Ans:
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Unit-1
Semiconductors and pn Junction Diode

Explain N-type and P-type semiconductors.
n- type semiconductor

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

The pentavalent impurity is also called donor impurity has five valence electrons.
Examples: Phosphorous, Arsenic, Antimony, Bismuth.

Consider the formation of n type material by adding Arsenic(As) into Silicon(Si).

N type  material  fermakion

The As atom has five valence electrons. An As atom fits in the silicon crystal in such a
way that its four valence electrons from covalent bonds with four adjacent Si atoms.

The fifth electron has no chance of forming a covalent bond. It enters the conduction
band as a free electron.

One donor impurity atom donates one free electron in n- type material. The free electrons
are majority charge carriers.

p- type semiconductor

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

The trivalent impurity is also called acceptor impurity has three valence electrons.
Examples: Boron, Aluminium, Gallium, Indium.

Consider the formation of p- type material by adding Gallium(Ga) into Silicon(Si).

p fdpe material frmolten

The Ga atom has three valence electrons, the fourth covalent bond in the valence shell is
incomplete. The resulting vacancy is called a hole.

This means that each Ga atom added into Si atom gives one hole.

One acceptor impurity creates one hole in a p- type material. The holes are majority
charge carriers.



2. Write short notes on Diffusion and Drift current.
Ans: Diffusion current: The flow of charge carriers from a high density region to low
density region constitute diffusion current. This flow occurs until the distribution of charges
becomes uniform, in both regions.

The diffusion current density due to hole is given by,

d
]p = _qu d_z
The diffusion current density due to electron is given by
Jn =aDy j—z
Where q = charge of electron
D, = diffusion constant for hole m?/sec
D, = diffusion constant for electron m?/sec
j—z = concentration of gradient for holes
dn

— = concentration of gradient for electrons.

Drift current : Whenever voltage i |s applled to the pn junction, there exist a flow of current
because of applied voltage and this current is known as drift current.

The drift current density due to hole is given by, Jp = qpppE
The drift current density due to free electron is given by, J,= qnunE
Total drift current density Jrotal = qpHpE + qnunE

Where p = no.of holes/cm®
n = no.of free electrons /cm®
p = mobility of hole
u, = mobility of electron
E = electric field intensity

3.State law of mass action and the Einstein’s relationship for semiconductor.

Ans: Law of mass action: It states that the product of concentrations of electrons and holes is
always constant, at a fixed temperature.
np = n?
Where n = concentration of electrons
p = concentration of holes
= intrinsic concentration
For n-type material , n = n, while p = p, hence law can be statedas n,p, =n

For p-type material , n = n, while p = p, hence law can be statedas  n,p, =

Einstein’s relationship: It states that, at a fixed temperature, the ratio of diffusion constant to
the mobility contant.

& = Dn = KT = Vp
Hp  Hn

Where K= Boltzmann’s constant = 8.62x10 " ev/°k

T = temperature in °k

KT= Vt = voltage equivalent of temperature.

At room temperature V1 =0.02586V or V;= i
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4. Explain the Fermi’s level in intrinsic semiconductor.
(or)

Show that the Fermi energy level lies in the center of forbidden energy band for an

intrinsic semiconductor.
Ans: In intrinsic semiconductor the probability of finding an electron in the conduction band is

zero and probability of finding a hole in the valence band is zero at T=0°k. At temperature
increases, equal number of electrons and holes get generated. In such a case the Fermi level Ef is

given by
_ Ec+Ey
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In a pure semiconductor the number of holes and electrons are equal.
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5. Explain about Fermi level in extrinsic semiconductor.

Ans: Fermi level in n type semiconductor:

» The donor impurity added is just below the conduction band. This donor level is
indicated as Ep .

» As this distance is very small, even at room temperature almost all the extra electrons
from the donor impurity atoms jump into the conduction band.

» The probability of occupying the energy level by the electrons, towards the conduction
band is more.

» So in n- type material, the Fermi level Ef gets shifted towards the conduction band. But it
is below the donor energy level.

n=~ Np 1=
= Nce(EF—Ec)/kT ‘r
ND — NCe(EF_‘EC)kT —
@ - e(EF—Ec)/kT g; 4 0
e c¥ : T
N¢ kT =
N
~kTIn =2 = Ep - Eg Vi3
Np =
Er=E¢c—kTIn (E) Y e(=)
Np

Fermi level in P type semiconductor:

> In p-type material, acceptor impurity is added just above the valence band.

> Due to this, large number of holes gets generated in the valence band.

» At room temperature, the electrons from valence band jump to acceptor energy level,
leaving behind the holes in valence band.

» This shifts the Fermi level Er towards the valence band. It lies above the acceptor energy

level.
p~ Ny E A
Hence N4 = Nye (Er—Ev)/kT CR
Na_ -Ee-B )T Ec ,
Ny ‘|‘
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Ny EEF \l,
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6.Explain the formation of depletion region in an open circuited p-n junction with neat
sketches. (or)

With the help of necessary sketches, explain the potential distribution in an open
circuited p-n junction.

Ans:
>

>

When two extrinsic semiconductors, one p-type and another n-type are joined, a p-n
junction is formed.

The holes from p-side and electrons from n-side which form majority carriers in their
respective sections are diffused in either direction.

At this stage p-side will loose its holes and hence a negative field exists towards left side
of the junction.

Similarly, n-side will loose its electrons and hence a positive field exists towards right
side of the junction.

The net result is that an electrical field exists across the junction. This field is known as
potential barrier or contact potential.

Potential barrier will be limited because the negative field on p- side and positive of n-
side prevents further displacement of electrons and holes on either side respectively.

The charge distribution is shown in figure.

Holes *@6(9@@6?@.
O .o O ® @ “— Free Electrons
"0 @,
o @ @ @0
p-type | | n-type
p = Charge Density
= X
c = _ IE dx = _i‘i
(S dx
Electrostatic
Potential Barrier for|
Holes |

Fig: Potential Distribution in p-n junction Diode
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The concentration of charge decrease as we move away from the junction. Because at
the junction, holes and electrons are combined and become neutral.

The junction is depleted of mobile charges. The region is called space charge region and
its thickness is about few microns.

The electric field intensity, which is the integral of density function p is shown in the
figure.

Contact potential as shown in the figure will be of the order of few tenths of volts. Its
value of germanium is 0.3V and silicon is 0.7V.

7. Draw the energy band diagram of p-n junction under open circuit conditions and

Ans:

explain. (or)
Derive expression for pn junction diode barrier potential.
(or)

Explain how the built-in potential difference exists at pn junction without the
application of an external voltage across it.

It is known that the Fermi level in n-type material lies just below the conduction band
while in p-type material, it lies just above the valence band.
When p-n junction is formed, the diffusion starts. The changes get adjusted so as to

equalize the Fermi level in the two parts of p-n junction.

This is similar to adjustment of water levels in two tanks of unequal level, when
connected each other.

The changes flow from p to n and n to p side till, the Fermi level on two sides get lined
up.

In n-type semi conductor , Ef is close to conduction band E., and it is close to valence
band edge Eyp on p-side.

So the conduction band edge of n-type semiconductor can’t be at the same level as that
of p-type semiconductor.

Hence, as shown, the energy band diagram for p-n junction is where a shift in energy
levels Eq is indicated.
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Fig:Energy Band Diagram for p-n Junction under open-circuit Conditions
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we know that, for n-type, Er = E¢, —kTIn [E—C
D

Ec, — Ep = kTIn z_g et (1)
for p-type, Er = Ey, + kT In z—z
Ep — Ey, = kT In ;'—Z - (2)
Since, n = p =n; and np = n?
In N-type, n, = Np
NPy = 1
In P-type Py =Ny
n,p, = n}
n, :% e e (4)
From the energy band diagram
Ec, — Ep = E?G NN )
Ep — Byp = %G T P N ()
From equation (5)and equation (6), we get,
E, +E, = E; — [ECn — EVp] e (7))
Also from band structure, Eg = E; 4 Ep o+ coecevveveeceeviiie e 0 (8)
From equation (7) and equation (8), we get,
E, = Eg — [ECn — EVp] PN )

By adding equation (1) and (2), we get,

N Ny
&n—%+EF—&p=kﬂnkﬂ+kﬂnkﬂ

N.Madhu GRIET-ECE 7



ECn - EVp = kT In [ND] + kT In [NA (10)
Since, np = e~ (Ec—Ep)/KT _Nce—(Ep—Ev)/kT Ny

2 —(E¢c—Ey+Er—E kT
ni—NCNVe(C v+Er—Ep)/

2

n; — e—(EC—Ev)/kT
(NcNy)
0 (s | _
> (NcNy) = e (kT) [.. EC - EV = EG]

Taking In on both sides we get,

in [ 2] = - [22]

Ne NV] = Fg rorerererereeneeeeeen oo (11)

KT In [

substituting the values of equation (10) and equation (11) in equation (9), we get,

NC NV

Eo=KTln| ] KT In [2¢ E]—len[z—Z

Ey = kTIn —NCZNVXN—DXN—A]

[ D N¢ Ny
E, = kT In N/;‘;‘D] et e e (12)
n} nf
Further for p-type, p,, = Ny, n,o = N Ny = -
n? n?
Further for N-type, n,, = Np, ppo=--, Np=-—+
Np Pno
Therefore Ey, = kT In [nno] and E, =kTIn [p ]
n0

Where the subscript ‘0’ indicate that the above relations are obtained under thermal conditions of

equilibrium.

8. What do you understand by depletion region at pn junction? What is the effect of
forward and reverse biasing of pn junction on the depletion region? Explain with necessary

diagrams.

Ans: Depletion_region: In a PN junction p-type consists of holes and n-type consists of
electrons. Due to diffusion, the large number of holes from p-side diffuse to n-side and similarly,

the large number of electrons from n-side diffuse to p-side.
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i ' Depletion region
O _ O iIQI® ®e
e ISHERE
Holes <—.—_C<>)o Gg :E@ @E‘ @ —+——> Free electrons
© Co|®t®
p-type n-type

Due to this displacement, p-side looses holes and forms a negative electric field to the left
side of junction and n-side looses electrons and forms a positive electric field to the right side of
the junction. Because of this large movement of holes and electrons, a barrier potential is
developed across the junction. Finally, the holes will combine with free electrons and gets
disappear leaving negative potential at p-side near the junction. Similarly the free electrons will
combine with holes and gets disappear leaving positive potential at n-side near the junction. This
region at the junction is known as depletion region.

The thickness of depletion region is the order of few microns. Where, 1 micron=10"cm.
Forward bias:

Junction
Hole current ' Electron current

Current
limiting % R
resistor

Direction of V
conventional current

Electron movements
In forward bias, the thickness of depletion layer is very thin because p-type is connected to
positive terminal and the n-type is connected to the negative terminal. This causes the holes and

electrons to move freely across the junction, hence resulting in a large current.
Reverse bias:

Immobile Immobile
negative positive
ions ions

N

p-region n-region

—| Depl'etion -
region
widens

— L=
L— ANV Al o
V’
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In reverse bias, as the p-type is connected to the negative terminal and n-type is connected
to the positive terminal, the force of attraction takes place, so the holes from p-side and the
electrons from n-side moves away from the junction, thus increasing the width of depletion
region. This results in a very little current, almost equal to zero. Therefore, in reverse bias the
thickness of the depletion region is large.

9. Explain about various current components in a forward biased pn junction diode.

Ans:

» When a p-n junction is forward biased a large forward current flows, which is mainly
due to majority carriers. The depletion region near the junction is very very small, under
forward biased condition.

» In forward biased condition holes get diffused into n side from p side while electrons get

diffused into p-side from n side.

» So on p-side, the current carried by electrons which is diffusion current due to minority
carriers, decreases exponentially with respect to distance measured from the junction.
This current due to electrons, on p-side which are minority carriers is denoted as Inp.

» Similarly holes from p side diffuse into n-side carry current which decreases
exponentially with respect to distance measured from the junction. This current due to
holes on n-side, which are minority carriers is denoted as Iyn.

+ ]:g_

=

Current

/—Total current |

I

nn
electron current

IFJD
hole current——
lnp
electron current

pn
hole current
Distance

pside x=0 n side

Fig: Current componets

» If distance is denoted by then,
Ihp(X) = Current due to electrons in p side as a function of x
Ion(X) = Current due to holes in n side as a function of x

» At the junction i.e. at x = 0, electrons crossing from n side to p side constitute a current,
Ihp(0) in the same direction as holes crossing the junction from p side to n side constitute
a current , Ip,(0). Hence the current at the junction is the total conventional current I
flowing through the circuit.
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I = 1pn(0) + 1np(0)

» But as the entire circuit is a series circuit, the total current must be maintained at I,
independent of x. This indicates that on p side there exists one more current component
which is due to holes on p side which are majority carriers. It is denoted by Ipp(X).
lop(X) = current due to holes in p side

» Similarly on n side, there exists, there exists one more current component which is due to
electrons on n side, which are the majority carriers. It is denoted by Inn(X).

Inn(X) = Current due to electrons in n side.
» On p side the total current is I = Ipp(X) + Inp(X)
» On n side the total current is I'= 1nn(X) + Ipn(X)

10. Define law of junction. Explain about the term cut-in voltage associated with pn
junction diode. How do you obtain cut-in voltage from forward V-1 characteristics?

Ans: Law of Junction: This law states that for a forward biased junction diode the injected hole
concentration p,, (0) in the n-region increases over thermal equilibrium value B, . It is given by,

14

Pn(0) = py e'r

14

Similarly for electron concentration, n,(0) = npoeﬁ

Cut-in voltage V, is the minimum bias voltage that should be applied across a diode for
conduction to take place. The amount of current below V, is very small and above V, the current
raises rapidly. Typically values of V, for germanium and silicon diodes are 0.2 V and 0.6V
respectively.

The forward V-1 characteristics of a junction diode are shown below.

I Germanium
N
IF
mA &
Silicon
=]
- l s,
0.2V 0.6V V. (Volts )

Cut-in voltage can be obtained from the V-1 characteristics by selecting a point on
voltage axis where the current raises rapidly.
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11.What are the applications of PN diode and Explain the volt-ampere characteristics of
PN diode.
Ans: PN diode applications:

VVVYVVYVYVYVY

Rectifiers in DC power supplies
Switching in digital logic circuits
Clippers in wave shaping circuits
Clampers in TV receivers

Diode gates

Comparator

Forward
characteristics
e

. Normal '
§  operating region
|

Reverse breakdown
voltage | 0

lo
Reverse
~ Breakdown _ saturation
region current
1 A

Reverse
characteristics

Fig: V-I Characteristics of a Diode

In forward characteristics, it is seen that initially forward current is small as long as the
bias voltage is less than the barrier potential.

At a certain voltage close to barrier potential, current increases rapidly.

The voltage at which diode current starts increasing rapidly is called as cut-in voltage. It
is denoted by V.

Below this voltage, current is less than 1% of maximum rated value of diode current.

The cut-in voltage for germanium is about 0.2V while for silicon it is 0.6V.

In reverse characteristics , reverse current increases initially as reverse voltage is
increased. But after a certain voltage, the current remains constant equal to reverse
saturation current .

The voltage at which breakdown occurs is called reverse breakdown voltage denoted as
Var.

Reverse current before the breakdown is very small and can be neglected practically.

It is important to note that the breakdown voltage is much higher and practically diodes
are not operated in the breakdown condition.
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12. Explain the temperature dependence of V-1 characteristics.
Ans: Dependency on V-I characteristics on temperature

The generation of electron hole pairs in semiconductors is increased due to the rise in
temperature and which further leads to increase in their conductivity. Thus, the variation of
current through the pn junction diode with temperature can be obtained using diode current
equation i.e.,

I = [O[B(V/nVT) - 1]
Where, [ = Diode current
I, = Diode reverse saturation current
V' = External applied voltage to the diode
n = Constant = 1 for germanium

= 2 for silicon

T
11600

Vr = Thermal voltage =

T = Temperature of diode junction(°K)

For the diodes both germanium and silicon, the reverse saturation current I, increases
approximately 7 percent/°C. The reverse saturation current approximately doubles for every
10°C rise in temperature. Since (1.07)'°~2. Thus current I increases, if the temperature is
increased at fixed voltage. By only reducing V, we can bring back current 1 to its original value.

. av .
In order to maintain a constant current | value, the value of - s found to be —2.5mV/°C at room
temperature for either germanium or silicon.

Basically, the value of cut-in voltage(or barrier voltage) is about 0.3V for germanium and
0.7 V for silicon. For both germanium and silicon diodes, the barrier voltage is decreased by
2mV/°C. This is due to dependency of barrier voltage on temperature. Mathematically,

Iy = Iy ¥ 2(T2—=T1)/10
Where, I,;— Saturation current of the diode at temperature, T

Iy, — Saturation current of the diode at temperature, T,
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Fig: Effect of Temperature on the Diode charactristics

The effect of increased temperature on the pn junction diode characteristic curve is shown
in figure. The maximum limit of temperature upto which a germanium and silicon diodes can
used are 75° and 175°C respectively.

13. Explain about static and dynamic resistance in pn diode.

Ana: DC or Static Resistance
» The application of a dc voltage to a circuit containing a semiconductor diode will result
in an operating point on the characteristic curve that will not change with time. The
resistance of the diode at the operating point can be found simply by finding the
Corresponding levels of V, and I, as shown in Fig.(1) and applying the following
Equation:

R, =

» The dc resistance levels at the knee and below will be greater than the resistance levels
obtained for the vertical rise section of the characteristics. The resistance levels in the
reverse-bias region will naturally be quite high. Since ohmmeters typically employ a
relatively constant-current source, the resistance determined will be at a preset current
level (typically, a few mill amperes).

§ /b(MA)

=

Vb

j = Vo(V)

Figure(1): Determining the dc resistance of a diode at a particular operating point.
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AC or Dynamic Resistance

> It is obvious from above equation that the dc resistance of a diode is independent of the
shape of the characteristic in the region surrounding the point of interest. If a sinusoidal
rather than dc input is applied, the situation will change completely. The varying input
will move the instantaneous operating point up and down a region of the characteristics
and thus defines a specific change in current and voltage. With no applied varying signal,
the point of operation would be the Q-point determined by the applied dc levels as shown

in fig(2).
4

.

Q-point Aly

o
—

AV,

Figure(2): determining the ac resistance at a Q-point

» A straight line drawn tangent to the curve through the Q-point as shown in Fig. 2 will
define a particular change in voltage and current that can be used to determine the ac or

dynamic resistance for this region of the diode characteristics. In equation form,
— A
™ =75,

14. Write short notes on transition capacitance and Diffusion capacitance.

Ans: Transition capacitance:
» Consider a reverse biased p-n junction diode as shown in figure.

Width of
J depletion region
/
p—region : w _..: n-region
o0e:! @@@
(SRS 29 @@@
SIS ES @@@ 0~—>
SO: @@@
; Plate : : Plate ;
b o ==—=—Dielectric == ey
\—"WQ—/
11
= 11 o
Cr
{Transition capacitance)
]

N e
V (Reverse bias voltage)

Fig: Transition capacitance in reverse biased condition
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When a diode is reversed biased, reverse current flows due to minority carriers.
The width of the depletion region increases as reverse bias voltage increases.
As the charged particles move away from the junction there exists a change in charge
with respect to the applied reverse voltage.
So change in charge dQ with respect to the change in voltage dV is nothing but a
capacitive effect.
Such a capacitance which into the picture under reverse biased condition is called
Transition capacitance or space charge capacitance denoted as Cr.

Cr = |12 = <A

av w

Where, dQ is the increases in charge caused by a change dV in voltage.

Diffusion Capacitance

>
>
>

When a p-n junction is forward biased, the depletion layer almost completely disappears.
The electrons move and stored in p-region and holes stored in n-region.

As applied voltage increases, the amount of charge stored on both sides of junction also
increases.

It is observed that the charge stored varies directly as the applied forward bias voltage.
This effect is similar to a capacitor in which amount of charge stored varies with applied

voltage.
dQ Rate of change of charge at junction

Cr

The flow of charge Q results in a diode current I is given by
Q
I ==

T

Q=IXT ...... (1)

Where t is average life time of charge carrier
The diode current equation I = Iy[e"/7'7 — 1]

The charge Q = [IO [eV/mVT — 1]] T
Differentiating above equation with respect to V

" dv  Rate of change of applied forward voltage

dQ Th) v
Y /mVr
av " v, [e"/77] (2)

From diode current equation I = I,e"/7Vr — I,
I+, = IOeV/"VT ......... (3)

Substitute equation (3) in equation (2)

g T

W= ve (I +1p)

d I ;

QoL sincel>» Iy
av UVT

. . . 1
Diffusion capacitance, C, = r)TT
T

N.Madhu GRIET-ECE 16



15. Derive an expression for transition capacitance.

» Consider a p-n junction diode, the two sides of which are not equally doped.

» Assume that p-side is lightly doped and n side is heavily doped.
> If Na<<Np, then Wy>>W,,.

P-type N-type J

(@)

Charge density

(b)

1
I
I
I
I
I
I
I
I
I
I
I
|

¥ I

x=0 x= W,
Fig: Unequally doped p-n junction diode

» Hence the width of depletion region on n-side is negligible small compared to width of
depletion region on p-side.

» Hence the entire depletion region can be assumed to be on the p-side only
» The relationship between potential and charge density is given by poisson’s equation,

d?v N
m:q;‘ e (1)
Integrating equation (1) twice
= (2)

At x = w,V = Vg which is barrier potential

Ny w?
V3=q AW™

e SRR (3)
From the above expression it can be observed that w « /Vp

The width of barrier i.e depletion layer increases with applied reverse bias.
Differentiating equation (3) w.r.toV,
— LaNa[aw

1= 2 ¢ [dV] 2w

dw £

rraniryra (4)
If A is the area of cross section of the junction, then net charge Q in the distance w is

Q = no.of charged particles X charge on each particle
= [Ny X Volume |q
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Differentiating equation (5) w.r.to V/,
dQ aw
— = NA Aq av

dVg

= N, Aqg —

= Ny quAW
€A
CT_W

16. Explain in brief about diode equivalent circuit.
Ans: An equivalent circuit is combination of elements, inserted in the place of a device without

changing behavior of system.
Different equivalent circuit models of diode are given below.

» Piece wise linear model
» Simplified model

> Ideal Diode model
Piece wise linear model: Figure shows the V-I characteristics of a diode in piece wise linear

model. The slope of straight line represents the reciprocal of a diode resistance, when the diode is
ON. Whenever the voltage across the diode reaches V, then the diode will be ON.

