I B.Sc.,(CBCS),I-Sem. Unit-I: A C CIRCUIT FUNDAMENTALS

The Sinusoidal voltage/current wave — Average and RMS value- Phasor representation - ‘] operator, A C applied to
RC, RL and RLC circuits — Phasor diagrams- concept of impedance- Power factor in AC circuits — Numerical problems.
Introduction: AC voltages and currents are generated by rotating a coil of wire (rotor) inside a
magnetic field (stator), as shown in Fig.(1), the resulting waveform is a sine wave as shown in
Fig.(2). The height or amplitude of a sine wave is called the Peak value. It is often described by
Effective or Root-Mean-Square (RMS/rms) value and Average value. The RMS value is about
70.7% of the Peak value and the Average value is 63.7% of the peak value. Most analog and digital
meters measure RMS value of a sine wave.
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Fig. (1): Generation of AC voltages and currents
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Fig. (2): Sine wave
Alternating quantity (voltage or current): AC voltage or current is defined as the alternating
quantity which constantly changes in amplitude and whose direction reverses at regular intervals
of time.

As shown in fig.(2), the amplitude of a sine wave increases from zero to a maximum in one
direction, then falls to zero, reverses its direction, becomes maximum in opposite direction and
then falls to zero again i.e., the wave changes its amplitude and direction with time. During the
positive portion of voltage, the current flows in one direction and during the negative portion of
voltage the current flows in the opposite direction. Both positive and negative portions are
symmetrical.

Sine wave: An alternating quantity (current and voltage) obeys sine law; hence it is called a
sinusoidal wave, referred as a Sine wave.

Some definitions of a Sine wave:
Cycle: The complete + Ve and - Ve portions of the sine wave are called one cycle.
Frequency (f): The number of cycles that a sine wave completes in one second is called




frequency. Unit hertz, Hz (s?).
Time Period (T): The time taken by the sine wave to complete one full cycle is called the
Time Period. Unit second (s).
The sine wave equation:
A sine wave shown in fig.(2) is represented by the equations
v=VuSinot.............. for ac voltage
i=LnSinot................ for ac current
Where V), is the peak (maximum) value of the voltage and I, is the peak (maximum) value
of the current. v’ is the voltage at any instant of time called instantaneous value of voltage and ‘i’
is the current at any instant of time called instantaneous value of current.  is called the angular
frequency and ‘wt’ is the phase angle of the sine wave.
Different forms of Sine wave equation.

v=V,Snb i=1,Sin0

v="V,Sin ot 1=1, Sin ot

v ="V, Sin 2 ft i=1,Sin2mft

o=V, Sin 2Zt i= 1, 5in 2Zt
T T

Characteristics of a Sine wave:

a) Its one cycle spreads over 360°

b) Its polarity reverses for every half cycle

¢) It has maximum positive value at 90° and maximum negative value at 2700

d) It has zero value at 09, 1800 and 360°

e) It changes its value fastest when it crosses the zero axis

f) It changes its value the slowest when near its +ve maximum value and -ve maximum value.
Different values of sindusoidal voltage and current.

As the magnitude of the sine wave is not constant, thus the waveform can be measured in different
ways. They are

(1) Instantaneous Value
(2) Average value
(3) Peak value
(
(

4) Peak to peak value

5) Amplitude

(6) Root Mean Square value (rms value)

Instantaneous Value:
The instantaneous value of an alternating voltage or current is the value voltage or current at any
instant of time as shown in fig.(1). This value is different at different times along the waveform.
Average value:
The average value of an alternating voltage or current is the average of all instantaneous values
during one half cycle (+ve or -ve).

(Note: The average value over a complete cycle is zero. Because the voltage is positive during one half cycle

and negative during the other half cycle, therefore, the average value of the voltages occurring during the

complete cycle is zero)
Root Mean Square value (RMS value):

An alternating voltage or current in circuits are generally stated as Root Mean Square values (RMS
value) rather than by their maximum or peak values. The RMS values of voltage and current are
represented by Vimsand Iims respectively. RMS values are effective values.

Peak value:

It is the maximum value of an alternating voltage (V) or current (I,) during +Ve or -Ve half cycle.
The peak value applies to both +ve and -ve values of the cycle.

Peak to Peak value:




It is the sum of the +ve and -ve maximum values of an alternating voltage or current usually
written as V., or I,pvalue.

During each complete cycle of a sine wave there are always two peak values, one for the positive
half-cycle and the other for the negative half-cycle. This value is twice the peak value of a sine
wave, i.e. the peak to peak value of the sine wave is the value from +ve to -ve peak as shown in

fig.(1).
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Expression for Average value:
Definition: It is defined as the “amount of AC power that transfers the same charge as is

transferred by the DC power through the same resister for the same time”. The symbols used for
defining an Average value are Vayg or Layg.
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That is Lvg = 63.7% of the maximum value I, of a sine wave. _—_ \
Similarly, Vavg = 63.7% of the maximum value Vi, of a sine |
I
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The Effective value or Root Mean Square (rms) value of a Sine wave:
The alternating voltage and current are expressed in Effective value rather than in peak-to-

peak value. The effective value of a sine wave is computed by taking equally-spaced instantaneous

values of current along the curve and extracting the square root of the average of the sum of the

squared values. For this reason, the effective value is often called the "root-mean-square (rms)"

value. Thus,

L = NJJ'fanra\gE of the sum of the squares of Tig.

Expression for RMS value of AC current:

Definition: It is defined as the “amount of AC power that produces the same heating effect
as an equivalent DC power in a same resister for a same time”. The symbols used for defining an
RMS value are Vrus or Irms



Let us consider a Sinusoidal current i = I, sin 6.
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Therefore, for the effective value or RMS value of AC current, I e or I 1ms = 0.707 X I
i.e., Iims = 70.7% of the maximum value I, of a sine wave.
Similarly, Vims =70.7% of the maximum value V., of a sine wave.
Note: At this point it is found that a maximum ac value of 1.414 amperes is required in order to have
the same heating effect as direct current. Therefore, in the ac circuit the maximum current required is 1.414
times the effective current.
Form Factor:
The form factor for a sin wave is defined as the ratio of R.M.S value to the Average value

Root Mean Square value _ 0,707 Maximum value

Form Factor of a sine wave = = .
Average value 0,637 Maximum value

=111

Peak or Crest Value:
The peak or crest value of a sine wave is defined as the ratio of Maximum value to the R.M.S value

Maximum value Maximum value

Peak /Crest value of a sine wave = . = :
Root Mean Square value 0,707 Maximum value

= 1,414

Phaser (or) Vector Representation of sinusoidal waveforms :

A sinusoidal waveform can be shown as a plot of amplitude against time or 0 = @.t. In can also be
shown as a rotating vector or phaser. Both these methods are illustrated below. Thus, Phasor can
be used to represent sinusoidal waveforms.
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The rotating vector on the left is assumed to be rotating at a constant angular velocity o and
its projection on the vertical axis = P sin @ t. = P sin 0 is plotted as shown on the right.
Circuit Analysis using complex number representation and operator ‘j’.

The amplitude and phase angle of sinusoidal waveforms can be written in the form of a
complex number. Also many problems in AC circuits get simplified by the use of Operator j'.
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Operator " is used to represent an imaginary quantity of the complex number. Mathematically, it
is given a value, ie, j= V-1

Significance of operator ‘j’ : When operator ‘j ‘is applied on a vector quantity A i.e., jA, it denotes
the rotation of the vector through 90° in anti-clockwise direction i.e., OX to OY in Fig.(1). Similarly,

-j A denotes the rotation of the vector through 900 in the clock wise direction, i.e., OX to OY’. The
double operation of j on a vector, rotates it in anti-clockwise direction through 1800 i.e., from OX to

OX'. Thus, 2 A =-A

A
X' X
- >
PA=-A |© A
-iA
Y'y
Fig.(1) Fig.(2)

The combination of a real quantity A and an imaginary quantity jB is called a complex
quantity. Thus the resultant

R=A +jB
represents a complex quantity, where j B represents that the vector B is taken perpendicular to
vector A, shown in fig.(2).
The magnitude of the resultant vector R is given by |R| =VA? + B2

and its direction (+Ve or anti clock wise, ccw) with respect to A is given by ¢ =tan! B/A

Application of opeartor ‘j’ : To understand the application of opeartor j, consider that an AC
voltage v = V},, Sin wt is applied across an inductor L. Since the voltage across the inductor (V. = &
Ll ) leads the current I passing through it by 909, hence by the use of operator j, we may write
VL =j oL In ,because multiplication by j means rotation by a +Ve angle of 90°. Thus the inductive
reactance (opposition to the flow of current by L) is XL =® L is completely given by the term j L.

Similarly, capacitive reactance (opposition to the flow of current by C) is Xc - 1/@ C is
completely given by -j/® C =1/j ® C, because the voltage across the capacitor (Vc) lags the
current I passing through it by 900.

If we have resistance R in series with an inductance L, then the impedance Z (total
opposition to the current flow by L and R) is givenby Z=R+jwL,

its magnitude is |Z| =VR? + w22

— -1 wL
and phase angle @ = tan™" —

Similarly, vector impedance of R in series with C is given by

Z=R--L
wC
|Z| = |R? + w21c2 and @ = tan™?! (ﬁ)

In the same way, Z of a circuit containing R, L and C in series is given by

Z=R+] oL ——=
jwC

=R+ (wL ——)
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— |p2 -

z| = JR +(wL-2)

L L
and @ = tan™? [—(w R“’C)]

Power factor:

Power is the rate of doing work and Power factor is the measure of Power how effectively
utilized by the circuit. Power is designated by P and Power factor by Cos @, i.e., cosine of the angle

between V and I in the circuit.
The power factor of a circuit can be defined in one of the following ways:

() Power factor (Cos @) is the cosine of angle between V and I in the circuit.
.. R _ Resistance
(ii) Power factor = - = ————
Z Impedance
Vicos @ True power Vavg-lav
(iii)  Power factor = = P = g-avg
VI Apparent power Vims-Irms

It may be noted that power factor can never have a value greater than 1.
** Maximum value of Power factor (Cos®) is one only.
*** Power factor (Cos®) of the circuit, containing pure resistance is one (unity), because voltage
and current are in phase in a pure resistance i.e ® =0 and hence, Cos ¢ = 1.
Significance of power factor:

The Power factor of a circuit is the measure of its effectiveness in utilizing the apparent
power drawn by it. The greater the power factor, the greater is its ability to utilize the apparent
power. For this reason, the power factor of a circuit should keep to unity.

Wattles current:

If the average power consumed in AC circuit is zero, the current in the circuit is said to be
watt less current.

It is possible when the power factor is zero. i.e.,, when Cos@ =0 = @ = g =900

Thus, wattles current is possible when voltage and current are 90° out of phase. It is
possible in case of a pure inductance/capacitance where the current lags/leads the voltage by 90°.
Thus, in a pure inductance/capacitance, the average power consumed is zero.

R-L SERIES CIRCUIT:
Fig. (1a) shows a pure resistance R ohm connected in series with a coil of pure inductance of L
henry.
Let V =r.m.s. value of the applied voltage
I = r.m.s value of the circuit current
Vg =1IR.....where V is in phase with I
V,=1X, ...where V, leads I by 90°
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Fig.1(a) Fig.1(b)

Taking current as the reference phasor, the phasor diagram of the circuit can be drawn as
shown in fig.(1b). The voltage drop Vi( = IR) is in phase with current and is represented in
magnitude and direction by phasor OA. The voltage drop V, (=1X,) leads current by 90° and is
represented in magnitude and direction by the phasor AB. The applied voltage V is the phasor
sum of these two drops i.e.,

V=\VZ+ V2 =\/(R)? + (IX,)?2 =1,/R? + X?
|4

[=
/ R2+ X}
~ 1=V/Z where Z = \/R? + X}
The quantity /R? + X} offers opposition to current flow and is called Impedance of the
circuit. It is represented by Z and is measured in ohms (Q).

v=J_ sin mt

Fig.(2)

It is clear from the phasor diagram that circuit current I lags the applied voltage V by @°. This
is also shown in Fig. (2). The value of phase angle @ can be determined from the phasor diagram

as: tan@=—=—>=
Since Xi and R are known, the value of @ can be calculated.
If the applied voltage is v = V;, sin wt, then equation for the circuit current will be:
i=Insin(wt-9)
where In-V,/Z; ®=tan"'X,/R

R.C. SERIES CIRCUIT:
Fig. (1) Shows a resistance of R ohms connected in series with a capacitor of C farad.
Let V =r.m.s. value of the applied voltage

I = r.m.s value of the circuit current

Vg = 1IR.....where Vj is in phase with I

Ve=1Xc ...where V; lags I by 90°



Fig.(1) Fig. (2)
The phasor diagram of the circuit is shown in Fig.(2). The supply voltage V is the phasor sum
of Vz (=1IR) and V(= 1X;) drops i.e.

V= [VE+ VE=UR)*+ (—IXc)? =1 /RZ + X2

v
I=
2
/R2+XC

The quantity |R? + XZ offers opposition to current flow and is called impedance of the circuit.

I=V/Z whereZ = /R2+ X2

i=1I, sin(oX+¢)
v=V,sinox¢

P ; > ot
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Fig. (3)
It is clear from the phasor diagram that circuit current I lead the applied voltage V by @°.

Ve | IXe _ X
Where: tan@ = - S =-—¢=_2¢

Vg IR R

Since current is taken as the reference phasor, negative phase angle implies that voltage lags the
current. This is the same thing as current leads the voltage See Fig. (3)).
R-L-C SERIES CIRCUIT:

This is a general series a.c. circuit. Fig.(1) shows R,L and C connected in series across a supply
voltage V (r.m.s). The resulting circuit current is I (r.m.s).

=~ Voltage across R, V; =IR ... Vg is in phase with I

Voltage across L, V,=LX; ...where V; leads I by 90°



Voltage across C, V.= 1X, ...where V; lags I by 90°
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As before, phasor diagram is drawn taking current as the reference phasor. In the phasor diagram (See
Fig. (2), OA represents V;, AB represents V;, and AC represents V. . It follows that the circuit can either be
effectively inductive or capacitive depending upon which voltage drop (V, or V) is predominant. For the
case considered, V; > V, so that net voltage drop across L-C combination is V; — V; and is represented by
AD. Therefore, the applied voltage V is the phasor sum of V; and (V, — V) and is represented by OD.

V=\/VR2 + (V= Ve)?
= JUR)? + (IX, — IXc)? =R? + (X, — X¢ )?
4

VR?+ (X—X¢ )?
The quantity \/R2 + (X, — X; )2 offers opposition to current flow and is called impedance of the

circuit.
ircui L S—
Circuit power factor, cos @ = PRy - (1)
tang = ~L-Ye=XizXe - (2)
Vgr R

Power consumed, P=VIcos § =I1* R
Three cases of R-L-C series circuit, we have seen that the impedance of a R-L-C series circuit is given by
Z=\R*+ (X, — Xc)?

(@) When X; — X, is positive (i.e., X, > X;), the phase angle @ is positive and the circuit is inductive.

(if) When X, — X, is negative (i.e., X; > X;), the phase angle @ is negative and the circuit is
capacitive.

(iii) When X, — X, is zero (i.e., X, = X;), the phase angle @ is zero and the circuit is purely resistive

If the equation for the applied voltage is v = V;, sin wt then equation for the current will be:
i= Imsin(wt + @ ) where In=V,,/Z
The value of @ will be positive or negative depending upon which reactance (X, or X.) predominates.

The major differences between Alternating Current and Direct Current are given in the table below:

Alternating Current Direct Current

AC is safe to transfer longer distance even between two cities DC cannot travel for a very long distance.
and maintain the electric power. It loses electric power.
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The rotating magnets cause the change in direction of electric The steady magnetism makes DC flow in
flow. a single direction.

The frequency of AC is dependent upon the country. But DC has no frequency. (Zero frequency).
generally, the frequency is 50 Hz or 60 Hz.

In AC the flow of current changes its direction backwards It flows in a single direction steadily.
periodically.

Electrons in AC keep changing its directions — backward and Electrons only move in one direction —

forward that is forward.




PASSIVE FILTER CIRCUITS

Q. What is a filter circuit? What are its uses?
A passive filter circuit is a circuit which contain any combination of passive components R, L and
C. These are frequently used in radio, T.V and other electronic circuits. Their purpose is
(i) To select the desire frequency from a complex input wave
(i) To reject the undesired frequency
(iii)To apply only the desired frequency component to the circuit.
where it is required.
Q. What are different types of filter circuits?
There are four types of filters circuits.
(1) Low pass filter (ii) High pass filter (iii) Band pass filter (iv) Band stop filter. All these filter
circuits made up of inductors and capacitors along with resistors which under ideal conditions are

assumed to have no loss.

Q. Discuss the working of low pass filter and high pass R C filter circuits along with necessary theory?
High pass filter: High pass filter circuit is a circuit which passes high frequency (components)
signals, but it attenuates low frequency signals.

The circuit of fig (1a) shows a basic C R high passes filter circuit. It transmits currents of all

frequencies lying between certain frequency fc and infinity and all other frequencies are attenuated.

|
| O

Vln @ R vDut 4i -3 4B Point

fc1
O
Fig.(1a) Fig.(1b)
Working principle: Since the reactance of the capacitor ( Xc = 1/ @_) decreases with the increase

r"'}—_

Frequency (Hz)

in frequency and hence the higher frequency components in the input signal appear at the output

with less attenuation than the low frequency components.

At extremely high frequencies, the reactance X_is small and the capacitor ‘C’ acts almost as a short
circuit and virtually all the input appears at the output. Thus, this circuit behaves as high pass filter
circuit.

