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CHAPTER - 6

[TRANSISTOR AMPLIFIERS & OSCILLATORS

% D.C. AND A.C. EQUIVALENT CIRCUITS: -

>

>

w VY

Various circuit currents. It is useful to mention Ve
the various currents in the complete amplifier
circuit. These are shown in the circuit of Fig.

(i) Base Current: - When no signal is applied in

the base circuit, D.C. base current Ig flows due to f 3 R ; C,
biasing circuit. When A.C. signal is applied, A.C. io=loif— & ]
base current 1, also flows. C =l ti, SN
Therefore, with the application of signal, Total | : — )

Base Current ig is given by: ig= Ig+ i}, Th A

(ii) Collector Current: - When no signal is : g+,
applied, a D.C. collector current I¢ flows due to siGnaL R, Iy !
biasing circuit. When A.C. signal is applied, A.C. 2 .
collector current i, also flows. E3 =
Therefore, the Total Collector Current ic is given ¥ |

byZ - iC= Ic+ ic
Where Ic= B Ig= zero signal collector current and i.= B 1i,= collector current due to signal.

Wi
=
T

(iii) Emitter Current:- When no signal is applied, a D.C. emitter current Iz flows. When A.C. signal is

applied, A.C. Emitter Current i. also flows. Therefore the Total Emitter Current is : - ig= Ig+ i

It is useful to keep in mind that: Iz= Ig+ Ic and 1= ip+ i,

But base current is usually very small, therefore, as a reasonable approximation, Iz = Ic and i, = i.
D. C. Equivalent Circuit: - In order to draw the equivalent D.C. circuit, the

+ Ve
following two steps are applied to the transistor circuit:- " < .
(a) Reduce all A.C. sources to zero. J 2
(b) Open all the capacitors. R, = 2 Ke
Referring D.C. Equivalent Circuit S vic
D.C.Load Rpc=Rc+Rg & Vee= Veet Ie (Ret Rg) 1 :' _‘:.,_lg Ir’i_"-.l
The maximum value of Vg will occur when there is no collector current i.e. Ic= 0. v e/
4 : ’r.f-'
- Maximum Vcee= Ve K. E ’;:; )
The maximum collector current will flow when Vcg= 0. ? 1 Rg
Maximum Ic=Vco/ (Rc+Rg) = =
A.C. Equivalent Circuit: - In order to draw A.C. ‘
equivalent circuit, the following two steps are \
applied to the transistor circuit: _ N :
(a) Reduce all D.C. sources to zero (i.e. Vcc=0). _ . > "-: Re3 R,
(b) Short all the capacitors. ‘i T
Referring A.C. Equivalent circuit A.C. load equal ' _'+ _ 4
to Rc|| Rei.e. A SR, 2R, fe ’
ORclIRLLC ) - load. Ruc = (ReRL/ (ReHRy) o it 3T
Maximum positive swing of A.C. collector-
emitter voltage = Ic X Rac v v v =

Total maximum collector-emitter voltage, Vcg max = Vet Ic Rac

Maximum positive swing of A.C. collector current = Vcg/Rac

. Total maximum collector current, Ic yjax = Ict Vce/Rac

i —— AN
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“» LOAD LINE ANALYSIS: -
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In the transistor circuit analysis, it is generally required to determine the collector current for various
collector-emitter voltages.
One of the methods can be used to plot the output characteristics and determine the collector current at
any desired collector-emitter voltage.
However, a more convenient method, known as load line method can be used to solve such problems.
This method is quite easy and is frequently used in the analysis of transistor applications.
D.C. LOAD LINE: - 1t is the line on the output characteristics of a transistor circuit which gives the
values of I¢ and Vg corresponding to zero signal or D.C. conditions.
Consider a common emitter NPN transistor circuit where no signal is applied. Therefore, D.C. conditions
prevail in the circuit. The output characteristics of this circuit

. . [ imM)

are shown in Fig. Py
The value of collector-emitter voltage V¢ at any time is given
by ; Vee=Vec—IcRe Or Ic Re=Vee- Ve Vee | a

Or IC = Vcc/ RC - VCE/ RC RE' \\\

Or Ic= (-1/ Rc) Vce+ Veo/ Re (EY= mX+C) r_\\ - }.q: 15 pA
As V¢c and Re are fixed values, therefore, it is a first degree A NS ‘r;;_ 10 pA
equation and can be represented by a straight line on the output / AN Io=5pA
characteristics. This is known as D.C. Load Line. / n B ”_ Vo (\VOLTS
To add load line, we need two end points of the straight line. 0 Vee > Ve }

These two points can be located as under:
(i) When the collector current Ic= 0, then collector-emitter voltage is maximum and is equal to V¢

1.€. Max. VCE: Vcc— IcRC = VCC (AS IC = 0) I .(mA)
This gives the first point B (OB =V¢¢) on the collector-emitter "

voltage axis as shown in Fig.