/o) 4 ©
-+ i Idea
Slope = 1/r4 v -V,
_ D
_ >
- (=]
O VvV, Vo

Fig: V-1 Characteristics and its Equivalent Circuit of Piece Wise Linear Model

Simplified model: If we consider above piece wise linear model, the resistance r, is practically
smaller. So by removing the r,;, we get the diode equivalent in simplified model.

o4 Io
—>
V, = 0.7 V * _l Ideal
<#- — Vo [
_ [V, = 0.7 V
Vo

Fig: V-1 Characteristics and its Equivalent Circuit of Simplified Model

18
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Ideal Diode model: An ideal diode is the first and simplest approximation of a real diode. It has
no forward voltage drop, no reverse current, and no breakdown. In fact, an ideal diode is only a
theoretical approximation of a real diode. However, in a well defined circuit, a real diode
behaves almost like an ideal diode because forward voltage across the diode is small as
compared to the input and output voltages.

No reverse I No forward
current [ voltage drop
-

l

—I >

Fig: V-I Characteristics and its Equivalent Circuit of ideal Diode

17. Explain about breakdown mechanisms in semiconductor diodes.

YVVV VYV V¥V

vV VVV YV VYV VY Vv >

Avalanche breakdown

Though reverse current is not dependent on reverse voltage, if reverse voltage is increased, at
a particular value, velocity of minority carriers increases.

Due to kinetic energy associated with the minority carriers, more minority carriers are
generated when there is collision of minority carriers with the atoms.

The collision makes the electrons to break the covalent bonds.

These electrons are available as minority carriers and get accelerated due to high reverse
voltage.

They again collide with another atoms to generate more minority carriers. This is called
carrier multiplication.

Finally large number of minority carriers move across the junction, breaking the p-n junction.
These large number of minority carriers give rise to a very high reverse current.

This effect is called avalanche effect and the mechanism of destroying the junction is called
reverse breakdown of a p-n junction.

The voltage at which breakdown of a p-n junction occurs is called reverse breakdown
voltage.

Zener breakdown

When a p-n junction is heavily doped the depletion region is very narrow. So under reverse
bias conditions, the electric field across the depletion layer is very intense.

Such an intense field is enough to pull the electrons out of the valance bands of the stable
atoms.

So this is not due to the collision of carriers with atoms.

Such a creation of free electrons is called zener effect.

These minority carriers constitute very large current and mechanism is called zener
breakdown.
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18 Explain about Zener diode and its characteristics.

A Zener diode

» The diodes designed to work in breakdown region are called zener diode.
> ltis heavily doped than ordinary diode.

» Operates in reverse breakdown region.

> It can be used as voltage regulator.

Practlcal Ideal
> When biased in the forward direction it behaves just like a normal signal diode passing the
rated current, but when a reverse voltage is applied to it the reverse saturation current
remains fairly constant over a wide range of voltages.

=

'IR

Fig: V-I Characteristics of a Zener diode

» Under forward bias condition, zener diode is same as that of ordinary pn diode.

> In reverse bias, as the reverse voltage Vg is increased the reverse saturation current
remains extremely small up to knee of the curve.

> If the reverse voltage increased further, breakdown occurs and the current increase
rapidly.

» The reverse voltage at which the breakdown occurs is known as reverse breakdown
voltage.

» The breakdown voltage has a sharp knee, followed by an almost vertical increase in
current, during which period the voltage across the device remains almost constant.

» Thus zener diode is most suited for voltage regulators.
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Problems:

Problem 1 B
The mobility of free electrons and holes in pure germanium are 3800
and 1800 cm? /V-s respectively. The corresponding values for pure silicon are 1300
and 500 cm?/V-s, respectively. Determine the values of intrinsic conductivity for
both germanium and silicon. Assume n; = 2.5 x 10" em™ for germanium and
n, = 1.5 x 10" cm™ for silicon at room temperature.

Solution: (i) The intrinsic conductivity for germanium,

O; = qni(l, + U,)
= (1.6 x 107"%) (2.5 x 10'3) (3800 + 1800)

= 0.0224 S/cm

(1) The intrinsic conductivity for silicon,

O-i . qni (nun : 2 [Jp)
= (1.6 x 107"%) (1.5 x 10'%) (1300 + 500)
=4.32 % 10°S/cm

Problem 2

In a P-type semiconductor, the Fermi level is 0.3 eV above the
valance band at a room temperature of 300 °K. Determine the new position of the
Fermi level for temperatures of (a) 350 °K and (b) 400 °K.

The Fermi level in a P-type material is given by
N
Epr=FE, + kT InN—:

Ny
A

Therefore, (Ep— E\) =KkT 1n

At T = 300 °K. O8-=300. & o 20
NA

(@) At 7T =350 °K, (E 5, — Ey) = 350k In %‘-
A
Hence, from the above equation

Ep —=FEy 350
0.3 300

Therefore, Epy — Ey =320 x 0.3 = 0.35 eV

(b) At 7 =400 °K. (E y» — E ) = 400 & In 2V
A
Hence, from the above equation,

EF2 - E|/ =i 400
0.3 ~ 300

Therefore, E z» — E, = %8_3 %< 0.3 =04 eV
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Problem 3

) Find the concentration (densities) of holes and electrons in N-type
Silicon at 300 K, if the conductivity is 300 S/cm. Also find these values for P-type
silicon. Given that for Silicon at 300 °K, n; = 1.5 x 10'"%cm?, g, = 1300 cm?/V-s
and u, = 500 cm?/V-s.

Solution: (a) Concentration in N-type Silicon
The conductivity of an N-type Silicon is o=g n u,

g
qH,

Concentration of electrons, n =

— 300 B . .
= (1.6 <10~ 19)(1300}—1.442 >x10'% cm

n? (1.5 x1010)2

Hence concentration of holes, p = — - = 7445 10i% — 1.56 <107 cm™3

(b) Concentration in P-tvpe silicon
The conductivity of a P-type Silicon is o = gpu,,

Hence, concentration of holes P= <

qL,
= 300 — 18 -3
(1.6 <10~ 19)(500) 3.75 x10'" cm
2z 1032

and concentration of electrons, n= 1 _ —fﬁ_(l.ﬁ x10°° ) =0.6 x102 cm™

P 3.75 <10
Problem 4

(a) The resistivities of the P-region and N-region of a germanium
diode are 6 £2-cm and 4£2-cm, respectively. Calculate the contact potential V, and
potential energy barrier E,. (b) If the doping densities of both # and N-regions are
doubled, determine V, and E,,. Given that ¢ = 1.6 x 107'? C, n, = 2.5 x 10'¥/cm?>,

o

u, = 1800 cm*/V-s, un = 3800 cm? /V-s and V; = 0.026 V at 300 °K.

Solution: (a)Resistivity, p = 1__ 1 62 —cm

o) NA‘?#;;

Therefore, N, = 1 - 1 = 15 3
AT Gqu, T 6x1.6x10-1 <1800 _ 079> 107 /em

1 1

Similarly, Np = = =0.579 % 1015 3
Y P T 4gu, T 4x1.6x10-9 x 3800 <107 em
NpN, 0.579x0.411x103%
{ =Vr In———"=10.02 =
Therefore, v, T nZ 026 In (2.5x1013 )2 0.1545V
Hence Ey=0.1545 eV

x0.579 10" 2 x0.411 x10'3
(2.5 x1015)?

Therefore, E, =0.1906 eV

(b) V, = 0.026In 2 =0.1906 V
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Problemb.

In the case of an open circuited p-n junction, the acceptor atom concentration is
2.5x10*/m? donor atom concentration is 2.5x10%¥/m® and intrinsic concentration is
2.5x10"%/m®. Determine the value of the contact difference of potential.

Sol: Ny =2.5x%10'/m3

Np = 2.5 x 10%2/m?
n; = 2.5 x101%/m3

Contact potential V; = VrIn [Ni#]

L

Assume Vr = 26mV

16 22
V] =26x%x1031n [2.5><10 x2.5x10 ]

(2.5%1019)2
=0V

Problem6.
A diode operating at 300K at a forward voltage of 0.4V carriers a current of 10mA. When
voltage is changed to 0.42V the current becomes thrice. Calculate the value of reverse
leakage current and I] for the diode(assume Vi = 26 mV).
Sol: Given data:
T = 300°K
V= 0.4V
I = 10mA
V,=0.42V
I,= 30 mA ( given the current becomes thrice)
Vi =26mVv
Tofind: lIp="7? n=72
The expression for diode current is given by
I =Iy[e"/n'r —1]
ForV,;= 0.4V, 1; = 10mA and V1 = 26mV, we get,

10 x 1073 = 10[30-4/TI><26><10_3 _ 1]
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400 400
=1y [626” -1 since e%*n1 >>1

400

10 X 1073 = [pe2n  weoeeeene (1)
FOFVZZ O42V, |2 = 30mA and VT = 26mv, we get1

30 x 1073 = 10[60.42/nx26><10_3 _ 1]

420 400
= Iy [826” -1 since e*n1 >>1

420

30 X 1073 = [je26n  eeeeenee 2)

Dividing equation (2) with equation (1), we get,

420

30x1073 _ Ipe26n
-3 = 400
10x10 o 757

20

3 = e2n

10

3 =el

10
e In3 = 1.099

~n =207

Then , substituting the above 7 value in equation (1), we get,

400
10 x 1073 = ]y e26x07

~ Iy = 2.85 pAms

Problem?7.

A pn junction diode has a reverse saturation current of 30 pA at a temperature of 125° C.
At the same temperature, find the dynamic resistance for 0.2 V bias in forward and reverse

direction.

Sol: Given data:
I, = 30uA
T = 125°C

V; = 0.2 (forward bias)
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—V; = —0.2 (reverse bias)

To find:

Consider n =2 for silicon

We know that, V; =

T 398

11600 ~ 11600

Forward dynamic resistance 7y =

Reverse dynamic resistance r, =

=343 %1073V [since T = 125 + 273 = 398°K]

nvr o _ 2x34.3x1073 _
eV T T = 123.9Q
30X10~6xe2x34.3x10~3
nVr _ 2x34.3x1073 _
oo VT 5 =42.18KQ

30x10~6xe2x34.3x10~3
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Unit-11

Diode Applications, Special Diodes

1. Draw the block diagram of RPS. What are the important characteristics of a

Ans:

Rectifier circuit?

» For the operation of most of the electronics devices and circuits, a d.c. source is required.
So it is advantageous to convert domestic a.c. supply into d.c. voltages.

» The process of converting a.c. voltage into d.c. voltage is called as rectification. This is
achieved with i) Step-down Transformer, ii) Rectifier, iii) Filter and iv) Voltage regulator

circuits.

» These elements constitute d.c. regulated power supply shown in the figure below.

Primary Secondary
. + . + t  Regulated
| Rectifier Filter Regulator [——° "edu
—»{ Transformer ™ circuit _D.C, circuil _D.C. cretit _smcoth D.C.supply
mains voltage type
B0V, S50Hz

|

[Regulator ‘,__V“
:Stepdown ) iRectiﬂer} Mﬁilter ) :>

Fig. Block diagram of Regulated D.C. Power Supply

Stepdown Transformer: It steps down the high voltage A.C mains to low voltage A.C

Bridge Rectifier: It converts A.C to D.C but the D.C output is varying.

Filter: It will smooth the D.C from varying greatly to a small ripple.

Regulator: It eliminates the ripple by setting D.C output to a fixed voltage.

Characteristics of a Rectifier circuit
The most important consideration in designing a rectifier is the unidirectional output
voltage. Rectifier enable minimum operable DC voltage at the rated current.

The regulations of rectifier circuit are also good i.e.,0.1%.
The rectifier is protected in the event of short circuit on the load side.

>

YVVV VY

Over voltage protection is incorporated.

The response of rectifier to the temperature changes is minimum.
Transient response of this rectifier circuit is faster i.e., in psec.
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2. Draw the circuit diagram of a FWR, a) With centre tap connection and

b) Bridge connection and explain its operation.

Ans: FWR with centre tap connection
Center-tap

:
|

» The individual diode currents and the load current waveforms are shown in figure below:

o /\ 5
Dm = = T =

Lty V\ /\
— —a =
l - = A

Fig. The input voltage, the individual diode currents and the load current waveforms.

Operation:
» During positive half of the input signal, anode of diode D; becomes positive and at the

same time the anode of diode D, becomes negative. Hence D; conducts and D, does not
conduct. The load current flows through D; and the voltage drop across R, will be equal
to the input voltage.

» During the negative half cycle of the input, the anode of D; becomes negative and the
anode of D, becomes positive. Hence, D; does not conduct and D, conducts. The load
current flows through D, and the voltage drop across R will be equal to the input
voltage.

» Itis noted that the load current flows in the both the half cycles of ac voltage and in the
same direction through the load resistance.
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Bridge rectifier

W

A

ALANA

wWin c
Sile S
IE
B
Win W
Wim
Q U/\\IIU'I ] m R
Output of D1 & D3
W wWout
Total Qutput

Cutput of D2 & D4

Fig. Bridge rectifier circuit and waveforms

Operation:

> For the positive half cycle of the input ac voltage diodes D; and D3 conduct, whereas
diodes D, and D4 do not conduct. The conducting diodes will be in series through the
load resistance R, so the load current flows through the R,

» During the negative half cycle of the input ac voltage diodes D, and D4 conduct, whereas
diodes D; and D3 do not conduct. The conducting diodes D, and D, will be in series
through the load resistance R and the current flows through the Ry, in the same
direction as in the previous half cycle. Thus a bidirectional wave is converted into a
unidirectional wave.

3. Define the terms as referred to FWR circuit.

(i) PIV

(if) Average DC voltage

(iii) RMS current

(iv) Ripple factor

(v) Form factor

(vi) Peak factor

Ans: (i) PIV: Peak Inverse Voltage is the maximum possible voltage across a diode when it is
reverse biased. Consider that diode D; is in the forward biased i.e., conducting and diode D is
reverse biased i.e., non-conducting. In this case a voltage Vy, is developed across the load resistor
R.. Now the voltage across diode D, is the sum of the voltages across load resistor R, and
voltage across the lower half of transformer secondary V.. Hence PIV of diode D; = Vi + Vip=
2V, Similarly PIV of diode Dy is 2V,
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(if) Average DC voltage: The dc output voltage is given by
21 Ry,
Vi = lac RL = -

(iii) R.M.S current:
lims = 72
(iv) Ripple Factor (y) : It is defined as ration of R.M.S. value of a.c. component to the d.c.
component in the output is known as “Ripple Factor”.

. - . I 2 v 2
The ripple factor, vy is given by Y= [ rms] 1 or Y = [ ‘;;ns] _1

22
v =0.482
(v) Form factor: In general, form factor is defined as
I v o
Form factor = —— 2188 _ Zms —_¥2 -1 11 For FWR
average value Vpe ﬂm

(vi) Peak factor: In general, peak factor is defined as

Peak factor = Pk voltage _ X—r‘: =2 =1.414 for FWR

rms voltage
& V2

4. Derive the expression for the ripple factor of HWR and FWR.

Ans: Ripple Factor (y) : It is defined as ration of R.M.S. value of a.c. component to the d.c.
component in the output is known as “Ripple Factor”.

_ V'rms

y_ Vdc
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For Half wave rectifier, ripple factor y = [

—_—
j=5)
3}

N

1
—
—
3 (B
<~
=1
—

1l
—
Nl =
L8]
|
_

.—
=
3
@
R
[\
|
Ju

e
<
|
<|=
&g
N
[
—

=1.21
For Full ifier, ripple f = [[les]’ Vems |
or Full wave rectifier, ripple factor y = [ Idc] ~1  or Yy = [ Vdc] —1
— [ z
v=[[Bxa] -1
2
— JI
= [l -
v =0.482
5. Compare Rectifier circuits:
Ans:
S.No. Parameter Half wave Full Wave Bridge
1 Number of Diodes 1 2 4
2 Average dc current, lgc 1ﬂ % Zi
T T IT
3 Average dc voltage, Vi 2V 2V
Ve 4 i T
4 RMS current, lyms 1ﬂ 1ﬂ 1ﬂ
2 V2 V2
5 DC Power output, Pgc IZR, 412 R, 41%R,
2 2 2
6 AC Power input, Pac | 15 (R, + Rf + Ry) | 15 (R, + Rf + Ry) | I (R, + 2Rr + Ry)
4 2 2
7 Max. rectifier 40.6% 81.2% 81.2%
efficiency(n)
8 Ripple factor (y) 1.21 0.482 0.482
9 PIV Vi 2V Vi
10 TUF 0.287 0.693 0.812
11 Max. load current (1) Vn Vi Vi
R, +Rf + R, R, + Rf + R, R, + 2R, + R,
12 Ripple frequency f 2f f
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6. Explain the principle of operation of HWR with and without capacitor input filter and
the waveforms.

Ans:
r 1 &) ‘.1
- -—
| +
| A=,
' Ac % U, z \J R,
input /
En i
V <
— (a ) =
Fig. HWR without capacitor filter
..
o ! "\//zﬁ ——
!
I
R st PR es o 3
o B = p=s
Operation:

> For the positive half-cycle of input a.c. voltage, the diode D is forward biased and hence
it conducts. Now a current flows in the circuit and there is a voltage drop across R.. The
waveform of the diode current (or) load current is shown in figure.

» For the negative half-cycle of input, the diode D is reverse biased and hence it does not
conduct. Now no current flows in the circuit i.e., i=0 and VVo=0. Thus for the negative
half-cycle no power is delivered to the load.

HWR with capacitor input filter:

F
H——

Fig. HWR with capacitor filter.
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Operation:

» During, the positive quarter cycle of the ac input signal, the diode D is forward biased
and hence it conducts. This quickly charges the capacitor C to peak value of input voltage
V. Practically the capacitor charge (Vim-V,) due to diode forward voltage drop.

» When the input starts decreasing below its peak value, the capacitor remains charged at
Vm and the ideal diode gets reverse biased. This is because the capacitor voltage which is
cathode voltage of diode becomes more positive than anode.

» Therefore, during the entire negative half cycle and some part of the next positive half
cycle, capacitor discharges through R.. The discharging of capacitor is decided by R, C,
time constant which is very large and hence the capacitor discharge very little from Vm.

> In the next positive half cycle, when the input signal becomes more than the capacitor
voltage, he diode becomes forward biased and charges the capacitor C back to V.. The
output waveform is shown in figure below:

voitage
lg Vo output

voltage
ES“V: S~
/ : > Diode

current

Fig. HWR output with capacitor filter.

» The discharging if the capacitor is from A to B, the diode remains non-conducting. The
diode conducts only from B to C and the capacitor charges.

7. Derive the ripple factor of capacitor filter. (or) For a FWR with shunt capacitance filter
derive expression for ripple factor using approximate analysis.

~l
E S
D']
T % Esrn Filter
A , i < i
230V Il ? : E +T
A.C. ‘ Esm =i :C —_— ' R, Epc
1
* | o | : ey *
1 1 — ! — =
= : =
D> ———— -

Fig. Full-wave rectifier with capacitor filter

Operation:
» During the positive quarter cycle of the ac input signal, the diode D, is forward biased,
the capacitor C gets charges through forward bias diode D; to the peak value of input
voltage Vm.

» In the next quarter cycle from g to 1 the capacitor starts discharging through R, because

once the capacitor gets charges to V, the diode D; gets reverse biased and stops
conducting, so during the period from gto 1 the capacitor C supplies the load current.
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» In the next quarter half cycle, that is, i to 37” of the rectified output voltage, if the input
voltage exceeds the capacitor voltage, making D, forward biased, this charges the
capacitor back In the next quarter half cycle, that is, from % to 2i1, the diode gets reverse

biased and the capacitor supplies the load current.In FWR, as the time required by the
capacitor to charge is very small and it discharges very little due to large time constant,
hence ripple in the output gets reduced considerably.

» The output waveform is shown in figure below:

A-B —=— Capacitor discharges
B-C —= Capacitor recharges

: =X x :.i'::j:,'
ol TS 7T 371?/ 27T 37T

Diode current

Fig. FWR output with capacitor filter.

Expression for Ripple factor:

Voltage

Let, T = time period of the ac input voltage

T/2= half of the time period

T, = time for which diode is conducting

T, = time for which diode is non-conducting

During time T3, capacitor gets charged and this process is quick. During time T, capacitor

gets discharged through R.. As time constant R, C is very large, discharging process is very
slow and hence T,>>T;.

Let V. be the peak to peak value of ripple voltage, which is assumed to be triangular as

shown in the figure below:

Fig. Triangular approximation of ripple
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It is known mathematically that the rms value of such a triangular waveform is,
Vr
Vrms = ﬁ
During the time interval T, the capacitor C is discharging through the load resistance R,.
. - dQ
The charge lost is, Q = CVrBut i=—=

£ Q= [idt = IpcT,
As integration gives average (or) dc value, hence Iac.T2= C . Vr
LV put T T, = T12
Normally, T2 >> Ti1, .. T1+T, =Ty= T/2 where T=1/f

: V:E(I):_IdcT:i
ST e 2 2C  2fC

But Ipc = VRLLC , R VAE z\f/chEL = peak to peak ripple voltage
v 1 v
- —_ Vrms _ 2fCRy, . _ r
Ripple factor = Vo = 2w v [ Vi = —zﬁ]
. . _ 1
.. Ripple factor = TVSIRL

8. Draw the circuit diagram of FWR with inductor filter and explain its operation.

Ans: Full-wave rectifier with series inductor filter:
A FWR with series inductor filter is shown in figure.

~

FIG. FWR with series inductor filter.

In the positive half cycle of the secondary voltage of the transformer, the diode D; is
forward biased. Hence the current flows through D;, L & R,.
While in the negative half cycle, the diode D; is reverse biased while diode D, is forware
biased. Hence the current flows through D, L & R.. Hence we get unidirectional current
through R,.
Due to inductor L , which opposes change in current , it tries to make the output smooth
by opposing the ripple content in the output.
In order to determine the ripple and its relation to ‘L’ the current flowing through the
FWR is represented by fourier series form.
Fourier series for the load current for FWR as,

i =1, [%—%cos Zwt—%cos%)t— ——-]
Neglecting higher order harmonics we get,

o 20y 4l
i, = S —5RC0S 20t ~-=mmmmmmmmmmm e (1)
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Neglecting diode forward resistance and the choke resistance and transformer secondary
resistance, we can write the dc component of current as

21 2V,
Ipc = Tmzﬂ—RI: """"""""""" (2)

While the second harmonic component represents ac component or ripple present and can be
written as

Im = 7 _______________ (3)
Where Z =R, + 12X, =+/R? + 2wL)% = \/R? + 4w?]2
Vin
[y = o oo (4)

[RZ +4w21.2

Substitute equation (4) in equation (1)
. 21 4V, cos f2wt—@)

R (5)
31 /RE+4@2L2

i.e i. = dc component + ac component

where @ is the angle by which the load current lags behind the voltage.
Expression for the ripple factor

Ripple factor y = lericS ---------------------------- (6)
Im 4V 2V

Where I;ms = N A U and Ipe =%
3vZn /RE+4m2L2 b

Substitute above two equations in equation (6)

4Vm
ot 321 R +40,212 2 1
Ripple factor y= —+—— = —%= —_—
pp 14 szm 32 ra2L2
SR, 1+T
RE
s o 4w2L2
Initially on no load condition, R_. = o and hence — 0
L
-2 =-0472
V=32

This is very close to normal FWR without filtering. So neglecting 1 we get

2 1
Ripple factor y = —= X
3v2 4022
RZ
L
For FWR y = —1L
V= 3720t

So as load changes, ripple changes which is inversely proportional to the value of the inductor.