Frequency response curve: Frequency response curve of the CR high pass filter is shown in fig.(1b).

For a sinusoidal input voltageV,the output signal V,increases in amplitude with increasing the

1



frequency. The amplification factor or the gain of the circuit A and the angle &by which the output
leads the input are derived as follows.

From figure (1) we can write

Vo = R Vi
R+ JaC
hiVeo Ry R
Vil VR+—) =
JawC JawC
1 ! 1
1+i 1+ 1 1+i
JwCR J24fCR jf
IAl = + and Q:Tan‘l(fTCl)

1 . . . . .
Here f. = P is called lower cutoff frequency at which the magnitude of capacitive reactance is
c

equal to the resistance and the gain is 70.7% of its maximum value. This frequency fc, is also called
as the lower 3db frequency.
R C low pass filter circuit:
The circuit of fig (2a) shows low pass R C filter circuit. It transmits the currents of all frequencies

lying between ‘0’ to a certain frequency called cutoff frequency f. and all other frequencies above

the cutoff frequency are attenuated.

The circuit of the low pass filter circuit is shown in fig (2) is identical with the high pass filter circuit
except that the output is now taken across the capacitor instead of the resistor ‘R’.

Working: Since the reactance of the capacitor ‘C’ decreases with the increase in frequency, this
circuit passes low frequencies but attenuates high frequencies. At extremely high frequencies the
capacitor acts as a virtual short circuit and the output falls to zero.

A
Resistor, R I
S — AF b -40dB
s = preReaRwRTas - .
1
— '
Vs Capacitor, C Vout |
Pass band Iﬁtop band
< > 1€ >
O ol L > FREQUENCY
= fH
Fig. (2a) Fig. (2b)

Frequency response curve: Frequency response curve of the RC lowpass filter is shown in fig.(2b).
For a sinusoidal input voltageVi, the output signal voltage Vo decreases in amplitude with the
increase in frequency. The frequency response curve is shown in fig (2.b). For the circuit shown in

2



fig (2a), the magnitude of the gain ‘A’ and the angle @ by which the output voltage leads the input
are derived as follows.

From fig (2a) we can write

Vit
Vo = Ja)lc
R+
JaC
vi bt 1
Gain A=0__ JoC  _ JoC __ 1
Vi 1 . 1  1+JwCR
VI R+ Wi R+
JaC JaC
- _ 1
1+ JRC2A Ly b
fo
_ LY o1 (L
I = 1+(fcz) and 0 = tan (f)

where f. = % , Here f is called upper 3db frequency at which the gain falls to 70.7% value

of its maximum value. At this frequency, the capacitive reactance is equal to the resistance.

RL high pass filter: The basic RL high pass filter is shown in fig (1a). It transmits currents of all

frequencies lying between a certain frequency, called cutoff frequency, f. and infinity and all other

frequencies below the cutoff frequency are attenuated.

Working: Since the reactance of the inductor ‘L’ increases with the increase in frequency, so high
frequency signals in the input signal appear at the output with less attenuation than do the low
frequency components. At low frequencies, the inductive reactance is so small and most of the input
voltage by passes through the inductor. Thus, the circuit passes high frequency components readily

but attenuates low frequencies. Thus, the circuit acts as a high pass filter circuit.

R
+$ —— W f*
L 46 -3 4B Point
V; l 1[4":.;
_g g_ fc1 Frequency{Hz.] )
Fig. (1a) Fig.(1b)

Frequency response curve: Fig (1b) shows the frequency response curve. For a sinusoidal input
voltageV,, the output voltage V. increases in amplitude with the increase in frequency. The
magnitude of the gain A and the angle 8 by which the output voltage leads the input voltage are
derived as follows.



From fig (2), we can write the output voltage.

v, =v Y%k
R+JaolL
Vo Jeb 11
Vi R+JoL 1+ R 1+ R
JolL J2AfL
= 1f __1 where fclzzi
1+-2 149
Jf Jf
f
1A =1 and 0=Tan‘1(%)

Lo,
1+

The frequency f is called lower cutoff frequency or lower 3db frequency at which the gain is equal

to 70.7% of maximum value. At this frequency, the magnitude of the X is equal to the resistance.
Q. Discuss the working of LR low pass and high pass filters with necessary theory?

Low pass filter: The circuit fig (2a) shows a basic R L low pass filter circuit. It transmits currents of
all frequencies between zero to a certain frequency; called cutoff frequency and all other frequencies
above the cutoff frequency are attenuated.
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Fig.(2a) Fig.(2b)

Since inductive reactance X, increases with the increase in frequency, so high frequency components

in the input may appear across the inductor whereas the low frequency components appear at the

output. Since X, is small for low frequencies, at low frequencies the inductor acts almost as a short

circuit and virtually all the input voltage appears at the output. At high frequencies, the inductive
reactance is infinite and hence behaves as an open circuit. Thus, input voltage cannot reach the output

terminals. Thus, the circuit acts as low pass filter.

Frequency response curve: Fig. (2b) shows the frequency response curve. For a sinusoidal input

voltageV; , the output signal V decreases in amplitude with increase in frequency. The amplification



factor or the gain ‘A’ of the circuit shown in fig (2a) and angle @ by which the output leads the input

are derived as follows.

From fig (i) we can write the output voltage Vo = Vi R
R+ JowlL
- GainAzYe_ VYR ___ R
V. (R+JwL)V, R+JwL
_ 1 1 1
14 JolL 14 J2AfL 14 Jf
R R f

C,

IN = /1+(ff—2)2 and 6=tan_1(f]:—2)

Where . = % is called the upper cutoff frequency at which the magnitude of the X, isequal

to R and the gain is equal to 70.7% of its maximum value. This frequency is also called as upper 3db
frequency.

RC high pass filter as a differentiator:

Differentiating circuit: A circuit in which output voltage is directly proportional to the derivative of
the input voltage is known as a differentiating circuit.

] d ..
re. V,a—(iput
Oadt(p )

Vin (AC R Vout

-0

Fig (1) shows the typical differentiating circuit in which the output voltage across ‘R’ will be the
derivative of the input voltage.
Let V, be the input voltage and ‘i "be the resulting current. The charge on the capacitor at any

instantis q=CV,

Differentiating w.r t time, % = ¢
dt d‘%/t
i = Cd_tc - (1)

Since the capacitor reactance ( X ))R) is very larger than R, the input voltage can be considered
equal to the capacitor voltage with negligible error.

ie. V. =V,
But we taking the output voltage across the resistor, therefore the output voltage,



Vo, =iR= RC%(\/i) fromeqgn. (1) and V. =V,

Voa%(\/i) (- RC = time constant is constant)

Hence a high pass filter with a small (RC) time constant behaves like a differentiator.

Waves forms:

\.m

Via
Input wave ./\ /\ _
sme
¢ T
| \/ |

Vout

NN I v R [ WY )
R,

A circuit in which output voltage is directly proportional to the integral of the input voltage is known

RC low pass filter as an integrating circuit:

as integrating Circuit. i.e., V,a [ input

Fig (1) shows a typical integrating circuit in which output voltage across the capacitor will be the

integral of the input voltage

/\ Resistor, R I
o v AVAVAY o
V.

Capacitor, C = Vo VO X f Vi dt

Let V, be the input voltage and "i" be the resulting current. Since R is large compared to capacitive
reactance X, of the capacitor, the input voltage can be considered equal to the voltage across ‘R’

with negligible error.

= [ = —
R
a _
The charge on the capacitor at any instant is ¢ :fidt since at
q=[idt

q idt 1V, !

Therefore, output voltage Vo=—=|—==|=dt =—|V.dt
P : e J C cI R ch



or Voajinput voltage

Hence low pass filter with large time constant (RC) behaves like an integrating circuit.

Wave forms: A i Ro—

Input wave

Output wave

RL high pass filter as a differentiating circuit:

Differentiating circuit: A circuit in which output voltage is directly proportional to the derivative of
the input voltage is known as a differentiating circuit. i.e., Voaj%(input).

Fig (1) shows the typical differentiator circuit in which the output voltage across the inductor will be
the derivative of the input voltage.
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Voaja(mput)
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g e 1
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Let Vi be the input voltage and i’ be the resulting current. Since R is very large compared to inductive
reactance X of the inductor and hence the input voltage can be considered as equal to the voltage

across R with negligible error.

ie. V,=Ri
or i =—
R
Now the output voltage across the inductor is given by,
di
Vo, =L—
° Tdt
d V. L d Y/
=L——I=—— . . |=—I
Olt(R) Rolt(V.) ( R)

Therefore, V oa%(vi) (since % is a const. called time const.)

Thus, the output voltage of a high pass filter with small time constant is proportional to the derivative
of the input voltage and hence it is known as differentiating circuit.



Wave forms of the integrator
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LR low pass filter as an integrating circuit: A circuit in which output voltage is directly
proportional to the integral of the input voltage is known as integrating

Circuit. ie. Voajinput .

Fig (1) shows a typical integrating circuit in which output voltage across the resistor will be the
integral of the input voltage.
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Let V, be the input voltage and i’ be the resulting current. Since the inductive reactance X, (X, ))R)

is very much larger than ‘R’, the input voltage can be considered equal to the voltage across ‘L’ with
negligible error.

eV, = Lﬂ
dt
or di :\idt
L
ori = lJ'Vidt
L

Now output voltage, V, = iR = R%f Vdt
L. . L
Vo a_fvidt Where R Is a const. called time constant of the circuit.

Hence a low pass filter with large time constant behaves like a integrating circuit.
V Via
Input wave form

output wave form




I B.Sc.,(CBCS),I-Sem. Unit-V: Resonance

RLC Series Resonance: RLC Series resonance circuit, resonant frequency, Q-factor- bandwidth -Selectivity.
RLC parallel Resonance: RLC Parallel resonance circuit, resonant frequency, Q-factor- bandwidth -Selectivity.
(Importance of Q-factor, Band width, Selectivity and their real time applications and usage)

Introduction to Resonance in ac circuits:

A circuit is said to be at resonance, when the frequency of an AC voltage applied, equals
to the natural frequency of the circuit.

In a.c. circuits, however, the voltage and currents are usually out phase. Under certain
conditions the current and voltage may be in phase and the circuit behaves as a pure resistive.
This phenomenon is known as resonance. The resonance usually occurs at a single frequency,
known as resonant frequency.

In RLC series circuit the resonance occurs when the inductive reactance and
capacitive reactance are equal in magnitude but cancel each other, where as in parallel RLC circuit
the resonance occurs when inductive suceptance and capacitive susceptance are equal in
magnitude, but cancel to each other.

Accordingly, there are two types of resonance in ac circuits, namely, series and parallel
resonance. When the circuit is at resonance, the voltage applied and the current in the circuit are
in phase, because they are 180 degrees apart in phase at resonance, and cancel each other. Hence
the power factor of the circuit is unity at resonance.

Series resonance:

In RLC series circuit the resonance occurs when the inductive reactance and
capacitive reactance are equal in magnitude but cancel each other, because they are 180 degrees
apart in phase at resonance.

Applications of Series Resonance circuits:

Series Resonance circuits are one of the most important circuits used in electrical and
electronic circuits. They are,
1. AC mains filters,
2. Noise filters and
3. Radio and Television tuning circuits (producing a very selective tuning circuit for the
receiving of the different frequency channels).
Expression for the Resonant Frequency:
[Q. Derive an expression for the resonant frequency of series LCR series resonant Circuit.]
Fig (1) shows the LCR series resonant circuit. In it the resistance R, inductance L and
capacitance C are connected in series with a source of em.f. V =V Sinwt . The resistance ‘R’

includes the resistance of the inductor and the resistance of the source or Generator.

L C R
BRI 22 1 B | A S — M
VI. ) VC il VR . ““‘-\'13 - 1
VB -
V=V sinat
) Vi w
Fig (1) LCR series resonant circuit fig.(2) Vector diagram at resonance
. e 1 J

The impedance of the circuit is given by Z=R+JoL+——=R+JoL——

JaC c

1
=R+ J(owkL——— — (1
( a)C) eqn.(1)
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At resonance, ®=o, the reactance component of the impedance is zero, i.e. L — C =0
Wo
1
or w,L =
o,C
or w,’ = !
° LC
1
or @, ==
JLC
1 .
Therefore, the resonant frequency, f =——— [since wo= 211f;]

" 27z4JLC

At this frequency, the reactive term that varies with frequency disappear and /Z/ = R
(from eqn.(1) ). Thus at resonance, the impedance equals to R, while at any other frequency, the

1
magnitude of the impedance Zis /Z/ = \/ R* + (ol — E)z , which is always greater than R.

Hence in series a RLC circuit at resonance the impedance is minimum and the current will be

. o .V
maximum and is givenby I, = R
Frequency response or Resonance curve:
The curve drawn between the current and frequency is called frequency response curve or
resonance curve. As the frequency of the applied voltage is increased the current ‘I’ in the circuit

varies as shown in fig (1).

R small

X > Xe

R medium

Current Amplitude

R high

Jr Frequency, f >
Figure.(1)

For smaller value of ‘R’ the curve is sharply peaked and for a larger value it is flat. The

: : \ :
current is maximum at the resonant frequency, f, and equal to R amp. For frequencies less than

f,, (X (X)) and therefore the circuit behaves like an RC circuit. And for frequencies greater

than f,, X)X and the circuit behaves like an RL circuit.



Bandwidth of a series resonance circuit:
The band width (BW) of a series resonance circuit is defined as “the range of frequencies
over which current equals to or greater than 70.7% of its maximum value of current at resonance”.

I I= %
Ima '“- -------- .
1
I
0.707 Ipag | — — o0 e o :__
|
|
|
b
b
[
b -
0 / f \ Frequency, f
I Ju
Lower Upper
frequency frequency

Figure.(1) frequency response curve of series RLC circuit.

In fig (1) f andf, are called half power or -3dB frequencies ( taking 0dB as the maximum
current reference) at which current is exactly equal to 70.7% of the maximum value . The
frequency f. is called lower cutoff frequency (lower half power frequency) and the frequency fu
is called the upper cutoff frequency (upper half power frequency). The distance between these

two points, i.e. ( fu - fr) is called the Bandwidth, (BW). The series resonance circuit offers low
impedance in this frequency range.

Quality factor of a series RLC resonant circuit:
For a series RLC circuit it is defined as “the ratio of the voltage across either a capacitor,
VC or an inductor, Vi to the supply voltage, V”. So, it is simply as the voltage magnification.

. . : .V
At resonance, current is maximumie |, = R
Voltage across either ‘C" or ‘'L’ = i X =i, X,
Supply voltage V= iR
. C R
\ X L 2z.f.L L
o Qfactor = b=lL OE T Rl et a—
IR R R ) o L
l = * V‘ 7 ra
Now, for series resonance, fr = Vi € VR
2nNLC
Q-factor = a1 = 1 \/E . @V:V“smul
R 2z+LC C
o Ve 1L
Similarly we can show that Q factor =— = RVC"
From the above equations Vi or V. = Q-factor x V.

Since Q >1, therefore the circuit exhibits voltage magnification. For a series resonance
circuit higher Q factor means higher is the sharpness of the resonance.

Pro.1.In series RLC circuit=100 ohm L=0.5 H and C = 40 pF. Calculate the resonant, lower and
upper half power frequencies.
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27 LC

Solution: Resonant frequency, f, =

= L = L = L =35.6Hz
2x3.14J05x40x10°  6.28/20x10° 6.28x107x4.47
Lower half frequency, fi=f, _R =35.6 - __ 10 35.6-15.9=19.7Hz
A 4%x3.14x0.5

=35.6+15.9=51.5Hz

R
Upper half power frequency, f; = fo+
pp p q y, Iz ey

Pro.2.In series LCR circuit the resonant frequency is 800 Hz. The half power points are obtained
at frequencies 745 Hz and 855Hz. Calculate the value of Q.
Sol: Given, lower half power frequency =745Hz
upper half power frequency =855Hz
resonant frequency f, =800 Hz

o -fo__f, __800 800 _,
Af  f,—f, 855-745 110

Prob.3: A series LCR resonance circuit has Q = 120 at resonance, a capacitance 200pF connected
in series with an inductance of 150pH.Calculate its bandwidth?
Sol: Resonant frequency

1 1
f = = =9.19x10°Hz
27JLC  6.281/150x10°® x 200x 102
Now Q-factor = fy = Af = i = i9.19 x10° = 7.66kHz
f,— 1, Q 120

Prob.4: A series resonance network consisting of a resistor of 30, a capacitor of 2uF and an
inductor of 20mH is connected across a sinusoidal supply voltage which has a constant output of
9 volts at all frequencies. Calculate, the resonant frequency, the current at resonance, the voltage
across the inductor and capacitor at resonance, the quality factor and the bandwidth of the circuit.
Also sketch the corresponding current waveform for all frequencies.

R = 300 L =20mH C = 2uF

4/\/\/\/_4’\"\’\’\_”7

f
40

VvV = 9volts

Resonant Frequency, f;

1

1
f, = - ~ 796Hz
2nflC 27 J0.0242410°

Circuit Current at Resonance, I,

~ 2 _ 03A or 300mA

| =
30

A <<

Inductive Reactance at Resonance, Xi.

X =2nflL = 2nx796x0.02 = 1000

Voltages across the inductor and the capacitor, Vi, Vc



VL - Vc
V =1xX = 300mA x100Q
VL = 30volts

(Note: the supply voltage is only 9 volts, but at resonance the reactive voltages are 30 volts peak!)