(ii) When collector-emitter voltage Vg = 0, the collector current  Fee | 4

is maximum and is equal to Vc/Re
1.e. VCE= Vcc_ Ic RC or0= VCC_ IC RC \\

Max. Ic= Veo/Re C I

This gives the second point A (OA =V¢c/R¢) on the collector |\

current axis as shown in Fig. Lo

By joining these two points, D.C. Load Line AB is constructed. ! NB oLy _VOLTS)

(I) A.C. LOAD LINE. This is the line on the output 0 D y .

characteristics of a transistor circuit which gives the values of ic I

and vcg when signal is applied.

Referring back to the transistor amplifier shown in Fig., its A.C. 1

equivalent circuit as far as output circuit is concerned is as ; .\ 3

shown in Fig. - ) c ,

To add A.C. load line to the output characteristics, we again N

require two end points: — .

1. One maximum collector-emitter voltage point (Vcg max) and v

2. Other is maximum collector current point. (I¢ max) -

Under the application of A.C. signal, these values are Maximum

collector-emitter voltage, Vcg max = Vet Ic Rac. N

This locates the point C of the A.C. load line on the collector-emitter

=}

DA ——

voltage axis. D '\*f R,
Maximum collector current, Ic max = Ict Vce/Rac

This locates the point D of A.C. load line on the collector-current axis.

By joining points C and D, the A.C. Load Line CD is constructed.

\(,
= Ve

e -
Vee+ 1o R0
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% OPERATING POINT: -

>
>

>

>

*

*,

YV V. VV V V. vV V V VYV

A\

The zero signal values of I¢ and Vg are known as the Operating point.

It is called operating point because the variations of I¢ and Vg take 7
place about this point when signal is applied. r
It is also called quiescent (silent) point or Q-Point because it is the

point on Ic —V¢g characteristic when the transistor is silent i.e. in y

the absence of the signal.

Suppose in the absence of signal, the base current is SuA. Then I¢ \

and V¢g conditions in the circuit must be represented by some ) I =5uA

point on Ig = 5 pA characteristic. Dy = = ==5 5

But I¢ and Vg conditions in the circuit should also be represented | :
N
(

by some point on the d. c. load line AB. -
The point Q where the load line and the characteristic intersect is 0
the only point which satisfies both these conditions. Therefore, the
point Q describes the actual state of affairs in the circuit in the zero signal conditions and is called the
operating point. Referring to Fig, for I =5 pA, the zero signal values are :

Vee=0C volts  Ic = OD mA ‘ )
It follows, therefore, that the zero signal values of Ic and Vg (i.e. operating
point) are determined by the point where d.c. load line intersects at proper EMITTER OFEN

B *Veg

Ver
base current curve. l h
THE LEAKAGE CURRENT:- T
The current is due to the movement of minority carriers is known as Leakage Current.
In Common Base Connection of Transistor the leakage current Icpo is the Iein
Collector-Base current with emitter open. N
Similarly, In Common Emitter Connection the leakage current Icgo is the . <
Collector-Emitter Current with open Base. \ <Hfe
Expression for collector current in Common Base Connection is given by, "‘.\ y_,-' (
! BASEOPEN = Ve
¥ -
I, = 1_,[1!1-"" ﬁ 1 Y ko
Expression for collector current in Common ¥ T H
Emitter Connection is given by,
o
o 1 = — 1, + 1.
le = l—erBJrl—u!f'ﬁu Or I l=q &

MULTI STAGE TRANSISTOR AMPLIFIER:-

The output from a single stage amplifier is usually insufficient to drive an output device. In other words,
the gain of a single amplifier is inadequate for practical purposes.
Consequently, additional amplification over two or three stages is necessary. To achieve this, the output
of each amplifier stage is coupled in some way to the input of the next stage.
The resulting system is referred to as multistage amplifier.
A transistor circuit containing more than one stage of amplification is known as multistage transistor
amplifier.
In a multistage amplifier, a number of single amplifiers are connected in cascade arrangement i.e. output
of first stage is connected to the input of the second stage through a suitable coupling device and so on.
The purpose of coupling device (e.g. a capacitor, transformer etc.) is

= (1) to transfer A.C. output of one stage to the input of the next stage and

=  (ii) to isolate the D.C. conditions of one stage from the next stage.

