/m.
(A) 162 volts (B) 188 volts
(C) 132 volts (D) 138 volts

If the diode breakdown voltage is 7 volts and its reverse
saturation current is 10 nA, then (i) the current ‘I’
shown is . Assume V' = 0.7 volts under Forward
Bias.

Zener breakdown occurs in a Ge at a field intensity of

14.

15.

16.

17.
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Dy D2 2kQ
}\l
|

Y
10v

(A) 1.2mA (B) 1.5 mA

(C) 2mA (D) 1.15mA

If the breakdown voltage of diode is 15 volts, then the
value of 7 shown is

(A) 1.15mA (B) ‘0’(zero) mA

(C) 10nA (D) 20 nA

If the reverse saturation current of diode is 30 nA, then
voltage across the diode is

D 10M Q

+
1 volt

(A) 0.3 volts (B) 0.7 volts
(C) zero (D) Cannot be determined

Calculate the barrier capacitance of a Germanium P-N
junction, where area is 0.5 mm X 0.5 mm and space
change thickness is 3 x 10~ cm.

(A) 12pF  (B) 16pF  (C) 10pF

~
l/k /\/\/\/\_/‘\I
|

=
30 volts

(D) 8pF

If the diode has reverse saturation current of 10 nA and
breakdown voltage of 10 volts, then the current [ as
shown in the circuit is
(A) 10nA
(C) 20mA

(B) zero
(D) 30 mA

PRreEvious YEARS’ QUESTIONS

1. In an abrupt P-N junction, the doping concentration’s
on the p-side and n-side are N, = 9 x 10%cm? and
Np =1 x 10%cm? respectively. The P-N junction is
reverse biased, and the total depletion width is 3 um.

The depletion width on the p-side is [2004]
(A) 2.7 um (B) 0.3 um
(C) 2.25 um (D) 0.75 um

2. Consider an abrupt junction. Let V}; be the built -in

potential of this junction and ¥, be the applied reverse
bias. If the junction capacitance (Cj) is 1 pF for V. +

V=1V, then for V,, + V=4V, CJ willbe  [2004]
(A) 4pF (B) 2 pF
(C) 025 pF (D) 0.5 pF

3.

In the voltage regulator shown below, the load current
can vary from 100 mA to 500 mA. Assuming that the
Zener diode is ideal (i.e., the Zener knee current is
negligibly small and Zener resistance is zero in the

breakdown region), the value of R is [2004]
R
+
— Variable load
12v sv “/\ /%' 100 to 500 mA
70
(A) 7Q @ 0 (© —o (D 14Q
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4. A silicon P-N junction at a temperature of 20°C has
a reverse saturation current of 10 pico Amperes (pA).
The reverse saturation current at 40°C for the same
bias is approximately. [2005]

(A) 30pA  (B) 40pA (C) 50pA (D) 60pA

A silicon P-N junction diode under reverse bias has
depletion region of width 10 um. The relative permit-

(A) V<0
(C) Vo<Vy<Vy

(B) 0< V<V,
(D) V2V,

In the circuit shown below, the switch was connected
to position 1 at # < 0 and at 7= 0, it is changed to posi-
tion 2. Assume that the diode has zero voltage drop
and a storage time 7. For 0 <7<, Vp is given by (all

tivity of silicon, & = 11.7 and the permittivity of free i i) =it
space €, = 8.85 x 10712F/m. The depletion capacitance 1
of the diode per square meter is [2005] —
(A) 100 uF (B) 10 uF 2 +
(C) 1puF (D) 20 uF _i__ E . K § Ve
6. The Zener diode in the regulator circuit shown in fig- R "
ure has a Zener voltage of 5.8 volts and a Zener knee -
current of 0.5 mA. The maximum load current drawn (A) Vy=-5 (B) V=45
from this circuit ensuring proper functioning over (C) 0L V<5 (D) -5<V,<0
the input voltage range between 20 and 30 volts is, 9. Find the correct match between Group 1 and Group 2.
[2005]
[2006]
P Group | Group Il
L g (E) Varactor diode (1) Voltage reference
v, Load (F) PIN diode (2) High-frequency switch
20-30V V,=5.8V oa (G) Zener diode (8) Tuned circuits
. . (H) Schottky diode (4) Current-controlled attenuator
(A) 23.7mA (B) 142 mA (A) E-4, F-2, G-1, H-3
(C) 13.7mA (D) 24.2 mA (B) E-2, F-4, G-1, H-3
(C) E-3, F-4, G-1, H-2
7. The values of voltage (V},) across a tunnel diode cor- (D) E-1, F-3, G-2, H-4

responding to peak and valley currents, are V', and Vy,
respectively. The range of tunnel diode voltage V', for
which the slope of its /-F, characteristic is negative

10.