Quality factor, Q
X 100
_ 4 100
Q="t=23-=33
fi 796
BW = 3Q ~ 333 ~ 2382

The upper and lower -3dB frequency points, fi1 and f.

fo= 1 - %BW - 796 - %(238) — 677Hz

1

1
Fu = o+ 5BW = 796 +(238) - 915Hz

200maA

212maA

] -
/ | '\ f (Hz)
Fu Fr Fer
BTTH=z T96H=z 915H=z

Prob.5: A series circuit consists of a resistance of 49, an inductance of 500mH and a variable
capacitance connected across a 100V, 50Hz supply. Calculate the capacitance require to give series
resonance and the voltages generated across both the inductor and the capacitor.

Resonant Frequency, f;

)(L = 2nfL = 2n<50=x0.5 = 157102
at resonance: XC = XL = 157.102

1 1

= = = 20.3puF
2nfX.  2r50.157 1 H
Voltages across the inductor and the capacitor, Vi, Vc
V100
l, = R= 1 ° 25Amps

at resohance: VL = VC

V= IxX_ = 25x157.1
-~V = 3,927 5volts

Problem 6: Find the value of inductance which should be connected in series with a capacitor of
5uF and resistor of 100Q and an A.C. source of 50 ¢/s so that power factor of the circuit is unity.
Sol: The power factor of series LCR circuit is unity at resonance at which.

Inductive reactance = Capacitive reactance



wL = —
wL
o~ L= 1 1 _ 1 1 - 1
T w2c T @rf)3c 4Am2f2C  4%(3.14)2x(50)2x5x1076 4X9.86X2500X5
= 2.03Henry
~ L =2.03Henry

Parallel resonance in RLC Circuits:
[Q. Draw the parallel resonance circuit and obtain an expression for its resonant frequency]

Fig (1) shows a parallel resonant circuit in which one branch consists of an inductance ‘L’
with associated resistance ‘R” and other branch with a capacitance "C" The resistance associated
with capacitor is assumed to be negligible. An a. c. source of e m f E = E0 Sin @t is connected

across this parallel circuit.

The admittance (Y=1/Z) of the parallel circuit is given by,

R AL
Y= l= L + 1 = L +JaC C
Z R+JolL 1 R+ JalL It
JaC
_ (R-=Jawl) oC -
(R+JwL)(R-Jawl) (A,
R oL
= -J -aC) —>(1
R? + »’L? (R2+a)2L2 ) =)
Fig.(1)
At resonance, the susceptive component of admittance is zero and @ = o,
L
_eb _,c-0
R°+w, L
L
or %:wrc
R°+w, L
or W+wﬁf:£ —(2)
C
or a)rsz = L R?
C
. 1 (RY
or 0 =——-|—
LC (L
1 |1 (RY
or fp=—.—-|—
2r \LC \L

2 2
If the resistance of the coil is very small i.e., % ))(%) then (%j can be neglected.

(1
" 27z4JLC

At this frequency the admittance is minimum (impedance is maximum) and hence current is
minimum. This frequency is called resonant frequency.

Impedance at resonance:
The impedance at resonance is called ‘dynamic resistance’ of the circuit. At resonance, the
susceptive component of admittance is zero. Thus



1 R 2 L

—=— " fromeq. (1) but fromeq.2) R? +w L* =—

7 Rl q. (1) q.(2) ‘ C
.1_RC
"Z L
or Z:L
CR

If the resistance ‘R’ is small the impedance is maximum. If ‘R’ is negligible, the

impedance is infinite at resonance.

Frequency Response curve of parallel resonant circuit:

Frequency versus current curves are shown in fig (1).

Band width: .
In case of a parallel resonance circuit bandwidth is defined !

Current —»

Resonant
' Frequency

as the range of the frequencies where impedance falls to 70.7% Q fo

Frequencv —»

of its maximum value at resonance as shown in fig. (1).
Q-factor of a parallel resonant circuit: fig (1)

Itis defined as “ratio of the current circulating in its branches to the line current drawn from
the supply or simply as current magnification”.
At resonance the current circulating between the capacitor or inductor is i,0ri, and current
from the supply is ir.
i

|
Hence, Q-factor = = =Lt
i
. \Y \Y
But I, =—=—"-=0,CV
Xe 1
o,C
. \Y CRV . : . .
andl, = ———=—— (since —— is dynamic resistance at parallel resonance)
L/CR L CR
®,CV oL 24 L
Q r — r — r RN (1)
CRV/L R R
1
At parallel resonant frequency, when R is small (negligible) f, = ———
" 2riLC
27 1 1L
Substituting the value of f, in equation (1) wehave Q =—+—"—=— =
R 2zJLC C
Q. Compare series and parallel resonance in RLC circuits.

Series resonance Parallel resonance
1.Impedance at resonance is minimum, Z=R Impedance at resonance is maximum,Z=L/CR
2.Resonance frequency= ; R f = i i - R_Z

27JLC esonance frequency 2\ L2
3. Resonant frequency is independent of R. Resonant frequency is dependent of R.
4. Current at resonance is Maximum. Current at resonance is Minimum.
4. PO.WGI’ factor is Upit}f. Power factor is Unity.
5. Itis alAcceptor. c-1rcu1t. It is a Rejecter circuit.
7. For high selectivity generator should For high selectivity generator should have
have low internal impedance Z. high internal impedance Z.

8. It is called as Voltage magnification circuit. It is called as current magnification circuit.







BIPOLAR JUNCTION TRANSISTOR (BJT)

A BJT is a semiconductor three terminal device, invented in 1948 by Bardeen and Brattain of
Bell labs, USA., which revolutionized the electronic industry and become the heart of most electronic
instruments.

BJT’s have now become the backbone of all modern communication and power systems and
form the key elements in computers, space vehicles and satellites.

Types of Transistors, Structure and Circuit Symbols of Transistors:

A Bipolar Junction Transistor (BJT) or simply a Transistor is a sandwich of one type of
semiconductor (p-type or n-type) between two types of the other type. Accordingly, there are two types
of transistors:

(i) N-P-N transistor and (ii)P-N-P transistor.
Transistors are made either from Silicon (or) Germanium crystal. The structure and circuit
symbol of NPN and PNP transistors are shown in fig (1).

o f Collector
| E | N P N ——0
L C E c
B
Base
B
(8} Structure and symbol of N-P-N transistor

Emitter Collector

P N P |

‘L 8
Basa B

{b) Structure and symbol of P-N-P transistor

Fig.1(a) and (b ) Structure & Circuit symbols of npn Transistor and pnp Transistor.

A transistor (NPN or PNP) have the following sections:

(i) Emitter: The main function of this region is to supply majority charge carriers (either electrons or
holes) to the base and hence it is more heavily doped in comparison to base and collector.

(ii) Base: The center region is called the Base. This is very lightly doped and is very thin (10-m) as
compared to either emitter or collector so that it may pass most of the injected charge carriers to the
collector.

(iii) Collector: The main function of the collector is to collect majority charge carriers through the base.
This is moderately doped.

In a circuit symbol, arrowhead is always at the emitter. It indicates the conventional current
direction when EB junction is forward biased. In transistors, the collector region is made physically
larger than the emitter region. This is due to the fact that collector has to dissipate much greater power.
Due to this difference, the Collector and Emitter are not interchangeable.

Each transistor has two p-n junctions called the emitter -base (E-B)junction and collector -base
(C-B) junction. The E-B junction is always forward biased while the C-B junction is reverse biased.
Thus, the resistance of E-B junction is very small as compared to C-B junction.
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Barrier potentials and depletion regions for unbiased transistors: Fig (2 a &2b), illustrate the
depletion regions, barrier potentials and electric fields at the junctions of pnp and npn transistors .The
outer layers i.e., E and C are much more heavily doped than the center layer B. this cause the depletion

|g} pap trarsistor

N

{b) Apn transistor ks nelins A S
=
i
S

N7 /// /%\\\:%/ 7
N\ N
Jbﬂ

T“"\!
Daplatian ragons pemetrating - Depletion regions penetrating »

desply irta llghtly doped bese \ i deéply into lightly doped basa ) \ !
' = + Barrier potentials: positive on + M +

Barrier potentials: positive or | n side, negative on 3 side
the o side, fegative on the g side N ! - e
|

%7

£

region to penetrate |

Fig.(2a) Fig.(2b)
deeply into the base and thus the distance between the EB and CB depletion regions is minimized.
Transistor Biasing: The transistor biasing is shown in fig (1). The E-B junction is always forward-biased
while the C-B junction is always reverse biased for working of the transistor. For this purpose supply
voltages Vg is connected between E and B junction while Vcc is connected between C and B junction.

== =i
Vee Vee
Va3
Ik Ic Ie Ic ‘_J
is s
= : 'llh—J‘ L el =i
Vee Vee
(a) P-N-P transistor biasing (b) N-P-N transistor biasing

Fig.1. Transistor Biasing
The forward biasing of E-B junction allows a low resistance for emitter circuit and reverse-biasing of C-
B junction provided high resistance in the collector circuit.

In transistor, a weak signal is introduced in low resistance circuit and output is taken from the
high resistance circuit. So, a transistor transfers a signal from low resistive circuit to high resistive
circuit. The prefix trans means the signal transfer property of the device while ‘istor’ classifies with
resistors, so the name transistor is a contraction of words transfer and resistor.

Transistor working (working of NPN & PNP transistors): Fig(1) shows an NPN transistor with E-B
junction as forward biased by the supply voltage Vee and C-B junction as reverse biased by supply
voltage, Vcc.

Emitter ~ Base Collector Emitter  Base Collector
N P N P N P
e
]E *> o> |o> - o= IC O+ O o-} O—+= O= -9
= o= (o= | &=~ o> | 0= O= |O= | O+ O~ :
i o= o~ | =0 | o= o= I 0~ 0= |«# |0= 0= | c 1
mA Emitter / x \ Collector mA Emitter / i N\ Collector C/) mA
junction junction junction junction
G2 72 e, - i~ 5| lI 'I }
d i ST g e ) L e
Vee Vee Vee Vee

Fig.(1) Operation of npn Tr. Fig.(2) Operation of pnp Tr.
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The forward bias at the E-B junction causes electrons to flow from the n-type emitter to the p-type base.
The electrons are “emitted” into the base region, hence the name ‘emitter’. Holes also flow from the p-
type base to the n-type emitter, but since the base is much more lightly doped than the emitter, almost
all of the current flow across the EB junction consists of electrons entering the base from the emitter. A
very few electrons (2%) tends to recombine with holes in the p-type base region andconstitute base
current Ig. The remaining (98%) electrons which appear as minority carriers in the p-type base and the
reverse bias assist them to cross the junction. Hence, they are collected by collector. Now, the electrons
in the n-region (collector) readily swept up by the positive collector voltage (Vcc) and constitutes
collector current, Ic..So the current conduction in NPN transistor is carried by the electrons.

There is another small component of collector current due to thermally generated carriers due to
reverse bias at CB junction. This current is called reverse saturation current Icso (Ico). The conventional
directions of emitter, base and collector currents are shown by Ig, Is and Ic respectively.

Fig (2) shows a PNP transistor with E-B junction as forward biased and CB junction as reverse
biased by Vee and Vcc respectively. The forward bias at the EB junction reduces the potential barrier
and hence the holes cross this junction and enter into N-type base region. This constitute the emitter
current Ig. The width of the base region is very thin and it is lightly doped and hence only about 2% of
the holes recombine with the free electrons of N-region (base) and constitute base current Is. The
remaining holes (98%) which appear as minority carriers in the n-type base and the reverse bias assists
them to cross the junction (CB junction) and enter into to the collector. Hence, they are collected by the
collector and forms collector current (Ic). Now, the holes in the p-region (collector) readily swept by the
-ve collector voltage, Vcc and constitutes collector current Ic. So, the current conduction in PNP
transistor is carried out by the holes.

There is another component of collector current due to thermally generated carriers due to
reverse bias at CB junction. This current is called reverse saturation current, Icso (=Ico). The
conventional directions of emitter, base and collector currents are shown by Ig, Is and Ic respectively.
Transistor Current and Voltage Notations:

Standard circuit notation is used for transistor circuit analysis.
For d c quantities: Emitter current I, collector current Ic, base current I, collector-emitter voltage Vc,

Emitter supply voltage Veg, Base supply voltage Vgs, Collector supply voltage Vcc.

For a c quantities: 1,1, 1,,Vg Ve, s Ve

For rms values of ac currents: |, I, and |,

The total ac and dc currents: Emitter current, iE’ collector current, i and base current, I

For example (i) ic =1; +i, i) i. =1, +I,

/ \ (1P -TpC)

(dC VaIU.E) ( ac Value) Emitter Base / Collector
Currents components in a transistor = N / P
Fig (1) shows the various currents which flow across the o e - - e I
forward biased EB junction and reverse biased CB junction T'_°'
in a PNP transistor. The emitter current consists two parts, ’ e I°°
(i) hole current Ipe ( holes crossing from E to B ) ‘l / ERTTRN
(ii) Electron current L.k (electrons crossing from B to E). ‘; b By ee
oy il

Therefore total emitter current, Iz = I g + Ine 1k

/ \ Vee Ve

(Majority) (Minority) Fig.(1) current components in Tr
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Since the emitter region is made much heavily doped than base, I is negligible. Thus in a PNP
transistor the emitter current Ir (= Ig) consists almost entirely of holes. A few of holes crossing the EB
junction recombine with the electrons in n-type base and rest of them cross the CB junction.

If Ipc is the hole current at CB junction, the difference ( Ig- Iyc) is the recombination current Is which
leaves the base as shown in fig (1). The holes on reaching the CB junction cross this junction and enter
the p-region (collector).

If the emitter is open-circuited, then Ig=0, i.e., I,c would be zero. Under this condition, at the reverse
biased CB junction, due to minority carriers flow, there is a collector current Ic equals the reverse
saturation current Icso, which consists of two parts

(i) Inco caused by electrons crossing from C to B and (ii) I,co caused by holes crossing from B to C
IcBo = Inco + Ipeo
In general Ic = Ioc + Icso

(Majority) (Minority)
Fig (1) shows that It flows into the transistor for a PNP transistor and that both Iy and Ic flow out of
the transistor. s Ig=1Ic +I

Transistor circuit configurations: A transistor may be connected by connecting one of the three
terminals E,B and C to the ground.. Accordingly, there are three types of transistor circuit

configurations. They are (i) Common -base (CB) (ii) Common -emitter (CE)  (iii) common-collector
(CQO).

I, PNP 1, NPN
[ 5 ~iE
Input + R
Ve—= T
"= T
() = U] =
Fig.(1) different configurations of PNP Tr. Fig. (2) different configurations of NPN Tr.

Regardless the circuit configuration the EB junction is always forward biased and CB junction is always
reverse biased. The different configurations of PNP and NPN transistors are shown in Fig (1. (a), (b), (c)
and fig.(2) (d) (e) (f) respectively.

Constants of a Transistor:

In a common base circuit, the collector current Ic is controlled by the variations of emitter current I i.e.,
if I is changed by changing forward bias voltage at E-B junction, the Ic will also change.

Current amplification factor in common base configuration (&) “The ratio of change in collector

current (Al ) to the change in emitter current (Al.) when collector to base voltage V; is maintained
at a constant value, is called the current amplification factor, (< ).”

Al
Mathematically a =A_C cs = constant. &> (1)

IE

In CB configuration, since Ic is slightly less than Ir, & is always slightly less than unity. Its value lies
between 0.95 to 0.995.

In a common emitter circuit, the input signal is applied to the base and emitter and the output
is taken from collector to emitter.



Current amplification factor in common emitter configuration (5 ):
“The ratio of change in collector current (Al ) to the change in base current (Al;) when the collector

to emitter voltage (V. ) is maintained at a constant value is known as the current amplification (5)”.
Mathematically,
= Al C

d Al

| Vcg = constant—  (2)

Since small changes in I produces large changes in Ic, the value of S is always greater than unity,
usually, B ranges from 20 to 500.
Relation between o & f3:

Since @ and [ are characteristics of a particular transistor, they must be related to each other.

For a transistor, Ige=Ic + I

For small changes in currents, we have

ol =0lg +5l,
Dividing throughout by J1., we get olg _ olg +é‘lC _ Sl 1
ol. ol ol. ol
Substituting &zl and %:i
ol « ol p
1 1 1
a p B 1+ 3
p interms of a: we havea = ——
1+ 8
Or a(f+) = p = a + apf =p
= a = f -af or a= [l a)
a

p == -0

It is obvious that, as & approaches towards unity, f# goes on increasing.
If « =098, B =49, butif ¢ =0.99, then f =9.
Problem: The current gain of a transistor in CE circuit is 49. Calculate its CB current gain. Find the I

where Ig =3mA.
Solution: It is given that £ = 49, and Ig =3mA.

We have, Ot:i = = ﬂ =(0.98
1+ p 50

We have, Ic=al =098x3 = 2.94mA

“ Ig= Ig-Ic = 3-294 = 0.06mA

~ Isg = 0.06mA= 60uA
Transistor Leakage currents:
Collector to Base leakage current Icgo: In common base configuration, if emitter circuit is open [Fig (1)],
even then a small current flows in collector base circuit.
This current is due to the motion of minority carriers across collector base junction on due to its reverse
bias. It is known as collector to base leakage current with emitter open, Icso. This is shown in fig (1).



Expression for Collector current:

(1) Collector to Base leakage current: In common base configuration, if emitter circuit is open
tig(1),even then a small current flows in collector base circuit. This is due to the motion of minority
carriers across collector base junction on account of it being reverse biased. It is known as collector to
base leakage current with emitter open, Icgo. This is shown in fig (1).