9. Derive the expression for ripple factor for FWR with L-section filter. Explain the
necessity of a bleeder resistor.

Ans:
» In inductor filter the ripple factor is directly proportional to load resistance and in
capacitor filter the ripple factor is indirectly proportional to load resistance.
> If we combine the above two filters, then the ripple factor becomes almost independent of
load resistance.
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Rx — dc winding resistance of the choke, Rg —» Bleeder resistance

Ripple factor derivation

The analysis of the LC filter circuit is based on the following assumptions.

X>>Rx, X >> XQ R >> X, R>>Rx. where R=Rg I R;.

Since the filter elements, L & C are having resonable large values, the reactances X, of
the inductance L at 2w i.e. X| = 2oL is much larger than Ry.

Also the reactance X is much larger than the reactance of C, Xc at 2w as X¢ = ﬁ

The input voltage ej, , to the LC filter is the output voltage of the FWR using fourier
series, the input voltage “ej,” can be written as

24 _ 4 o
€in = m[; - C0S 2wt — r=—cos4wt ]

The first term 2va indicates the DC output voltage of the rectifier. Remaining terms

indicate ripples.
~ 2 4
€in ¥ Vi |5 — 3=COS 20t]

2V
Vpc=——
J

The impedance Z; of the filter circuit for 2™ harmonic component of input , i.e. at 2o will
be
Z,= Rx + 2JoL + |- |IR]
2= Rx+ 2JoL+ |7 |l

As per assumptions | 7z | = 2oL

Second harmonic component of the current in the filter circuit will be
4V 4V
I = _3x ~ 3a
2m = T 20l
The second harmonic voltage across the load is
4V

Vo = | —1 = _3a —1 = Vim
2m = 2m 5 ¢ T 20l 20C  3mwllC

. V - Vom _ Vin
s+ ¥ 2rms V2 3vZnwlle

. V2rms Vm T
Ripple factor vy = =
pp Y Ve 3V2nw?lC T 2V,

Ripple factor y= m

It is seen that the ripple factor for LC filter does’t depend upon the load resistance unlike
the capacitor filtor.
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The necessity of Bleeder Resistance Rg:

The basic requirement of this filter circuit is that the current through the choke must be
continuous and not interrupted.

An interrupted current through the choke may develop a large back emf which may be in
excess of PIV rating of the diodes and or maximum voltage rating of the capacitor.

Thus this back emf is harmful to the diodes and capacitor.

To eliminate the back emf developed across the choke, the current through it must be
maintained continuous.

This is assured by connecting a bleeder resistance, Rg across the output.

10. Derive the ripple factor of a-filter with neat sketch. (or) Discuss a FWR with a-filter.

Ans:

YV V VYV V

>

o— =
~P%21 [T™rL
) 4 L + 1 7

Fig. I1-section Filter.

It consists of an inductance L with a dc winding resistance as Ry and two capacitors C1
and C2. The filter circuit is fed from full wave rectifier. Generally two capacitors are
selected equal.

The rectifier output is given to the capacitor Cy. This capacitor offers very low reactance
to the ac component but blocks dc component.

Hence capacitor C; bypasses most of the ac component. The dc component then reaches
to the choke L.

The choke L offers very high reactance to dc. So it blocks ac component and does not
allow it to reach to load while it allows dc component to pass through it.

The capacitor C, now allows to pass remaining ac component and almost pure dc
component reaches to the load.

The circuit looks like a 71, hence called n-Filter.

The output voltage is given by

Voc = Vi — o — IpcRy
where V. = peak to peak ripple voltage
Ry = DC resistance of choke

I
Now V, = % for full wave

V2 Xc1Xez _ ‘/E(Zmlcl )(2w1C2)
XLRL QwL)R,

_ V2

Y B3LCLCoR,

Ripple factor y =
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if C; & C; are expressed in pF and frequency f'is assumed to be 50Hz, then we get
5700

" LC1CyRy
11. why do we need filters in a power supply, under what condition we shall prefer a
capacitor filter?
Ans: The circuit which can be used to minimize the undesirable A.C in the output of a rectifier
and leaving only the DC component to appear at the output is known as filter. In power supplies,
the output of rectifier contains both AC and DC components. Thus, filters are used to remove
unwanted ripple contents from this pulsating DC to get pure DC voltage. Even though, the output
of a filter is not exactly a constant DC level. Thus, the output of a filter must be fed to a regulator
which gives steady DC output.

The capacitive filter is an inexpensive filter for light loads which is connected directly
across the load. The main function of capacitor is to allow AC component and block the DC
component. Even though, it is a simple circuit to obtain pure DC voltage, but is inefficient due to
the following reasons,

» The ripple factor is dependent on the load resistance , R,.
» The output obtained using capacitor filter is not smooth as desired.

» The values of capacitor or load resistance must be fairly large to obtain a ripple voltage
triangular waveform.

12. Compare all the filter circuits from the point of view of ripple factor.

Ans.

Capacitor Filter Inductor Filter L —section or LC CLC or a Filter
Filter

1.The circuit 1.The circuit 1.The circuit 1.The circuit

arrangement for arrangement for arrangement for L- arrangement for CLC

capacitor filter is
shown in figure.

Yo

Fad
Z RL

Inductor filter is
shown in figure.

_ W
Fi L u]
R

section filter is shown
in figure.

- v
iy = o
C R

filter is shown in
figure.

61+"“";2+ L

Fias

2. The expression for
ripple factor is,

2. The expression for
ripple factor is,

2. The expression for
ripple factor is,
1

2. The expression for
ripple factor is,

1 R V2
Y =15 for FWR L - - _
ek RN ' eVawilc Y = 8w2LC,C,R,
3. This filter is 3. This filter is 3. This filter does not | 3. This filter depends

operated at large
values of C and R
because the ripple
factor is very small at
these values.

operated at small
values of R because
it gives a very less
ripple factor and
requires very high
values of L (for less
ripple factor) which
increases the cost.

depend on the value
of load resistance Ry,
it only depends on L
and C values which
are preferred to be
high values for low
RF.

on load resistance R,.
This filter is generally
preferred to operate at
very high values of L,
C1 & C,. Ry for small
RF value.

4. The ripple voltage
depends on load
current i.e., load
resistance resistance.

4. The ripple voltage
depends on load
current.

4. The ripple voltage
is independent of the
load current.

4. The ripple voltage
depends on load
current i.e., load
resistance.
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Problem1.
An a.c. supply of 230V is applied to a half-wave rectifier circuit through transformer of

turns ration 5:1. Assume the diode is an ideal one. The load resistance is 300£2.
Find (a) dc output voltage (b) PIV (c) maximum value of load current (d) average value of
load current and (e)power delivered to the load.

Sol:
a) The transformer secondary voltage = 230/5 = 46V.

Maximum value of secondary voltage, Vi, = V2 x 46 = 65V.
Vi

dc voltage = vpc =— ﬂ = —=20.7V
b) PIV of adiode =1}, = 65V
¢) Maximum value of load current I, = Zﬂ = % =0.217A
L

Therefore, maximum value of power delivered to the load
P, =1% xR, = (0.217)? x 300 = 14.1W

Vi _ 207

d) The value of load current ;. = = 300 T 0.0694
L

e) Therefore average power delivered to the load P, = IZ. x R, = (0.069)% x 300
= 1.43W

Problem?2.
A Full-wave rectifier circuit uses two silicon diodes with a forward resistance of 20Q each.

A dc voltmeter connected across the load of 1k reads 55.4volts. Calculate
i) Irms,
il) Average voltage across each diode,
iii) Ripple factor, and
iv) Transformer secondary voltage rating.

Sol:
Given R =20Q, R = 1KQ, V4. = 55.4V
2V __ 554xm
Fora FWR vpc=— == oV =—— =869V
=" —0.085194
Rf-l-RL
)] lrms = % = 0.06024A
i) v=22=43457
iii) Ripple factor =y = /[lms] -1
dc
'DC:T = 0.054234
L = IT"% = 0.060244
vy =0.48
iv) Transformer secondary voltage rating
Vi _ 869
Problem3.

A 230V, 60Hz voltage is applied to the primary of a 5:1 step down, center tapped
transformer used in the Full-wave rectifier having a load of 900€. If the diode
resistance and the secondary coil resistance together has a resistance of 100Q2.
Determine:
i) dc voltage across the load,
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ii) dc current flowing through the load,
iii) dc power delivered to the load, and
iv) ripple voltage and its frequency.

Sol: Given V,, gms) = 230V
& _ 2Vs(‘rms)

N1 B Vo (rms )
1_ 2Vsems)
5 230
Vsarms) = 23V (each half)
Given R, =900, Rf+ Ry = 1000

Vin _ \/EVs(rms) _ V2 x23

I, = = = = 0.032524
Re+Rs+R, ~ Rp+Rs+R,  900+100
Ige = 2m = 2082 _ 002074
A oV A
) Ve =2m =207V

T
i) I;. = 0.0207V
|||) Pdc = Vdcldc = 04w
iv) PI1V = 2V,, = 65.0538V
V) Ripple factor = % = 0.482

dc

Ripple Voltage =V, sy = 0.482 X 20.7 = 9.97V
Frequency of ripple=2f =2x60 = 120 Hz.

Problem4.
In a bridge rectifier the transformer is connected to 220V, 60Hz mains and the turns
ratio of the step down transformer is 11:1. Assuming the diode to be ideal, find:

i) Idc

ii) voltage across the load

iii) PIV  assume load resistance to be 1kQ

Ny 11 220

Sol: & — i _ Vsems)

220
Virms) = = = 20V

Vo = V2 Vyims) = 28.2842V

Vin __ 28.2842

R X108 28.2842mA

i) Ly =

f g =22 = 18mA

ii) Vie =1;,R, =18 x 1073 x 1 x 103 = 18V
iiiy  PIV =1V, = 28.2842V
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Problemb.
A 15-0-15 V (rms) ideal transformer is used with a full wave rectifier circuit with diodes

having forward drop of 1V. The load is a resistance of 1002 and a capacitor of 10000pF
is used as a filter across the load resistance. Calculate the dc load current and the voltage.

Sol: V, = V2 Vymsy = V2 x 15 = 21.2132V

R, = 10042, diodedrop =V, =1V, C = 10000uF.

_ Vm=Vp _ 212132-1 _
I, = - 10 0.202134

s = V21, = 0.28584

s lge = 22 = 012864

Ve =V, — I, [ﬁ] — V) = 20.1489V

Problemé.
In a FWR circuit using an LC filter, L=10H, C=100pF and R =500Q. Calculate Iy, Vqc,

ripple factor for an input of v; = 30 sin(1007t)V.
Sol: v; =V, sinwt

Vi =V, =30V

vV, =2 = 230 _ 1909851
m
_ Vac _ 19.0985 _
lae = 75 = 25 = 38.19mA
Ripple factor y = m where w = 100w

y=1.194x 1073

13 How Zener diode works as a voltage regulator.

Zener Diode Regulator
In a regulator using zener diode, the zener diode is operated in the breakdown
condition where the voltage across zener is nearly constant, inspite of the changes in the
zener current. So it can be used to regulate the voltage with varying input voltage or
varying load conditions.

3.18.1 Regulation with a Varying Input Voltage

The Fig. 3.55 shows how a zener diode can be used to regulate a varying input
voltage, commonly known as line regulation. As the input voltage varies, I, also varies
accordingly. But the zener diode maintains constant voltage across the output terminals
over the certain range. These limitations on the input variations are set by the minimum
and maximum current values with which the zener can operate.
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Vin —:_F_ I, I 7N Vz=V %Jr R,

Fig. 3.55 Zener regulation of a variable input voltage

For example, if I, ;. = 5 mA, I, ... = 50 mA, V, = 6.8 V and the current limiting
sistance R is 1 k2 then

For minimum current,

Voltage across R = (VR) =5mAx1kQ =5V

Since Vr Vin — V» then

3.18.2 Regulation with a Varying Load
The Fig. 3.56 shows a zener regulator

R with a variable load resistance. This is
VWA ° also referred to as load regulation.
= N
k. Iy & - The zener diode maintains a constant
Vin: = Izl Itl:gf L voltage across R, as long as the zener
: Tvz=V, F current is greater than Iz, and less than

I max- When the load current varies, the
zener diode current adjusts itself so that
its terminal voltage remains constant. For
example, if Iz pnin=5mMA, Izmm = 50 mA,
V, = 10 and V;, = 20 V then at no load R, = « and I; = 0.

Fig. 3.56 Zener regulator with variable load

Therefore to limit maximum current to 50 mA ( Iz, ~

R _ Vip —Vz _ 20V-10V
(min) — T, . SO0mA
= 200Q

As you know I; min = 5 mA, the maximum load current is 45 mA ( 50 — 5). This
shows that the zener diode in this circuit can maintain output voltage constant for load
current from 0 mA to 45 mA.

14.Write short notes on shunt and series voltage regulator
3.17.1 Shunt Voltage Regulator
The heart of any voltage regulator circuit is a control element. If such a control

element is connected in shunt with the load, the regulator circuit is called shunt voltage
regulator. The Fig. 3.54 (a) shows the block diagram of shunt voltage regulator circuit.

| P ) e
Vin o VL(=VO)
Unregulated Ish I J I Regulated
v y
Control Sampling E
element circuit o
A
D
Reference Comparator
voltage circuit Feedback el
signal -

Fig. 3.54 (a) Block diagram of shunt voltage regulator
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The unregulated input voltage V; , tries to provide the load current. But part of the
current is taken by the control element, to maintain the constant voltage across the load. If
there is any change in the load voltage, the sampling circuit provides a feedback signal to
the comparator circuit. The comparator circuit compares the feedback signal with the
reference voltage and generates a control signal which decides the amount of current
required to be shunted to keep the load voltage constant. For example, if load voltage
increases then comparator circuit decides the control signal based on the feedback
information, which draws increased shunt current I value. Due to this, the load current I
decreases and hence the load voltage decreases to its normal. Thus control element
maintain he constant output voltage by shunting the current, hence the regulator circuit
is called voltage shunt regulator circuit.

As seen from the block diagram, only part of the load current required to be diverted,
passes through the control element. Thus the control element is low current, high voltage
rating component. The efficiency depends on the load current I;. Hence shunt regulators
are not preferred for varying load conditions.

3.17.2 Series Voltage Regulafor

If in a voltage regulator circuit, the control element is connected in series with the
load, the circuit is called series voltage regulator circuit. The Fig. 3.54 (b) shows the block

diagram of series voltage regulator circuit.

V(= Vo)
)

Vina Control
Unregulated Clemont Regulated

Control Sampling

signal circuit
Reference Comparator
voltage circuit Feedback signal

Fig. 3.54 (b) Block diagram of series voltage regulator

The unregulated d.c. voltage is the input to the circuit. The control element, controls
the amount of the input voltage, that gets to the output. The sampling circuit provides the
necessary feedback signal. The comparator circuit compares the feedback with the
reference voltage to generate the appropriate control signal.

For example, if the load voltage tries to increase, the comparator generates a control
signal based on the feedback information. This control signal causes the control element to
decrease the amount of the output voltage. Thus the output voltage is maintained constant.

Thus, control element which regulates the load voltage, based on the control signal is
in series with the load and hence the circuit is called series voltage regulator circuit.

sne eaa o

In series regulators, the entire current passes through the control element and hence
control element is high current, low voltage rating component. As input current and load
current are same, the efficiency depends on output voltage. It provides good regulation
than shunt regulators. It can be used for fixed voltage as well as variable voltage
requirements. To compensate for the drop across the control element, input voltage V,,
must be at least 2 to 3 V more than output voltage.

N.Madhu GRIET-ECE 43



15. Explain about tunnel diode and V-I characteristics.

A Tunnel diode
i
T

! L=

o @ O T
U 0 equi‘-.-’aﬁar‘ut chkt

> A normal pn-junction has an impurity concentration of about 1 part in 10% and depletion
layer of width 5 micron.

> If the concentration of impurity atoms is greatly increased, say 1 part in 10° the device
characteristics are completely changed. The new diode was announced in 1958 by Leo
Esaki. This diode is called ‘Tunnel diode’ or ‘Esaki diode’.

> As the depletion width decreases there is a large probability that an electron will penetrate
through the barrier. This quantum mechanical behavior is referred to as tunneling and
hence these high impurity density pn-junction devices are called Tunnel diodes. This
phenomenon is called as ‘tunneling’.

A
Iy

The volt-ampere characteristic

I(mA)
Peak point

Negative

g _a— resistance

Forward
current

. —= \/(volts)
f

S|, e e DN

< |=
©
<
<

Forward voltage

Fig.-I Characteristics of a tunnel diode.

» As soon as the forward bias is applied to the tunnel diode, a significant amount of
current is produced. This current immediately reach its peak value.

» The variation of peak current(lp) is due to narrow depletion region of the junction. So
as to voltage increases from 0 to Vp, the current increases from 0 to Ip with the further
increase in forward voltage the diode current starts decreasing.

» Thus from peak point to valley point, the current decreases as voltage increases. This
results in a negative resistance.

» For voltage greater than Vv, current starts increasing as in case of conventional diode.

> If the tunnel diode is reverse biased, then it acts like a good conductor.

N.Madhu GRIET-ECE

44



Applications of Tunnel diode:
1. Relaxation oscillator

2. High speed switching networks
3. Micro wave oscillators
4. Amplifiers

16. Explain the principle operation of varactor diode and list out the applications.
Ans

Also called Varicap, epicap, voltage variable capacitance(VVC), tuning diodes.
It can be operated under reverse biased condition.

We know that the transition capacitance c(t) is given by c(t)= eA/W

As the transition capacitance varies with the applied reverse voltage, it can be used as a
voltage Variable capacitance

Operation and characteristics

When a reverse bias is applied to a pn junction, the holes in the p-region move away
from the junction and are attracted to the positive terminal and electrons in the 7n-
region move away from the junction and attracted to the negative terminal as shown
in Fig.2.56(a). The flow of holes and electrons away from the junction increase de-
pletion layer. The depletion layer is a region with no current carriers and acts as in
insulator. The depletion region can be controlled using reverse bias voltage. Since
the depletion layes is an insulator, the pn junction can be thought of a parallel plate
capacitor, where the p and 72 regions act like plates of a capacitor.

YVVYY

C(PF)
w
+ + +]——]J+ +]—- — — 200
..."“2";‘——4‘ Sectrons
- - —_—f = - —
> + +]— =]+ +} - — — 140

“: Electrons e Electrons >

20
= -8 —5 —a —3 —= —
Volits
s < Fig.2.56(b) T-V Characteristics
Fio St of varactor diode

We know that the depletion region increases as reverse voltage applied to the
diode increases. Since capacitance varies inversely as dielectric thickness
(Cr = %6—; As W increases C decrease), the junction capacitance will decrease as

the voltage across p7z junction increase. That is as reverse voltage across p7: junction
is varied the capacitance is also varied as shown in Fig.2.56(b).

SZ ]

R = 1M
(b)

=)
Fig. 2.57 ) Symbol of varactor diode (b)) Equivalent circuit of varactor diode

The symbol and equivalent circuit of varactor diode is shown in Fig.2.57. Azt
low frequencies the capacitance is negligible as the diode appears essentially open
because Rz — oo. At high frequencies the voltage controlled capacitor has the
dominant effect.

Applications

1. The varactor diode is used in TV receivers, HFC circuit adjustable bandpass
filters.

Used in phase locked loop (PLL.) and fregquency locked loops (FLL).
In frequency modulation.

In high frequency multipliers.

arwpy

Very low noise microwave parametric amplifiers.
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17.Explain briefly about LED

2.46.1 Light Emitting Diode (LED)

The light emitting diode, commonly known as LED is a diode that will give off un-
stable light when it is energized. It works based on electroluminescence. Electrolu-

minescence is a process that changes an electrical input to a light output, the opposite
of a photovoltaic effect.

Structure of LEDs

Based on the structure, LEDs are classified as surface emitting LEDs and edge emit-
ting LEDs. The structure of a surface emitting LEDs is shown in Fig.2.77(a). In the
surface emitting structure, light radiates perpendicular to the plane of the pn junction.
On the other hand, in edge emitting L.LEDs, the light is confined to a plane and radiates
parallel to the junction as shown in Fig.2.77(b).

The symbol of LED is shown in Fig.2.78.

When a diode is forward biased, the free electrons from n-side and holes from p-
side move towards the junction. The electrons from n-side cross the junction and fall
into holes. That is, recombination takes place. Since the electron falls from a high
energy level to lower energy level during the recombination, it radiates energy. If the
diode is of type silicon or germanium, then the energy goes off in the form of heat.

Light

n‘ - substrate v Insulator

Surface emitting LED Edge emitting diode
(a) (b)

Fig. 2.77 Light emitting diodes
In other materials such as gallium arsenide phosphide (GaAsp) or gallium phosphide
(Gap), the energy radiates as light. The colour of the light the LED emits depends on

the wave length of the light. Table 2.4 shows the list of components, wavelength and
the colour of LEDs.

Table 2.4

Component Wave length Colour
Gap S65S Green
Ga AskFP SS90 Yellow
GaAsP 32 Orange
Ga AskFP 49 Red
Ga Al As 850 Near IR
Ga As 940 Near IR
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A number of LEDs can be com-

bined to from an electronic display. 3
One of the most common electronic : Jl>| °
displays is the seven-segment display Vo
shown in Fig.2.79.
The seven segment display shown Fig. 2.78 Symbol of LED

in Fig.2.79 is known as common an-
ode form, since all anodes are con-

nected to a common point. If a positive voltage with respect to ground is connected
to the common - anode each individual segment is activated.

; s
S = A AR AVAR S AV A S AV AV AL AV A
el __1le
d -
- b c d e f g

Fig. 2.79 Seven segment display

Applications

1. LEDs are more popularly used in displays clocks, audio and video equipments,

traffic lights.
2. Itis also used as light source in optical fiber communication.

18. Explain briefly about LCD
2.51 Liquid Crystal Display (.- < D)
The Liquid Crystal Display (I.CD) is an electronic display device that operates by ap-
plying a varying electric voltage to a layer of liquid crystal, thereby inducing changes

in its optical properties. LLCDs are commonly used in portable electronic games, in
digital cameras and camcorders, video injection systems, electronic bill boards and

(mA) a4

2.5 _: 100 plumens
20 T 80
15T 60
1.0°T 40
0.5 20

i 2 e i 4 ' =
L

50 100 150 200 250 300 Vjpp

Fig. 2.86 Characteristics of a photo multiplier
monitors for computers. The main advantage of LCD is its low power consumption
when compared to that of LED. The power consumption in LCD is in the order of mi-
crowatts for the displays as compared to milliwatts in LEDs. To study the operation
of LCD, we must know about liquid crystals and their properties.
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Liquid crystais

There are three common states of matter that we know: Solid, liquid and gas. Lig-
uid crystal is a fourth state that certain kind of matter can enter into under the right
conditions. Solids always maintain their orientation and stay in the same position.
The molecules in liquid change their orientation and moves anywhere in the liquid.
The molecules in solids exhibit both positional and orientation order. In other words
the molecules are constrained to point only certain direction and to be only in certain
position with respect to each other. In liquids the molecules do not have position or
orientation order, the direction the molecules point and positions are random.