The name of the amphﬁer is usually given after the type of couphng used. e.g.

Name of coupling ~ Nam ne of multistage amplifier
RC ujuplmg R—C cuupled ampl]her
Transformer coupling Transformer coupled amplifier

Direct coupling Direct coupled amplifier
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INPUT FIRST COUPL- SECOND COUPL- THIRD | QUTPUT
¥ STAGE | ~ ING ’ STAGE | ING > STAGE |
IMPORTANT TERMS:-

4+ Gain: - The ratio of the output electrical quantity to the input one of the amplifier is called its gain.

>

The gain of a multistage amplifier is equal to the product of gains of individual stages.

4+ Frequency response: - The curve between voltage gain and signal frequency of an amplifier is known

'l
>
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as frequency response.

Decibel gain: - Although the gain of an amplifier can be expressed as a number, yet great practical
importance to assign it a unit.

The unit assigned is bel or decibel (db). The common logarithm (log to the base 10) of power gain is

known as bel power gainpi,e, .. gain = log P . bel (1 bel=10 db.)

Bandwidth: - The range of frequency over which the voltage gain is equal to or greater than 70.7% of
the maximum gain is known as bandwidth.

From the fig. it is clear that for any frequency lying between f; and f,, the gain is equal to or greater than
70.7% of the maximum gain.

Therefore, f1— f, is the bandwidth. It may be seen that f; and f, are the limiting frequencies. The f; is
called lower cut-off frequency and f; is known as upper cut-off frequency.

R-C COUPLED TRANSISTOR AMPLIFIER:-

This is the most popular type of coupling because it is cheap and provides excellent audio fidelity over a
wide range of frequency. 1t is usually employed for voltage amplification.

Fig shows two stages of an RC coupled amplifier. A coupling capacitor Cc is used to connect the output
of first stage to the base (i.e. input) of the second stage and so on.

As the coupling from one stage to next is achieved by a coupling capacitor followed by a connection to a
shunt resistor, therefore, such amplifiers are called Resistance - Capacitance coupled amplifiers.

The resistances Ry, R, and Rg form the biasing and stabilization network. The emitter bypass capacitor
offers low reactance path to the signal. Without it, the voltage gain of each stage would be lost.

The coupling capacitor Cc transmits A.C. signal but blocks D.C. This prevents D.C. interference
between various stages and the shifting of operating point.

+ LJ( [d
<, <,
& o £ =
< = & R.<
b R o < o
Rig I g 3 Ce
i ]
s L e
i M | £
—— H ) — 4 |, ,|
W, N/
T | T \ OUTPUT
SIGNAL (=) $ : 2 :
z | < ¥ = £
Ay R y < = R? ﬂ: { ,
2: RpS = Cp s Rps =,
=z <
L # & 4 - &
[Circuit Diagram of RC Coupled Transistor Amplifier]
OPERATION: -

When A.C. signal is applied to the base of the first transistor, it appears in the amplified form across its
collector load Rc.

The amplified signal developed across RC is given to base of next stage through coupling capacitor Ce.
The second stage does further amplification of the signal.
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In this way, the cascaded (one after another) stages amplify the signal and the overall gain is
considerably increased.
It may be mentioned here that total gain is less than the product of the gains of individual stages.
It is because when a second stage is made to follow the first stage, the effective load resistance of first
stage is reduced due to the shunting effect of the input resistance of second stage.
This reduces the gain of the stage which is loaded by the next stage

FREQUENCY RESPONSE R-C COUPLED TRANSISTOR AMPLIFIER:

Fig shows the frequency response of a typical RC coupled amplifier. It is clear that voltage gain drops
off at low (< 50 Hz) and high (> 20 kHz) frequencies whereas it is uniform over mid-frequency range
(50 Hz to 20 kHz).

This behaviour of the amplifier is briefly explained below:-

(i) At low frequencies (< 50 Hz):- At this stage the reactance of coupling capacitor Cc is quite high and
hence very small part of signal will pass from one stage to the
next stage. Moreover, Cg cannot shunt the emitter resistance Rg
effectively because of its large reactance at low frequencies.