Expression for collector current P N p
In common base arrangement of transistor, the collector current Ie 1e atle Ic
is made two parts: 3 e
(@) alg ie., part of Ir which reaches the collector and :. i
= Iceo !
(ii) Icpo i.e., collector to base leakage current. I =1g (1-0) S
i
Therefore, collector current, Ic = ol +Icso — (1) T e
1 L
The collector current can also be expressed as Ic = al + |, Vee Vec
or lc=a(lc+1g)+ gy (oleg=1g+10) Fig.(1) showing leakage current, Icso
or lcQl-a)=ag + 4o
a 1
or I, = g + lgo = (2)
l-a l-a
. o 1
e =Pl +0+ P> B [ pf=——and(l-a)=——]
l-a 1+ 4
(2). Collector to Emitter leakage current, Icro. In common emitter Ic = Bls
configuration, if base circuit is open [fig (2)], even then a small current |
flows in collector to emitter circuit. It is known as collector to emitter | ko ‘}
leakage current with base open, Icro. This is shown in fig (2). P E b
Expression for collector current: In common emitter arrangement of Is B : | EVcc
. . . N ! Faid
transistor, the collector current Ic is given by [from (2)], : |
| |
l. =0l + 1o — (4) gk Pt :
1 | | lceo
a LG i
We have, |, = T I + . lgo = (5) [from (2)] e
E

Comparing the equations (4) and (5), we get
Fig.(2) showing leakage current
B = % and leeo = . lcgo=(B + Dicpo
l-«a l-«a
(3). In common collector configuration, I is the output current and Is is the input circuit current. The
current amplification factor in CC configuration is given by 'y' (gama)

y = I—E,wehave|E=|3+|C = lg=1c-1¢
B
| e/l I
Now - ' _ E/ E — 1 ('.'a=—c)
lg —1c le/le —1c/le l-a le
1
y = —1 ,but(l-a)=—
l-a 1+

=@+

1
4 l1-«a



Comparison of different characteristics of transistor configurations:

S.No. | Characteristic Common base Common emitter Common collector
1. I/P resistance Low about (100€2) Low Very high

2. O/P resistance | Very high about 400KQ | High about 50 KQ Low about 502

3. Voltage gain About 150 About 500 Less than 1

4. Applications At high frequencies At, A F.frequencies | Impedance matching

Transistor as an amplifier:

Fig (1) shows the basic circuit of transistor amplifier. The DC supply voltages Vet and Vcc provide
proper biasing to the transistor.In the circuit, the small signal to be amplified is applied between E-B
circuit and output is taken across the load resistor Ry.

A small change in signal voltage produces an Ie P e e
appreciable change in the emitter current, because the i/p e % 4 j
circuit has low resistance due to FB. Now, due to transistor i
action, the change in Ir causes almost the same change in Ic. Signal Ig AL Oultput
When that Ic flows through the load Ry, a large voltage is :
developed across it. Therefore, transistor acts as an amplifier. F —ili]

Let a small voltage change AV, between E&B cause a Nee Vee
relatively large emitter current change (Al . ) and hence large Fig.(1) Transistor as an amplifier

collector current change (Al;), which is collected and passes through Ri. Thus
_Alg.

Al
The change in o/p voltage across theload R, AV, =R, .Al, = R .cAl; (~ from1)

a ie, Al =0Al; — (1)

". The voltage amplification A = A—Vo , will be greater than unity and the transistor acts as an
amplifier.
Problem: A CB transistor amplifier has an input resistance of 202 and output resistance of 100K <2 . If
a signal of 400 mV is applied between emitter and base, find voltage amplification. Assume & =1.

Solution:
. o . . : 400mV
The emitter current is given by, Ig = signal voltage/ input resistance = 2000 = 20mA
Therefore, |, =aly =1 x 20mA =20mA.
Now, output voltage, Vo = Ic Ry =20mA x100K €2 =2000V
\Y
. Voltage amplification, A = = 2000v =5000

~o
V,  400mV



Transistor Characteristics Curves:

Transistor characteristics are the curves that relate transistor currents and voltages. They help to
find transistor’s parameters.

Transistor characteristics curves can be drawn in any one of the three configurations, common
base, common emitter and common collector.
Characteristics of common-base (CB) configuration:
Fig (1) shows the experimental arrangement to draw the input and output characteristics of pnp

transistor in CB configuration.

‘r Veg = 10V. 5V ov

VEB mv)

Fig.(1) PNP transistor connected in CB configuration Fig.(2) Input characteristics

The supply voltage Ver and Vcc provide forward and reverse bias voltages at EB junction and CB
junction respectively. The voltage Ve and hence I can be varied with the help of potentiometer R; and
the voltage Vcp and hence Ic can be varied with the help of potentiometer R>. The d ¢ milli-ammeters
and voltmeters connected in the circuit measure the dc currents and voltages. The graphical
relationships between the dc voltages and currents drawn give the input and output characteristic
curves of a transistor.

Input characteristics: “The curve between Irand Vgp at a constant voltage Vcp represents the input
characteristic of a transistor.”

To plot the input characteristic, the voltage Vcp is kept fixed. The voltage Vs is varied in steps and
the current Ik is noted for each value of Vgs. A graph of Ig against Vg is drawn. The curve is known as
input characteristic. The experiment is repeated for the other fixed values of Vcs. The input
characteristics are shown in fig (2). The following points are

- le———— Activeregion  —-=--—=
noted from the characteristics. A
- -8 2
(i) There exists a cut in or offset or threshold voltage Vep
below which the emitter current, Ig is very small. z | ;6__#_______;"“_’"__—
(if) The emitter current, I increases rapidly with small 2
4mA
increase in emitter-base voltage Vgs. It means that § B
input resistance is very small. § A
0

Output characteristics: “The curve drawn between Icand Vcp at

B e e

.. ) By 2ot Zgqm-8 -8 i =12
characteristics of a transistor.” N ssmrton Bovs
Vce (Volts)

a constant emitter current I represents the output

Fig.(3) Output characteristics
To plot the output characteristics, the emitter current Ir is kept fixed. With the help of the
potentiometer Ry, the value of Vs, is varied insteps and collector current Ic noted for each value of Vs,
The curve so obtained is known as output characteristic. The experiment is repeated for fixed values
emitter current Ig. Fig (3) shows the output characteristics. The following points are noted from the
characteristics.



(i) In the “active region”, the collector current, Ic is essentially independent of collector voltage, Vcp
and depends only upon emitter current Ig.
(if) Although Ic is practically independent of Vcs, if Vcpis increased further the collector current
increases rapidly due to avalanche
Break down. [This is not shown in fig (3)]
(iii) In the “cut-off region,” a small amount of collector current Ic flows even when emitter
current Ig =0. This is the collector leakage current Icso.
(iv) In the “saturation region”, the collector current Ic flows even when Vcp =0. Here, both EB
junction and CB junction are forward biased.
(v) A very large change in the collector to base voltage, Vcp produces only a small change in the
Collector current Ic. It means that the output resistance is very high.
(vi) The collector current Ic is always a little less than the corresponding emitter current, Ix
(due to a small percentage of charge carriers being lost in the base due to electron-hole
combination.)
Characteristics of common emitter configuration:
Fig (1) shows the experiment arrangement

to draw the input and output characteristics

of PNP transistor in CE configuration. The supply  vgg'|

voltage Vs provides forward bias at EB junction

|
1
=

and Vcc provides reverse bias at CB junction. The

voltage Ve and hence current I can be varied with
the help of potentiometer R: and the Vcg and Ic can
be varied with the help of Ro. The dc micro and Fig.(1) PNP transistor connected in CE mode
milli-ammeter and voltmeter connected in circuit to measure dc currents and voltages. The graphical
relationship between the dc voltages and currents drawn gives the input and output characteristic
curves of a transistor.
Input characteristics:

The curve drawn between base current Iy and base-emitter voltage Ve at a constant collector -
emitter voltage Vce represents the input characteristic curve of a transistor.

To plot the input characteristic curve, the voltage Vg is fixed. The voltage Vge is varied with the
help of potentiometer R; and the base current Is is noted for each value of Vge. A graph of Iy against Ve
is drawn. The curve so obtained is known as input characteristic.
The experiment is repeated for other values of Vce. The input
characteristic curves are shown in Fig (2). The following points are Voe= 1V L ov/ g/ 1V
noted from the characteristic curves.

|a (HA) —

(i) The input characteristic curves resemble to those of a forward
biased junction diode.
(ii) The base current Is increases non-linearly with increase in base

voltage V. A
(iii) The base current I increases less rapidly with Vg as compared SRR
in common base configuration. Fig.(2) input characteristics
(iv) Input characteristic curves are only dependent upon the Vcg.
Output characteristics:

The curve drawn between collector current Ic and voltage Vck at constant base current Is

represents the output characteristic curve of a transistor.
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To plot the output characteristics, the base current Ip is kept fixed. With the help of the
potentiometer Ry, the value of Vcgis varied in steps and Ic is noted for each value of Vcg A graph of Ic
against Vcg is drawn. The curve so obtained is known as output characteristic. The experiment is
repeated for different values of Is. Fig (3) shows the output characteristics.

The following points are noted from the characteristics.

B Active region ————={
(i) In the “active region” for small values of I, the effect -6 1 o

collector to emitter voltage, Vce over collector current Ic is small, 5 i Saturation _aovh
while for large values of t I this effect increase. Here, the collector 5 s ek

withis i
current Ic is larger than input current Is. Thus, there is a current T . 2

v

amplification. The operation of the transistor, when used as an g -3 2 -200R
amplifier must be restricted in the “active region” only. ¥ /‘0:\

(i) In the” saturation region” i.e., when Vcgis very low, the

change in I does not produce a corresponding change in Ic. - - (i:;i‘(’:;
(iif) When Vg is allowed to increase too high, the CB junction o -5 -10 -15 ~-20 25
breaks down due to avalanche breakdown and then Ic increases ViealVioltay—i

rapidly and hence the transistor is damaged. Fig.(3) output characteristics

(vi) In the “cutoff region” a small amount of Ic flows even when Iy = 0. This is called leakage
current Icgo. Since Ic = 0, the transistor is said to be cutoff.

Problems 1: A transistor has Icpo=48nA and & =0.992, find #, lcgand |, when I5=30 uA.

Solution: Given Icgo=48mA =48x10°A, o =0.992
()= all-a =0.992/1-0.992 =0.92/0.008 = 124

(i) Icro= (1+7)lcpo= (1+124)48x10° A = 6000x10°A =64 A
(iii) Given, Is=30pu A .. Ic-BIs+(1+ ) lgo =124(30X104 )+ (1+124) 48X10°
= 3.72X10-3+6000X10-°A = 3726X10A = 3.726mA
The two port network & h-parameters
Consider a two port network or four terminal network contained in block box as shown in fig (1). As
matter of convention, currents flowing into box are taken as +ve and similarly voltages are +ve from

upper to the lower terminals .In fig (1), port 1(1,1') is connected to energy source and port (2,2")
connected to the load. Port 1 is called input port and port 2 is known as output port.
hiy

i_],. 2 +#1 = | Ez +
Two-port y
% Circuit 2 Vi hizVy <> byl []hn Va
o—— o
Fig.(1) Fig.(2) Hybrid parameter equivalent ckt.

The behavior of a two port network now may be expressed in terms of the four quantities, the input
and output currents (i;,1,) and the voltages (V,,V,) at the ports. Among the four variable quantities
any two may be chosen as independent variables (i,,V,) leading two equations which may be solved
for the two dependent variables (V,,1,) . Then the two equations are

v, =h,i, +h,v, > @)

I, =h,i +h,v, > (2)
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If output port is short circuited, then vV, =0 and equation (1) gives,

h, = ﬁ = ., the input impedance (Q ) with output port is short circuited.
1
hy, = I-2

~+ =N, Forward transfer current gain with output port short circuited.
I '

If the input port is open circuited then i, =0 and equation (2) gives,

V, . . . .
h, =—=h,, Reverse voltage gain with input port open circuited.

V2
|
h,, =% =h,, The output admittance with input open circuited
V2
Since h,, h,;, h,, &h,, are different parameters having different units and hence they are called hybrid
or h-parameters.
The h-parameters equivalent circuit of the two ports network, as derived from equations (1)
& (2) is shown in fig (2).

7K

CE configuration as a two port network & h-parameters. qopert ret?

The two port representation of a transistor in CE mode T T, I‘: c
is shown in fig (1). To amplify low frequency a c voltage of , PO &
small amplitude (called signal) is applied to the input port ’ 0“"?"’“
and the amplified signal is taken at the output port of the | Z Ve
transistor amplifier. l

. . !

The signal currents are I, and I, and the voltages are Vg ! v _
andV... For a transistor in CE mode the current i, and iz
voltage V¢ are independent variables and the voltage V. Fig.(1) Two port representation of

CE Amp
and current i are dependent variables. Then the equations are

e=hiz +h.vee > @)
C = hfeIB + hoeVCE - (2)

Here, h, h; h,and h, are of different parameters of a transistor and they are termed as h-parameters or

hybrid parameters.
Definitions of h-parameters if CE configuration

V
h, =25 | Vg =0, is the input impedance when output is short circuited to ac. Its unit is ohms.(Q)

e
E

h, =—25 | iz =0, is the reverse voltage gain when the input is open circuited to ac.
CE

hf'

= =0, is the forward current gain when the output port is short circuited.

e VCE

B
h, =— | iz =0,is the output admittance when the input port is open circuited to ac. its unit is
CE
mhos. (Simen )

As h h,h, and h are of different parameters having different units, they are termed as the h-

parameters of CE amplifiers.
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The hybrid equivalent circuit of CE amplifier.
Consider the CE npn transistor circuit shown in fig(1a), where Ry is the generator resistance of
the input signal and Ry is the load resistance. The equations of fig (1a) are
V, =Vge = hig +h Ve > (1) and  ig =hgig +h Ve > (2), where v, = v, =V

From equation (1), we get

iB — Vee — hreVCE or iB — Vi~ hreVo —>(3) and
hie hie
From equation (2), we get  h iz = —h Ve +ic. — (2). Fig.(1b) shows the hybrid equivalent circuit

of CE amplifier shown in Fig.(1a).

Hpi1IcL.

C ‘ 1 4'3 B c "-c 2
B
E -
3 hy, 4b<& :E i
" [ " ‘ = " s SRV, = Ves
- ! Shee =

V,
9 l

= UL T 3

Ves Vee

Fig.(1a) Fig. (1b)

» Simplified hybrid equivalent circuit of CE amplifier.
In transistor A,, is very small (=10") and hence A, v, may

1
~ 10° Q and hence — >R,

!

be omitted in simplified equivalent

¥ 1,
circuit. Also, A, of a transistor is =10 > mhos, so W is

o

Therefore 1 which is parallel to Ry, may also be omitted from the simplified hybrid equivalent
" h i i S B ,

e 2
i e ) 1 B - C e -
circuit, and is shown in fig (1).
RGI:. - ::
FoL v

» Simplified hybrid equivalent eircnit.of CB amplifier & CC an'lplifier.

E t _ “_f;c7 B .l's ts,_E,T
I [ =4
g MoV % e by ;_ V- Ve
ot \37 e \[
6 W J C ' s

~ =
Teglzo Simphitiad gbrid cpd- kb of CBomp Ty Simphified luyhid eqtl o CE owp-
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Analysis of a CE transistor Amplifier using h-parameters:
The low frequency hybrid parameters (h-parameters) equivalent circuit of CE transistor
amplifier circuit drawn in fig (1) is shown in fig (2). Now with the help of h-parameters

equivalent circuit we will derive expressions for current gain, input impedance voltage gain,
output impedance and power gain.

B c % 2
Cc I i
e R. P ¥+) b1y
Rg Vee R. Vo N Poe RL Vo=Vee
Vg hr? v() l
Vg i L i 1 ‘é
= |11} =} - E >
Ves o
Fig (1) Fig (2)
The h-parameters equations for fig (1) are given by,
Vbe = hielb + hrche _)(1)
Ic = hfelb + hoche _)(2)
and Vee = —IcRy, _)(3)

Current gain (4;,)): It is defined as “the ratio of the output current to the input current”. If I,
is the load current through the load resistanceR;, then

I I
Aie = i = _E _)(4)

Substituting the value of I, from equation (3) in equation (2), we get
I = hfelb + hoe (_ICRL)
Or I, = hpely, —IchoeR,
Or I, +IchoeR; = hpel,
Or I.(1 +heeRL) = hyel)y

h
Or e =-_ _Ye -(5)
Ip 1+hgeRp
Cr e . . . h
Substituting this value in equation (4), A;, =— o . _re
Ip 1+hgeRy
h
Aie =—- =

1+hgeRy
Input impedance: This is defined as “the ratio of the input voltage across the input terminals
of the amplifier, i.e Vj, to the current, [;,.”

Zie= Pt ~(6)
But  Vie = hielp + hyeVee = hielp *hre(=IcRL) (v Vee = —IcRL)
“Zie = VI—I: = hie - hyeRy, (;_;) = hiet hyeRLAje
Zie= hiet hreRy, (_ 1+:£:RL) ( Aie = — 1+:£:RL )
= 1 e
Voltage gain: It is defined as “the ratio of the output voltage to the input voltage”, denoted by
Ave v, —I.Ry, Ic I 1
ie, Ay =VL;_V;I,€_ _I_CVbeRL =Ai. R,
Ave=Are 7R, ~(7)
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Substituting the value of 4;, and Z;, in equation (7), we have

- hre ) 1
Ape ( 1+hgeRy <hie_hfehreRL)RL

1+hpeR],
A = hye (1+hoeRL)
ve (1+hoeRL) [hie(1+hoeRL)_hfehreRL]
—hreRL

ve™ hie+RL[hiehoe— hfehrel
Output impedance (Z,.): The output impedance of the amplifier is obtained by setting V}, to
zero, (fig (3)), R, Infinity and driving the output terminals from a generator of voltage V,= V.