For the circuit shown below, assume that the Zener
diode is ideal with a breakdown voltage of 6 volts.
The wave form observed across R is: [2006]

would be [2006]
Y
1
N i
12sinot R Ve

_ N

(A)
12V
-6V \_/
(©)

6V

-12v
(B)




11.

12.

13.

14.

15.

16.

In a P*n junction diode under reverse bias, the magni-
tude of electric field is maximum at [2007]
(A) The edge of the depletion region on the p-side
(B) The edge of the depletion region on the n-side
(C) The P* n junction

(D) The centre of the depletion region on the n-side
A P'n junction has a built in potential of 0.8 V. the
depletion layer width at a reverse bias of 1.2 V is
2 um. for a reverse bias of 7.2 V, the depletion layer

width will be: [2007]
(A) 4pum (B) 4.9 um
(C) 8um (D) 12 um

For the Zener diode shown in the figure, the Zener
voltage at knee is 7 V, the knee current is negligible
and the Zener dynamic resistance is 10 €. If the input
voltage (V) range is from 10 to 16 V, the output volt-
age (V) ranges from [2007]

200Q
M\ .

‘474 [0}

(A) 7.00t07.29V (B) 7.14t07.29V
(C) 7.14t07.43V (D) 7.29t0 7.43 V

Which of the following is NOT associated with a P-N
junction? [2008]
(A) Junction capacitance

(B) Charge storage capacitance

(C) Depletion capacitance

(D) Channel length modulation

Consider the following assertions
S,: For Zener effect to occur, a very abrupt junction is
required
S,: For quantum tunnelling to occur, a very narrow
energy barrier is required

Which of the following is correct?

(A) Only S, is true.

(B) S,andS, are both true but S, is not a reason for S,.

(C) S, and S, are both true and S, is a reason for S,.

(D) Both S, and S, are false.

Compared to a P-N junction with N, = N, = 10'¥/

cm?, which one of the following statements is TRUE

for a P-N junction with N, = N, = 10*%cm?? [2010]

(A) Reverse breakdown voltage is lower and deple-
tion capacitance is lower

(B) Reverse breakdown voltage is higher and deple-
tion capacitance is lower

(C) Reverse breakdown voltage is lower and deple-
tion capacitance is higher

(D) Reverse breakdown voltage is higher and deple-
tion capacitance is higher

[2008]

17.

18.

19.

20.

21.
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A silicon PN junction is forward biased with a con-
stant current at room temperature. When the tempera-
ture is increased by 10°C, the forward bias voltage
across the P-N junction [2011]
(A) increases by 60 mV ~ (B) decreases by 60 mV
(C) increases by 25 mV (D) decreases by 25 mV

A Zener diode, when used in voltage stabilization cir-

cuits, is biased in [2011]

(A) reverse-biased region below the breakdown
voltage

(B) reverse breakdown region

(C) forward-biased region

(D) forward-biased constant current mode

The -V characteristic of the diode in the circuit given
below are

1K Q

V=07, vao1v
I =4 500
0A, V<0.7V
the current in the circuit is [2012]
(A) 10mA (B) 9.3 mA
(C) 6.67TmA (D) 6.2 mA

In a forward biased P-N junction diode, the sequence

of events that best describes the mechanism of current

flow is [2013]

(A) injection, and subsequent diffusion and recombi-
nation of minority carriers

(B) injection, and subsequent drift and generation of
minority carriers

(C) extraction, and subsequent diffusion and genera-
tion of minority carriers.

(D) extraction, and subsequent drift and recombina-
tions of minority carriers.

In the circuit shown below, the knee current of the
ideal Zener diode is 10 mA. To maintain 5 V across
R, , the minimum value of R, in Q and the minimum
power rating of the Zener diode in mW, respectively,

are [2013]
§1 00Q

N h Load

12V

i

Vz=5v

1—

(A) 125 and 125
(C) 250 and 125

(B) 125 and 250
(D) 250 and 250
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22.

23.

24,

25.

26.