The liquid crystal phase exists between the solid and liquid phase. The molecules
tend to maintain their orientation, like the molecules in the solid but also move around

The liquid crystal phase exists between the solid and liquid phase. The molecules
tend to maintain their orientation, like the molecules in the solid but also move around

000000 3
000000 0080009
000000 005000,
885288 8888888
(0]
000000 002000
000000 :

(=2) Smectic structure (b)) nematic structure

Fig. 2.87 Liquid crysiais

to different positions like the molecules in a liguid. The molecules do not point the
same direction at all the time. They tend to point more in one direction over time
than other directions. The direction is referred to as the director of the liquid crystal.

Liquid crystals are temperature sensitive. It takes fair amount of heat to change
in to liquid. They turn in to solid if it is too cold. This phenomenon can, for instance,
be observed on laptop screen when it is very hot and very cold.

There are two fundamental ways in which liquid crystals are used to control the

properties of light and thereby alter its appearance. They are (i) dynamic scattering
method (ii) absorbtion method.

Dynamic scattering method

in dynamic scattering methoa when an electrical potential is applied, the molecules
in the liquid crystal acquire a random orientation. As a result, light passing through

the material is reflected in ma.y different directions and a bright, frosty appearance
as it emerges.

Absorbtion method

In this method the molecules are oriented in such a way that they alter the polarization
of light passing through the material. Polarizing filters are used to absorb or pass the
light. Depending on the polarization; it has been given, so light is visible only in
those regions where it can energize from the filter.

Each of the above two methods can be operated in two modes.
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Transmissive mode

In transmissive mode the LCDs are designed so that light passes completely through
them. The light is altered in the desired pattern as it passes through liquid crystal.

Reflective mode

In this mode mirrored surface is used that reflects light back to the viewer. The light
is allowed to pass through the material when it is altered and is reflected by a mirror

to emerge from the same side it entered.

Dynamic scattering LCD- fransmissive moae

Fig.2.88 shows dynamic scattering LCD operated in the transmissive mode. In the
region activated by an external electric field, the molecules have random orientation.
The molecules in inactivated region have definite alignment. In the activated regions,
due to random orientation of molecules the light will be scattered and it escape with
a bright appearance.

Dark
region

Fig. 2.88 Dynamic scattering LCD; transmissive mode

Dynamic scattering LCD- reflective mode

The construction of dynamic scattering LCD operated in reflective mode is same as
that of transmissive type except that a mirrored surface replaced or is added behind

one of the glass sheets. However, unwanted reflections limit the readability of display
of this type.
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Fig. 2.89 Dynamic scattering LCD; refiective mode

Applications of LCD
LCDs are normally used in

. Watches

. Calculators

. Higher end CROs
. Portable instrumentation

1
2
3. Laptop computers
4
5

Comparison between LED and LCD

S.No LED LCD
1. Consumes more power. Consumes less power.
2 Response time is high in the order | Response time is less in the order of
of 100 nsec. 100 to 300 msec.
3 External circuitry is required when | can be driven directly from ICs.
driven from ICs.
4 Life time is more. Life time is limited to 10,000 +
hours.
5 Available in red, orange, yellow, | Depending on the source of illu-
green. mination greater range of colour
choice.
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Unit-111
BIPOLAR JUNCTION TRANSISTOR

1 Define a Transistor. Why transistor is considered as current control device? Explain.

Ans:
>

vV V VYV

vV V¥V

vV VvV V Vv V

Transistor means Transfer Resistor i.e., signals are transferred from low resistance circuit
into high resistance circuit.

It is a three terminal semiconductor device : Base, Emitter & Collector.

It can be operated in three configurations: CB, CE & CC. According to configuration it
can be used for voltage as well as current amplification.

Basically, it is referred as Bipolar Junction Transistor (BJT), because the operation of
transistor depends on the interaction of both majority and minority carriers.

A BJT is formed by placing a P-type silicon layer in between two n-type semiconducting
materials or by placing a n-type silicon layer in between two p-type semiconducting
materials.

7
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The emitter terminal is heavily doped so that a large number of charge carriers are
injected into the base.

The base is very lightly doped and is very thin. It allows most of the charge carriers from
emitter region to the collector region.

The collector is moderately doped. Its main function is to collect the majority charge
carriers coming from the emitter and passing through the base.

Why transistor is considered as current control device?

Transistor is also called as current control device, since the output current is controlled by
the input current.

In order to realize such a device, we require a forward biased diode at the input port and a
reverse biased diode at the output port.

Also the reverse current of the output diode must be controlled by the forward current of
the input diode.

Since in the transistor we have two junctions in which one junction is forward biased and
other junction is reverse biased.

The forward biased junction injects holes from the p-side (if it is a PNP transistor) called
emitter into the n-region called base which is taken as reference electrode. The reverse
biased pn junction produces a minority carrier drift current and the output p-region which
collects this current is called the collector.
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» The emitter current injected into the base increases the minority carrier density in the
base and augments the reverse minority carrier drift current flowing in the collector

circuit.

» Thus the input emitter current controls the output collector current and the transistor
behaves as a current controlled source or simply current control device.

2. With neat diagrams explain the working of npn and pnp transistor.

Ans: Working of a n-p-n transistor:

E c
c
N P N
C ; =
s T
- v ‘e Y/
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e | |+ —1 |+
1|1} 1 ||

» The n-p-n transistor with base to emitter junction forward biased and collector base
junction reverse biased is as shown in figure.

» As the base to emitter junction is forward biased the majority carriers emitted by the n-
type emitter i.e., electrons have a tendency to flow towards the base which constitutes the
emitter current Ig.

> As the base is p-type there is chance of recombination of electrons emitted by the emitter
with the holes in the p-type base. But as the base is very thin and lightly doped only few
electrons emitted by the n-type emitter less than 5% combines with the holes in the p-
type base, the remaining more than 95% electrons emitted by the n-type emitter cross
over into the collector region constitute the collector current.

The current distributions are as shown in fig. lg=1g+I¢
Working of a p-n-p transistor:
= =
E <
P N P
< ) >
1 N Ic
Vee Vee
+ | 1= il | | l ==
't 1Hr
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» The p-n-p transistor with base to emitter junction is forward biased and collector to base
junction reverse biased is as show in figure.

» As the base to emitter junction is forward biased the majority carriers emitted by the p
type emitter i.e., holes have a tendency to flow towards the base which constitutes the
emitter current Ig.

> As the base is n-type there is a chance of recombination of holes emitted by the emitter
with the electrons in the n-type base. But as the base us very thin and lightly doped only
few electrons less than 5% combine with the holes emitted by the p-type emitter, the
remaining 95% charge carriers cross over into the collector region to constitute the
collector current.

The current distributions are shown in figure. g =1lg + I¢

3. Write short notes on emitter efficiency, Transport factor and large signal current gain.
Ans: Current components in a transistor:
» The figure below shows the various current components which flow across the forward
biased emitter junction and reverse-biased collector junction in P-N-P transistor.

Recombination
Current

Je Jc

Hole Current Hole Current

s R ‘
S = \1 ettt -
11
N

Electron Current Ico = Ipca + Iaco

Reverse Saturation
Current

InE

P

S ey e { - A
i e
+ | Bt + | Sty

VEE VCC

Figure. Current components in a transistor (PNP)
» The emitter current consists of the following two parts:
1) Hole current I, constituted by holes (holes crossing from emitter into base).
2) Electron current I,z constituted by electrons (electrons crossing from base into the
emitter).
Therefore, Total emitter current Ig = lpe (majority)+ I,e (Minority)

» The holes crossing the emitter base junction Jg and reaching the collector base junction Jc
constitutes collector current I,c. Not all the holes crossing the emitter base junction Je
reach collector base junction Jc because some of them combine with the electrons in the
n-type base.

» Since base width is very small, most of the holes cross the collector base junction Jc and
very few recombine, constituting the base current (lpe — loc).

» When the emitter is open-circuited, Ie=0, and hence I,c=0. Under this condition, the base
and collector together current I¢ equals the reverse saturation current lco, which consists
of the following two parts: Ipco caused by holes moving across Jc from N-region to P-
region. In l,co caused by electrons moving across Jc from P-region to N-region.

N.Madhu GRIET-ECE 53



1) Emitter efficiency (y) : It is the ratio of current of injected carriers at emitter base
junction to total emitter current.

__current of injected carriers at Jg

total emitter current

. I I
In case of pnp transistor, ~y=—2—= £
lpE +IhE Ig
i — Ing — IhE
In case of npn transistor, y = = =
lpE +IhE Ig

Where, Ipe = Injected hole diffusion current at emitter junction.
I.e = Injected electron diffusion current at emitter junction.

2) Transport factor (B°) : It is the ratio of injected carrier current reaching at collector base
junction Jc to injected carrier current at emitter base junction Je.

B* __Injected carrier current reaching J¢
Injected carrier current atJg

In case of pnp transistor, B*= &

. I
In case of pnp transistor, B’ = I“—C
nE

3) Large signal current gain(a) : It is the ratio of the current due to injected carriers lpc to
the total emitter current Ig.
IPC _ Ic—lco

Ig Ig
lc=alg+ lco

4) Relation between a, p & y: Multiplying and dividing equation o = III';C with le,
E

e o IoE
IpE Ig
_ *
a= By

4. What are the different configurations of BJT? Explain.
Ans: Transistor circuit configurations:
» Following are the three types of transistor circuit configurations:
1) Common-Base (CB)
2) Common-Emitter (CE)
3) Common-Collector (CC)
» Here the term ‘Common’ is used to denote the transistor lead which is common to the
input and output circuits. The common terminal is generally grounded.

Common Base (CB) Configuration:

> In this configuration input is applied between emitter and base and output is taken from
the collector and base.

» Here, base of the transistor is common to both input and output circuits and hence the
name common base configuration.
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Here, lc=0olg+ lcro
Where Icgo is reverse saturation current and it doubles for every 10° C rise in
temperature. It is negligible small in most practical situations, we can approximately

write:
|c =0o IE
a= i—c this is current amplification factor in CB configuration.
E
For a transistor, lg=1Ig+ Ic
= IB +a IE
IB = IE — o IE
lg=Ig[1—a]

Common Emitter (CE) Configuration:

> In this configuration input is applied between base and emitter and output is taken from
the collector and emitter.

> Here, emitter of the transistor is common to both input and output circuits and hence the
name common emitter configuration.

B
= -C"L\JCPL\L
I“PU}'— = T, l;:.,\k
. . - le
.- 1 -
We have seen lc=alg+ lceo
Ilc —lcgo=o0ale
.. I I ]
Dividing by a ;C - C;;O =Ig since lg = Ig+lc
Ic  Iego _
@ e smh
C _ CBO
. [ =g +—
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Now we define new parameter f = %

B is always greater than 1
lc =B Is + [1+B] Iceo since 1+ p =ﬁ
The term [1+B] Icgo is the reverse leakage current in CE configuration. It is also defined
as lceo
lc=BIs+ lceo
Where Icgo is collector emitter current when base is open. It is neglected in practical
circuits.
|c = B IB

B = ;—C this is current amplification factor in CE configuration.
B

Common Collector (CC) Configuration:
» In this configuration input is applied between base and Collector and output is taken from
the emitter and collector.
> Here, Collector of the transistor is common to both input and output circuits and hence
the name common Collector configuration.

» The current gain of the circuit is defined as the ratio of output current to (lg) to input
current (Ig). It is designated as v.
=k _lk gl _1
- Ig - lc X Ig 08 ﬁ
I
y==t=L=L_=(1+p)

|
B T

y=:—=1+8

_a -
It means that output current is (1+f) times the input current.

5. With necessary diagram explain the input and output characteristics of CE
configuration.
Ans:
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Fig. Circuit to determine CE Static characteristics.
Input Characteristics:

» To determine the input characteristics, the collector to emitter voltage is kept constant at

zero volts and base current is increased from zero in equal steps by increasing Vge in the
circuit.

» The value of Vg is noted for each setting of lg. This procedure is repeated for higher
fixed values of Vcg, and the curves of Ig versus Vgg are drawn.

» The input characteristics thus obtained are shown in figure below.

!B(;jA)

250 T Vee=0 V>0V
200 T

150 +

100 T

50 1

0 , -, -, > VgelV)
0.2 0.4 0.6 0.8

Fig. CE Input Characteristics.
» When Vce=0, the emitter-base junction is forward biased and the junction behaves as a
forward biased diode.
» When Ve is increased, the width of the depletion region at the reverse
biased collector-base junction will increase. Hence he effective width of the base will
decrease. This effect causes a decrease in the base current Ig. Hence, to get the same

value of |g as that for Vcg=0, Ve should be increased. Therefore, the curve shifts to the
right as Ve increases.

Output Characteristics:
» To determine the output characteristics, the base current Ig is kept constant at a suitable
value by adjusting base-emitter voltage, Vge. The magnitude of collector-emitter voltage
Ve is increased in suitable equal steps from zero and the collector current Ic is noted for
each setting of Vcg.
> Now the curves of Ic versus Ve are plotted for different constant values of Ig.
» The output characteristics thus obtained are shown in figure below.

N.Madhu GRIET-ECE 57



Ic(mA)
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(&)
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L Ig = OpA

1.5 Vee (V)

Collector - emitter voltage Cutoff region

Fig. CE Output characteristics
The output characteristics of common emitter configuration consist of three regions: Active,
Saturation and Cut-off regions.
Active Region: The region where the curves are approximately horizontal is the “Active” region
of the CE configuration. In the active region, the collector junction is reverse biased. As V¢ is
increased, reverse bias increase. This causes depletion region to spread more in base than in
collector, reducing the changes of recombination in the base. This increase the value of agc .
This Early effect causes collector current to rise more sharply with increasing Vce in the active
region of output characteristics of CE transistor.
Saturation Region: If V¢ is reduced to a small value such as 0.2V, then collector-base junction
becomes forward biased, since the emitter-base junction is already forward biased by 0.7V. The
input junction in CE configuration is base to emitter junction, which is always forward biased to
operate transistor in active region. Thus input characteristics of CE configuration are similar to
forward characteristics of p-n junction diode. When both the junctions are forwards
biased, the transistor operates in the saturation region, which is indicated on the output
characteristics. The saturation value of Vg, designated Vcg(Sat) , usually ranges between 0.1V
to 0.3V.
Cut-Off Region: When the input base current is made equal to zero, the collector current is the
reverse leakage current lcgo. Accordingly, in order to cut off the transistor, it is not enough to
reduce 1g=0. Instead, it is necessary to reverse bias the emitter junction slightly. We shall define
cut off as the condition where the collector current is equal to the reverse saturation current lco
and the emitter current is zero.

6 With necessary diagram explain the input and output characteristics of CB
configuration.
Ans:
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Fig. Circuit to determine CB static characteristics.
Input Characteristics:
To determine the input characteristics, the collector-base voltage Vg is kept constant at zero
volts and the emitter current I is increased from zero in suitable equal steps by increasing Veg.
This is repeated for higher fixed values of Vcg. A curve is drawn between emitter current Iz and
emitter-base voltage Vgg at constant collector-base voltage Vcg.
The input characteristics thus obtained are shown in figure below.

I (MA)

35 4 VCB >1V VGB‘= ov

3
25 T
2
1.6 1+

1 41

05 T

I } 1 | } I } {

01 0.2 03 0.4 05 06 0.7 08 VgV

Fig. CB Input characteristics.
Early effect (or) Base — Width modulation:
As the collector voltage Vcc is made to increase the reverse bias, the space charge width
between collector and base tends to increase, with the result that the effective width of the base
decreases. This dependency of base-width on collector-to-emitter voltage is known as Early
effect (or) Base-Width modulation.

Vee Vee
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Thus decrease in effective base width has following consequences:
> Due to Early effect, the base width reduces, there is a less chance of recombination of

holes with electrons in base region and hence base current Ig decreases.
> As Ig decreases, the collector current I¢ increases.
> As base width reduces the emitter current Iz increases for small emitter to base

voltage.
» As collector current increases, common base current gain (o) increases.

Punch Through (or) Reach Through:
When reverse bias voltage increases more, the depletion region moves towards emitter junction
and effective base width reduces to zero. This causes breakdown in the transistor. This condition

is called “Punch Through” condition.

Output Characteristics:
To determine the output characteristics, the emitter current Ig is kept constant at a suitable value

by adjusting the emitter-base voltage Veg. Then Vg is increased in suitable equal steps and the
collector current Ic is noted for each value of Ie. Now the curves of Ic versus Vg are plotted for
constant values of Ig and the output characteristics thus obtained is shown in figure below.

Ic(mA)

sXwww e oo DT Ig = SmA

— AV.g b—

e g = 4amA

le = 3mMA

e = 2mMA

Collector current ——
Saturation region

e = TmA

y I =0

Vea (V)

5 10 15 20
Coillector - base voltage

~ Cutoff region

Fig. CB Output characteristics
From the characteristics, it is seen that for a constant value of Ig, I¢ is independent of V¢g and the
curves are parallel to the axis of Vg. Further, Ic flows even when Vg is equal to zero. As the
emitter-base junction is forward biased, the majority carriers, i.e., electrons, from the emitter are
injected into the base region. Due to the action of the internal potential barrier at the reverse
biased collector-base junction, they flow to the collector region and give rise to Ic even when

Ve is equal to zero.
7. With necessary diagram explain the input and output characteristics of CC

configuration.
Ans: Characteristics of common collector circuit:
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Fig. Circuit to determine CC static characteristics.
Input Characteristics:
To determine the input characteristic, Vec is kept at a suitable fixed value. The base collector
voltage Vpgc is increased in equal steps and the corresponding increase in Ig is noted. This is
repeated for different fixed values of Vgc. Plots of Ve versus Ig for different values of Vec
shown in figure are the input characteristics.

fg(ra A0
N

100 4+ —
80 +

(510 iy
40 +

20 T

(o] 1 2 3 4 5 VBC-(_V}
Fig. CC Input Characteristics.
Output Characteristics:

The output characteristics shown in figure below are the same as those of the common emitter
configuration.

a'E(me\)

6
5 1'5 = 100 pA
4l 'FB = 80 uA
5 I, = 60 uA
o Ig = 40 pA

lg = 20 LA
1 L

+ + e EC(V)

O 1 2 3 4 5 6

Fig. CC output characteristics.
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8. Summarize the salient features of the characteristics of BJT operating in CE,CB and CC

configurations.

Property

CC

Input Resistance

Low
(About 100Q)

Moderate
(About 7500)

High
(About 750k)

Output Resistance

High
(About 450kQ)

Moderate
(About 45kQ)

Low
(About 250)

Current Gain

1

High

High

Voltage Gain

About 150

About 500

Less than 1

Phase Shift between
input and output
voltages

0° (or) 360°

180°

0" (or) 360°

Applications

For high frequency
circuits

For Audio frequency
circuits

For impedance
matching

9. How Transistor acts as an amplifier

Ans.

> A load resistor Ry_is connected in series with the collector supply voltage Vcc of CB

v V V V

transistor configuration as shown in figure.

C Ic¢ Ry
I

Ie
=

B
Ig

=N

L |4
1
|

%11

CB transistor configuration
A small change in the input voltage between emitter and base, say AV, , causes a
relatively larger change in emitter current, say Alj.
A fraction of this change in current is collected and passed through R; and is denoted
by symbol «'.
Therefore the corresponding change in voltage across the load resistor R; due to this
currentis AV, = a R, Al
Here , the voltage amplification 4, = % is greater than unity and thus the transistor

acts as an amplifier.

10. Define agyc , Pgc and yqc Of @ transistor. Derive the relation among them and write any
two applications of transistor.

Ans: agc : The relation between Iz and Ic due to majority carriers is related by a, in a DC mode.
a . is defined by the following formula,
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I¢
Xac = -
E

Bac: The relation between collector current Ic and base current Ig in a DC mode is

defined as, Bac = ;—C
B
Yd4c: The relation between Emitter current I and base current Ig in a DC mode is defined
as,
)/dC - IB

Relation hetween A § B
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Application of transistor:
» Used in amplifier circuits
» Used in oscillator circuits

» Used as a switch in digital circuits
» It finds many applications in computers, satellites and modern communication systems.

11. Draw the structure of an N- channel JFET and explain its principle of operation with

Characteristics.

Ans. Structure and symbol of n-channel JFET:
The structure and symbol of n-channel JFET are shown in figure below

oDrain (D)

Ohmic contacts Drain (D)
. Gate (G)
Gate (G)—
n-channel Source (S)
Symbol for
0 Source (S) n - channel JFET
(a) Structure of N- channel JFET (b) Symbol
GRIET-ECE 64
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The electrons enter the channel through the terminal called ‘source’ and leave through the
terminal called ‘drain’. The terminals taken out from heavily doped electrodes of p-type material
are called ‘gates’. Usually, these electrodes are connected together and only one terminal is taken
out, which is called ‘gate.

Operation of N-Channel JFET:
When Vgs=0 and Vps =0: In this case the drain current Ip = 0.

o
i =
>S

=0V

Nas

\l“=-|v

- -2V

VMeas

\as = -3V = Vou@FF)

—>

Vos

Traney  thavactevisbion prain  characturiotica

When Vgs=0 and Vps is increased from zero: The instant Vps is applied the electrons starts
flowing from source drain terminal, establishing the current Ip. The current I flowing through
the channel causes a voltage drop between drain and source. The depletion region is wider near
the top of P material when compared to bottom P region. As Vps is increased there is further
increase in the reverse bias applied to top of P type material which further increases the width of
the depletion region. At some Vs the depletion regions from two sides of the channel eventually
meet that is channel is said to be pinched off and the drain voltage is called the pinch off voltage
Vp. However in reality a very small channel still exist, with a current of very high density and Ip
maintains a saturation level. At this point I is referred to as drain source saturation current Ipss.

When Vps=0 and Vs is decreased from zero(- ve)

As Vgs is decreased from zero, the reverse bias voltage across the P-N junction is increased and
hence, the thickness of the depletion region in the channel increases until the two depletion
regions make contact with each other. In this condition, the channel is said to be cut-off.

12. Why FET is called unipolar device and is called as voltage operated device? What are
the important characteristics of FET?
Ans. A device in which the flow of current through the conducting region is controlled by an
electric field is called as FET. The conduction current flows only due to majority carriers. Thus,
FET is called as unipolar device.

FET is also called as voltage controlled device because the voltage at the input terminal
controls the output current.
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Important characteristics of FET
» The flow of current in the conduction region is only due to majority carriers.
» The conduction is through an N-type or p-type semiconductor material due to the absence
of junctions.
FET has very high input impedance of the order 100MQ.
FET has lower output impedance.
FET is a voltage controlled device.
FET amplifiers have low gain bandwidth product due to the junction capacitive effects.
FET has higher switching speeds and cut-off frequencies.
FET has negative temperature coefficient at high current levels.