If the current drawn from the source isl;, the output 1L, B c ;4
impedance, i.e., Z,, = % 8, - hiolp)
c ' C B
From equation (2), we have Mie . [+
¥) hie | —_ ~) V,
Ic =hgely + hoeVee —(8) % aD o Moe ()
e — . Ip hre Vo
or Vee hfe Vee * hoe _>(9) l-
From equation (1), we have ak: iE
0=hilp + hpeVie (% Ve = 0,R, =00)
or b= Thre —(10) Fig (3) to find Zoe
Vee hie

From equations (9) and (10) we get

Vee hie hie
Vee
Zoe - T
— hie
Zoe -

(hoehie_hrehfe)
Power gain: It is simply defined as the product of the current gain and voltage gain. Thus
Ay, is given by

Ape = Ave X Aie

s ~hfeR h
Substituting the values of, A,, and 4, Ape = ( fe & ) X (— Ie )
hie+RL(hiehoe_hfehre) 1+hoeR]L
hfezRL
A =

pe (hie+RL(hiehoe_hrehfe))(1+hoeRL)



15

Transistor Biasing & Load line analysis:

Transistor Biasing & Load line analysis:

Biasing means to apply appropriate dc voltages and currents to a transistor in amplifier
circuits.
For proper operation of transistor the E/B junction must be forward biased and the C/B
junction reverse biased.
The dc load line is a line drawn on the output characteristics of a CE transistor joining the
cutoff and saturation points.
The intersection of dc load line, with the output characteristics of calculated Ipis known as
Q-point.
The Q-point specifies the dc output voltage and current when there is no ac input signal.
By proper biasing of a transistor, a desired Q-point is obtained. This desired Q-point must
be stable irrespective of changes in temperature or transistor parameters.
The operating point (Q-point) of a transistor amplifier shifts with changes in
1. temperature variations and
ii. replacement of transistor by another of the same type due to inherent variations
in transistor parameters f, Veand Ico.
The process of making Q-point independent of temperature changes or changes in
transistor parameters is known as ‘stabilization’.
DC-load line & Determination of Q-point:
A dc load line is a straight line drawn on the output characteristics of a CE amplifier, to

determine operating (Q-Point) point current and voltages in amplifier circuit, when no input

signal is applied.
Consider a common emitter NPN transistor circuit of fig (1), when no input signal is
applied.
Ic
7 e o
:
Re I%Rc CEEN Ip = 60uA
Q
\>—’ 4 oumt IB = 40“A
Ve = 9] e
No  Wpe gy E Ig =20pA
Sllfl.gI] '_L‘) 1)
I———dlr——————'lill‘!- ' v > =
- vt 0 4 8 12.. 16 °
Ven - Ver (volt)
Fig.(1) Fig.(2)

Applying KVL to the output loop of fig (1), Vcc - IcRc- Vce=0

= Vce= Vce-IcRe- (1)

This equation gives Ic= (— Ri) Vce+ % - (2)
c c

Equation (2) represents an equation of a straight line y= m x+ ¢ — (3).

Therefore, if Ic is plotted against Vce (on the output characteristics of CE transistor), we get a
straight line, as shown in fig (2). This line is called the dc load line, with a slope m= (-1/Rc).
The two points of the line are located as follows.

(i) When Ic= 0, then Vcg = Vcc from equation (1).
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Thus we get point A, known as cutoff point.
(i)  When Vcg=0, then Ic = Vcc/Rc from equation (2).
Thus we get point B, known as saturation point.
The line joining these two points A and B, on the output characteristics of CE transistor is
called dc load line.
Determination of Q-point:
The operating point (Q-point) can be determined graphically, if I is known. Is can be
calculated using the relation Is = (Vss- VsE)/Rs.
The intersection of dc load line, with the output characteristics of calculated Ipis known as Q-
point. This Q-point has been shown in fig (2).
NOTE: Definition of Q-point or Operating point.
“The Q-point is a point on load line which represents values of Ic and Vce that exists in a
transistor circuit when no input signal is applied.” The best position of Q-point is middle of
the load line.

Stability factor, S.
It is defined as “The rate of change of collector current Ic with respect to the reverse
saturation current (Ico) when both (3 and Vseare constant”. It is written as
g = e
ICO
Clearly, a low value of S offers a good thermal stability to the Q-point, i.e., for good thermal
stability, S should be small. The stability factor ‘S is related to f.
Expression for stability factor,S:
In a Transistor the total collector current is given by
Ic =B Is+ (1+p) Lcpo
Differentiating this equation with respect to Ic (assuming {3 to be constant),
We get Z—;z = %‘i + (1+[3)dldc%
_ ndip 1
= 1 =P+ 1)

dlp _ l
= 1-p5 = 1+P);

| B, and Vg are constant.

Thermal Runaway:
The flow of collector current, Ic produces heat within the transistor. This increases the
transistor temperature and consequently the collector leakage current Ico . Any increase in Icois
magnified (1+p) times and increase the collector current Ic considerably, (~ Ic = p Ip +
(1+P)Icso). This increased collector current further raises the transistor temperature that leads
to further increase in Ico.Hence, collector current again increases and the phenomenon is
cumulative. Thus maximum collector current flows that exceed the limit and the transistor
may be burnout.
“The self-destruction of an un-stabilized transistor is known as thermal runaway.”
Transistor biasing arrangements:

As the CE circuit is most useful we shall consider the different biasing arrangements
for this mode of operation only.
(i) Fixed bias: Fig (i) shows the fixed bias circuit. In this circuit, the quiescent base and
collector currents are provided by a single power supply, Vcc. This keeps the E/B junction
under forward bias and the collector base junction under reverse bias.
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O +Vee

Applying KVL to the B/E loop, we get
Vce-1sRe-Vee=0
Or IsRe= Vcc-VE Ra3

b
Vee— VBE
Rp —=lp

AMAA
é;

vy

~. The base current Ig =

Veq

Since VgE is quite small (order of mV) as compared to Vcc. Is = %, ‘l"‘*
B

ot

Here, Ip is independent of collector current Ic. Since the base current Is
is a constant the circuit is named as fixed-bias circuit. Fig.(1) fixed bias circuit

a+p)

dl
1-6(Gi2)
For fixed-bias circuit % =0, ~ S=(1+P)

Since B is always >50, the stability factor S is quite high. If p= 50, S=1+50 = 51. Therefore, it is
rarely used.

Advantages: It is very simple circuit and it is very easy to fix operating point by simply
changing the value of Rg.

Disadvantages: (1) The circuit does not provide a stable operating point (Q), thus the transistor
gets destroyed by thermal runaway.

(2) If P changes due to transistor replacement, Ic (Ic = B Is) also changes and hence the
operating point shifts.

(ii.) Self Bias (Voltage divider Bias):

The self bias or voltage divider bias circuit is shown in fig (1). It provides a stable operating
point and sufficient protection against thermal runaway. As shown in figure Fig.(la) the
resistors Ri, Ry, Re & Rc and the supply voltage Vcc provide the proper FB to the E/B junction
and proper RB to the C/B junction. The emitter resistor Rg provides thermal stabilization. Its
stability factor is around 10. Hence it provides good thermal stability to the operating point.
Thermal runaway is also prevented in this method of biasing. Hence it is also called as
universal biasing method because it is used in almost all amplifier circuits.

Stability factor, S: It is given by S=

Vec
——()Vr e
-
Fig.(1a) Voltage divider bias circuit Fig.(1b) Thevenin’s equivalent circuit.

Stabilization: “If the collector current Ic increases, due to increase in temperature, the voltage
drop across Re increases. This decreases Vpr leading to a decrease of Iy which, in turn,
decreases the Icto its original value”
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Applying Thevenin’s theorem the left of the terminals BG in fig (1) we get the voltage Vr
and the effective base resistance Rp of the equivalent Thevenin’s circuit and are given by

R R{R
V1 =Vy=Vcc —2—, and Rp=—%

The equivalent circuit is shown in fig (2). Applying KVL to the input circuit of fig (2), we
obtain

V2 - IsRp -VgE- [ERE =0

Or Vo=I[gRp+Veet+ (Is+lc) Re—» (1) [+ (Is +Ic) =Ig]

Neglecting Ve and solving for Is we get

Iy= ((V2-IcRe)/ (Rs+Re))
Stability factor: Differentiating the equation

V2 =1Ip (R +Rg) + IcRE = (2) [from equation (1), neglecting VsE]

Differentiating with respect to Ic, we have
dv;

= dip o =
0= (Rs + Rg) 2l +Rg [~ ol 0]
U - _Re
dlc Rp+RE - (3)
Substituting this value in expression for S, we have
a+p)
~ 1+BRg/(Rp+RE) @

_ (1+B)(Rp + Rg)
(R+ Rg)+BRE
Rp
1+B) (1+37)
= RB—RE - (5)
E-’- 1+8
An examination of equation (5) shows S=1 when Rp/Rgis small and S= (1+p) when Rs/Rk —a,
Thus, when Rp/Rgis small, S is equal to 1 and the circuit provides very good stability. Typical
value of S is nearly 10.
Ex: 1 For the fixed bias arrangement shown in fig (1), Vcc= 12V, Vce =2V, =80 and Ic = 4mA. Calculate

Rc and RB_

Solution: From the output circuit, we can write Q +Vec
Vee-IcRe-Vee=0 e
Vee—VeE 12-2 RS EER"
# Ro= =668 = — 220 = 2.5KO) 3 e
We have lc=pls = Iy=s = % = 50uA —u}7 I
From input circuit Vcc-IsRp-Vee=0 I"'
- Ry=Yeetee - 20T - DA < 026K
Ans: Re= 2.5KQ, Ry =226KQ o
Ex: 2. In a fixed bias circuit of fig (1), if f= 100, Rp= 200KQ, Rc=1KQ 1
and Vcc= 10V then find the values of Ic & Vce. g EE;:
Solution: To find I, Vcc - IsRp- Ve = 0 21 q,
- Vc;;VBE ~ ZLBC _ﬁ — 50uA ﬁ I’“ Ver
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Collector current, Ic =p Is = 100 X 50pA = 5mA
From output current, Vcc - IcRc- Veg= 0 = Vg = Ve - IcRc = 10-5 % 1073 X 1 x 103 =10 - 5 =5V
& Ic=5mA and Vcg=5V
Ex: 3 A BJT used in Fig (1) has a p =49, Vcg =7V, Ic = 4mA, Rc =1.5KQ and Vcec =15V.  Ri| | Ro=1KQ
and Re=0.5KQ. Evaluate stability factor ‘S’. Also corresponding change in Ic if Alco=20nA

(1+8) [1+};—B 1 1 _50(3)_ 150
El _ —_— = =
(1+49) (1 + 0_5) /1 +49 + i 2.8

Solution: we have, S= Ry =
1+p+7E 53 53

If Alco=20nA, then Alc =S X Alco=2.8 X 20 x 10~ =56nA = 0.056uA

Ex: 4 Find the Q-point for the circuit shown in fig (1) if Ve =0.5V and p =40

Ry _ _ 4x103 _
R1+R2'VCC = Voc =———x22=2V

(40+4)x103

Solution: Open circuit voltage across A, Bis Vg, =

~ From input circuit Voc-Vee-IgRg=0 (OI') Voc- Vee-IcRg=0 [ Ic= IE]

— Voc—VBE — 2-0.5
Rg 1.5x103

Then Vce = Vec-IcRc-IeRe = Vee- Ie (Re+Rg) [+ Ie= IE]
=22 -1x 1073(10 +1.5)x 10°
=22-11.5=10.5V
~ Q-Point is (ImA, 10.5V)
Ex: 5 In the circuit diagram shown in Fig (1), Vcc =12V & Rc = 6KQ. Draw

=1mA

- e

dc load line. What will be Q-Point of zero signal base current is 20uA and p =50.
Solution: Vcg =Vcc-IcRe

When Ic=0, Vcg= Vcee= 12V—Point A

12 _

When Vg =0, Ic= 26€ = —— =2mA—Point B

Joining points A & B, dc load line is obtained. At zero signal, Is =20uA
= 0.02mA
Ic=P Is =50 % 0.02 = TmA, Vcg=Vee- IcRc =12 -1x 1073 X 6 x 103 = 12-6 =6V
. Co-ordinates of Q-Point are 6V, TmA.



FIELD EFFECT TRANSISTORS (FETSs)

Introduction:
FET is a 3 terminal device, since the electric field controls the conduction process, they are called
field effect transistors.
FET is a unipolar device i.e., its operation depends only on one type of charge carriers either electrons
or holes.
Types of FETs: There are two main categories of FETS:
(1) Junction Field Effect Transistors (JFETS) [(i) N-channel JFETs & (ii) P-channel JFETS]
(2) Insulated Gate FET (IGFET) / Metal Oxide Semiconductor FET (MOSFET/ MOST)
MOSFET is further subdivided into two types
(i) Depletion and Enhancement MOSFET (DE-MOSFET or D-MOSFET)
(if) Enhancement only MOSFET (E-only MOSFET or E-MOSFET).
Differences between FET and BJT.

1. FET is a unipolar device whereas BJT is a bipolar device.

2. FET exhibits a very high input resistance (order of several 100 of M Q) whereas BJT has input
resistance in several KQ.

3. FET is voltage controlled device whereas BJT is a current controlled device.

4. FET is simpler to fabricate than BJT.

5. FET has better thermal stability than BJT.

6. FET is less noisy than a BJT. And

7. The main disadvantage of FET is its relatively low gain bandwidth product in comparison to BJT.

JFET construction: Ohmic

contacts \\

Drain (D)

—n-channel

Fig (1) shows the construction of junction Field Effect Transistor. It

consists of a bar of N-type or P-type semiconductor with ohmic

contacts at the two ends. One end is called source (S) and the other end
is drain (D). The bar acts as a simple resistor. The region of
oppositively doped semi conducting material diffused around the bar
constitutes the third element, called gate (G). The region of N-type or
P-type between the two depletion regions is called channel. Fig (1) constructional features

The junction FET has two p-n junctions. The result is a depletion region at each junction. Depletion
regions shown in Fig (1) are under no bias condition. The majority charge carriers (for N-channel JFET

electrons/ for P-channel JFET holes) enter the channel through the source (S) and they leave the bar



through the drain (D). The charge carriers flow through the channel and are controlled by the terminal
called the gate (G).
Circuit symbols of JFETSs: - 5

The circuit symbol for N-channel and P-channel JFETSs

\ - } ¢ /
line in the symbol represents the channel to which \_V

=

are shown in Fig (1) (a) and (b) respectively. The vertical o __$L—~ O oo f_\‘ 3 ‘

source(S) and drain (D) are connected. 8 -
Fig (1.a) N-channel Fig (1.b) P-channel
Working of JFET: Consider an N-channel JFET to explain its working (or operation) as shown in fig

(1), under different operating conditions.

Depletion Iy + >
i D D
o v u/-channel ~ Pinch-off
Aot E =
e G
9—-« n ' _7on0 G Vos= Vo=
+ e Vos L I_
Vgs=0V °I ' VGS=_OV/4—
P S =
Pk o
Vps —
Fig(1) n-channel FET Fig(2) Pinch-off phenomenon

(i) When Vgs = 0 V and Vps = 0V. When no voltage is applied between drain and source, & gate and
source, the thickness of the depletion regions around the PN junctions is uniform as shown in fig(1).

(if) When V <0 and Vs = 0. In this case, the PN junctions are reverse biased. So, as Vs decreased

from zero, the reverse bias voltage across the PN junction is increased and hence, the thickness of the
depletion region in the channel increases until the two depletion regions make a contact with each
other. In this condition, the channel is said to be cut-off. The value of Vgs which is required to cut-off
the channel is called the cut-off voltage, Ve in Fig (2).
(iii) When Vgs = 0 and Vps >0V. Drain is positive with respect to the source with Vgs = 0. Now the
majority charge carriers (electrons) flow through the N-channel from S to D. Therefore, the
conventional current Ip flows from drain to source.

As Vps is increased, the width of the channel will be reduced. At a certain value Ve of Vp, the
width of the channel at ‘B’ becomes minimum. At this voltage, the channel is said to be pinched-off

and the drain voltage V» is called the pinch-off voltage.



Experimental Arrangement to Obtain Output / Drain Characteristics

Fig (1) shows the circuit diagram for determine the output / drain characteristics and transfer /
trnasconductance characteristics given JFET, where Vs is the gate supply voltage and Vpp is the
drain supply voltage sources.

1. OQutput / Drain characteristics: The curves

obtained by plotting drain current Ip and drain to
source voltage (Vps) for fixed gate source voltage
(Ves) is called the drain characteristics.

Keeping Vgs fixed at some value, the Vps is

changed in steps and corresponding Ip is noted.

Fig (1) Circuit arrangement
A group of such drain characteristics curves are drawn by setting Vgs at different fixed values. Fig (2)

shows a family of drain characteristics. The following _

Ohmic region

points may be noted from the drain characteristics. J‘ : e
. . . \  \e—— Pinch - off ———ull :' Breakdown
(i) For low values of Vps (<Vp), the drain current Ip varies ey (sanfrlgﬁon)?egim \ 7 yomen
directly with voltage following ohms law. N P Vos=0Vol B
Thus the region between 0 and P is called ohmic region and ] : et ot

< : e
the JFET behaves like an ordinary resistor. ?é :

P ! Vgs = -2 Vot
This is useful as a voltage variable resistor (VVR) /voltage o Vo Vg (i) — A

dependent resistor (VDR). - Fig (2)

(ii) As Vps is increased beyond Vp, the Ip becomes maximum and constant. The Vps at which Ip
becomes constant is called the pinch-off voltage, Ve. The region between P and B is called the
saturation or pinch-off region.