F Y

These two factors cause a falling of voltage gain at low 2

frequencies. i T

(ii) At high frequencies (> 20 kHz):-At this stage the reactance £ ; \ ’

of Cc is very small and it behaves as a short circuit. These 5 : \

increases the loading effect of next stage and serves to reduce = : :

the voltage gain. : :
Moreover, at high frequency, capacitive reactance of base- 0 50 Hz 200 kHz
emitter junction is low which increases the base current. This FREQUENCY

reduces the current amplification factor B. Due to these two reasons, the voltage gain drops off at high
frequency. [Frequency Response Curve of RC Coupled Amp]

(iii) At mid-frequencies (50 Hz to 20 kHz):- At this stage the voltage gain of the amplifier is constant.
The effect of coupling capacitor in this frequency range is such so as to maintain a uniform voltage gain.
Thus, as the frequency increases in this range, reactance of CC decreases which tends to increase the
gain. However, at the same time, lower reactance means higher loading of first stage and hence lower
gain. These two factors almost cancel each other, resulting in a uniform gain at mid-frequency.
ADVANTAGES:-

(i) It has excellent frequency response. The gain is constant over the audio frequency range which is the
region of most importance for speech, music etc.

(ii) It has lower cost since it employs resistors and capacitors which are cheap.

(iii) The circuit is very compact as the modern resistors and capacitors are small and extremely light.
DISADVANTAGES:-

(i) The RC coupled amplifiers have low voltage and power gain. It is because the low resistance
presented by the input of each stage to the preceding stage decreases the effective load resistance (Rac)
and hence the gain.

(ii) They have the tendency to become noisy with age, particularly in moist climates.

(iii) Impedance matching is poor. It is because the output impedance of RC coupled amplifier is several
hundred ohms whereas the input impedance of a speaker is only a few ohms. Hence, little power will be
transferred to the speaker.

APPLICATIONS:-

The RC coupled amplifiers have excellent audio fidelity over a wide range of frequency. Therefore, they
are widely used as voltage amplifiers e.g. in the initial stages of public address system.

If other type of coupling (e.g. transformer coupling) is employed in the initial stages, this results in
frequency distortion which may be amplified in next stages.

However, because of poor impedance matching, RC coupling is rarely used in the final stages.
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v" CIRCUIT DIAGRAM FOR OTHER TYPE OF COUPLING ARE GIVEN BELOW:-

Ve
Ha OUTPUT
J ‘—COUPUNG L ¥~ TRANSFORMER
TRANSFORMER | | ‘ ‘ —
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(Transformer Coupled Transistor Amplifier)

» Comparison of Different Types of Coupling:-

3
+ ;C'{'

>

2
SIGNAL $ R

Fd

|

OUTPUT

4
Q

(Direct Coupled Transistor Amplifier)
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>
>

>
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>

> Both amplifier and feedback network introduce a

5. No | Particular RCcoupling Transformer coupling Direet coupling

L. Frequency response Excellent in the audio Poor Best
frequency range

2. Cost Less More Least

3, Space and weight Less More Least

4, Impedance matching Not good Excellent Good

5. Llse For voltage For power amplification | For amplifiying
amplification extremely low

frequencies
[FEED BACK AMPLIFIER]
INTRODUCTION:-

A practical amplifier has a gain of nearly one million i.e. its output is one million times the input.
Consequently, even a casual disturbance at the input will appear in the amplified form in the output.

The noise in the output of an amplifier is undesirable and must be kept to as small a level as possible.
The noise level in amplifiers can be reduced considerably by the use of negative feedback i.e. by
injecting a fraction of output in phase opposition to the input signal.
The object of this chapter is to consider the effects and methods of providing negative feedback in
transistor amplifiers.

FEEDBACK:-

The process of injecting a fraction of output energy of some device back to input is known as feedback.