VVVVVYY

13. why we call FET as a voltage controlled device?

Ans: For a Junction Field Effect Transistor under certain operating conditions, the resistance of
the drain-source channel is a function of the gate-source voltage alone and behave as an almost
pure ohmic resistor. Maximum drain-source current Ipss and minimum resistance will exist when
the gate-source voltage is equal to zero volts (i.e., Vs=0). If the gate voltage is increased (i.e.,
negatively for N-channel JFETs and positively for P-channel JFETS), the resistance will also
increase. When the drain current is reduced to a point where the FET is no longer conductive, the
maximum resistance is reached. The voltage at this point is represented as Vgs=Vags(orr).

By changing the voltage applied on the FET’s gate pin, the resistance offered by the FET’s
channel changes and different currents are drawn from the circuit for different values of
resistance. Thus, the load current (drain-source current) of a FET is controlled by the voltage
applied on the gate pin. Hence, FETSs are acts as voltage controlled device.

14. Define JFET Parameters
i) DC drain resistance
i) AC drain resistance
Iii) Transconductance
iv) Amplification factor

Ans: i) DC drain resistance, rgq
It is defined as the ratio of drain to source voltage to drain current by keeping the gate
to source voltage constant. The DC drain resistance is given by
Rp = % IVGS=Constant
i) AC drain resistance, rgq
It is defined as the ratio of change in drain to source voltage to the change in drain
current at a constant gate to source voltage.

AVpg
Ip = K IVGS=C0nstant
iii) Transconductance, gm
It is defined as the rate of change of drain current with change in gate to source voltage

by keeping the drain to source voltage constant. It is denoted by ‘gm’.
Alp

8m = AVgs |VDS =Constant

Its units are ampere per volt or mS (milli Siemen). It is also called as mutual
conductance.
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4 Ip(MA)
Ipss

Vps= constant

Alp

<

-Vs(V) AVgs

Fig. Transfer characteristics
Figure shows the graph of Ip versus Vgs, from this a relation for gp, can be deduced as,
_ Vs
8m = 8mo [1 - V_]
p
—2Ipss

Where gmo = value of g, at Vgs=0, is —~
p

V|, = Pinchoff voltage.
IV) Amplification Factor, p
It is defined as the ratio of change in drain to source voltage to change in gate to
source voltage keeping the drain current constant.

AVpg
n= E |ID=Constant

The above expression can also be written as,
__AVps , Alp

T Al T AV

L =1TDx Om

15. What are the differences between BJT and FET?

Ans.

FET is a unipolar device, where as BJT is a bipolar device.

FET is a voltage controlled device where as, BJT is a current controlled device.
FET has high input resistance than BJT.

FET is less noisy than BJT.

FETSs are more thermal stable than BJT.

FET is less affected by radiation.

FETSs are much easier to fabricate than BJT.

FET has small size, high efficiency and longer life.

VVVVVVVY

16. Compare N-channel with P-Channel FET’s and What are the applications of JFET?
Ans:
1. In an N-channel JFET the current carriers are electrons, whereas the current carriers are

holes in a P-channel JFET.
2. Mobility of electrons is large in N-channel JFET, mobility of holes is poor in P-channel JFET.
3. The input noise is less in N-channel JFET than that of P-channel JFET.
4. The transconductance is larger in N-channel JFET than that of P-channel JFET.
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Applications of JFET
1. FET is used as a buffer in measuring instruments, receivers since it has high input
impedance and low output impedance.
2. FET’s are used in Radio Frequency amplifiers in FM (Frequency Mode) tuners and
communication equipment for the low noise level.
3. Since the input capacitance is low, FET’s are used in cascade amplifiers in measuring and
test equipments.
4. Since the device is voltage controlled, it is used as voltage variable resistor in operational
amplifiers and tone controls
5. FET’s are used in mixer circuits in FM and TV receivers, and communication equipments
because inter modulation distortion is low.
6. It is used in oscillator circuits because frequency drift is low.
7. As the coupling capacitor is small, FET’s are used in low frequency amplifiers in hearing aids
and inductive transducers.
8. FET’s are used in digital circuits in computers, LSD and a memory circuit because of it is
small size.
17.What are the types of MOSFET ? Explain the construction and working of Depletion
MOSFET.
Ans: Depletion MOSFET works in two modes that are

1. Depletion mode

2. Enhancement mode

In depletion mode of operation the bias voltage on the gate reduce the number of
charge carriers in the channel and therefore reduce the drain current.

In enhancement mode of operation the bias voltage on the gate increases the
number of charge carriers in the channel and therefore increases the drain current.

The depletion MOSFET, operate in both depletion and enhancement modes
whereas the enhancement MOSFET operate in enhancement mode only. In this sec-
tion we study about depletion MOSFET.

4.23 Depletion MOSFET

The construction of n-channel depletion MOSFET is shown in Fig.4.40. It consists
of a lightly doped p-type substrate in which two highly doped n-regions are diffused.
The two heavily doped n-regions act as the source and drain. A lightly doped n-
type channel is introduced between the two heavily doped source and drain. A thin
layer of (1 thick) silicon dioxide is coated on the surface. Holes are cut in the
oxide layer to make contact with n-regions. Due to Sios layer the gate is completely
insulated from the channel. This permits operation with gate-source or gate-channel
voltages above and below zero. In addition, the insulating layer of SZo2 accounts
for very high input impedance of MOSFET. In some MOSFETs the p-type substrate
is internally connected to source, whereas in many discrete devices an additional
terminal is provided for substrate labeled SS (see Fig.4.40).

Source Gate Drain

D
= G

| —> Sio,

P
Substrate

..

Substrate

Fig. 4.40 n-channel depletion MOSFET
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4.23.1 Basic Operation

In Fig.4.41 a voltage Vps is applied between the drain and source terminal and the
gate-to-source voltage is set to zero. As a result, current is established from drain to
source (conventional direction) similar to that of JFET. Like in JFET, the saturated
drain current I pss flows during pinch-off and it is labelled as Ipss. V

If a negative voltage is applied to gate with respect to source then holes are in-
duced in the channel. These holes recombine with electrons and reduce the number of
free electrons in the n-channel available for conduction. The more negative the bias,
less the number of free electrons in the channel. Since the negative voltage on the
gate deplete the channel the device is referred to as a depletion MOSFET. The deple-
tion mode of operation similar to JFET operation. When sufficient negative voltage

is applied to gate the channel may be completely cutoff and the corresponding Vs
is called (Vcs(opp)).

Voo
4
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S G
s
A :
& z :
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Fig. 441 n-channel deplefion MOSFET with Vs = 0 and applied voltage

Vbp

If a positive voltage is applied to gate with respect to source then the electrons
are induced in the channel. The induced electrons constitute additional current from
source to drain. If we increase Vs more in positive direction more number of elec-
trons are induced, hence the drain current increases. That is the application of a
positive gate-to-source voltage has enhanced the number of charge carriers compared
to that of when Vs = OV.. For this reason the mode in which the MOSFET operates
for positive values of gate-to-source voltage is known as enhancement mode.

4.23.2 Characteristics of depletion MOSFET
Drain characteristics

It is a plot of drain current versus drain-source voltage for various value of gate-
source voltage. The drain characteristics of depletion MOSFET is shown in Fig.4.42(b).
Note that for negative of Vs the characteristics of depletion MOSFET is similar to
those N - channel JFET. If the gate is made positive additional carriers are introduced
in the channel and the channel conductivity increases. Therefore, the depletion MOS-
FET consists of two regions of operation.

The transfer characteristics of depletion MOSFET is shown in Fig.4.42(a). The
general shape of the transfer characteristics is similar to those for the JFET. However
the depletion MOSFET can be operated with Vgs > 0. As a result Ipss is not
maximum drain current as it is.for JFET. The equation for the transfer characteristics
curve of depletion MOSFET is same as that of JFET. )
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Vos=—=6  Vpg
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Vas(V) Y/
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Fig. 4.42 (a) Transfer characteristics of N-channel depletion MOSFET (b) Drain
characteristics of N-channel depletion MOSFET

18. Explain the construction and working of Enhancement MOSFET.
4.24 Enhancement MOSFET

The construction of n-channel enhancement MOSFET is shown in Fig.4.44. Like
depletion MOSFET it also consists of a p-type substrate and two heavily doped n-
regions that act as source and drain. The Sioz layer is present to isolate the gate from
the region between the drain and source. . The source and drain terminals are con-
nected through metallic contacts to n-doped regions. But the enhancement MOSFET
does not contain diffused channel between the source and drain (compare Fig.4.40

and Fig.4.44).

Source Gate Drain
Metallic contacts

| » Sio

P Substrate

Fig. 4. 44 Enhancement MIOSFET

When the drain is made positive with respect to source and no potential is applied
to gate, due to absence of the channel, a small drain current (i.e., a reverse leakage
current) flows. If we apply a positive voltage to the gate with respect to source and
substrate negative charge carriers are induced in the substrate. The negative charge
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channel

P Substrate

Fig. 4.45 Working of N-channel enhancement MOSFET

carriers which are minority carriers in the p-type substrate form a “‘inversion layer™.
As the gate potential is increased more and more negative charge carriers are induced.
These negative carriers that are accumulated between source and drain constitute an
n-type channel. Thus a drain current flows from source to drain through the induced
channel. The magnitude of the drain current depends on the gate potential. Since the
conduction of the channel is enhanced by the positive bias voltage on the gate the
device is known as enhancement MOSFET.

4.24.1 Drain Characteristics

The drain characteristics of enhancement MOSFET is shown in Fig.4.46. The current
Ipss for Vgs = O is very small of the order of nano amperes shown in Fig.4.46. Note
that the drain current increases with positive increase in gate source bias voltage.

Ip(mA)

Veog =+8V

-
AN NON®OO

Q
|
<
-
|
g
o}
0

N k-2
Fig. 4.46 Drain characteristics of n-channel enhancement MOSFET
4.24.2 Transfer characteristics

The n-channel enhancement MOSFET requires a positive gate to source voltage for

its operation. Fig.4.47 shows the general transfer characteristics of an n-channel

MOSFET . Since the drain current is zero for Vgs = 0, the Ipss is zero for this

device. As Vs is made positive the current Ip increases slowly at first and then
more rapidly with an increase in Vgs. The gate source voltage at which there is
significant increase in drain current is called the threshold voltage and is referred
to as Vr or Vggsn)- The equation for the transfer characteristics of enhancement

MOSFET differs the curve starts at Vgg(¢n) rather than Vgs. Here the equation for
transfer characteristics is

Ip = k(Vas — Vasum))?
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Fig. 4.47 Transfer characteristics of n-channel enhancement MOSFET

19. Compare JFET and MOSFET
4.25 Comparison between MOSFET and JFET

N.Madhu

JFET

. The input resistance is the order of
10°Q since there is no insulating
layer between gate and the conducting
channel.

. The gate leakage current is the order of
0.1 to 10mA.

. The drain resistance is the order of 0.1
to 1MQQ.

. Electric field across the reverse biased
pn junction controls the conductivity
of the channel.

. Operates only in depletion mode.

. Vs for an n-channel JFET cannot be
allowed to go positive since that would
forward bias the gate source p-n junc-
tion and cause a large gate current to
flow.

MOSFET

The input resistance is very high in the
order of 1039 due to presence of in-
sulating layer between gate and con-
ducting channel.

The gate leakage current is the order of
0.1 to 10PA.

The drain resistance is the order of 1 to
50K Q.

Electric field across the insulating
layer control the conductivity of the
channel.

The depletion mode MOSFET oper-
ates both in enhancement and deple-
tion modes.

Gate source voltage of a depletion
mode MOSFET can be negative or
positive.
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20. Explain the construction and working principle of UJT with its characteristics.

4.30 Unijunction Transistor (UJT)

The unijunction transistor (UJT) is a three terminal device. It consists of a slab of
lightly doped n-type silicon material with two-end terminals base 1 (B3:) and base 2
(B2). A heavily doped p-type material is injected to one side of the bar, which results.
in a p-n junction. The terminal connected to the p - n junction is termed as emitter
(E). The symbol and equivalent circuit diagram of UJT is shown in Fig.(4.57)

=

| =
B1

(a) UJT construction (b) Symbol (c) Equivalent circult

The n-type silicon bar has a resistance and can be represented as two resistors
Rp; and Rp- in series. The resistance Rp- is fixed and the resistance Rpg; is variable
since its value varies with the operation of the device. The pn junction is icpresented
by a diode. The arrow with in the symbol points the direction of conventional current
(holes) flow when the devnce is forward biased. Hence it points from the p-type
emitter to the n-type bar.

When emitter diode is non-conducting (when Iz = 0), the resistance between
bases B; and B> is sum of Rp; and Rpg>. That is Rgg = Rp; + Rp> which is
typically 5 to 10kS2. When a supply voltage Vgpg is apphed between two bases the
voltage across Rp; is given by

Rpi Rp1
Vi =V; - — Vv
' BB’ Rp + Rpa Rpp
Vi =9V
Rp
where =
u Rpp

The quantity 7) is called the intrinsic stand off ratio. The typical range of 7} is from
0.5 to 0.8.

4.30.1 Working of UJT

When the applied voltage at the emitter is zero the reverse saturation current Igo
flows. The voltage V; = Vg3 appears across the emitter diode. When a voltage Vg
greater than V; by the forward voltage drop of the diode (Vg > V3 + 0.7) is applied
then the diode conducts. This voltage at which the diode conducts is known as peak
voltage and is given by

Vp =nVes + VD

The current flowing is termed as peak current 7p. When the pn junction is for-
ward biased, charge carriers are injected into the Rpg; region rapidly decreasing the
resistance Rp,. As a result the voltage drop across Rp; decreases causing the pn
junction to be more heavily forward biased which in turn results in a greater forward
current. Consequently more charge carriers are injected in Rp; region, increasing
Ig. This increases the value of /g up to a limit determined by the source resistance.
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4.30.2 UJT Characteristics

The characteristics of UJT are shown in Fig.4.59. It is a plot between Vg and Ig
keeping Vpp at a constant value. When Vg = 0, the emitter junction is reversed
biased the emitter current /o flows. This reverse saturation current flows even we
increase Vg up to Vp. This region in the characteristics is known as cut -off region.
When VE = Vp, the diodes starts conducting and the Vg will drop with increase in
I establishing a negative resistance region as shown in Fig.4.59. In this region the
resistance of Rp; falls rapidly and Vg falls to the valley voltage Vy-, At this point /g
equals the valley current I. A further increase in /g causes the device to enter the
saturation region.

: Saturation
region
Negative resistance-

region

: Valley point

Fig. 4.59

N.Madhu GRIET-ECE 74



21. Explain the working principle of SCR with its characteristics.

Ans:
SCR(Silicon Controlled Rectifier)

» It is an unidirectional device like diode, it allows to flow current in only one direction. But
unlike diode, it has a built in features to switch ON and OFF.

» lItis a4 layer pnpn device where p & n layers are alternatively arranged. The outer layers are
heavily doped.

» It has 3 terminals anode, cathode, gate and 3 p-n junctions called J; J, and Js.
» The switching of SCR is controlled by the additional input called gate.

I Anode (A)

Gate (G) n——l P |

Cathode (K) G

(a) Basic Structure (b) Circuit symbol

Fig, Basic structure and circuit symbol of SCR.

Operation of SCR:

The operation of SCR is divided into two categories,

i) When gate is open:

Consider that the anode is positive with respect to cathode and gate is open. The junctions J; and
Js are forward biased and junctions J; is reverse biased. There is depletion region around J, and
only leakage current flows which is negligibly small. Practically the SCR is said to be ‘OFF’.
This is called forward blocking state of SCR and voltage applied to anode and cathode with
anode positive is called forward voltage. This is shown in figure (a) below.

/ Depletion

region
+
— Forward
— wvoltage
Cathode (JS'
(a) 3., 33 Forward biased.
Jo Reverse biased.
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2. When gate is closed:

Consider that the voltage is applied between gate and cathode when the SCR is in forward
blocking state. The gate is made positive with respect to the cathode. The electrons from n-type
cathode, which are majority in number, cross the junction J; to reach to positive of battery.

While holes from p-type move towards the negative of battery. This constitutes the gate current.
This current increases the anode current as some of the electrons cross junction J,. As anode
current increases, more electrons cross the junction J, and the anode current further increases.
Due to regenerative action, within short time, the junction J, breaks and SCR conducts heavily.
The connections are shown in the figure. The resistance R is required to limit the current.

Once the SCR conducts, the gate loses its control.

T
P +
J1 = V.
n T —
J
¢ =
e Current
- T limiting
l resistor
C

Fig. Operation of SCR when gate is closed.

Characteristics of SCR:

The characteristics are divided into two sections:

i) Forward characteristics

i1) Reverse characteristics

i) Forward characteristics:

It shows a forward blocking region, when Is=0. It also shows that when forward voltage
increases up to Vo, the SCR turns ON and high current results. It also shows that, if gate bias is
used then as gate current increases, less voltage is required to turn ON the SCR.

If the forward current falls below the level of the holding current 1, then depletion region begins
to develop around J; and device goes into the forward blocking region.

When SCR is turned on from OFF state, the resulting forward current is called latching

current I_. The latching current is slightly higher than the holding current.

ii) Reverse characteristics:

If the anode to cathode voltage is reversed, then the device enters into the reverse blocking
region. The current is negligibly small and practically neglected.

If the reverse voltage is increases, similar to the diode, at a particular value avalanche breakdown
occurs and a large current flows through the device. This is called reverse breakdown and the
voltage at which this happens is called reverse breakdown voltage
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characteristics

Forward —— | With

ON state IG;\—\gate closed
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I --.EE_ £ . -
H ~~::‘:::: _ /‘ IG=O
I 1 - S— o N
Vag il I o kst sl |
T - Ve
T Vi, Veo
Reverse Forward
blocking blocking region
region

’
’

Reverse
characteristics

Fig. Characteristics of SCR.

Problem:1

In a common-base connection, the emitter current /. is 6.28 mA and
the collector current /- is 6.20 mA. Determine the common-base d.c. current gain.
Solution:

Given: I =6.28 mA and I-= 6.20 mA

We know that common-base d.c. current gain,

I 6.20x 1077
a = C = = = 0.987
1 6.28 x107°

Problem:2
The transistor has /. = 10 mA and o = 0.98. Determine the values of

fand I,
Solution:
Given: [ =10 mA and o = 0.98

. I
The common-base d.c. current gain, o = !—

-
)

i.e. 0.98 = &
i.e 10
Therefore I-=098x 10 =98 mA
The emitter current Ipg=1Ig+ 1.
i.e. ]0= fhw_f' 9.8
Therefore, Ip=0.2 mA
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Problem3

A transistor has 8 = 100. If the collector current is 40 mA, find the
value of emitter current.
Solution:

Given: B =100 and 7~ = 40 mA
U 40
=100= -5 = —
e Iy Ip
Therefore, Iz =40/100 = 0.4 mA and

I =1Ip+ I-= (0.4 +40)x 10 =40.4 mA

Problem:4
) A transistor has Iz = 100 pA and I~ = 2 mA. Find (a) B of the
transistor, (b) o of the transistor, (c) emitter current I, (d) if Iz changes by + 25 uA
and /- changes by + 0.6 mA, find the new value of 3.

Solution:

Given: Iz=100 uA =100x 10° Aand I, =2mA =2 x 1072 A.
(a) To find 8 of the transistor

I 2x107°
= — =20
B I, 100 x10°°
(b) To find o of the transistor
B___20 _4os0

T B+1 T 71420
(c) To find emitter current, I,
Igp= Ig+I-=100x10°+2x 107> A
= (0.01 +2)x 107 =2.01 x 107 A =2.01 mA
(d) To find the new value of 8 when A/, = 25 pA and Al = 0.6 mA
Therefore, fg= (100 + 25) pA = 125 nA
I-=(2+0.6) mA =2.6 mA
New wvalue of 3 of the transistor,

6x107°
g=1tc - 26107 _ 54
Iy, ~ 125x10

Problem:5

For a transistor circuit having o = 0.98, I3, = I-o = 5 HA and
Ig = 100 YA, find /- and /.
Solution:
Given: a= 098, I-30=1-0=5 UA and Iz = 100 pA
The collector current is
o1y L o _ 0.98x 100 x107° N 551078
- l—o 1-0.98 - 1-0.98
The emitter current is

Io= Tp#l.= 100x 10°% %515 %10 =525 mA

IC=

=5.15 mA

N.Madhu GRIET-ECE 78



Problem:6

Determine /., I; and « for a transistor circuit having Iy = 15 puA
and 8 = 150,

Solution:

The collector current, Ie=Bl;=150x 15x 10°=2.25 mA

The emitter current, Ip=1Ic+15=225%10"+15x 10°= 2265 mA
Common-base current gain, o = p = 150 = (.9934

1+8 151
Problem:7

Determine the base, collector and emitter currents and Vg for a CE
circuit shown in Fig. For Voo = 10V, Vg =4 V, R = 200 kQ, Rq = 2kQ,
Vge (on) = 0.7 V, B = 200.

Vee=10V
"c
R =2 k0O
Rg =200 kQ

—
Ig

Solution:
Referring to Fig. 6.18, the base current is

I, = =
o R 200 x10°

=16.5 uA
The collector current is

Ic=Plz=200% 16.5x 10°=3.3 mA
The emitter current is

Ig=Ic+13=33x107+16.5x 10° = 3.3165 mA
Therefore, Vip=Vee—I-R-=10-33x102%x2%x10°=34V
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Problem:8

, Calculate the values of I and I for a transistor with o = 0.99
and I o = 5 MA. I is measured as 20 pA.
Solution:

Given, ad_c_ = 0.99, ICBO = 5 HA and IB = 20 uA

oy 1 I ) -6 -6
f= de.'B  _1CBO =0.99>< 0x10 +5x10 _ 248 mA
T T 1-0.99 1-0.99
Therefore, o= Iz+I-=20%x10°+2.48%x 107 =25mA

Problem:9

' When a reverse gate voltage of 12 V is applied to JFET, the gate
~urrent is 1 nA. Determine the resistance between gate and source.

Solution:  Vgs=12V, Ig=107 A.

. _ Vs 12 _
Therefore, gate-to-source resistance = —=—=12,000 MQ

I 10°°
Problem10

7 When the reverse gate voltage of JFET changes from 4.010:3.9V,
the drain current changes from 1.3 to 1.6 mA. Find the value of transconductance.

Solution: AVg=40-39=01V
Al,=16-13=03mA

Al, 0.3x1073

Therefore, transconductance, g,, = =
AV 0.1

=3 mmho.