(iif) When Vps = Vp, Ip becomes maximum, known as Ipss when Vgs =0V.

(iv) If Vps is increased beyond breakdown voltage point, Ip suddenly increases and JFET enters the

breakdown region due to avalanche multiplication of /"‘ t
electrons in the depletion region between gate and drain. &% ‘;

(2) Transfer / Transconductance characteristics:

It is plot of Ip versus Vs for a foxed value of Vps as
Shown in fig (3).

To get the characteristics, Vps is kept fixed while

Vs is varied in steps and the corresponding Ip is noted.



It is seen from the characteristics of fig (3), when Ves = 0, Ips = Ipss and when Ip = 0, Ves = Vp. Or

Vas(offy . This characteristics curve follows the Shockley’s equation given by

2
Vv . .
D {1— %} , Where Ipss and Vp are constant for a particular / given JFET.
p

Ina JFET, the drain current Ip depends upon the voltages Vps and Vgs. Any one of these variables
may be fixed and the relations between the other two are determined. These relations are determined
by the 3 parameters, called mutual / transconducatnce (gm), drain resistance (rq ) and the amplification
factor (u ).

(i) Mutual / Transconducatnce, (gm).

It is defined as the ratio the ratio of a small change in the drain current, (Alp) to the

corresponding small change in the gate voltage ( AV, ).” The unit of the gm is mho or siemens

It is the slope of the transfer characteristics curve, and given by

Al )
gm =—2-, Vps is held constant.
GS

(i) Drain resistance, (rq).
It is defined as the ratio of a small change in the drain voltage ( AV ) to the corresponding

small change in the drain current at a constant gate voltage. The unit of drain resistance, rqis ohms.

It is the reciprocal of the slope of the drain characteristics and is given by

AV )
rg = IDS . Vs is held constant.
D

Note: The reciprocal of the drain resistance is called the drain conductance, gq =1/r, .

(iii) Amplification factor, (u) :

It is defined as the ratio of small change in the drain voltage, AV to the corresponding small
change in the gate voltage, AV, at a constant drain current Ip. It is given by

AV

u=- , Ip is constant.

GS
Note: Here, the —ve sign indicates that when Vgs is increased, Vps must be decreased for Ip to remain
constant.
Typical values of rg = 10K Q to 100KQ; #=0.1to 20

Relation between FET parameters:

AVps  AVps Al
AVg Ay AVg

From the definition of the amplification factor x isgivenby u =



Now from the definitions of rg and gm, 1, =AVy/Al, and g, =Al,/AVg

Mathematical expression for g, :

2
According to Shockley equation, Ip = I 5¢ {1—\%} - ()

Differentiating the equation (1) w.r.t. Vs, we have di, I pss {1 \ﬁ} _i)
dVes Ve V,
=21 V
gm — DSS (l GS J N (2)
V, Vo

Let, when Vgs =0, 9n=0mo -~ Omo = _f/&_) (3)

P
. Vv
From equations (2) & (3), we get g,, = 0., ( —%]
P
Applications of FET:
1. FETs are used in electronic voltmeters, since it has very high input impedance and hence draws

no current.

2. FET is used as an excellent buffer amplifier in measuring instruments, receivers etc., since high
input impedance and low output impedance.

3. FETs are used in digital circuits in computers, memory circuits because of its small size.

4. FETs are used in RF amplifiers in FM tuners and communication equipment for the low noise
level.

5. FET is used as a voltage variable resistor (VVR or VDR) in tone controls since it is a voltage
controlled device.

FET as a voltage variable resistor (VVVR):

In the ohmic region (i.e., before pinch-off region), where Vps is small (< Vp), the drain to
source resistance rq can be controlled by the bias voltage Ves.
In FET, the drain-to-source conductance, g, =Al,/AVy. For small values of Vps, it may

Ves

2
also be written as g, =g, 1—( j , where g, is the value of drain conductance when Vgs =0.

P

The variation of the r, with Ves can be closely approximated by an expression
r, =r,/1-KVg  wherer,is the value of the drain resistance at Ves =0, and K= a constant,

dependent upon FET type.



Thus, small signal FET drain resistance r, varies with Ves and FET acts like a variable passive

resistor.

FET finds wide applications where VVVR property is useful. For example the VVVR can be used
in Automatic gain control (AGC) of multi stage amplifier.
AC equivalent circuit of FET: The drain current Ip is a function of Vgs and Vps. Therefore, the ac

component of igcan be expressed as iy = g,,V, + V4 /Ty — (1) Equation (1) may be written

gs

asVy, =ligly — vy = (2). : D e : =
c-—’d
. GQ 0 G+
Based on the equations (1) and 9 + (o)
5 alent circuits of X B'is 6
(2), two equivalent circuits o Vg t4 Vis e
FET may be drawn, Fig(1). Y = ’t
s (3 —y SO-
Fig(1) Small signal JFET models (@) (b)
MOSFETSs (IGFETS)
{etal contacts
(1) Depletion MOSFET (DMOSFET or DEMOSFET): (Sowce) S~ (Gue)G Qb /\m - (Drin) D
Construction: The construction of N-channel Depletion 7/%}/ 7?75/“/}///}1“(}?
MOSFET is shown in fig (1). In this,two heavily doped n* 71 b . S:bhmmx

region

regions are diffused into p-type substrate, to serve as the %P1
source (S) and the drain (D). An N-type channel is diffused :
between the S and D. A thin insulating layer of SiO. is
grown over the surface of the structure, and holes are cut into  Fig (1) n-channel Depletion type MOSFET
the SiO> layer, allowing contact with S and D. Then metal contacts are made to the S, D and gate G.
The metal gateG, P-type substrate and SiO: layer between them together form a parallel plate
capacitor. This insulating layer gives extremely high input impedance (order of 10° MQ) for the
DMOSFET.

Circuit symbols of DMOSFET: The circuit symbols for an N-channel and P-channel DMOSFETS are
shown in fig (2).

n-chanzel oD - p-channel D
s ., ©s o - oS
(@ N-channel DMOSFET (b) P-channel DMOSFET

Fig. (2)



Working of DMOSFET: Fig 3 (a) and (b) shows the biasing voltages to explain its working.

Gate (-) Si02  Drain

P (substra!e)\“ Dcpl?u‘on
» region
{ |
(a) Ves=0 (b) Ves=—-Ve

Fig (3) Depletion MOSFET
(1) When Vgs = 0 V and Vps at +ve voltage, free electrons in the N-channel are attracted by the
potential at the drain (D). This behavior is similar to that of the JFET. The saturation current under this
condition is labeled as Ipss i.e., drain current with Vgs = 0 V.
(if) When Vs at +ve voltage and Vps at +ve voltage, electrons are induced into the channel through
the gate capacitor, makes the channel more conductive i.e., decreases channel résistance and drain
current Ip increases as Vs is made more +ve , then the MOSFET is said to be in enhancement mode.
(iii) When Vgs is at —ve voltage and Vps at +ve voltage, +ve charges are induced in the channel
through the gate capacitor. The induced +ve charges in the channel makes it less conductive and drain
current, Ip decreases as Vs is made more -ve . The redistribution of charge in the channel causes a
depletion layer, hence the name depletion MOSFET. As shown in fig 3(b), because of the voltage drop
due to the drain current, the channel width is narrow near the drain. This is similar to the pinch-off
occurring in JFET..
Characteristics of DMOSFET.

(i) Drain characteristics: Drain characteristics curves for N-channel DMOSFET is shown in fig (4).

IpmA
I, mA Dr

Vps= +3V +2

6 + 1 } Enhancement
0
4
-1

2 2 Depletion
o -3 Vas

5 10 15 Vps: V

(a) Drain characteristic (b) Transfer characteristic

Fig.(4) N-channel Depletion MOSFET characteristics.



It is seen that N-channel DMOSFET can be operated in either the enhancement mode or the depletion
mode, as shown in fig (a). The enhancement mode occurs for +ve values of Vgs while the depletion
mode occurs for negative values of Vgs.

(ii) Transfer characteristics: The transfer characteristic curve of an N-channel DMOSFET is shown in

fig (5). It is seen that drain current Ip flows even when gate- 2 Metallic contacts

bias Ves=0. When Vs is made more and more —ve, Ip goes on

D

decreasing.
(1) Enhancement MOSFET (EMOSFET): o
Construction: The construction of N-channel EMOSFET

Sio,
n-doped
region

no-channel

is shown in Fig (1). In this two heavily n* regions are diffused

SS
Substrate

into the P-type substrate, to serve as the source (S) and the
drain (D). A thin insulating layer of SiO2 is grown over the Fig(1)
surface of the structure and holes are cut into the SiO. layer but still it is termed as N-channel
EMOSFET because the thin layer of P-substrate touching the SiO» layer provides channel for
electrons, called induced N-channel, hence the name N-channel EMOSFET.
Circuit symbols of EMOSFET: The circuit symbols for an N-channel EMOSFET and P-channel
EMOSFET are shown in fig (2).
(a) N-channel EMOSFET. (b) P-channel EMOSFET
al | B 3

s e GOJ% s

. | T |

oS
Fig. (2) Circuit Symbols of Depletion MOSFETS

Wo rkinq Of EMOSFET: Electron attracted to positive gate

(included n-channel)

(1). Ves=0& Vps = +ve V. =
If the gate is grounded (0V) and when some +ve voltage is
Insulating layer —

applied to the drain, the supplytries to draw free electrons

i.e., minority carriers in P-substrate. As a result, this type

Holes repelled |

ofMOSFET is OFF when Vgs = 0. This behavior of brpsiivese Bl
EMOSFET is different from that of the DMOSFET and | s N

11
JFET where Ipss flows. “Vor

(i) Ves =+ve V & Vps = +ve V. Fig.(3)



When a positive voltage is applied to the gate G w.r.t. source to which P-substrate is also connected
[Fig (3)], the capacitor begins to charge. As the gate voltage is further increased, negative charges
(electrons) appear in the substrate between the drain and source. This layer between S and D is called
the N-type inversion layer or induced n-channel. Due to N-channel, the device will be ON and
electrons flow from the drain to the source.

The value of Vs voltage that causes significant increase in drain current is called the threshold
voltage, V1. When Vs < V1, Ip = 0. When Vgs > VT, N-channel exists between S and D and the drain

current increases. o}

If we keep Vgs constant and increase the drain o,
voltage, the Ip eventually reaches a saturation value as '; : B ™
. . ) substrate \ _—
in DMOSFET and JFET. The saturation of Ip is : @»——_—E — region
caused by the pinching-off process shown in fig (4). e
CharaCterIStlcs Of EMOSFET (c) Change inrthe cha.nne{ fgsgjgiylth increasing Vps
(i) Output (or) Drain characteristics: Fig (4) n-channel Enhancement MOSFET

Drain characteristic curves for N-channel MOSFET is shown in fig (5).

Each characteristic shows the variation of drain current Ip with the Vps for a fixed value of Vgs.

& Ip(mA) Locus of VD... l: :
10 b
8 1) -

7 - : Ves=+7V oF
6 i} St
3 — Vgs=+6V ar-
4 |

3 : Vgs=+5V I
2 Vos=+4V #h

GS
i A ; Vos=+3V |, s
O SV i 1ov 15V 20v 25v \ K ~
(3% Vgs=V1=2V
Fig(5) (a) Drain characteristics (b) Transfer characteristics

The following points may be noted from the characteristics:

(i) For values of Vs less than the threshold voltage V, the drain current is zero.
(if) As Ves is increased from V1 (=Vgs =2V), the saturation level also increases from 0 to10mA.
(iit) The spacing between levels of Vs increases as the value of Vs increases.

Transfer characteristics: The transfer characteristic curve of an N-channel E-MOSFET is shown in

fig (6). It is seen from the characteristics that the drain current does not start rising until Vgs = or >

threshold voltage, V. With increase in Vs, Ip increases slowly at first and then rapidly (as shown in
fig (6).
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SHORT NOTES & PROBLEMS
1Q. what are shorted-gate drain current (Ipss), Pinch-off voltage (Vp) and gate-source cut-off voltage.

(Ves(otn) and threshold voltage.
(1) lpss: The drain current with shorted-circuited to gate (Ves = 0) and drain source voltage (Vps) equal
to pinch-off voltage (Vp) is called Ipss.
(if) Pinch-off voltage,(Vr): The minimum drain-source voltage(Vps) at which the drain current (Ip)
reaches constant maximum value is called pinch-off voltage.
(iif) V1: The value of Vs voltage that causes significant increase in drain current, Ip is called the
threshold voltage (V).
(iv) Vs (orp): The minimum gate-source voltage,(Vss) at which the channel is completely cut-off and
the drain current (Ip) becomes zero is called Vesorr)
2Q. what are advantages of FET over BJT.
(i) It has high input impedance (order of M Q)
(ii) 1t has low output impedance (order of Q)
(iii) Low noise level (iv) Low offset voltage (v) Simpler to fabricate.
(vi) It occupies less space in integrated circuits.
3Q. State the differences between JFET and MOSFET.
(i) MOSFETSs have very high impedance (order of 10 to 10M Q) than that of JFET
(ii) Inter electrode capacitances of MOSFETS independent of bias voltage in MOSFETSs than in the
case of JFET.
(iii) MOSFETSs are simpler to fabricate than that of JFET.
4Q. Mention the applications of MSOFETSs
(i) Because of very high input impedance of the order 10%° Q , they are used in voltmeters, called
FET input voltmeters.
(i) Because of their high input resistances, the MOSFETSs have been used as micro-resistors in ICs.

(iii) MOSFETSs are easy to fabricate, therefore they are widely used in digital ICs.
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PROBLEMS
1. Following readings were obtained experimentally for FET .Determine the parameters of the FET.
Ves -0V -0V -0.3Vv
Vbs 5V 10V 10V
Io 8mA 8.2mA 7.6mA

Solution: (i) With Vgs constant at 0V,

AVps _ 5V

= = 25KQ
Al,  0.2mA

AVps =10-5=5V, Al, =8.2-8=02mA .. T, =

(i) With Vps constant, at 10 V, AV, =0.3-0=0.3V, Al,=8.2-7.6 =2mA
g, =Al,/AVg = 0.6mA/0.3V =3mS
(iiiy u=g,r, =(25x10°)x(2x107°) =50
2. An N-channel JFET has Vp = -4.5V and Ipss =9mA. At what value of Vgs in the pinch-off region

will Ip equal to 3mA?

2 2 2
. V
Solution: Ip = IDS{ —%} = 3=9 (1_ Ves J or g=[1+\ﬁj

p

1732

or 1+\ﬁ =0.577
45

Vg /4.5=0.577-1=-0.423 = Vss =-45x0.423 =-1.9V
3. For N-channel JFET, find Ip, gmo, & gm if Ipss = 6.3mA, Vp =-3V, Vs = -1V.

p (_3)
= 6.3 x10° (0.666)> = 6.3 x 103 x 0.44 = 2.8mA.

2 2
. \Y; -
Solution: We have Ip = IDSS{l—ﬁ} =6.3 x107 (1—ﬂj =6.3 x 107 (1-0.333)?

(ii) When Vgs =0, Om = Qmo,

2lpss _  2x6.3x10° _ 12.6x10°°
Vv, -3 3

So0mo = —

= 4.2mS

(iii) g, = gmo( —\%] = 4.2x10° (1—%) = 4.2x10° (1-0.333) =4.2x10° (0.666)

P

=2.8mS
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UNIJUNCTION TRANSISTOR

Introduction:

Basically, UJT is a three-terminal silicon diode. As its name indicates, it has one p-n junction. It differs
from an ordinary diode in that it has three leads and it differs from a FET in that it has no ability to amplify.
However, it has ability to control a large power with a small signal. It also exhibits negative resistance
characteristics which makes it useful as an oscillator.

Construction:
The construction of a UJT is similar to that of a FET. Its basic structure is shown in fig (1). It consists of a
lightly doped silicon bar acts as a base and a heavily doped P-type impurity is added to its one end (closer to
B,) to get a single p-n junction. As shown in fig (1) there are three terminals: emitter (E) and two bases B; and
B> at the top and bottom of the silicon bar. Since the two base terminals are taken from one section of the diode,
this device is called as double-base diode.
The p-region (emitter) is heavily doped having many holes. However, the N-region is lightly doped. Hence if

the emitter is open, the resistance between the base terminals B;and B; is very high (5KQ to10 KQ).

Base 2 ¢ B, { B:;
E
Emitter A t
2 il r\‘S:I«Tt:):::::'e S
bar
Base 1 lB, b B1 By
Fig (1) Fig (2) Fig (3)

Circuit Symbol of UJT:

The circuit symbol of a UJT is shown in fig (2).The emitter leg is drawn at an angle to the vertical line

and arrow points in the direction of conventional current when UJT is in the conducting state.