Depending upon whether the feedback energy aids or opposes the input signal, there are two basic types
of feedback in amplifiers viz Positive Feedback and Negative Feedback.
4+ Positive Feedback. When the feedback energy
(voltage or current) is in phase with the input signal
and thus aids it, it is called positive feedback. This is
illustrated in Fig.

phase shift of 180°. The result is a 360° phase shift
around the loop, causing the feedback voltage V¢ to be
in phase with the input signal Vj,.
The positive feedback increases the gain of the

amplifier. However, it has the disadvantages of increased distortion and instability.
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Therefore, positive feedback is not often employed in amplifiers.
One important use of positive feedback is in oscillators. If positive feedback is sufficiently large, it leads
to oscillations. As a matter of fact, an oscillator is a device that converts d.c. power into a.c. power of

any desired frequency. INTRODUCES 160
(ii) Negative Feedback. When the feedback energy N RSt AT M

. . . [ /N | AMPLIFER | T F
(voltage or current) is out of phase with the input ¥ — — WV

signal and thus opposes it, it is called negative
feedback. This is illustrated in Fig. _ { {
As you can see, the amplifier introduces a phase shift 5. N

of 180° into the circuit while the feedback network is : — g ——
so designed that it introduces no phase shift (i.e., 0° v T/'_ NETWORK

phase shift). The result is that the feedback voltage Vi Ase Sarr
is 180° out of phase with the input signal Vij,.

Negative feedback reduces the gain of the amplifier. However, the advantages of negative feedback are:
reduction in distortion, stability in gain, increased bandwidth & improved input and output impedances.
It is due to these advantages that negative feedback is frequently employed in amplifiers.

PRINCIPLES OF NEGATIVE VOLTAGE FEEDBACK IN AMPLIFIERS:-

A feedback amplifier has main two parts such as an amplifier | rsren |
and a feedback circuit. tvl - 0 sk
The feedback circuit usually consists of resistors and returns a I

fraction of output energy back to the input.

Fig. shows the principles of negative voltage feedback in an
amplifier. Typical values have been assumed to make the

treatment more illustrative. )
The output of the amplifier is 10 V. The fraction m, of this 100wy T

output i.e.100 mV is feedback to the input where it is applied
in series with the input signal of 101 mV.
As the feedback is negative, therefore, only 1 mV appears at the input terminals of the amplifier.
Referring to Fig., we have,

& Gain of amplifier without feedback, A, = (10 V) /(1 mV) = 10,000

& Fraction of output voltage feedback, m, = (100 mV)/10V =0.01

« Gain of amplifier with negative feedback, A,s=10V/101mV = 100
The following points are worth noting:-
When negative voltage feedback is applied, the gain of the amplifier is reduced. Thus, the gain of above
amplifier without feedback is 10,000 whereas with negative feedback, it is only 100.
When negative voltage feedback is employed, the voltage actually applied to the amplifier is extremely
small. In this case, the signal voltage is 101 mV and the negative feedback is 100 mV so that voltage
applied at the input of the amplifier is only 1 mV.
In a negative voltage feedback circuit, the feedback fraction m, is always between 0 and 1.
The gain with feedback is sometimes called closed-loop gain while the gain without feedback is called
open-loop gain. These terms come from the fact that amplifier and feedback circuits form a “loop”.
When loop is “opened” by disconnecting feedback circuit from I/P, amplifier's gain A, ,[open-loop gain]
When the loop is “closed” by connecting the feedback circuit, gain decreases to At [“closed-loop” gain]
GAIN OF NEGATIVE VOLTAGE FEEDBACK AMPLIFIER:-

Consider the negative voltage feedback amplifier shown in Fig. *| APLFER
The gain of the amplifier without feedback is A,. M G‘f“i.‘ﬂ‘
Negative feedback is then applied by feeding a fraction my of the
output voltage ey back to amplifier input.
Therefore, the actual input to the amplifier is the signal voltage e,
minus feedback voltage my e 1e.,

Actual input to amplifier = (e, — myeo)

+

PN
SIGNAL |~ 101 m¥
0,

e

2R

{ Y
[ \e
A

' FEEDBACK
m,e; | CIRCUIT

m,
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The output ey must be equal to the input voltage (e, — myeo) multiplied by gain A, of the amplifier

ie. (eg— myep) Ay=¢ -> Aves— Ay myep= e e __ Ay
_ _ eg 1+ A,ymy
-> e+ Ay myep= Aye, -> eo (1 +Aymy) = A€,
But eg/eq is the voltage gain of the amplifier with feedback. A,
. . R N Avf =
Voltage gain with negative feedback is 1+ Aymy,
» It may be seen that the gain of the amplifier without feedback is A,. However, when negative voltage
feedback is applied, the gain is reduced by a factor 1 + A, m,.
» It may be noted that negative voltage feedback does not affect the current gain of the circuit.