Problem11

A FET has a driven current of 4 mA. If Dgs = 8 mA and Vi) =
—6 V. Find the values of Vs and Vp. '

2
3 ¥4
Solution: I, =Ipss | 1— -
VGS (off )

Therefore, Vgs=—176 V
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Problem12 _
~5 V. Determine the

An N-channel JFET has Ipgs P for Vgg=—2V

minimum value of Vg for pinch-off region and the drain current Ipg.

in the pinch-off region.
Solution: The minimum value of Vpg
_Vp=-2-(-5=3V

for pinch-off to occur for Vgg=—2Vis

. F
Vpsmin = VGs

IIGS i
IDS =ID55 1- L;P

=8 x 107 [1 = (-2)/(=5))* = 2.88 mA

Problem13
A FET has a drain current of 4mA. If Ipss = 8mA and Vgs off = -6V. Find values of Vgs
and Vp.

In
s
Vp
Vage— —
Given IDS = 4 mA Vs off vp
IDSS = 8mA
Vasoff = - 6V.

Ans: (i) VP = Vggort = -6V = V.

2
() Tos = Toss |1 - 32
Vo

4><10'3:8><10'3[1 - "%]2

2
1 \'%

1 :[1_£
2 6

Ves= 6 0.293 1.758 Volts

Problem14.

The readings obtained from a JFET are as follows: -

Drain to source voltage (volts) =5 12 12

Gate to source voltage (volts) =0 0 -025

Drain current ld (mA)=8 82 75

Determine (i) AC drain resistance (ii) TransConductance (iii) Amplification Factor
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SOL.:
()

(i)
(iii)

AVps

Ac Drain Resistance =rp = Ay lv oo =Constant
12-5 (Volt: 7
Lsdos) o7 _35KQ.
8.2-8(mA)  0.2x10
Al 8.2-7.5 _ 0.7mA

= 2.8m0O

— D —
Transconductance = Vel lv s =constant = 025 0z

Amplification Factor, p=r1px gn =2.8 x 10° x 35x 10° = 98
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Unit-1V
Biasing and Stabilization

1. What is the use of biasing? Draw the DC equivalent model.
Ans: TRANSISTOR BIASING

The basic function transistor is to do amplification. The process of raising the strength of
a weak signal without any change in its shape is known as faithful amplification. For faithful
amplification, the following three conditions must be satisfied:

i) The emitter-base junction should be forward biased,

i1) The collector-base junction should be reverse biased.

iii) Three should be proper zero signal collector current.

The proper flow of zero signal collector current (proper operating point of a transistor) and the
maintenance of proper collector-emitter voltage during the passage of signal is known as
‘transistor biasing’.

In order to produce distortion-free output in amplifier circuits, the supply voltages and
resistances in the circuit must be suitably chose. These voltages and resistances establish a set of
d.c. voltage Vceq and current lcq to operate the transistor in the active region. These voltages and
currents are called quiescent values which determine the operating point (or) Q-Point for the
transistor.

The process of giving proper supply voltages and resistances for obtaining the desired Q
Point is called biasing.

DC Load Line:
Consider common emitter configuration circuit shown in figure below:

4

&

In transistor circuit analysis generally it is required to determine the value of Ic for any
desired value of Vce. From the load line method, we can determine the value of Ic for any
desired value of Vce. The output characteristics of CE configuration is shown in figure below:

1
Ic= Vceg :—-— Active region ——:
R

dc ] 1

DC load line ]

1 1
A 4 Ig = 4mA

Saturation
region Ig = 3mA
Ig = 2mA
Ig = TmMA
Ig = OMmA
A AAAA A A AP PAAAAAA AP AR = VcE
o =
Vce = Vcc

Cut-off region
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By applying KVL to the collector circuit

—V~+I1-R~+V

cticRctVep=0

— VCC=ICRC+VCE

= Veg=Vec—1cRc

If the bias voltage Vgg is such that the transistor is not conducting then I-=0 and V= Ve,

Therefore, when Ic=0, Vce= Ve this point is plotted on the output characteristics as point A.
If Vce=0 then

0=Vc

Vee
Re

—1cRe

éfc=

Vec

Therefore, V=0, IC =——=this point is plotted on the output characteristics as point B.

C

The line drawn through these points is straight line ‘d.c load line’.
The d.c. load line is plot of Ic versus Ve for a given value of Rc and a given level of Vcc.

Hence from the load line we can determine the Ic for any desired value of V.
Operating Point (or) Quiescent Point:

In designing a circuit, a point on the load line is selected as the dc bias point (or) quiescent point.
The Q-Point specifies the collector current Ic and collector to emitter voltage Ve that exists
when no input signal is applied. The dc bias point (or) quiescent point is the point on the load
line which represents the current in a transistor and the voltage across it when no signal is
applied. The zero signal values of Ic ad Ve are known as the operating point.

Biasing:
The process of giving proper supply voltages and resistances for obtaining the desired Q point
is called ‘biasing’.

2. Explain the criteria for fixing operating point. (or) Explain the reasons for keeping
the operating point of a transistor as fixed.

Ans:

> The operating point can be selected at three different positions on dc load line:
near saturation region, near cut-off region or at the center, i.e. in the active region.

> The selection of operating point will depend on its application. When transistor is used as
an amplifier, the Q point should be selected at the center of the dc load line to prevent
any possible distortion in the amplified output signal. This is well-understood by going
through following cases.

> Case 1: Biasing circuit is designed to fix a Q-point at point P, as shown in fig.(a). point P
IS very near to the saturation region. The collector current is clipped at the positive half
cycle. So, even though base current varies sinusoid ally, collector current is not a useful
sinusoidal waveform. i.e. distortion is present at the output. Therefore, point P is not a
suitable operating point.
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Clipping 2:: :
Voot

Fig(a). Operating point near saturation region gives clipping at the positive peak.

» Case 2: In fig.(b) shows biasing circuit is designed to fix a Q point at point R is very near
to the cut-off region. The collector current is clipped at the negative half cycle. So, point

R is also not a suitable operating point.

Ic

Fig.(b) Operating point near cut-off region given clipping at the negative peak.
» Case 3: Biasing circuit is designed to fix a Q-point at point Q as shown in fig.(c). The
output signal is sinusoidal waveform without any distortion. Thus point Q is the best

operating point.

Ty =2

2:'(:
v(nt

Fig(c). Operating point at the centre of active region is most suitable.
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3. Define stability factors S, S and S”’

Stability factors:

Since there are three variables which are temperature dependent, we can define three stability
factors as below:

i) S: The stability factor ‘S’ is defined as the ration of change of collector current Ic with respect
to the reverse saturation current Ico, keeping B and Vgg constant.

ar arf
= C C
i.e., = a7 = =% Vae, B constant
““co ““co
i) 55 The stability factor S° is defined as the rate of change of I with respect to Vgg,
keeping Ico and B constant |.e.,
. r)IC- ) ()IC-
oV = =37 Ico, B constant
L &
BE BE
iii) S5°; The stabllity facter 5 Is defined as the rate of change of I with respect te B,
keeping I and Ve constant l.e.,
. al al
_%c Y|
- - Cor BE CORStant
2B  op

Ideally, stabllity factoer should be perfectly zerc to keaep operating peint stable.
Practically, stabllity factor should have the value as minimum as possible.

Derivation of Stability Factor (5):
For a common amitter canﬂguratlan collectar csurrant is given as,

le=Plg*icpo
==-IC=[HB+(1+,6)ICO .............. (1)
Differentiating equaticn (1) w.r.t. I- keeplng B constant, we get
al ol
l=,b’_i”3 +(1+8)ZCO
oI FJIC

a

oI I
:l—ﬂ%=(1+ﬁ) .)JE-U
L # C‘ . C-
-
af - - c

:;:-.S:%f’}— ............ (2)
1-f572
o

4. List out the different types of biasing methods. Explain about collector to base bias
circuit.

Ans: Methods of Biasing:

Some of the methods used for providing bias for a transistor are as follows:

1) Fixed bias (or) base resistor method.

2) Collector to base bias (or) biasing with feedback resistor.

3) Voltage divider bias (or) Self bias.

Collector to Base bias (or) Biasing with feedback resistor:
A CE amplifier using collector to base bias circuit is shown in the figure. In this method, the
biasing resistor is connected between the collector and the base of the transistor.
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Fig. Collector-to—Base bias circuit.

Circuit Analysis:
Base Circuit:

Consider the base-emitter circuit, applying the KVL to the circuit we get,
Vee=(Tp+ 1) R~ 1pRp=Vgp =0
= Ve =Ig(Rp+ Rg)+ I~Re+ Vgp

V -V - . R
= Ig= ¢c¢c BE CC (1)
RC+RB
BUtIC=BIB
 BVoeIcRc~Vgg)
2= D e (2)
ct B

Collector circuit:
Consider the collector-emitter circuit, applying the KVL to the circuit we get

Ve +(IB+ IC)RC+ Vg =0

- VCE:VCC—(IC+IB)RC ................ (3)

Stability factor S:
The stability factor S is given by,

__1+p
v
ot
C
Var=Vpr—1-R
We have IB: CC_BE _C°C = constant
Rp+R
B 7C
Differentiating the above equation w.r.t. Ic we get
o Re
E)IC RC+RB

N.Madhu GRIET-ECE



L S= 1+p

R
RC+RB

The stability factor S is smaller than the value obtained by fixed bias circuit. Also ‘S’ can be
made smaller by making Rg small (or) R¢ large.

5. Draw a BJT fixed bias circuit and derive the expression for the stability factor ‘S’.

1). Fixed bias (or) base resistor method:
A CE amplifier used fixed bias circuit is shown in figure below:

+Vee

Fig. Fixed bias circuit.

In this method, a high resistance Rg is connected between positive terminal of supply Vcc
and base of the transistor. Here the required zero signal base current flows through Rg and is
provided by Vcc.

In figure, the base-emitter junction is forward biased because the base is positive w.r.t.

emitter. By a proper selection of Rg, the required zero signal base current (and hence Ic=BIg) can
be made to flow.

Circuit Analysis:

Base Circuit:

Consider the base-emitter circuit loop of the above figure.
Writing KVL to the loop, we obtain

= Vec=I{pRp+Vpg

Vec —VBE

= 5=
B R
B
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As Icgo is very small, IC' = ﬂIB

V=V
_.,;C:,g[%]
B

— B, Vcc, Vee are constant for a transistor .. I depends on Rg.

Choose suitable value of Rg to get constant Ic in active region.

Vi — Vi) B BV,
_._RB:(CC‘ BE) (or) Rp = Icc

7 (+ VB <<Vee)
c c

Collector Circuit:
Consider the collector-emitter circuit loop of the circuit.
Writing KVL to the collector circuit, we get

I R

= Ve =VYec—Ickc
Stability factor S:
1+
The stability factor S is given by, 52 —aﬁ-
1— B
ﬁaf
C
|7 — 7 arl
WwWe have IB - CcC BE = constant . B =0
RB BIC.
LS =1+ 7

If B=100 then S=101. This shows that I changes 101 times as much as any changes in
Io. Thus I; is dependent upon I-o and temperature.

The value of S is high and has very poor stability.

Advantages of fixed bias circuit:

1. This is a simple circuit which uses very few components.

2. The operating point can be fixed anywhere in the active region of the characteristics by
simply changing the values of Rg. Thus, it provides maximum flexibility in the design.
Disadvantages of fixed bias circuit:

1. With the rise in temperature the operating point is not stable.

2. When the transistor is replaced by another with different value of B, the operating point
with shift i.e., the stabilization of operating point is very poor in fixed bias circuit.

6. Draw the circuit diagram of a self bias BJT circuit and how to determine the values of R;
and Rj.

Voltage Divider Bias (Or) Self-Bias (Or) Emitter Bias:

The voltage divider bias circuit is shown in figure.
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Fig: Voltage devider bias circuit

In this method, the biasing is provided by three resistors Ry, R, and Rg. The resistors Ry
and Ry acts as a potential divider giving a fixed voltage to the base. If collector current increases
due to change in temperature (or) change in B, the emitter current Ig also increases and the
voltage drop across Rg increases, reducing the voltage difference between base and emitter
(Veg).

Due to reduction in Vgg, base current Ig and hence collector current Ic is also reduces.
Therefore, we can say that negative feedback exists in the emitter bias circuit. This reduction in
collector current Ic components for the original change in Ic.

Circuit analysis using Thevenin’s Theorem:
The Thevenin equivalent circuit of voltage-divider bias is as shown below:

Fig. Thevenin’s equivalent circuit.

From above figure we have,

Vo, = Vg = = % (5)
2 T RI RZ o T

p = — 2 e, — 1 =2 . (&)
s 1 2 Ry + R,
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Applying KVL to the base-emitter circuit, we have

Vi = T o R

= 15Rm+Ver +(Ig+ 1) Ry e (7))

Applying KVL to the collector-emitter circuit, we have

Ver =Veo —Ic(Be v+ Rig) (1o >>1g) (8)

From equation (8), we have

I = Vee —Ver
RC+RE

Substituting this value of I- in equation (7), we have

V. — Vv
_ cc CE
Ve = gty J

+ 7 -+ I I+
BE = B 2 >
L &y =

ReVee  ReVer
RC‘ —+ RE RC‘ -+ RE

VT}J :IBRTh—f— VBE—r—REIB—r—

Stability factor (S):
For determining stability factor ‘S’ for voltage divider bias, consider the Thevenin’s equivalent

circuit. Hence, Thevenin’s equivalent voltage Vi, is given by

R,
Vir = R+ Ry Veo

and the R1 and R2 are replaced by Rg which is the parallel combination of R; and R..
R R,
R =
” + Ry

Applying KVL to the base circuit, we get

R

Vo, =T R+ V I+ T B

7h = ‘BB BE+(B c)

Differentiating w.r.t. Ic and considering Vge to be independent of I we get,

or or
0=_"L xRy + B(RE)+RE
L~ L~
or or -R
~ar (Re+Rp)=—Fg e~ Roa R
C C T ihp

We have already seen the generalized expression for stability factor ‘S’ given by

1+ =
=
1— 3 B
L~

5 =
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af
Substituting value of

in the abowve equation, we get
BIC

1+ 2
R

E }
Rp+Rpg

1+ B)(Rg+Rg) (+pB)(Rg+ Rg)
. R+ Rp+fBRg  Rg+(1+8)Rg

._S:

1+,3[

— 5

R
L e
s=(01+72) £
1+ 8+ L8

Fr

R
The ratio —2 controls value of stability factor *'S”.
®
K

Rp 1

If << 1 then above equation reduces to S = (1+ /&) =1

Ry 1+ 3
Rp Rp

Practically —=# (0 But to have better stability factor 'S’, we have to keep ration —=as

E E

small as possible.

Stability factor ‘S’ for voltage divider bias (or) self bias is less as compared to other biasing
circuits studied. So, this circuit is most commonly used.

7. What are the compensation techniques used for Vge and lco? Explain with the help of
suitable circuits.

Ans: The stabilization techniques refer to the use of resistive biasing circuits which permit Ig to
vary so as to keep Ic relatively constant. On the other hand, compensation techniques refer to the
use of temperature sensitive devices such as diodes, transistors, thermistors, sensistors etc., to
compensate for the variation in currents. Sometimes for excellent bias and thermal stabilization,
both stabilization as well as compensation techniques are used.

The following are some compensation techniques:

1) Diode compensation for instability due to Vgg variation.

2) Diode compensation for instability due to Ico variation.

3) Thermistor compensation.

4) Sensistor compensation.

1) Diode compensation for instability due to Vge variation:

For germanium transistor, changes in Ico with temperature contribute more serious problem than
for silicon transistor. On the other hand, in a silicon transistor, the changes of Vgg with
temperature possesses significantly to the changes in Ic. A diode may be used as compensation
element for variation in Vgg (0r) lco. The figure below shows the circuit of self bias stabilization
technique with a diode compensation for Vge. The Thevenin’s equivalent circuit is shown in
figure.
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Vo Fp
N =

The diode D used here is of the same material and type as the transistor. Hence the
voltage Vp across the diode has same temperature coefficient (-2.5mV/°C) as Vge of the
transistor. The diode D is forward biased by the source Vpp and resistor Rp.

Applying KVL to the base circuit, we get
—Vin + IgRiy, + Vg + [gRg —Vp =0
= Vin — Vg + Vp = IgRy, + RE(IE + IC) = (1)
But I; —,BIB+(1+ﬁ)ICO ceeseeeeeeees (2)
From equation (1), we get
Vin = Vg + Vp = Rglc + (Ryp, + Rp)lp
Substituting value of Ig from equation (2), we get
Ve = Vg + Vo = Relc + Ry + Rp) [0

= BV — Ve +Vp) = BRelc + (Rep, + R)le — (L + B)lco(Ren + Ri)
= BV = Ve +Vp) = (1 + Blco (Ren + Rg) = Ic(Rep + (1 + BIRE)
B en=Vee +Vp)=(1+F)Ico (RentRE) | | .. . i, (3)
Rep+(1+B)Rg

Since variation in Vge with temperature is the same as the variation in Vp with
temperature, hence the quantity (Vge-Vp) remains constant in equation (3). So the current Ic
remains constant in spite of the variation in Vge.
2) Diode compensation for instability due to Ico variation:
Consider the transistor amplifier circuit with diode D used for compensation of variation in lco.
The diode D and the transistor are of the same type and same material.

= Ic—
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In this circuit diode is kept in reverse biased condition. The reverse saturation current lo
of the diode will increase with temperature at the same as the transistor collector saturation

current lco.
. Vee—V v,
From figure I = % ~ —= = constant

The diode D is reverse biased by Vge. So the current through D is the reverse saturation
current lo. Now base current Ig=I1- 1o
But Ic=Blg+ 1+ B
= Ic=BU—-1p)+ 1+ Pl
If,B > 1,IC = IBI - ,8[0 + BICO
In the above expression, | is almost constant and if 1o of diode D and Ico of transistor
track each other over the operating temperature range, then Ic remains constant.

8. Explain in detail about themal runaway and thermal resistance.
Ans: Thermal Runaway:
The collector current for the CE circuit is given by I = Bl + (1 + B)I;o The three variables in
the equation, B, Ig and Ico increase with rise in temperature. In particular, the reverse saturation
current (or) leakage current Ico changes greatly with temperature. Specifically, it doubles for
every 1 rise in temperature. The collector current Ic causes the collector-base junction
temperature to rise which, in turn, increase lco, as a result Ic increase still further, which will
further rise the temperature at the collector-base junction. This process is cumulative and it is
referred to as self heating. The excess heat produced at the collector-base junction may even burn
and destroy the transistor. This situation is called “Thermal Runaway” of the transistor.
Thermal Resistance:
Transistor is a temperature dependent device. In order to keep the temperature within the limits,
the heat generated must be dissipated to the surroundings. Most of the heat within the transistor
is produced at the collector junction. If the temperature exceeds the permissible limit,the junction
is destroyed. For Silicon transistor, the temperature is in the range 150° C to 225° C. For
Germanium, it is between 60° C to 100° C.
Let Ta °C be the ambient temperature i.e., the temperature of surroundings air around transistor
and T; °C, the temperature of collector-base junction of the transistor.
Let Pp be the power in watt dissipated at the collector junction. The steady state temperature rise
at the collector junction is proportional to the power dissipated at the junction. It is given by
aT = T] - TA = HPD

Where 6 = constant of proportionality. Which is referred to as thermal resistance.

_Ij7Ta

=1
The unit of 0, the thermal resistance, is °C/watt.
The typical values of 0 for various transistors vary from 0.2 °C/watt for a high power transistor to
1000 °C/watt for a low power transistor.

9. what is the condition for thermal stability?

Ans: Condition for thermal stability:

To avoid thermal runaway the required condition is that, the rate at which heat is released at the
collector junction must not exceed the rate at which the heat can be dissipated under steady state

condition.

. dP¢ dPp
ie., a, < a7, (1)
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we know that, the steady state temperature rise at the collector junction is proportional to the
power dissipated at the junction.

ie, AT =T, —T, = 0P,

where,
T; = junction temperature(°C)
T, = Ambient temperature(°C)
Pp = Dissipated power at the collector junction(watts)
0 = Thermal resistance
T, —T, =06Pp
Differentiate with respect to T;, we get,
— g%
= 1=0 ar,
abp _ 1L
@ " @)

Then, from equation (1), we have,

dPp

< % is the condition which must be satisfied to prevent thermal run away.
J

Thus, the transistor cannot runaway below a specified ambient temperature under any
biasing condition.

10. Explain thermal instability. What are the factors affecting the stability factor?
Ans: Thermal instability:

The collector current for CE configuration is given by,
I = BIg + (1 + Bl

_ ICO lZ]B
Ie =T+
1—a 1—a

i.e., change in temperature also effects the operating point i.e., I, doubles for every 10°C

rise in temperature.

The collector current causes the collector junction to rise its temperature. Hence, I.o

increases simultaneously and I also increases. This in turn increases the temperature and so Io
still increases and then 1. So, the transistor output characteristics will shift upwards. Then, the
operating point changes. So, in certain cases, even if the operating point is fixed in the middle of
active region, because of change in temperature, the operating point will be shifted to the
saturation region.

The factors that affect the stability of Q point are

1) Icp:

>

vV V V V¥V

The flow of current in circuit produces heat at the junctions. This heat increases the
temperature at the junctions. We know that reverse saturation current I, increases with
increasing temperature. Its value doubles for every 10°C rise in temperature.

Since I =Blg+ 1+ B

The increase in I increase the collector current I

The increase in I further raises the temperature at the junction and the same cycle
repeats.

This excessive increase in I, shifts the Q point into the saturation region, changing the
operating condition set by biasing circuit.

The excess heat produced at the collector base junction may even burn and destroy the
transistor. This situation is called thermal runaway.
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2) VBE:

> Vgp changes with temperature at the rate of 2.5mV/ °C

» As I depends on Vg and I depends on Iy [since I = Blg], I depends on V.

» Thus I changes with temperature due to change in Vgg. The change in collector current
I change the operating point.

3) B:

» Since I, = Blg, as B varies, I also varies. The change in I change the operating point.

Problem1l
Design the circuit shown in Fig. 6.24, given Q-point values are to
gc fco =1 mA and Vegg = 6 V. Assume that Vo = 10 V, 8= 100 and Vge (o) =
TV,
Selution: The collector resistance is Vee
Vee — Veeo 10 -6
Ieo 1> 1073 ;
RB Rc-
The base current is
I = g = =10 uA
5O B 100 H
The base resistance is Fig. 6.24 N
Ve — (on) 10— 0.7
Ry = BE = = 0.93 MQ
Ipo 10 < 107°
Problem 2
- A Germanium transistor having B =100 and Vgg =0.2V

iS used in a fixed bias amplifier circuit where Voc =16V, R-=5kQ and

Rz =790 kL2 . Determine its operating point.
[JNTU Aug/Sep 2008]

Solution For a Germanium transistor, Vgy =0.2V
Applying KVL to the base circuit, we have

I(( - /HRH _I-b‘[{ =0

o Voo =16V
? Rs=5KQ
Rg =790 KQ §
| ‘//—X\
v\ B=100
e T | Vge=02V
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Vi —V 16—0.2
T I = cC BE = = 20 HA
herefore, B Ry 790 % 10°

I = BI;=100%20 pA =2 mA

Applying KVL to the collector circuit, we have

Vee =IcRc =Vep =0

Ve =Vee —IcR- =16-2x102 x5%10° =6V
Hence, the operating point is /- =2mA and V. =6 V.