Equivalent circuit of UJT

The equivalent circuit is shown in fig (3). The point A denotes the point where P region is formed. The

point A is such that Re1 ) Re2 where y Re: and Rez denote the resistances of silicon bar between Biand A, and A

and B, respectively.  Usually Rg; = 60% of Rgs where Rgs = Re1+ Rg2 +

Interbase resistance of UJT:
It is the resistance between Biand B i.e., the total resistance of the silicon bar T—;—@ .
from one end to the other end with emitter terminal is open. i.e., Rgs = Reit+ Rz, J

Ve
Intrinsic Stand- Off Ratio of UJT: From the figure (3), it is seen that emitter acts as a £

voltage divider tap on the fixed resistance Rgs. The voltage division factor is given a =

special symbol (7) and is called “intrinsic stand off ratio”. Fig (4)
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Itis given b = =
g y 77 RBl + RBZ RBB

Operation of UJT:
The operation of the UJT can be explained using thefigure as shown in fig (4). Generally the basel (B.) is

grounded and a positive voltage Vgs is applied to base 2 (Bz). When there is no emitter current, this voltage
(Vee) produces a uniform voltage across the silicon bar. Now the voltage drop developed across the Rgs is

Rey =1V Where 7 = R _ Ra

(A&B1), Va = Vg —BL — .
RBl + RBZ RBl + RBZ RBB

Now the voltage applied between emitter and basel, Veis less than Va+Ve (Vs = barrier voltage of Jn) the p-n
junction is reverse biased and only a very small reverse current,(Ig) flows in the emitter circuit.
Now the voltage applied between emitter and basel, Ve is less than Va+ Vs (Vg = barrier voltage of
the Jn) the p-n junction is reverse biased and only a very small reverse current,(Ig) flows in the emitter circuit.

When emitter voltage Ve exceeds the peak point voltage, Ve (= Va+ Ve= nVgs + V;)

the junction forward biased and the emitter current Ie increases. Then the UJT is said to have been fired or
turned ON. Consequently the resistance Rg: decreases and the emitter voltage suddenly decrease and reaches to
a minimum value, is called valley voltage Vv. Since emitter voltage decreases when emitter current increases,

the UJT possesses negative resistance.

Characteristics of UJT: o - o
. - o I | SATURATION
The UJT emitter characteristic for a given interbase voltage - /,D RESISTANCE +—-R—E§5r>
aitd REGION |
Vg is shown in fig (1). The characteristic is divided into three / : |
| |
regions called cut off region, -ve resistance region and saturation : i/VA“'EY fatdd
JUT OFF
region as shown in fig (1). REGION | ! 'vv
1 |
Cut off region: In this region, the UJT is reverse biased until the . _li .l AR -
emitter voltage is less than Vp, Thus the device is in the OFF state. Fig (1) V-I characteristics

This region is shown in fig (1) by the region (1) and is called cut off region.

Negative resistance region: When the emitter voltage exceeds the Vp (firing voltage), the emitter junction gets

forward biased so that the bar resistance and hence voltage between emitter, E and base (B1) drops to a low
value and the emitter current Ie rises considerably. Thus the device shows -ve resistance region in its V-I
characteristic and is shown by the region (2).

Saturation region: When the value of current exceeds lv, the voltage between emitter and base B begins to rise

again. The UJT is now in the ON state and is shown in by the region (3), is called the saturation region.

Experimental Arrangement To Draw Emitter Characteristic And Determination Of UJT Parameters.
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Circuit description: Experimental arrangement to draw the emitter characteristic is shown in below fig (1). As

shown in figure the base terminal B, is grounded. A variable emitter supply voltage, Vee is connected between
emitter and base Bi and a variable base supply voltage Vzg is connected between the terminals base B, and Bx.
A milliammeter is connected in the emitter circuit to read the emitter current, le. Two voltmeters are connected
in the circuit to measure the emitter voltage, Ve and inter base voltage, Ves.

Ve

#— Negative |
]
Vp |-\ Resistance |
- Cut off region - - £ X\ TO0I0R g
5 el ’; w— Saturation
Peak region ——»

Point

7 Volt

5 Valley point

Vgg = 20 volt
vE2 2 30 vol
Vgg = 0 volt

] H . I

C Ip 8mA
i
Procedure: Fig(1) ckt arrangement Fig(2) Emitter characteristics

Keeping Vssfixed at some value, the emitter voltage (Ve) is changed in equal steps and the
corresponding emitter current (Ig) is noted. A family of such emitter characteristics is drawn by setting Vgs at
different fixed values. Fig (2) shows a family of UJT emitter characteristics.

The following points may be noted from the characteristics.

(i) At beginning the UJT is reverse biased and hence no current flows in the circuit as shown in Fig (2).

(if) When the emitter voltage exceeds the Vp, then the UJT becomes forward biased and conducts heavily.
Consequently voltage decreases to a minimum value (valley voltage) and current increases sharply as
shown in fig (2). This region is called negative resistance region because voltage is decreasing, and
current is increasing.

Determination of UJT parameters:

Intrinsic Stand off ratio (77)

From the emitter characteristics, note the value of peak point voltage, Ve for a fixed value of Vgs. Now
the value of 7 can be determined using the relation 1 = (V, —V;)/Vgs , Where Ve barrier voltage of the P-n

junction and is 0.7V for silicon
Reiand Rey :  Measure the value of Regg, i.e. the resistance between B: and B, (when emitter is open) using a

multi-meter. Now, we can determine Re: = 7 Regs and Rs2 = Ras - Re:1.

Peak point emitter current, Ip.

The emitter current, Ie corresponding to the peak point voltage is called peak point emitter current, lp. It
represents the minimum current that is required to trigger the device.

Valley point voltage Vv and valley point current Iv:

The emitter voltage at the valley point is called Vv and the corresponding valley point current Iy is noted from

the emitter characteristics.
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Applications:
_Because of its negative resistance characteristic, it can be used in a variety of applications.

(1) Relaxation oscillator (2). Switching circuits (3) Saw-tooth wave generator (4).Sine wave generator (5).
Timing and trigger circuits (6).Voltage or current regulated supplies  (7).Phase control.

UJT as Relaxation Oscillator:

Relaxation oscillator using an UJT I
is shown if fig (1).It consists of a UJT ~ VE

AAMA
A AAAALS
s}
o]
N
_— e

J Vv
B/
(D<

and a capacitor ‘C’ which is charged Viifomos

through ‘R’ when Vgg is switched on. M l

Initially the capacitor ‘C’ is uncharged 7 Sed — Time

m
___l |
0
P
R

|

Fig (2) Saw tooth wave Fig(1) Relaxation oscillator
and emitter voltage Ve is zero. The capacitor ‘C’ starts Charging through “R’ due to the presence of
Ves and continues to do so till the emitter voltage rises to Vp, the firing potential. The capacitor discharges
quickly through Reg; so that UJT returns to OFF state to restart the cycle.
If the capacitor takes a time T to charge to firing potential Ve,

_ V _
Then V, =V (1-e %C) or V—le—e Vre

BB

- Vv, -V
ornp=1-e Vre (= % where (Vs is neglected)
BB

.
o eRco 1
1-7n

Taking logarithms on both sides, we have

T = Iog(il or T=RC Iog(LJ
RC 1-7 1-7

Therefore, the frequency of the saw tooth wave is given by
1 1
f="=w -
T CRlog[/1-7]

If we assume the capacitor discharge time to be zero, then T gives the time period of the voltage across ‘C’

which is a periodic saw tooth wave as sown in fig(2).
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Short Questions and _Solved Problems
1. What is meant by interbase resistance?
A. The total resistance between the two base terminals B1 and B> of silicon bar is known as interbase
resistance, when the emitter is open. It is represented by Reg ,ie.. Ree =Re1+Rg2
2. Why UJT s also called as double based- diode?
A As the two base terminals are taken from one section of the diode, the device is called double-based
diode
3. What is an unijunction transistor?
A. A unijunction transistor is a three terminal silicon diode which has one emitter, and two base
terminals. But it has only one junction. It has negative resistance.
4. What is the difference between UJT and conventional diode?
A. UJT is a three terminal silicon device and only one p-n junction and has three leads namely emitter
and base 1 and base 2. But a junction diode has only two terminals namely p-type and n-type
5. What is meant by peak-point voltage?
A. The value of emitter voltage that causes the p-n junction to become forward biased is called peak-
point voltage. This is expressed as V=7 Vee +VB
6. What do you understand by intrinsic stand-off ratio?
A. The intrinsic stand -off ratio is the property of a UJT. The ratio R, /Ry is called the intrinsic
stand-off ratio, 77 .
Problems:
1. A given UJT has 20 volt between the bases. If the intrinsic stand off ratio is 0.6, find (i) stand off
ratio (ii) peak-point voltage.
Solution: Given V,; =20V, 1 =0.6 and for silicon Vg = 0.7
(i) Stand off voltage = 7Vg;=0.6x20 =12V (ii) Peak-point voltage V, =nVy;+ Vs
=12V +0.7=12.7 V.

2. A Silicon UJT has an inter base resistance of 10K Q. Its intrinsic standoff ratio is 0.6. Find the
values of resistances Rg1 and Rg>.

Solution: Intrinsic stand off ratio 7 = Ray = Ry, =7.Rg; =0.6x10K Q = 6KQ
BB

Therefore resistance Ry, =10K —6K =4K Q

3. The interbase resistance of a silicon UJT is 10KQ. It has Rer =6KQwith Ig= 0. Find (i) UJT
current if Veg= 20V and VE is less than Vp (ii) Intrinsic standoff ratio (iii Peak point voltage.

Solution: Since Ve < Vpand Ig=0.

IB1 = Ig2 :Vﬂ = A =20mA, 7]=h :EZ 0.6
Ry 10K e 10

Vaz Vge= 0.6%20 = 12V, V, = Ve + Ve = 12+0.7 = 12.7V.



UNIT - V: POWER SUPPLIES
Rectifiers:

Rectification: Rectification is the process by which an alternating supply voltage is converted into direct
supply voltage. A rectifier is device which is used in rectification process.

P-N Junction Half Wave rectifier: Fig (1) shows the rectifying action of semiconductor diode. The A.C.
voltage to be rectified is connected to the primary coil P of the power transformer. One end of the connected
to N-region through a load resistor R.

Working of the rectifier:

During the first half cycle of A.C., one end of the secondary, say A becomes positive. Then the diode D is
forward biased and hence current flows through the load R in the direction of arrows fig (1). During the
next half cycle, the end A becomes negative and consequently, the diode D is reverse biased. Therefore, no
current flows through the Load R. Thus we get a unidirectional current across R which flows in the form of
half sine waves as shown in fig (1).

P N
Input voltage T A —> H Output voltage
D ——o0
AC
e P TS ng DC
2n Output ot
ot| Input
0 % T P! , 0 T 2m 3m
.(—

Fig (1)

Mathematical analysis:
Let the input voltage applied to the P-N junction diode in series with load R is given by

E = EoSinwt
Then the instantaneous output current through the load resistance R is given by
EoSi :
= boStnwt _ [0Sinwt, When0< wt <7
Rf+R
And I=0, Whenn < wt < 27
. . . : . Eo .
where Ry is the dynamic forward resistance of the semiconductor diode and Io== - _(I)_RIS the peak value of
f

the current.
D.C. (average) value of output current: The average d.c. current over one complete cycle is given by

I, = %foznid(wt) = %[fOHIOSina)t.d(wt) + f;”o_d(a)t)]

Io Io
= =[—Coswt]} ==
| 16 ==
L _ Iy Ey
" ide m  m(Rf+R)

The d. c. (or average) output voltage across the load is given by

= =log-_FE R
Edc Idcx nR (Rt R) T

(i) R.M.S. (effective) value of output current: The root mean square value of the current, by
definition, is given by
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e~ [ 2 Pt = (20 o ot + 7.

1
= [i Iy Iozsinzwt.d((ut)]2 =I;° - (2)

(iii) Power supplied to the circuit: The power supplied to the circuit from a.c. source is given by

2
P =12rms(Rf+R)=IOT(Rf+R) _)(3)
(iv) Average power supplied to the Load R: The d.c. power output across the load R is given by
%R
Pdc =12ch= (7].[2

(v) Rectifier efficiency: The efficiency of the rectifier indicates how much a.c. power is converted into
useful d.c. power. It is defined as the ratio of d.c. output power to the total a.c power supplied to the

rectifier.
d.c.power supplied to the load

ie,n= , x 100%
Total a.c.input power
= Pdc o = __lo*R/m? o 4R _ 1 0
n=pe X 100% R (RTR)A x 100% 2 W) % 100%
_ 400R 1 o _ 406

n? (1+Rf/R)°  1+R;/R"
If Rf << R, the efficiency is maximum. The theoretical maximum efficiency is obtained when % =0 and is
equal to 40.6%.

Ripple factor: The output of the rectifier contains unidirectional (d.c.) current as well as a part of a.c. A

measure of a.c. components is given by the ripple factor ‘y” which is defined as
y = r.m.s. value of a.c.components of the output

average or d.c.component of the output

I 12
— . rms _ { rms __ 1}

Iqc Izdc

Irms _ Ip/2 _r

But for half wave rectifier, using equations (1) and (2), - o 2
dc o/m

ry=J[(%)-1] =121

Thus for a half wave rectifier y >1or I’ s >l

i.e., the a.c. component of the output exceeds the d.c.value. It indicates that half wave rectifier is a poor
device for converting a.c. into d.c.

Peak inverse voltage: Peak inverse voltage is defined as the maximum reverse voltage across the diode
when diode is in non conducting mode. i.e., PIV = Ey

Voltage regulation: Voltage regulation is the ability of a rectifier to maintain a specified output voltage
irrespective of the variation in the load resistance

For half wave rectifier I;. = %0 = (RE°+R)
f
Or Ige(Rp +R) =2
Or IgeR=22 - IycRy
_ Ey _Eg

Or EdC = ; =; - IdCRf
When I;.= 0, E4. has its maximum value % As Iy, increases, E;. decreases linearly depending on the value

of Rs. Therefore, voltage regulation of half wave rectifier is poor.



Full Wave Rectifier using Centre tapped Transformer:

Fig (1) shows the circuit of centre tap full wave rectifier employing two P-N junctions D; and D,. The
P-regions of the diodes are connected to the ends A and B of the secondary of the transformer; the middle
point C is connected to the junction of N-regions through the load resistance ‘R *.

A,____H___
— T
- T OTS ll D l o 7T 27n /_\31: 4n — >t
= = v v i 1
) = e C ' ' ' ' i
< ] i ' H H
L D L) s H i : H
\|, 2 3 2 2 ] 1 H H
B == ¢ N N
R DC © 5 2KU3K :41:
Output ' ! ' H
. b o oot
. 1 L o I T i N S
! S 1 V! i i i 110
-— < . o 1 2 D it
T 2n 3x 4
)
Fig (1) Fig (1) (a,b,c) input & output Waveforms

Working of the rectifier:

During the positive half cycle of secondary voltage, one end of the secondary say, A becomes positive
and end B becomes negative. Consequently, the diode D, is forward biased and a current /; flows in the
circuit in the direction AD;RCA show by solid arrows. During this time the diode D, is reverse biased and
hence no current flows through it. During the negative half cycle of AC input, end A becomes negative and
end B positive. Consequently diode D, is forward biased and a current I, flows in the circuit through D,
along BD,RCB as shown by the dotted arrows. During this period D; is reverse biased and hence does not
conduct.

Thus the diodes D, and D, conduct alternately and each time the current through the load R flows in
the same direction. Consequently, the resulting output current is unidirectional and flows in the form of
half sine waves as shown in fig 1(c).

Mathematical analysis: when a sinusoidal voltage of frequency is applied to the primary of the
transformer, the a.c. voltage across AC and BC are given by

E; = E,Sinwt

E, = E; Sin (wt -m) Where Ej is the peak value of the voltage
The corresponding current pulses in the two diodes are given by

I = Fo_Ginwt = I,Sinwt, and I, = 0, when 0< wt <7
(Rf+R)
And L=0,and I, = Fo_Sinwt = - I)Sinwt, T < wt <27

(Rf+R)
Where Ry is the dynamic forward resistance of semiconductor diode.

(i)D.C. (average) value of output current: Since the currents I; and I, are of the same form
(I =ISinwt), the average or d.c. value of current is given by

L = %fo’f Id(wt) =%f0” [hSinwtd (wt)

Igc = Zni — (1)
The d.c. output voltage across the load R is therefore,
Edc=1chR=M=E Eo — (2)

(ii) R.M.S (effective) value of the load current: The r.m.s. value of the total output current is given by
1

L. = [ﬁ{f: 1,2 Sinfwtd(wt) + fﬂzn IOZSinzwtd(a)t)}]z = % — (3)



(iii) Power supplied to the circuit: The a.c. power input to the rectifier from the supply is given by
I 2
Pac = Izrms(Rf+R)=07(Rf+R) — (4)

(iv) Average power supplied to the load resistance R: The d.c. power supplied to the load R is given by
21, 41y%R

) 2
Pac =g R=(22) R = 2ER — (5)
(v) Rectifier efficiency: The efficiency of a rectifier is defined as the ratio of the d.c. output power to the a.c.

power supplied to the circuit. It is denoted by the symbol ‘n .
d.c.power supplied to the load % 100%

L&, n= Total a.c.input power
Pyc 41°R/m? o 8 1 o 812
= — X 0 = — X = — x =
n= 100% WE(RTR,))2 100% = @R /R) 100% ¥R, /R %

If Ry << R, the efficiency is maximum. The theoretical maximum efficiency is obtained when % =0and is
equal to 81.2% only.
(vi) Ripple factor: The output of a rectifier contains unidirectional (d.c.) current as well as a part of a.c. A

measure of a.c. components is given by the ripple factor ‘y” and is defined as
_ r.m.s. value of a.c.components of the output

average or d.c.component of the output
= I,rms = {Izrms _ 1}
Igc Izdc

Irms _ 10/‘/2 _
Iac  2lom 2V2

Using equations (1) & (3) y =

. 2
= Ripple factor, y = [(?) — 1] =0.48
Thus the d.c. output voltage of the full wave rectifier has a small ripple.
(vii) Peak inverse voltage: Peak inverse voltage is defined as the maximum reverse voltage across the diode
when it is reverse biased. (or non conducting).
i.e., PIV = 2E, (peak voltage)
(viii) Voltage regulation: Voltage regulation is the ability of a rectifier to maintain a specified output

voltage irrespective of the variation in the load resistance.

o 21, 2E
For full wave rectifier, I;, === “
T m(Rf+R)

or Igc(Rp +R) =22
or IgR=22 - IyRy
2E,

or EdC = T - IdCRf
Thus full wave rectifier provides larger d.c. output voltage and good regulation in comparison with half
wave rectifier. It can supply larger load current as compared to half wave rectifier.