R/
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ADVANTAGES OF NEGATIVE VOLTAGE FEEDBACK:-
The following are the advantages of negative voltage feedback in amplifiers:-

Gain Stability. An important advantage of negative voltage feedback is that the resultant gain of the
amplifier can be made independent of transistor parameters or the supply voltage variations.

Ay
1+ Ay my
For negative voltage feedback in an amplifier to be effective, the designer deliberately makes the product
Aym, much greater than unity. Therefore, in the above relation, 1 can be neglected as compared to Aym,
and the expression becomes:

Avf -

Ay 1
Avi= Ay my B m_v

It may be seen that the gain now depends only upon feedback fraction my i.e., on the characteristics of
feedback circuit. As feedback circuit is usually a voltage divider (a resistive network), therefore, it is
unaffected by changes in temperature, variations in transistor parameters and frequency. Hence, the gain
of the amplifier is extremely stable.

(ii) Reduces non-linear Distortion. A large signal stage has non-linear distortion because its voltage
gain changes at various points in the cycle. The negative voltage feedback reduces the nonlinear
distortion in large signal amplifiers.

It can be proved mathematically that:

D
DVf B 1+ Ay my
Where D = distortion in amplifier without feedback

Dy¢= distortion in amplifier with negative feedback

Thus by applying negative voltage feedback to an amplifier, distortion is reduced by a factor 1 + A, m,.
(iii)improves Frequency Response. As feedback is usually obtained through a resistive network,
therefore, voltage gain of the amplifier is independent of signal frequency.

The result is that voltage gain of the amplifier will be substantially constant over a wide range of signal

frequency. The negative voltage feedback, therefore, improves the frequency response of the amplifier.
(iv)Increases Circuit Stability. The output of an ordinary amplifier is easily changed due to variations
in ambient temperature, frequency and signal amplitude.

This changes the gain of the amplifier, resulting in distortion. However, by applying negative voltage

feedback, voltage gain of the amplifier is stabilized or accurately fixed in value.

This can be easily explained. Suppose the output of a negative voltage feedback amplifier has increased

because of temperature change or due to some other reason.

This means more negative feedback since feedback is being given from the output. This tends to oppose

the increase in amplification and maintains it stable.

The same is true should the output voltage decrease. Consequently, the circuit stability is considerably

increased.

(v) Increases input impedance and decreases output impedance. The negative voltage feedback
increases the input impedance and decreases the output impedance of amplifier. Such a change is
profitable in practice as the amplifier can then serve the purpose of impedance matching.
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FEEDBACK CIRCUIT:- —

The function of the feedback circuit is to return a fraction ' - c}'_ AMPLFER : 3
of the output voltage to the input of the amplifier. S ) ! S
Fig. shows the feedback circuit of negative voltage ' — I
feedback amplifier.

It is essentially a potential divider consisting of resistances N

R;and R,. b "‘"’J

The output voltage of the amplifier is fed to this potential | S -

divider which gives the feedback voltage to the input.
Referring to Fig. it is clear that :

Voltage across R; = ( €0

Feedback fraction, m, = = l-Ell:HDéiLﬁK

INPUT & OUTPUT IMPEDANCE OF NEGATIVE FEEDBACK AMPLIFIER :-

(a) Input impedance. The increase in input impedance with negative voltage feedback can be
explained by referring to Fig.
Suppose the input impedance of the amplifier is Z;, without feedback and Z';, with negative feedback.
Let us further assume that input current is i;.
Referring to Fig., we have,
g — MyCo = iIZin

= (eg— myep) + Aym, (eg—myeg) [+ o= Ay(eg— myep)]
= (eg— myep) (1 + Aym,)
=11Zin (1 + A, mv) [ € — My Co= ilzin]

L
\
|

Or  —=Zu(1+A,m,) Y

But — = Z',, the input impedance of the amplifier with i
negative voltage feedback. \ c-H+ FEE?{JB&?K
Z'=Zin(1+ Ay m,) L |

It is clear that by applying negative voltage feedback, the input impedance of the amplifier is increased
by a factor 1 + Aym,. As Aym,is much greater than unity.

Therefore, input impedance is increased considerably. This is an advantage, since the amplifier will now
present less of a load to its source circuit.

(b) Output impedance. Following similar line, we can show that output impedance with negative
voltage feedback is given by :

’ —
Z out —

Where 7' = output impedance with negative voltage feedback
Zqy: = output impedance without feedback
It is clear that by applying negative feedback, the output impedance of the amplifier is decreased by a
factor 1 + A,m,.
This is an added benefit of using negative voltage feedback.
With lower value of output impedance, the amplifier is much better suited to drive low impedance loads.