Problem3

An N-P-N transistor with =50 is used in a CE circuit with Vcc=10V, Rc=2KQ. The bias is
obtained by connecting a 100KQ resistance from collector to base. Assume Vge=0.7V. Find
i) the quiescent point and
ii) Stability factor ‘S’

VQC = lO V
100K ..

‘L Tegt+Te
Re = 2K
Re

IB\L N vy
b g R =50

Solution:
)] Applying KVL to the base circuit

Vee =(1p+1c)Rc+1gRp+VpE

= Vee —VBr—1cfRe I = B(Vec —Vee —1cRc)
R+ Rp R+ Rp
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_ _ -3
50(10 0.7 2><310 IC-) ey —23
102=<10
Applying KVL to Collector Circuit

Vee =(Ip+Ic)Re+Veg

e T =

A Vep =Vee—(Ig+I1c) Re
—10—(46x107% +2.3x1073 )x 2x103

— VC~E = 5.308V .. The quiescent point is (5.308V, 2.3mA.)

i) Stability factor, S:
S 1+ 5
e
1+ ————
RC‘ + RB
S 51 5 =25.75
1+ 50 20><10 5
102>=<10
Problem4:
- Calculate the quiescent current and volrage of collector
ro base blas arrangement using the following data:
Vee =10V, Rg =100 k€2, R =2k€2, B=50 and also specify a value of R
so that Vo, =7V .

[INTU May/June 2008]

V= 10V

l Rc=2K

Rg=100K I+ Ig

B =50
(a) Applying KVL to the base circuit, we have
Vee — 16+ B)Re —IgRp —Vige =0
Voo — Vg 10—0.7
Therefore, 7, = cc BE = . - =46 uA
Ry +(1+B)R- 100x10° +(1+50)x2x10
c=PBlg=50x46 nA =23 mA
Applying K\ L to the collector circuit, we have
Vee —({p +Ic)Re —Vep =0
Therefore, Vg =Vee — (g + 1) R
=10—(46x<107° +2.3x107%)x2x10°> =5.308 V

Quiescent current, /., =2.3mA and

Quiescent voltage, Vero =5.308V
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(b)) Given Ver =7V
(Ig + IR~ =V — Ver

A+ PB)IgR =Vee —Ver
Y — Vi 10—7
P s - - cE _ =29.41pnA
o= QA+ B R (1 +50)><2>=<10> b
We have,
Ve = 15Rp v~ Ve
€ — =0
PO . Bl e 2 —OF o 4w
T 290.41>=<10

Problem5

- - If the various parameters of a CE ampl h
the self bzas method are Vo = 12 V, R, = 10 k2, R, = 5%?62“) ic}} ’;:{e)s
Ry = 2k2 and B = 100, find A J

(a) the coordinates of the operating point and
(b) the stability factor;, assuming the transistor to be silicon.

[INTU 2008]
Solution (a) 7o find the coordinates of the operating point
Refer to Fig. 4.16.
. . B _ 5%x103 _
Thevenin’s voltage, Vyq = ———— Ve = —— —X12=4V
R + Ry 15x10°
3 3
Thevenin’s resistance, R, = R R, = S0 XTOXIG" _ a5 11)
(R +Ry) 15x10°
The loop equation around the basic circuit is
Ve =IgRg +Vge + (Ug +I-)Rg
7 £
=——[(3—RB + Ve +(%+1c )RE
7
4=—S_52333%10% 0.7+, (—1—+l)><2x103
100 100
3.3=(33.3+2020)1,
LoD o] Gl
2053.3
Since I is very small, Io=I;=161mA
Therefore, Vip = Ve — IR — IR
=Vee—Ic[Re + Rg] = 12— 1.61 X 1073 %X 3 X 103
=717V
Therefore, the coordinates of the operating point are /- = 1.6l mA and
Veg =T17V.
(b) To find the stability factor S,
R 3
148 3 33x10
Rg 2x10°
S=(1+B)——R—=(1+IOO) ; =2.6
14+ 2 14100+ 3:33%10°
R 2x10°
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Problem6

v o . In the circuit shown, +Vpoo= 15V
if I-=2 mA and Vg =3 V, calculate
R, and R; (Fig. 4.19).

FINTU April/May 2007 ]

Fig. 4.19

Solution Given B =100,/-=2mA, V=3V, Vg =0.6 VR, = 10 k()
and R, = 500 Q)

Ic
We know that B=—

. =
I 3
Hence, Iy = ; = 2’;(1)3 =20 pnA

Vee = IcR; + Vg + IgR,
Ip=1I.+1I;=20X10"6+2X 1073 =2.02mA
Substituting the values, we get
15=2X 1073 X R; +3 X 2.02 X 1073 X 500
Therefore, R; = 5.495 k()
Ve = Vgr + IR, = 0.6 + 2.02 X 1073 X 500 = 1.61

RZVCC

R, + R
10=<103 <15
R, +10>=<103
Therefore, R, = 83.17 kS2

From the circuit, Vg =

1.61 =
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Unit-V

Amplifiers
1. Give the advantages of h-parameter analysis.
Ans: Analyzing the transistor circuits using h-parameters has the following advantages.
The radio frequencies up to which, h-parameters are real numbers.
h- parameters are very easy to measure.
Using the transistor static characteristic curves, h-parameters can be found.
In circuit analysis and design, these parameters are very convenient to use.
h- parameters in one configuration can be easily converted into other configuration.
These parameters are readily supplied by manufactures.

VVVVVYVY

2. Analyze a single stage transistor amplifier using h-parameters.
Ans: Figure shows a single stage transistor amplifier with external load, signal source and proper
biasing.

<——lg 2
+ ‘IL
Transistor T
network with \Vi R
proper biasing ‘2 - L
Y 2

R I h, I
s ,D% il m —2 2
-+ l|_
+ . .’
Vs hy Vz 1/h, Vs R_

Fig: h-parameter equivalent circuit of the single stage transistor amplifier circuit.

Current Gain (or) Current Amplification, A,

From output circuit I, = hyli+ hoV;
But V, =172, = —LZ
w1y =kl — LZ kg
I + LZ ho = hely
L,(1+Z,ho) = hely

I —h
A = _2__"%
Ih 1+Zho
—h
A !

T 1+hpZy,
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Input Impedance (Z;):
In the circuit, Rs is the signal source resistance. The impedance seen when looking into the
amplifier terminals (1, 17) is the amplifier input impedance Z; , i.e.,

_ ﬁ _ hf11+h-,-V2 _ hrVZ
Zi=y=T o T h A
SUbStltut'ng VZ ES _IZZL = AlllZL
Zi = hi + hTAIZL
Substituting for 4;
. _ hehyZy,
Zi=hy 1+hoZ,
heh,
=h ———"Z
ZL[E-H‘LO]

Taking the load admittance as Y, = Zi
L

Voltage Gain (or) Voltage Amplification factor (Av):
The ratio of the output voltage V, to the input voltage V; gives the voltage gain of the transistor.
i.e.,

SUbStitUting V2 = —IzzL = AlllZL
_AhZ, _ AlZy,

A
v |41 Z;
AZ
AV — 141
Z;

Output Admittance (Yo):
By definition, Yo is obtained by setting V; to zero, Z, to infinity and by driving the output
terminals from a generator V,. . If the current drawn from V5 is I,, then

Yoz%zwitthzo&Rsz

From the circuit, I, = hel;+ hoV;
b _, It
n = he 7 + ho
From the circuit V; = hely + bV,

Dividing by V,, & taking V; = 0

Dividing by V;,

= p L
0= th2+hr
o he
v, hy

Using this equation in the above we get,

I —h,
é = h'f ( hf ) + ho
hehy
h;
Voltage Amplification (Ays) taking into account the resistance (Rs) of the
source:
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. ) ‘5 N
l
~4
VsZi
1 Z;+R;
V1 Zi AUZi
1 then A, =
V. Z t+R TZitR
Substituting A, = Zif;
AiZy L

Note that if R, = 0,then A,; = P A,. Hence, Ay is the voltage gain with an ideal voltage

source (with Rs=0). In practice, Avys is more meaningful than Ay because source resistance has
an appreciable effect on the overall amplification.
Current amplification (As) taking into account the source resistance:
The equivalent input circuit using Norton’s equivalent circuit for the source, for the calculation
of Ais is shown in fig. below.

I I

. —I -1
Overall current gain, A, =—2=—2Xx=2=A4; X+
Is Ih Is Is

[ N
|
e vl Qs? -3 ? N,

R
11 == IS X J
Rs+Z;
11 _ Rs
Iy Rs+Z;

If Rs=o0, then As = A,. Hence, A is the current gain with an ideal current source (one
with infinite source resistance).

AjZ, R
But, A4,.= =
! VS Z.+Rs "Ry
AisZy,
= A4, =—
A Rs
Power Gain:
P =1
A = A A
P P, Vil v
R
Ap = AA; =+
R;
_ 12k
Ap = A7 R,

Input impedance taking into account the source resistance (Rs):

T
s
Vs —_—
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Zs =T =R+
oo ZiS = RS + hi + h‘rAIZL
Output impedance taking into account the source resistance (Rs):
By definition, Yo is obtained by setting Vs to zero, Z, to infinitely and by driving the output
terminals from a generator V.

If the current drawn from V5 is I, then Y, = :/i withV; =0&R;, = ©
2

from the circuit, I, = heI1+ hoV,
- L _ o, I

Dividing 1/, P hs 7 + ho

With V, = 0, by applying KVL input circuit,
Rsll + hill + hTVZ = O
Il(RS + h’l) + hTVZ = 0

L h

V2 Rgthy

Using this in the above equation, we get

I

—=hf[‘hr]+h0

Vo Rs+hi
hrh
& Yy=hy— for
0 0 Ry+h;

3. Draw a circuit of the CE amplifier and explain its working.

Common Emitter Amphner

Consider the transistor amplifier circuit shown in Fig.6.21. The ernitter»is commc?rt to
both input and output. Hence this amplifier is known as common emitter amphhe_r.
The resistors J?,. R2 form the voltage divider network. The voltage drop acro'ss Ro s
used to bias the transistor. The coupling capacitor Cg is used to couple -Y!-P. 1np|'.n a:
signal to the base of the transistor. It blocks any dc com.ponent present in the sign

and passes only ac signal. The coupling capacitor Cc is usefi to couple t-_he f)utpa.;
signal to the next stage. The bypass capacitor Cg is connected in parz_lllel with gmf.tf

resistance R g to provide low reactance path to the ac signal. If Cg is not connecis=

the amplified ac signal passing through Rz will cause a voltage drop across it. This
will reduce the output voltage and reduce the gain of the amplifier.

l

Fig. 6.21 cCommon emitter amplifier Fig. 6.22 Input and ocutput voltage

waveforms of an amplifier

The input and output voltage waveforms are shown in Fig.6.22. We can find
that the output is 180° out of phase with input. This can be explained as follows.
When the input is a positive going signal, the base current increases. This increase in
base current increase collector current. When collector current is increased the drop
across the resistor /2« increases and thus reducing level of the collector voltage. That
is as input voltage is increased in a positive direction, the output V, goes in negative
direction. In the same way when the input waveform goes in negative direction. the

base current decreases which decrease the voltage drop across f2¢-. This reduction,
increase the output voltage level.
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4. Draw a circuit of the CB amplifier and explain its working

Common Base (CB) Amplifier
Figure 9.33 shows the circuit of a single stage CB amplifier using an NPN transis-
tor. The emitter-base junction is forward biased by power supply V.. whereas the
collector-base junction is reverse biased by V.., so that the transistor remains in the
active region throughout its operation.

C1 / 1 C,
B 3 -
K N el °
| ( ! S
o 4 sl ;s
= 7 =
E= L = Ac
P oo ool " g oo
e e t s — v, X 4
Vee I =2 =
o % ——— ¥ — @ Y —_— I — — o
=

Fig. 9.33 Common base amplifier

Input signal applied to the emitter-base circuit and output signal is taken from

collector-base circuit. The output voltage (= Vp) is given by the equation
V,= Vec — IR (9.64)

When a sinusoidal a.c. signal is applied at the input., during the positive half
cycle of the applied signal, the amount of forward bias to base-emitter junction is
decreased, resulting in a decrease in I/gz. As a result /p (= BlIz) and hence. /. also
decreases.

From Eqgn. (9.64), the drop /. R decreases. hence V,_, = V., correspondingly
increases. Thus, a positive half cycle appears at the output without any phase rever-
sal as shown in Fig. 9.34.

5. Draw a circuit of the CC amplifier and explain its working

Common Collector Amplifier ( Emticr  followes)
Fig.6.32 shows the circuit diagram of a common collector amplifier. This circuit
diagram is also known as emitter follower because its voltage gain is close to unity.
Hence a change in base voltage appears as an equal change across the load. The
input impedance of a common collector amplifier is high and the output impedance
is low. Hence it is used as a buffer or impedance matching network that transfers
maximum power between the source and load. In addition, the common collector
amplifier increases the power level of the signal. The ac equivalent circuit is shown
in Fig.6.33 and the /:-parameter model of CC amplifier is shown in Fig.6.34. Here
we assumed h,. is very small.

vV,
Vecc / I

e
N\
R, L/ N\
Rg F =

Fig. 6.32 Common collector amplifier
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L ExBmple Problom [N [May/Sune - 08)

The h-parameters of a transistor used In a CE circuit ore h, = 1.0 k2, h, = 10 x 104, h, = 50,
h,, = 100 pA/V. The load resistance for the transistor Is 1 k2 in the cellecter circuit, Determine Z,

A, and A, In the amplifier stage (Assume R« 10000Q)

.\'nl.’ :
Current gain,

h
Ay = Al | -
LA Y

= o)
1+100x100 %103

w -45.45

Input impedance

~N
14

hnc + hvalRL
1 % 107 + 10 x 10* x -4545 x 10°

1000 « 45,45 = 954,55 Q

Voltage gain,
« ARy
Z

(4545 (1« 10%)
954.55 47,61 .

Ay

Qutput admittance,
h¢h
Y, wh,, - —L0t8
0 ‘OC hm ¢ R,‘
50 x10x 104
107 4 10
» 100 % 10°% - 25 x 10"

« 100 % 1079 -

= 75 x 1070
w 75 pA/V (or) 75 pos

Output Impedance

¢ " 13.33 kQ

-~

1
40 75x10
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Two Marks Q & A

Short Questions and Answers
1. Define valence electron.

Electrons that are in shells close to nucleus are tightly bounded to the atom
and have low energy, whereas the electrons that are in shells farther from the
nucleus have large energy and less tightly bound to the atom. Electrons with
highest energy level exist in the outermost shell of an atom. These electrons
determine the electrical and chemical characteristics of each particular type of
atom. These electrons are known as valence electrons.

2. What is meant by energy band?

In a single isolated atom, the electron in any orbit possesses definite energy.
Due to an interaction between atoms the electrons in the particular orbit of one
atom have slightly different energy levels from electrons in the same orbit of
an adjoining atom. This is due to the fact that no two electrons see exactly
the same pattern of surrounding charges. Since there are billions of electrons
in any orbit, slightly different energy levels form a cluster or band known as
energy band.

3. Define conduction band.

The conduction band is defincd as the range of energies possessed by conduc-
tion electrons.

4. Define valence band.

The valence band is defined as the range of energies possessed by valence
electrons.

5. What are conductors, Insulators and semiconductors?

A conductor is a material, which easily allow the flow of electric current. The
best conductors are copper, silver, gold and aluminum.

An insulator is a material that does not conduct electric current. In these metals
valence electrons are tightly bound to the atoms.

A semiconductor is a material that has electrical conductivity that lies between
conductors and insulators. A semiconductor in its pure state is neither a good
conductor nor a good insulator. The most common semiconductors are silicon,
Germanium, and carbon.

6. What are the classifications of semiconductors?

The semiconductors are classified as intrinsic and extrinsic semiconductors. A

pure semiconductor is called intrinsic semiconductor. A doped semiconductor
_ is called as an extrinsic semiconductor.
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10.

11.

12.

13.

14.

15.

What is meant by doping?
The process of adding impurities to a semiconductor is known as doping.
How the extrinsic semiconductors are classified?
(a) n-type semiconductor
(b) p-type semi conductor
How the n-type semiconductor can be obtained?

The n-type semi conductor can be obtained by adding pentavalent impurities
to intrinsic semiconductor. These are atoms with five valence electrons. Typ-
ical examples for pentavalent atoms are Arsenic, Phosphorous, bismuth and
antimony.

How the p-type semiconductor can be obtained?

The p-type semi conductor can be obtained by adding trivalent impurities to
intrinsic semiconductor. These are atoms three valence electrons. Typical ex-
amples for trivalent atoms are boron (B), indium (In) and gallium (Ga)

Define i) mean free path ii) mean free time.

The average distance traveled by an electron between collisions is called the
mean free path and the average time between collisions is called its mean free time.

Define Fermi level.

Fermi level is the energy at which the probability of occupation by an electron
is exactly 0.5.

What is Fermi-Dirac distribution function?

The probability that electronic state with energy E is occupied by an electron
is given by the Fermi - dirac distribution function.

1
HE) = {5 m—mmer

where k = Boltzmann’s constant
Er = Fermi energy level
T = absolute temperature in °K
For intrinsic semi conductor where the Fermi level lies?
The Fermi level lies in the center of the forbidden energy band for an intrinsic
semiconductor.
What is energy band gap of silicon and Germanium at 300° K'?

F-:ir Germanium 0.66eV
For Silicon 1.12e V
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16. For a p-type semiconductor where the Fermi level lies?

For a p-type semiconductor the Fermi level lies just above valence band
17. For a n-type sémimnductor where the Fermi level lies?

For a n-type semiconductor the Fermi level lies just below conduction band.
18. What is mass action law?

Under thermal equilibrium the product of number of holes and the number of
electron is constant and is independent of the amount of donor and acceptor
atoms. This relation is known as mass-action law and is given by

np = n?

19. Define energy gap. How it varies with temperature?

The energy gap is equal to the difference of energy levels between the conduc-
tion band and valence band of the semiconductor crystal structure and it is the
energy required to break a covalent bond. The energy gap at any temperature
(T) in Kelvin is expressed by the relation

aT?

T (2.203)

Eg = Ego —

20. Write an expression for the conductivity of a semiconductor.

The conductivity of a semiconductor is given by

Where o = (Npn + Pip)q

21. What is Einstein’s relation?

At a fixed temperature, the ratio of diffusion constant to the mobility is con-
stant. Mathematically it is expressed as
D
Dy =" =kT (2.204)
Hp  Hn

22. Define volt equivalent temperature

Volt equivalent temperature is the product of kT where & is Boltzmann’s con-
stant expressed in eV'/° K.

Vr = kT

If k is expressed in Joules /°K then Vi = kT/q
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23. Write continuity equation.

The continuity equation is given by

Op DPo—p 18Jp
— — 2 5
ot Tp q O ) (2203)

24. How the pn junction is formed?

The pn junction diode formed by two blocks of semiconductor material; one
of p-type material and the other of n-type material.

25. What is depletion region?

When the pn junction is formed free electrons from the n-side diffuse across
the junction, and fill holes on the p side and create positive ions. Similarly the
holes from p-side diffuse across the junction and recombine with electrons in
n-side and create negative ions. Since negative ions are created on p-side of the
Junction, the region close to the junction acquire a negative charge. Similarly
the positive ions created on the n-side gives a positive charge near the junction.
As these charges built up a point is reached where the total negative charge in
p-region repels any further diffusion of electrons (negatively charge particles)
into the p-region (like charges repels) and the diffusion stops. At this point
the positive ions on n-side and negative ions on p-side are immobile (fixed).
They cannot serve as current carriers. That is the region is almost completely
depleted of carriers. This region near the junction is called the depletion region.
The width of the depletion region is about 1m(10~5m).

26. What is barrier potential?

The intimate contact between p and n materials form a depletion layer near
the junction. Since the depletion layer contains positive charges on one right
side of the pn junction and negative ions on the left side of the pn-junction
an electric field is formed. The electric field produce a barrier to the flow free
electrons in the n-region, and energy must spend to move an electron through
the electric field. That is an external energy must be applied to move an elec-
tron through the electric field. The external energy depends on the potential
difference of the electric field across the depletion region. This potential dif-
ference which is required to move electrons through the electric field is known
as barrier potential (V,) and it is expressed in volts.

27. What is the barrier potential for Ge and Si?
The barrier potential for GE is 0.3 V and for Si 0.7V
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28. What is meant by forward bias?

When the positive terminal of the battery is connected to p-side of the device
and the negative terminal is connected to n-side of the device then the device
is said to be forward biased.

29. What is meant by reverse bias?

When the negative terminal of the battery is connected to p-side and positive
terminal is connected to n-side then the device is said to be reversed biased.

30. What is meant by break down voltage?

If the reverse bias voltage is increased, the velocity of minority charge carri-
ers crossing the junction increases. These carriers acquire high kinetic energy
and collide with atom. As a result the valence electron in the atom observes
sufficient energy and leave the parent atom. These additional carriers also get
sufficient energy from the applied reverse bias and collide with other atoms
and generate some more carriers. This collision and generation of carriers is a
cumulative effect, which result in large amount of reverse current. This phe-
nomena, known as reverse breakdown occurs at a particular reverse voltage for
a pn junction. This voltage is known as reverse breakdown voltage.

31. Draw the symbol of a diode

32. Draw the V-I characteristics of a diode.

0 E

Ve | : \
Vg ‘ 0.7V 7 Ve
Cut in voitage
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33.

34.

33;

36.

3.

38.

39;

Define static and dynamic resistances of a diode.

The static resistance R of a diode is defined as the ratio V/I of the voltage
to the current can be obtained by finding the reciprocal of the slope of a line
joining the operating point to the origin. But it is not a usefu! parameter as the
resistance varies widely with V' and I. The dynamic resistance r; is defined as
the reciprocal of the slope of volt-ampere characteristics.

Tf= dV/dI

What are the applications of a diode?

In rectification, clampers, clippers, switching circuits, comparators,voltage dou-
blers and diode gates

Draw the symbol of zener diode.

Anode © jﬂ_ © Cathode

In what region of the V - I characteristics, the zener diode is operated?

The zener diode is a pn junction device that is designed to operate in reverse
breakdown region.

How much voltage appears across a zener diode when it is forward biased?

For silicon diode the voltage is 0.7 V
For germanium diode the voltage is 0.3V.

How the breakdown voltage of a zener diode is set during manufacturing.

The breakdown voltage of a zener diode is set by controlling the doping level
during manufacturing.

What is avalanche breakdown?