Full Bridge rectifier or (double way rectifier):
Fig (1) shows the circuit of a full wave bridge rectifier using four P-N junction diodes D, D, D3, D,

L " ET
s
e & 2/ N\ 41/\51‘ :
I ] 1 s
oot §H§ : : | | O
. o 1 1
S2 : : i : :
s T 1 1 1 | 1
< RS 1 ! 1 ! 1 1
: ¢ $ VRN E RN N T
3 o h N/ L N/ L \/ LN\ :IIn
< n 2n 3n 4z 5 i

—~
o
~
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Working of Bridge Rectifier: During the +Ve input half cycle, terminal M of the secondary of the
transformer is +Ve while the terminal N is -Ve. In this situation diodes D; and D are forward biased (ON)
i.e they conduct whereas diodes D, and D, are reverse biased (OFF) i.e they do not conduct. So a current
flows along ABDCS;S; as shown by arrow in the fig (1). There will be a voltage drop acrossR;.

During the -Ve input half cycle, terminal N of the secondary of transformer becomes +Ve while the
terminal M becomes -Ve. Under this situation diodes D, and D, are forward biased (ON) i.e they conduct
whereas D; and D3 are reverse biased (OFF) i.e they do not conduct. Now a current flows along CBDAS:S,
as shown by dotted arrow in fig (1). The current produces a voltage drop acrossR; . It is obvious from figure
that the current through load resistanceR,, is in the same direction BC during the both half cycles of the
input a.c. supply. The output waveforms are shown in fig (1b). Here the wave form of the load current is
essentially the same as in case of full wave rectifier. It is evident that two diodes conduct simultaneously in
series. Therefore, the current pulses are represented by

L = fo_Sinwt = I, Sinwt, and I, =0, when 0 < wt<mw
(2Rf+R)
and LL=0,and I, = fo_Sinwt = Iy Sinwt , T <wt <27

(2Rf+R)
Where Ry is the dynamic forward resistance of each diode and I, is the maximum current given by,
—_Eo
Io = 2r+R)

The expression for average d.c. current (= %)r.m.s. value of current (= %) and ripple factor (= 0.48) are

the same as in case of centre tap full wave rectifier but the rectifier efficiency is given by

81.2
’r] == 0
1+2Rf/R

PRV (Peak Reverse Voltage):
It is defined as the voltage across each diode when the diode is reverse biased (or the diode is in non

conducting mode) and is equal to E), i.e. the voltage across the secondary of the transformer.
i.e, PIR = E, (Peak value)
Comparison between Half wave and full wave rectifiers:

Term Half Wave Full Wave
1.Average/d.c. current I, /T 2L, /T
2.d.c. voltage V) 2V, /
3.RMS current Ly,/2 Ly /N2
4 Efficiency 40.6% 81.2%
5.Ripple factor 1.21 0.48
6.PIV Vin 2V,

Filters: We know that the output of a rectifier consists a d.c. component as well as a.c. component, known as
ripple. In most of the electronics circuits or devices, a pure d.c. is required. This is achieved with the help of
a circuit known as a filter circuit or smoothing circuit. The filters minimize ripples either by passing or
preventing the a.c. components and provide a regulated constant voltage.

Shunt Capacitor filter:
The simplest type of smoothing circuit is a shunt capacitor filter _
] ; ) g . . Rectifier Lc Load
obtained by placing a capacitor C in parallel with the load resistance R output T R

as shown in Fig (1). It is an effecting way of filtering the a.c. components

from the output of the rectifier. The capacitor is chosen that its reactacne
Fig.(1)



is so chosen that its reactance (ﬁ) at the frequency of a.c mains is very small as compared to the load R.

Then the a.c. components or ripple flowing through the load are mostly bypassed. Thus the ripple flowing

through the load decreased or filtered from the output.
1
4V3fCR

Thus, the ripple factor varies inversely with the time constant CR of the filter and also inversely with the

The ripple factor of the filter is given by y =

load resistance R. It is less for larger R. For R = q, the ripple is zero.
This expression shows that ripple factor decreases if R decreases or Load current increases. The filtering is
poorest at no load (R = a, open circuit) for which the above equation becomes y = % = 0.47 .which almost

the result when no filter is used.
The L-section filter or inductor filter: ST T] ]
j‘C Load

L
We have seen that series inductor filter an shunt capacitor filter are not much
efficient to provide low ripple at all loads. Rectifier

tput R
The capacitor filter has low ripple at heavy loads while inductor filters o
at small loads. A combination of these two filters may be selected to make the

ripple independent of load resistance. The resulting filter is called L-type choke
input filter shown in fig (1). Fig (1)
In this type of filter the series inductor L readily passes the d.c. components that remain after passing

through L are bypassed by the shunt capacitor C which offers a low reactance (ﬁ) to them but an infinite

resistance to d.c. Thus output across the load possesses less a.c. components or the lower ripple factor.

The ripple factor of the L-section filter is given by
15 =4w02'i27_1. Thus the ripple factor does not depend upon the load resistance R.

The 1 - section filter or capacitor input filter:

L

+

When higher output voltage at light loads is desired, an input L e
Rectifier c

capacitor is added to L-section filter to form a m- section filter. i ) = 2R

This - section filter provides an output voltage that approaches

the peak value of the a.c. of the source, the ripple components -
being very small. Such a filter is illustrated in fig (1). Fig. (1)
The m-type filter may be considered to be made up of the following two components:

(i)Capacitor filter formed by capacitor C;

(ii) Inductor input filter formed by choke L and capacitorC,.

The capacitor C; is periodically charged to almost the peak value of the rectifier output. Between successive
charging process, the voltage across the capacitor falls exponentially due to its discharge through the L-
section filter and the load, but remains very near to the peak value. The remaining pulsations in the current
are opposed by the series choke L and bypassed to ground by capacitor C, . Thus the m-section filter
produces a unidirectional output voltage across load R with negligible ripple.

The ripple factor of the m - section filter is given by

5.7x 103
T CGIR e

From equation (1) we may seen that the ripple factor y,, of the capacitor input m-section filter varies

inversely with the load resistance R or increase with the load current.



Regulated Power Supplies

Electronic circuits (using diodes, transistors etc) require a source of D C Power supply. Regulated D C
power supply is one which keeps the D C voltage at a specified value irrespective of the variations in input
voltage and load current.

Voltage regulation: Voltage regulation is defined as the ability of voltage regulator to maintain a specified
output voltage irrespective of the variations in the load resistance and the variations in the input voltage. It
is expressed in percentage and is given by

(\/ NL _V FL) x100 %
V FL

where \/ == output voltage without load

Voltage regulation =

and \/_ = output voltage at full load.

Types of voltage regulators:

They are two basic types of voltage regulators. They are 1. Transistor series voltage regulator

2. Transistor shunt voltage regulator

Transistor series voltage regulator:

The circuit of a transistor series voltage regulator
is shown in Fig(1). Here transistor behaves like a variable
resistor which is determined by the base current.

Applying the Kirchhoff’s law, the output voltage

Vo across the load resistor Ri given by

Vz -Vpe-Vo =0 Transistor Series Voltage Regulator
Vo = Vz -Vg Fig (1)

and Vee = Vz -V, —> (1)

Working: Now suppose Ry is decreased to get more current.Then Vo will tend to decrease. Since zener
voltage Vz is fixed, it will increase Vg (refer eqn. 1). Consequently, forward bias of the transistor will
increase; thereby increasing its level of conduction. This decreases the voltage drop between C & E of the
transistor. As a result, collector- emitter resistance of the transistor will decrease. It will slightly increase the
current to compensate for decrease in Rr. and increase output voltage. Consequently, the output voltage V,
= I.RL will remain at constant value and we get a regulated voltage across the load resistor Ri. The circuit
action may be summarized in the following equation.

Vol — VBE 1 — Vcg| - V0 1.



Transistor shunt voltage regulator:

The circuit of a transistor shunt voltage

regulator is shown in Fig. (2). Here the transistor is
connected in shunt. Since path AB is in parallel to the
output voltage V, across the load resistor R, we have
from Kirchhoff’s voltage law

Vo-Vz -V =0

or Veg=Vp-Vz - (1)

Transistor Shunt Voltage Regulator

or decrease in Vo will have a corresponding effect on Fig.(2).

Working: Since, zener voltage Vz is fixed, any increase

Vse. Suppose Vj decreases, then from equation (1), Ve will also decrease (since Vz is fixed). Consequently, Is
decreases.
Therefore, Ic (= Al ;) will also decrease. It will lead to a decrease in I (= I +Ic +I.). Consequently,
voltage (Vr =IR) across the resistor R will decrease. As a result, output voltage Vo will increase because
Vin = Vg + Vo
or Vo = Vin - VR
Thus the output voltage will remain at constant value or we get regulated voltage across Ri.

The circuit action may be summarized in the following eqn.
Vol—) VBE,L_’IB l—)IC l—>Il — VRl —>VOT

Block diagram of regulated DC power supply and function of each block:

[Q. Draw the block diagram of regulated DC power supply and explain the function of each block]

All electronic equipments contain a circuit that converts ac supply into dc supply called DC regulated
power supply whose output is a constant dc voltage connected to all parts of the equipment for operation.
In general at the input of the power supply there is a power transformer. It is followed by a rectifier (a
diode circuit), a smoothing filter and then by a voltage regulator circuit as shown in Fig.(1)

Fig (1) shows the block diagram of a regulated DC power supply. Let us explain function of each block

of the DC power supply.
=+ TRANSFORMER RECT > ] VOLTAGE e —
\/ ECTIFIER FILTER REOE
REGULATED DC
AC INPUT SIGNAL OUTPUT VOLTAGE

Fig.1. Block diagram of regulated D C power supply

Transformer is used to step-up or step-down (usually to step-down) the-supply voltage as per need of
the electronic devices and circuits. A C voltage from mains (220V/50Hz) is transformed into desired A C
voltage by the power transformer.



Rectifier is a device which converts the ac voltage into pulsating dc. Here, the AC voltage from
transformer is converted into pulsating DC by the rectifier. The rectifier typically needs one, two or four
diodes. Rectifiers may be either half-wave rectifiers or full-wave rectifiers (centre-tap or bridge) type.

The output voltage from a rectifier circuit has a pulsating character i.e., it contains unwanted ac
components along with dc component. To reduce ac components from the rectifier output voltage a filter
circuit is required.

Filter is a device which passes dc component to the load and blocks (stops) ac components of the
rectifier output. Filter is constructed using capacitors and/or inductors and resistors.

The magnitude of output dc voltage may vary with the variation of either the input ac voltage or the
magnitude of load current. So at the output of a filter a voltage regulator is required, to provide an almost
constant dc voltage at the output of the regulator.

The voltage regulator may be constructed using a Zener diode, and or electronic devices such as

transistors, ICs etc. Its main function is to maintain a constant dc output voltage.

Three terminal Voltage Regulators (IC 78XX and 79XX):
[Q: Explain in detail about 3 terminal IC voltage regulators.]

Three terminal Voltage Regulator IC usually have three leads. It converts varying DC input voltage into a
constant regulated output voltage. They are available in a variety of outputs.
The most common numbers are 78 or 79 and finish with two digits indicating the output voltage.

The number 78 represents positive voltage and 79 negative one. The 78XX series of voltage regulators are
designed for positive input. And the 79XX series is designed for negative input.

Examples:
1. 5V DC Regulator Name: LM7805
2. -5V DC Regulator Name: LM7905
3. 15V DC Regulator Name: LM7815
4. -9V DC Regulator Name: LM7909
Three terminal IC Voltage Regulators are used due to the following reasons:
1. Easy to fabricate and lower cost
2. Fairly simple and fixed voltage types of high quality precision regulators.
3. Having unique built in features such as current limiting, self protection against temperature etc.
The three terminal IC is shown in fig. (1a). The three terminals of IC voltage regulator are labeled as (1)
Input (2) Ground and (3) Output. It produces a constant regulated output voltage from varying DC voltage.

>

/

Fig.1(a) Fig. 1(b)

The circuit diagram of a typical IC voltage regulator is shown in Fig. (2a). Here unregulated dc
voltage is connected to input leg (which can hold up to 36V DC), Common leg (GND) is grounded and


http://www.circuitstoday.com/half-wave-rectifiers
http://www.circuitstoday.com/centre-tap-full-wave-rectifier
http://www.circuitstoday.com/full-wave-bridge-rectifier
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regulated DC output voltage is taken from output leg. The capacitor
Cy, parallel between input leg and the common is used to reduce
ripple voltage, if any. For maximum voltage regulation, a capacitor
C; is connected in parallel between the output and common leg. It also
eliminates any high frequency AC voltage that could otherwise
combine with the output voltage.
Fig.2(a)
Fig. (2b) shows the circuit diagram of adjustable
voltage regulator using 78XX IC voltage regulator.
The output voltage is given by equation
Vour = Vexep+ [ Vexep + Io | R
Ry
For example, for a 7805 IC regulator, Vexep = 5V. Let R = R, = 1K Q
and Iq =5 mA, then its output voltage is
Fig.(2b)
Vour =5 +[ 5_V+ SmA]XlKQ
1K
= 5+ [5mA +5mA] x1IKQ = 5+ (10mA x1IK Q) =5+5=15V
Thus output of IC 7805 is adjusted anywhere between 5V to 15 V using external resistances R1 and Ro.

*Note: As a general rule the input voltage should be limited to 2 to 3 volts above the output voltage. If the
input voltage is unnecessarily high, the regulator will overheat. Unless sufficient heat dissipation is
provided through heat sinking, the regulator will shut down.

Switch-Mode Power Supply (SMPS) :

A switch mode power supply circuit can be used to step up or step down an unregulated dc input

voltage to produce a regulated dc output voltage.

The advantages of SMPSs are compact in size, light weight and highly efficient. More over, SMPSs are
reliable, efficient and cool running. They are commonly found in battery operated equipment like laptops
computers and CD players.

Switched power supplies are more efficient and they tend to have an efficiency of 80% or more. They
can be packaged in a fraction of the size of linear regulators. Unlike linear or ordinary regulators, switch
mode power supplies can step up or step down the input voltage.

Principle of operation:

In a switched-mode power supply (SMPS), the AC mains input is directly rectified and then filtered
to obtain a DC voltage. The resulting DC voltage is then switched on and off at a high frequency by
electronic switching circuitry, thus producing an AC current that will pass through primary of a high-
frequency transformer. Switching occurs at a very high frequency (typically 10 kHz — 1 MHz), thereby
enabling the use of transformers and filter capacitors that are much smaller, lighter, and less expensive than
those found in linear power supplies operating at mains frequency. After the transformer secondary, the

high frequency AC is rectified and filtered to produce the DC output voltage.


http://en.wikipedia.org/wiki/Switched-mode_power_supply
http://en.wikipedia.org/wiki/High-frequency
http://en.wikipedia.org/wiki/High-frequency
http://en.wikipedia.org/wiki/Transformer
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Block diagram of SMPS with output voltage regulation and theory of operation:

Q: Draw the Block diagram of SMPS with output voltage regulation and explain its theory of operation.
Block diagram of a mains operated AC/DC SMPS with output voltage regulation is shown in Fig.(1).
Let us explain function of each block of the SMPS power supply.

DC
QOutput

QOutput
Input ractifier

rectifier

Inverter
"Chopper™

Qutput
Transformer

Chopper
cantroller

Fig.(1). Block diagram of SMPS with output voltage regulation
Input rectifier stage

The first stage of SMPS is a full-wave rectifier to convert AC mains input to DC voltage. This is
called rectification. The rectifier produces an unregulated DC voltage which is then sent to a large filter
capacitor.

Inverter stage

The inverter stage converts DC to AC by running it through a power oscillator, whose output
transformer is very small with few windings at a frequency of tens or hundreds of kilohertz. The switching
is implemented as a multistage (to achieve high gain) MOSFET amplifier.

Voltage converter and output rectifier

If the output is required to be isolated from the input, as is usually the case in mains power supplies,
the inverted AC is used to drive the primary winding of a high-frequency transformer. This converts the
voltage up or down to the required output level on its secondary winding. The output transformer in the
block diagram serves this purpose.

If a DC output is required, the AC output from the transformer is rectified. For output voltages
above ten volts or so, ordinary silicon diodes are commonly used. For lower output voltages, MOSFETs
may be used.

The rectified output is then smoothed by a filter consisting of inductors and capacitors. For higher
switching frequencies, components with lower capacitance and inductance are needed.

Regulation

A feedback circuit monitors the output voltage and compares it with a reference voltage, which

shown in the block diagram serves this purpose.

Applications:
1. A switch mode power supply is found in battery operated equipment like laptops computers, CD

players, Television receiver, Battery charger etc.

2. A switch mode power supply circuit can be used to step up or step down an unregulated dc input
voltage to produce a regulated dc output voltage.
Advantages:

The advantages of SMPSs are compact in size, light weight and and highly efficient. More over, SMPSs
are reliable, efficient and cool running.
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