[ PAGE —6.10]

[AUDIO POWER AMPLIFIERS]
<+ INTRODUCTION:-

> A practical amplifier always consists of a number of stages that amplify a weak signal until sufficient
power is available to operate a loudspeaker or other output device.

> The first few stages in this multistage amplifier have the function of only voltage amplification.
However, last stage is designed to provide maximum power. This final stage is known as power stage.

MICROPHONE
Ty | VOLTAGE | | VOLTAGE | POWER . U
L AMPLIFIER AMPLIFIER AMPLIFIER

+» Transistor Audio Power Amplifier: -
> A transistor amplifier which raises the power level of signals having audio frequency range is known as
transistor Audio Power Amplifier. Generally last stage of a multistage amplifier is the power stage.

» The power amplifier differs from all the previous stages in that here a concentrated effort is made to
obtain maximum output power.

> A transistor that is suitable for power amplification is generally called a power transistor.
% DIFFERENCE BETWEEN VOLTAGE AND POWER AMPLIFIERS

> The difference between the two types is really one of degree; it is a question of how much voltage and
how much power.

> A voltage amplifier is designed to achieve maximum voltage amplification. It is, however, not
important to raise the power level.

> On the other hand, a power amplifier is designed to obtain maximum output power.

1) Voltage Amplifier. The voltage gain of an amplifier is given by : A, =P X :—_”

mn
» In order to achieve high voltage amplification, the following features are incorporated in such
amplifiers:
& The transistor with high B( >100) is used in the circuit. i.e. Transistors are employed having thin
base.
& The input resistance R, of transistor is sought to be quite low as compared to the collector load Rc.
& A relatively high load Rc is used in the collector. To permit this condition, voltage amplifiers are
always operated at low collector currents (= mA). If the collector current is small, we can use large
Rc in the collector circuit
2) Power Amplifier. A power amplifier is required to deliver a large amount of power and as such it has
to handle large current.
> In order to achieve high power amplification, the following features are incorporated in such amplifiers:
% The size of power transistor is made considerably larger in order to dissipate the heat produced in the
transistor during operation.
& The base is made thicker to handle large currents. In other words, transistors with comparatively
smaller B are used.
& Transformer coupling is used for impedance matching.

The comparison between voltage and power amplifiers is given below in the tabular form :

5. No. Particular Voltage amplifier Power amplifier
1. B High (= 100) low (5 to 20)
2. R, High (4 — 10 k) low (5 to 20 Q)
3. Coupling usually R — C coupling Invariably transformer coupling
4. Input voltage low (a few mV) High(2 -4 V)
5. Collector current low (= 1 mA) High ( = 100 mA)
6. Power output low high
7. Output impedance High (= 12 k£2) low (200 £2)
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< PERFORMANCE QUANTITIES OF POWER AMPLIFIERS

>

+
>

*
+

The prime objective for a power amplifier is to obtain maximum output power. Since a transistor, like

any other electronic device has voltage, current and power dissipation limits, therefore, the criteria for a

power amplifier are : Collector Efficiency, Distortion & Power Dissipation Capability

Collector efficiency.

The main criterion for a power amplifier is not the power gain rather it is the maximum a.c. power

output. Now, an amplifier converts d.c. power from supply into a.c. power output.

Therefore, the ability of a power amplifier to convert d.c. power from supply into a.c. output power is a

measure of its effectiveness. This is known as collector efficiency and may be defined as under :

« The ratio of a.c. output power to the zero signal power (i.e. d.c. power) supplied by the battery of a
power amplifier is known as collector efficiency.

Distortion. The change of output wave shape from input wave shape of amplifier is called Distortion.

Power Dissipation Capability. The ability of a power transistor to dissipate heat is known as power

dissipation capability.

s CLASSIFICATION OF POWER AMPLIFIERS

>
>

\4

Transistor power amplifiers handle large signals. Many of them are driven by the input large signal that
collector current is either cut-off or is in the saturation region during a large portion of the input cycle.
Therefore, such amplifiers are generally classified according to their mode of operation i.e. the portion
of the input cycle during which the collector current is expected to flow. On this basis, they are
classified as

(i) Class A power amplifier (i) Class B power amplifier (iii) Class C power amplifier
CLASS A POWER AMPLIFIER. If the collector current flows at all times during the full cycle of
the signal, the power amplifier is known as class A power amplifier.
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The power amplifier must be biased in such a way that no part of the signal is cut off. Fig (i) shows
circuit of class A power amplifier. Note that collector has a transformer as the load which is most
common for all classes of power amplifiers.