In the figure, assume that the forward voltage drops
of the P-N diode D, and Schottky diode D, are 0.7 V
and 0.3 V, respectively. If ON denotes conducting
state of the diode and OFF denotes non-conducting

state of the diode, then in the circuit [2014]
1 kQ 20Q
FW\ AW
v DY X D2

[

(A) both D, and D, are ON

(B) D, is ON and D, is OFF

(C) both D, and D, are OFF

(D) D, is OFF and D, is ON

Consider an abrupt P-N junction (at 7 = 300 K)
shown in the figure. The depletion region width X on
the n-side of the junction is 0.2 wm and the permittiv-
ity of silicon (g;) is 1.044 x 10712 F/cm. At the junc-
tion, the approximate value of the peak electric field
(in kV/cm) is . [2014]

P*-region N-region

<X

=)

Na>>Np Np=10"%/cm?

When a silicon diode having a doping concentration
of N, =9 % 10'® cm™ on p-side and N, = 1 x 10'6
cm™ on n-side is reverse biased, the total depletion
width is found to be 3 um. Given that the permittivity
of silicon is 1.04 x 10~!2 F/cm, the depletion width on
the p-side and maximum electric field in the depletion
region, respectively, are [2014]
(A) 2.7 um and 2.3 X 103 V/cm

(B) 0.3 um and 4.15 % 103 V/cm

(C) 0.3 um and 0.42 x 103 V/cm

(D) 2.1 um and 0.42 x 103 V/cm

A thin P-type silicon sample is uniformly illumi-
nated with light which generates excess carriers. The
recombination rate is directly proportional to [2014]
(A) the minority carrier mobility

(B) the minority carrier combination lifetime

(C) the majority carrier concentration

(D) the excess minority carrier concentration

The donor and accepter impurities in an abrupt junc-
tion silicon diode are 1 x 10'® ¢cm™ and 5 x 10'8
cm™>, respectively. Assume that the intrinsic car-
rier concentration in silicon n, = 1.5 x 10' cm™ at

kT
300 K,— =26mV and the permittivity of silicon
q

£; = 1.04 x 10712 F/cm. The built-in potential and

478

28.

29.

30.

31.

depletion width of the diode under thermal equilib-
rium conditions, respectively, are [2014]
(A) 0.7Vand 1x 10 cm

(B) 0.86Vand 1x10™*cm

(C) 0.7V and3.3x 107 cm

(D) 0.86V and 3.3 x 107 cm

Consider two BJTs biased at the same collector cur-
rent with area 4, = 0.2 um x 0.2 pm and 4, = 300 um
% 300 um. Assuming that all other device parameters
are identical, k7/g = 26 mV, the intrinsic carrier con-
centration is 1 X 10'° cm™, and ¢ = 1.6 x 107 C, the
difference between the base-emitter voltages (in mV)
of the two BITs (i.e., Vg, — Vggy) is

[2014]

A region of negative differential resistance is observed

in the current voltage characteristics of a silicon PN

junction if [2015]

(A) both the P region and the N region are heavily
doped

(B) the N region is heavily doped compared to the P
region

(C) the P region is heavily doped compared to the N
region

(D) an intrinsic silicon region is inserted between the
P region and the N region

A silicon sample is uniformly doped with donor-
type impurities with a concentration of 10'%/cm?.
The electron and hole mobilities in the sample are
1200 cm?/V-s and 400 cm?/V-s, respectively. Assume
complete ionization of impurities. The charge of an
electron is 1.6 X 1071° C. The resistivity of the sample
(in Q-cm) is [2015]
In the circuit shown below, the Zener diode is ideal
and the Zener voltage is 6 V. The output voltage V_ (in
Volts) is . [2015]
1kQ

AVAYAY,

10V —— e > v,

For a silicon diode with long P and N regions, the
acceptor and donor impurity concentrations are 1 X
10'7 cm= and 1 x 10" cm™3, respectively. The life-
times of electrons in P region and holes in N region
are both 100 pus. The electron and hole diffusion coeffi-
cients are 49 cm?/s and 36 cm?/s, respectively. Assume
kT/q = 26 mV, the intrinsic carrier concentration is 1
x 1019 ¢m™3, and g = 1.6 x 10~!° C. When a forward
voltage of 208 mV is applied across the diode, the
hole current density (in nA//cm?) injected from P
region to N region is [2015]



32. An n-type silicon sample is uniformly illuminated
with light which generates 10 electron-hole pairs
per cm? per second. The minority carrier lifetime in
the sample is 1 us. In the steady state, the hole con-
centration in the sample is approximately 10*, where
x is an integer. The value of x is [2015]