When pn junction is reversed biased, the minority carriers constitute the flow
of reverse saturation current through the diode. These carriers acquire energy
from applied potential and collide with crystal ion. This collision generates
an electron-hole pair. The additional pair generated acquire sufficient energy
and generates another electron-hole pair, by collision. Thus each new charge
carrier in turn produce additional charge carriers by breaking covalent bonds.
As a result the number of charge carriers avalanches and results in break down.
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40. What is mean by Zener breakdown?

When the p and n - regions are heavily doped, the width of the depletion region
becomes very small. As a result, a small voltage (around 5V) can produce high
electric field intensity with in narrow depletion region. Recall that

Reverse voltage
Width of depletion layer

Electric field intensity =

Under the influence of high electric field intensity direct rupture of covalent
bonds take place. The new electron - hole pairs thus created increase the re-
verse saturation current.

41. Plot the V-I characteristics of a zener diode.

(N

42. What are the different types of voltage regulators?
Based on how regulating element is connected to the load, the voltage regula-
tors are classified as
i) Series regulator

ii) Shunt regulator

43. What are applications of the zener diode?
Zener diodes are used as voltage regulator and voltage limiters.
44. Describe tunnelling phenomenon.

When the doping level is increased the depletion region reduces. Due to thin
depletion region, even for very small forward bias many carries penetrate through
the junction and appear at the other side. This phenomenon of penetration of
carriers through the depletion region is known as tunnelling.
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45. What are the key characteristics of a tunnel diode?
The key characteristics of a tunnel diode is its negative resistance region.
46. What are the applications of tunnel diode?

1) Relaxation oscillator
ii) Micro'vave oscillator
iii) Storage device
iv) Pulse generator
v) High speed switching networks

47. Draw the V-I characteristics of tunnel diode.
'y I+(mA)

Negative
resistance
region

/- Semiconductor diode
4~ characteristics

.................

Vp 02 04 06 08 1 12 Vr

48. Draw the symbol of tunnel diode.

S ¥ -
7]

49. What are the advantages and disadvantages of tunnel diode?

Advantages:
Low cost, low noise, high speed, and low power consumption.

Disadvantages:

i) Low output voltage swing

ii) No isolation between input and output.
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50. Draw the equivalent circuit of tunnel diode.

51. What is the difference between backward diode and tunnel diode?

The backward diode is a tunnel diode with suppressed I,.
52. What is the difference between backward diode and zener diode?

For a backward diode the reverse breakdown voltage is less than that of the
zener reverse breakdown voltage.

53. What is the main application of backward diode?

Backward diodes are used to rectify weak signals whose peak amplitudes are
between 0.1V and 0.7V.

54,

Draw the symbol of varactor diode.

_{>Hﬂ |
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57. Explain how a reverse biased pn junction exhibits a capacitor?

The width of the depletion layer can be controlled using reverse bias voltage.
Since the depletion layer is an insulator, the pn junction can be thought of
a parallel plate capacitor, the p and n regions acts like plates of a capacitor
(p-region positive plate, ni-region negative plate).

58. Discuss how the capacitance varies with reverse bias voltage.

The depletion region increases as reverse voltage applied to diode increases.

Since capacitance varies inversely with dielectric thickness
(CT - %&; as w increases c decreases) , the junction capacitance will decrease

as the voltage across pn junction increase.

59. Varactor diode operates in forward bias condition True / False.

False
60. What are the applications of varactor diode?

i) Varactor diode is used in TV Receiver, AFC Circuits, adjustable band
pass filters.
ii) In frequency modulators.
iii) Used in phase locked loop (PLL) & frequency locked loop (FLL)

iv) Very low noise microwave parametric amplifiers.

What is the principle of working of LED?

It wo_rks based on electroluminescence a process that changes an electric input
to a light output, the opposite of the photovoltaic effect.

What materials are used to construct a LED?

Gallium arsenide (GaAs)

Gallium Phosphide (Ga P)

Gallium arsenide Phosphide (GaAsp)
Aluminium gallium arsenide (A{GaAs)

61.

What are the applications of LED?

i) LEDs are more popularly used in displays clocks, audio and video equip-
ments, traffic lights.

i) Itis also used as light source in optical fiber communication.
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1. What is a dc power supply? What are its basic elements? The dc power
supply converts the acvoltage. It consists of the following elements. The trans-
former, rectifier, filter and voltage regulator.

2. What is the function dc regulator in dc power supply?

The function of regulation is to keep the de voltage constant in spite of load
and input voltage variations.

3. What is a rectifier?

A rectifier is a wave shaping circuit that converts ac voltage to dc voltage.

4. Define voltage regulation. -

The degree to which the dc output voltage changes under load conditions is
measured by voltage regulation. It is defined as the variation of the dc output
voltage as a function of the dc current.

% regulation e Vo load — Viull 1oad
Viull 1oad

5. Define efficiency of a rectifier.
The efficiency 7 of a rectifier is defined by the ratio

__ dc power supplied to the load ”

: 100
Total input ac power

n

6. Define ripple factor.

The ripple factor is a measure of how successful a rectifier converts ac to dc. It
is the ratio of rms value of ac component to the dc value.

Vr(rms)
Vie

Ripple factor =
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7. Define form factor.
The form factor is defined as the ratio of rms value of the laod voltage to the
de component. Form factor = "ﬁ"*—‘-
* 8. Define Peak Inverse Voltage (PIV)
The secondary voltage that appear across the diode when it is reverse biased is
called peak inverse voltage (PIV)
9. Define transformer utilization factor.

The transformer utilization factor is defined as

de power delivered to the load
ac rating of the transformer secondary

Transformer utilization factor =

10. What are the advantages and disadvantages of fullwave rectifier?.
Advantages
(a) The efficiency is high.
(b) Higher TUF and better voltage regulation.

(c) The dc saturation of the core is avoided as current flows through the two

halves of the center tapped secondary in both directions.
(d) Low ripple factor.

Disadvantages

o

(a) Need center tapped transformer which is bulky and cost.
(b) Diodes with high PIV rating are needed.

11. What are the advantages and disadvantages of bridge rectifier?
Advantages of Bridge rectifier

(a) The efficiency is high

(b) The ripple factor is low

(c) High TUF

(d) Does not require a center tapped transformer
(e) The PIV rating of diode is only V,;,

(f) No desaturation of the core.

Disadvantage

Require four dio des.
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1. What is a transistor? Why this electronic device is aptly named?

In basic amplifying action of a transistor the signal is transferred from a low ve-
sistance to a high resistance. Hence the combination of two terms
Transfer+resistor— transistor is named to the device.

2. Describe the basic structure of the BJT.

Bipolar junction transistor (BJT) is a three-layer semiconductor device consist-
ing of two PN junctions. If a layer of n-type material is sandwitched between
two layers of p-type, the transistor is known as pnp transistor. On the other
hand if a layer of p-type material is sandwitched between two layers of n -
type, the transistor is known as npn transistor.

3. What are the three terminals in a BJT?

(a) Emitter (E)
(b) Collector (C)
(c) Base (B)
4. What are the bias conditions of the base-emitter and base-collector junc-
tion for a transistor to operate as an amplifier?

The transits operate as an amplifier when the base-emitter junction is in forward
bias condition and base-collector junction is in reverse bias condition.

Ln

- If the collector current is 2mA and the base current is 25,A. What is the
emitter current?

Solution

Given Ic =2mA

Ip =25uA
We know that Ig=1Ig+ I
=2mA + 25uA
Ie =2.025mA

6. Define dc beta,
The dc beta (3,,) is 'deﬁned as the ratio between the collector current (Ic) to
the base current (Ig). If is also known as common emitter current gain.

I

Bae ~ Tn
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7. Define dc alpha.

The dc alpha (ag4.) is defined as the ratio between the collector current (I¢) to
emitter current (/g). Tt is also known as common base current gain.

8. What are the bias condition of the base-emitter and collector-base junction
to operate transistor in cut-off region?

The transistor operate in cut-off region if the base-emitter junction and collec-
tor base junction are reversed biased.

9. If ag. = 0.98, what is G4..

Solution

Given age = 0.98

we know that Ba = Cde
1 — ag.
0.98 0.98
=1-098 o002
4. = 49

10. Why is silicon preferred over germanium in the manufacture of semicon-
ductor devices?

As the knee voltage of silicon is higher (0.7v) than the knee voltage of germa-

nium (0.3v) silicon will be stable for temperature variation than germanium.

11. Deduce the relationshin between « and 8

12. Which amplifier iias iowcst input impedance?

Common base amplifier has a lowest input impedance

13. Describe how amplification and switching are achieved b-y aBJT?
For amplification, BIT must operate in the active region.

For switching, cut - off and saturation regions of output characteristics are used.
When it is saturated, it acts as a closed switch. When it is in cut-off stat it acts
as on open switch.

N.Madhu GRIET-ECE 120



14. Draw the Ebers-moll model of a transistor.

ug g ag lg
) (<)
—> “—
—/ _/
I |
—— | < C
Vae Vac
S g N R
I~ 's L1
Ve Moo
Ie = lggle™ = 1) Ig = lep(e™ — 1)

15. What is early effect?

In the active region of a common-base transistor, the emitter junction is for-
ward biased and the collector junction is reversed biased. When the reverse
bias applied to collector junction increased the depletion region at the collector
junction increases. Since the base is lightly doped when compared to collector,
the depletion region penetrates deeply into the base of the transistor. Since the
penetration of the depletion region into base is much large than into the col-
lector, collector depletion region is neglected. If the actual base width is W
and the width of the depletion region is W then effective electrical base width
is Wg = Wy — W. This depenendency of base width on the applied reverse
bias to collector voltage is known as early effect.

16. What is the other name for early effect?
Since base width is varying with increasing in reverse collector voltage the
early effect alsc known as base width modulation.

17. What are the different ways of transistor breakdown?

There are two different ways of transistor breakdowns are possible.

(a) Avalanche Multiplication
(b) Punch-through (or) reach-through

18. What is meant by punch through?

We know that the depletion region increases with increasing reverses bias.
Since the base is highly doped depletion region, penetrates deeper into base
and the undepleted part of the base becomes narrow. If the reverse bias is in-
creased further a stage is reached at which the depletion region spread com-

- pletely across to the emitter junction, this phenomenon is know as reach -
through. '
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19. Explain about avalanche multiplication.

The breakdown mechanism of BJT is similar to that pn junction diode. Since
the base - collector junction is reverse biased; it is the junction where break-
down occurs. Avalanche breakdown is caused by impact ionization. Electron
hole pair is generated in the collector because of the high kinetic energy. These
holes are forced to the base by the electrical field including an electron cur-
rent 3yr I where M is the avalanche multiplication factor 3y > 1 results in
avalanche an unlimited increases in the collector current without any further
external control. This causes the BJT to breakdown.

20. What are the features of JFET?

(a) The operation of FET depends upon the flows of majority carriers only.
(b) The input impedance of FET is very high, in the order of M.

(c) The FET is less noisy than BJT.

(d) It exhibits no offset voltage at zero drain current.

(e) Itis simple to fabricate.

(f) It occupies less space in integrated circuit.
21. What are the different types of FET.

(a) Junction Field Effect Transistor (JFET).
(b) Metal Oxide Semiconductor Field Effect Transistor (MOSFET).

22. Define amplification factor.

The amplification factor (u) is defined as the ratio between change in drain-
source voltage (Vpg) and change in gate - source (Vgg) at constant drain cur-

rent (Ip). -
- DS
H= oVes |y,

23. Define transconductance (g,,)
The transconductance (or) mutual conductance is defined as the ratio between
change in drain current (ip) and change in gate - source voltage (Vs) at con-
stant drain - source voltage (Vps).
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24. Draw the symbbl of JFET.

] Drain
l Source

The drain resistance or output resistance (rg) is defined as the ratio between
change in drain - source voltage (Vps) and change in drain current (Ip) at
constant gate - source voltage (Vgs).

i OVDS
i dip

Gate

25. Define drain resistance.

Ves

26. What is mean by pinch-off voltage?

Pinch - off voltage (Vp) is defined as the drain to source voltage above which
drain current becomes almost constant.

27. Whatis Ipgg in JFET?

_ The drain to source voltage at which pinch-off occurs is known as pinch-off
voltage Vp and corresponding I is known as Ipgss.

28. Write Shockley’s equation.

The relation between Vi;g and Ip can be represented by Shockley’s equation

Where Ipgs = Maximum value of drain current when Vgg =0

Vp = pinch-off voltage.
29. What are the different types of MOSFET?
The modes of dperation of the MOSFET are divided in to two typc..

(a) Depletion mode MOSFET
(b) Enhancement mode MOSFET

N.Madhu GRIET-ECE 123



30. What is the other name for MOSFET? -

Metal oxide semiconductor field effect transistor (MOSFET) is also called as
insulated gate field effect transistor (IGFET)

31. What are the application of JFET?

(a) FET is used as a buffer in measuring instruments since it has high input
impedance and low output impedance.

(b) FET is used in RF amplifier in FM tuners and communication equipment.
(c) FET is used in digital circuit in computers and memory circuit because
of its small size.

(d) Ttis used in oscillators because frequency drift is low.

32. If the gate-to-source voltage in a enhancement MOSFET is zero, what is
the current from drain to source?

In an enhancement MOSFET the gate-to-source voltage is zero, then the cur-
rent from drain to source is also zero (I, ~ 0).

33. What is the mcjor difference in construction of the D - MOSFET and the
E - MOSFET?

The depletion MOSFET has a structural channel, the enhancement - MOSFET
does not.

34. If the gate-to-source voltage in a depletion MOSFET is zero, what is the
current from drain-to-source?

When gate - source voltage is zero for depletion MOSFET, the drain - source
current is equal to Ipss. (Ip ~ Ipss)

35. What are the precautions to be taken when handling MOSFET?

(a) MOSFET should be shipped and stored in conduction foam rubber.

(b) Prior to soldering, the technician should use a shorting strap to discharge
his static electricity.

(c) The soldering iron tip to be grounded.

(d) MOSFETSs should never be inserted into or remove from a circuit with
the power on.

(e) The assembler should wear antistatic clothes ..nd ground wrist beads.

(f) All the instruments and metal benches used to test the MOS devices
should be connected to ground. ‘
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36. What are the differences between BJT and JFET?
Bipolar junction transistor BJT Junction field effect transistor JFET

Bipolar device (current conduction is Unipolar device (current is by only

by both electrons and holes) one type of carrier either electrons or
holes)

Low input impedance due to forward High input impedance due to reverse

bias bias

Current control device Voltage control device

Gain is characterized by voltage gain  Gain is characterized by
transconductance.

High noise level Low noise level.

37. What are the differences between JFET and MOSFET?

JFET MOSFET
Reverse bias for gate Positive or negative gate voltage
Gate is formed as a diode Gate is formed as a capacitor
Operated only in depletion mode Can be operated either in depletion

mode or in enhancement mode.

High input impedance Very high input impedance due to ca-
pacitive effect.

38. Write down the relationship between various FET parameters?

Amplification factor = Drain resistance x Transconductance

B =Td X m

39. What are the applications of MOSFET?
(a) Itcan be used as input amplifiers in oscilloscopes, electronics voltmeters
etc.
(b) It is used in logic circuits.

(c) It is used in computer memories.
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40.

41.

42.

(d) It is used in phase shift oscillators.

(e) Itis used in FM and TV receivers.

Depletion MOSFET is commonly known as ‘“Normally-on” MOSFET why?

The depletion MOSFET can conduct even if the gate to source voltage (Vi)
is zero. Because of this reason depletion MOSFET is commonly known as
normally on MOSFET.

What are the parameters of JFET?

There are three parameters of JFET, they are

(a) ac drain resistance (74)
(b) Transconductance (gm)

(c) Current amplification factor (y).

Draw the symbol of the following.

(i) P - channel JFET (ii) N - channel JFET
(iii) P - channel depletion MOSFET (iv) N - channel depletion

P-Channel JFET N-Channel JFET
Drain Drain
Gate Gate
Source Source
P-Channel depletion N-Channel depletion
MOSFET MOSFET
Drain Drain
Gate Gate
Source Source
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I. What is meant by amplification? Define faithful amplification.

The process of converting weak signal in to strong signal is called amplifica-
tion. After amplification if the shape of the output signal is same as the input
signal then the amplification is said to be faithful amplification. That is after
amplification the shape of the output signal must be same as input with increase
in magnitude.

2. In what region of the characteristics the transistor is operated amplifier?

Active region

3. Define operating point (or) Define quiescent point.

The operating point is the values of I and Vce when there is no input signal
at the base terminal.

4. What are the effects on the output signal if the operating point is not prop-
erly chosen?

If the operating point is not properly chosen then the transistor may drive into
saturation or cutoff during input voltage swing. As a result the output of the
amplifier is clipped. In this case the output is said to be distorted.

5. What are the factors that affect the stability of operating point?
The factors that affect the stability of operating point are

(2) Temperatire T .o ) Ve

(b) A of the transistor.

6. What is the effect of change in temperature on the stability of operating
point?
The reverse saturation current doubles for every 10°C rise in temperature.
Since

Ic = B+ (1 + B) 1

the increase in I, increase the collector current Ic which in turn increase the
collector-junction temperature. As a result I, increases which further increase
Ic. That is if the temperature is increased then the collector current also in-
crease shifting the operating point upwards. Now the operating point is close
to saturation than before. If we apply the input signal, the transistor may drive
into saturation during positive cycle of the input signal. The could cause clip-
ping and bad distortion in the output.
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7. Define Stability factor.

The extent to which the stabilize of I is success is measured by the stability
factors. The stability factor is defined as the rate of change of collector current
I with respect to the leakage current I.,. holding both /7 and Vg g constant.

8. Define thermal runaway.

The reverse saturation current I, increases with increase in temperature. Specif-
ically it double for every 10° rise in temperature. When [, increase, the col-
lector current I increase which increase the power dissipation. This increase
in power dissipation increases the temperature, which further increase temper-
ature. The process is cumulative and may results in permanent damage to the
transistor. This is called thermal runaway.
9. List the advantage and disadvantages of fixed bias method

The advantages of fixed bias method are

(a) The stability of operating point is greatly improved when compared with

other circuits.

(b) low cost and simple circuits.
The disadvantages of fixed bias methods are

(a) The stability is poor.

(b) When temperature changes, (7 changes and there by [. and Vg also
increases which leads to thermal run away. '

10. Which is known as Universal bias?
Voltage divider bias.

11.Write short notes on Miller’s theorem.

In general, the Miller theorem is used for converting any circuit having
configuration of Fig. 2.67 (a) to another configuration shown in Fig. 2.67 (b).

> .
AN
1 2
i |
1 2 Vv, vV,
v, \Y; Z4 Z
: . i o—T—s. = ZK

oO———O 1—-K 2 K—1
1" 7

S 4

(@) (b)

Fig. 2.67 (a) and (b)

if Z is the impedance connected between two nodes,

The Fig. 2.67 shows that, x e . i s
node 1 and node 2, it can be replaced by two separate impedances Z, and Z >; whe

- is acte Stwee > 2 and
2 is connected between node 1 and ground and Z - is connected between node ar
. RS . :
gruul.icL o ] 7 B
The N and V are the voltages at the node 1 and node 2 respectively. Th(‘Kva’rllucb
- . - i FENE g £ g > > as : Tus
of Z and Z » can be derived from the ratio of Vo and V; (Vo / Vi), Clgnot(ld as ) oo
R = - 3 4 < - ~ > > b= s
it is not necessary to know the wvalues of V; and V., to La‘LLll‘\rtk the wvalue
Z; and Z >
The values of impedances Z, and Z > are given as
Z N
zZ, -
1— K
Zz-K
and Z > = = —1
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SYLLABUS

FUNDAMENTALS OF ELECTRONIC ENGINEERING (FEE)
Subject Code: ’ ' L/T/P/C

2/0/1/3
Int: 30, Ext: 70, Total: 100

Prerequisites:
s  Fundamentals of Modern Physics
e Fundamentals of Electrical Networks
Course Objectives: '
e To provide clear explanation of the working principles of important electronic devices
= Toshow how each device is used in appropriate circuits
*= To demonstrate how such circuits are designed
Course Qutcomes: ' :
=  Ability to get familiar knowledge on several Semiconductor Devices.
=  Ability to analyze the working operation of cach device in a circuit.
= Ability to compare the performance of devices in various applications.

UNIT-1

Semiconductors and pn Junction Diode: Sefmni conductor Physics: n and p type semi conductors, Mass
Action Law, Continuity Equation, Hall Effect, Fermi level in intrinsic and extrinsic semiconductors,
Open- circuited p-n junction, Energy band diagram of PN dicde, forward bias and reverse bias,
Current components in p-n diode, Law of junction. Diode equation, Volt-ampere characteristics of
p-n diode, Temperature dependence of V-1 characteristic, Transition and Diffusion capacitances,

Breakdown Mechanisms in Semi Conductor Diodes (Awvalanche and Zener breakdown), Zener diode
‘characteristics,

UNIT-II

Diode Applications, Special Diodes: Half wave rectifier, ripple factor, full wave rectifier, Harmonic
components in a rectifier circuit, Inductor filter, Capacitor filter, L- section filter, I'l- section filter,
and comparison of various filter circuits in terms of ripple factors, Simple circuit of a regulator using
zener diode, Series and Shunt voltage regulators

Special Diodes: Characteristics of Tunnel Diode, Varactior Diode, LED, LCD.

UNIT-III -

Bipolar Junction Transistor: Junction transistor, Transistor current components, Transistor as an
amplifier. Transistor construction, Detailed study of currents in a transistor, Input and Output
characteristics of transistor in Cv:tmrng-n Base, Common Emitter, and Common collector configurations,
Relation between Alpha and Beta and Gamma. typical transistor juncticn voltage values,

Junetion Field Effect Transistors (JFET): JFET characteristics (n and p channels), Small signal

Jmodel of JFET, MOSFET characteristics {Enhancement and depletion mede), Introduction to SCR. and
UIT.

UNIT-TV
Biasing and stabilization : BJT biasing, DC equivalent model, criteria for fixing operating point,
Fixed bias, Collector to base bias, Self bias techniques for stabilization, Stabilization factors,

Compensation techniques, Compersation against variation in VBE and lco. Thermal run away, Thermal
stability. .

UNIT-V :

Amplifiers: Small signal low frequency transistor amplifier circuits: h-parameter representation of
a transistor, Analysis of single stage transistor amplifier using h-parameters: voltage gain, current gain,
Input impedance and Output impedance. Comparison of transistor configurations in terms of Ai, Ri, Av,
Ro. 7

Teaching methodologies:
. - Power Point presentations
- Tutorial Sheets
- Assignments
- Lab experiments with Multisim software

Text Books: . . . o
1. David A. Bell: Electronic Devices and Circuits, Oxford University Press, 5 edition, 2008.
2. R.L. Boylestad and Louis Nashelsky; Electronic Devices and Circuits, Pearson/Prentice Hall, 9%
- Edition, 2006.

References: . ) ) ) -
1. T.F. Bogart Ir J.S.Beasley and G.Rico: Electronic Devices and Circuits — -Pearson Education, 6

edition, 2004.
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