33. A piece of silicon is doped uniformly with phospho-
rous with a doping concentration of 10'%cm?3. The
expected value of mobility versus doping concentra-
tion for silicon assuming full-dopant ionization is
shown below. The charge of an electron is 1.6 x 107"
C. The conductivity (in S cm™") of the silicon sample
at 300 K is . [2015]

Hole and electron mobility in silicon at 300 K

Mobility (cm? -V

1.E+13 1.E+141.E+15 1.E+161.E+17 1.E+181.E+191.E+20
Doping concentration (cm™2)

34. The electric field profile in the depletion region of
a p-n junction in equilibrium is shown in the fig-
ure. Which one of the following statements is NOT
TRUE? [2015]

E
(V/em)
10*

I I
-0.1 0 0.5 1.0

X(um)

(A) The left side of the junction is n type and the
right side is p type

(B) Both n-type and p-type depletion regions are uni-
formly doped

(C) The potential difference across the depletion re-
gion is 700 mV

(D) If the p-type region has a doping concentration
of 105 ¢m™3, then the doping concentration in
the n-type region will be 106 cm™3

35. Consider a silicon p-n junction with a uniform accep-
tor doping concentration of 10'7 cm™ on the p side and
a uniform donor doping concentration of 10'° cm™ on
the n-side. No external voltage is applied to the diode
Given: kT/q =26 mV, n, = 1.5 x 10" cm™, e, = 12¢,
g,=8.85x 107 F/cm, an and ¢ = 1.6 x 10" C. The
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charge per unit junction area (nC cm™2) in the deple-
tion region on the p-side is [2016]

36. Consider a silicon sample at T = 300K, with a uni-
form donor density N, = 5 X 10'® cm~3, illuminated
uniformly such that the optical generation rate is G opt
=1.5x 10* cm™3s7! throughout the sample. The inci-
dent radiation is turned off at t = 0. Assume low level
injuection to be valid and ignore surface effects. The
carrier lifetimes are Too = 0.1 usand T, = 0.5us.

0999854445

n-type Si

The hole concentration at £ = 0 and the hole concen-
tration at ¢ = 0.3us, respectively, are [2016]
(A) 1.5x1083cm™ and 7.47 x 10" cm™

(B) 1.5x 103 ¢cm™ and 8.23 x 10'! cm™3

(C) 7.5x 108 cm™>*and 3.73 x 10! cm™

(D) 7.5x 103 ¢cm™ and 4.12 x 10'! cm™3

37. Consider avalanche breakdown in a silicon P + n
junction. The n-region is uniformly doped with a
donor density N. Assume that breakdown occurs
when the magnitude of the electric field at any point
in the device becomes equal to the critical field E_.
Assume E ., to be independent of Np,. If the built in
voltage of the P* n junction is much smaller than the
breakdown voltage Vg, The relationship between
Vg and Ny is given by [2016]

(A) Vgg X /Ny, = constant
(B) N x /Vy =constant
(C) Np X Vg, = constant

ND

= constant

(D)

BR
38. The I — V characteristics of the zener diodes D1 and

D2 are shown in figure I. These diodes are used in the
circuit given in figure II. If the supply voltge is varied

from 0 to 100 V, then breakdown occurs in [2016]
|
78?\470v D1
Hll Vv _1
74_
D1 0-100V Do
D2
Figure | Figure Il
(A) D1 only (B) D2 only

(C) Both D1 and D2 (D) None of D1 and D2
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EXERCISES

Practice Problems |

1. C 2. A 3. A 4. D 5. D 6. C 7. D 8. B 9. A 10. B
11. A 12. C 13. B 14. A 15. C 16. C 17. C 18. B 19. C 20. D
21. A 22. C 23. B 24. C 25. B

Practice Problems 2

1. B 2. C 3.B 4. B 5. A 6. B 7. D 8. D 9. A 10. B
11. A 12. B 13. D 14. C 15. B 16. A 17. C

Previous Years’ Questions

1. B 2. D 3.D 4. B 5. B 6. A 7. C 8. A 9. C 10. B
11. C 12. A 13. C 14. D 15. A 16. C 17. D 18. B 19. D 20. A
21. B 22. D 23. 30to 32 24. B 25. D 26. D 27. 380 to 382 28. A
29. 0.50 to 0.54 30. 5 31. 28to 30 32. 14 33. 1.8t02.0 34. C

35. —48.36nC/cm? 36. A 37. C 38. A
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