The use of transformer permits impedance matching, resulting in the transference of maximum power to
the load e.g. loudspeaker. Fig (ii) shows the class A operation in terms of a.c. load line.

> The operating point Q is so selected that collector current flows at all times throughout the full cycle of

vV V #V

the applied signal. As the output wave shape is exactly similar to the input wave shape, therefore, such
amplifiers have least distortion.

However, they have the disadvantage of low power output and low collector efficiency (about 35%).
CLASS B POWER AMPLIFIER: - If the collector current flows only during the positive half-cycle of
the input signal, it is called a class B power amplifier.

In class B operation, the transistor bias is so adjusted that zero signal collector current is zero i.e. no
biasing circuit is needed at all.

During the positive half-cycle of the signal, the input circuit is forward biased and hence collector
current flows. However, during the negative half-cycle of the signal, the input circuit is reverse biased
and no collector current flows.
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Fig. shows the class B operation in terms of a.c. load line. p e
The operating point Q shall be located at collector cut off
voltage. (¢ G- LOAD LINE
It is easy to see that output from a class B amplifier is
amplified half-wave rectification.

In a class B amplifier, the negative half-cycle of the signal
is cut off and hence a severe distortion occurs.
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However, class B amplifiers provide higher power output ) |
and collector efficiency (50 — 60%). |
Such amplifiers are mostly used for power amplification |
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in push-pull arrangement.
In such an arrangement, 2 transistors are used in class B T

operation. One transistor amplifies the positive half cycle of the signal while the other amplifies the
negative half-cycle.

CLASS C POWER AMPLIFIER. If the collector current flows for less than half-cycle of the input
signal, it is called class C power amplifier.

In class C amplifier, the base is given some negative bias so that collector current does not flow just
when the positive half-cycle of the signal starts.

Such amplifiers are never used for power amplification. However, they are used as tuned amplifiers i.e.
to amplify a narrow band of frequencies near the resonant frequency.

EXPRESSION FOR COLLECTOR EFFICIENCY

For comparing power amplifiers, collector efficiency is the main criterion. The greater the collector

efficiency, the better is the power amplifier.
a.c. power output — P_o
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Now, Collector Efficiency, n =

d.c. power input Py

Where Pg.=Vcele & Po = V¢g Icinwhich Vegis the r.m.s. value of signal output voltage and I is
the r.m.s. value of output signal current.

In terms of peak-to-peak values, the a.c. power output can be expressed as:

Po=[(0.5%0.707) Veep - p][(0.5 x0.707) icp - p)] = M

Veew-p) X lep-p)

8Vl
IMPORTANT POINTS ABOUT CLASS-A POWER AMPLIFIER : -
(i) A Transformer coupled class A power amplifier has a maximum collector efficiency of 50% i.e.,
maximum of 50% d.c. supply power is converted into a.c. power output.
In practice, the efficiency of such an amplifier is less than 50% (about 35%) due to power losses in the
output transformer, power dissipation in the transistor etc.

(ii) The power dissipated by a transistor is given by :

Collector n =

Pdis = Pdc - Pac
Where P4.= available d.c. power
& P..= available a.c. power

So, In class A operation, Transistor must dissipate less heat when signal is applied therefore runs cooler.
(iii) When no signal is applied to a class A power amplifier, P,.= 0. - Pgis= Pdc

Thus in class A operation, maximum power dissipation in the transistor occurs under zero signal
conditions.

Therefore, the power dissipation capability of a power transistor (for class A operation) must be at least
equal to the zero signal rating.

(iv) When a class A power amplifier used in final stage, it is called single ended class A power
amplifier.
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The push-pull amplifier is a power amplifier and is frequently employed in the output stages of
electronic circuits. It is used whenever high output power at high efficiency is required. Fig. shows the
circuit of a push-pull amplifier.

Two transistors T;; and Ty, placed back to back are employed. Both transistors are operated in class B
operation i.e. collector current is nearly zero in the absence of the signal.

The centre tapped secondary of driver transformer T; supplies equal and opposite voltages to the base
circuits of two transistors. The output transformer T, has the centre-tapped primary winding. The supply
voltage Vc is connected between the bases and this centre tap.

The loudspeaker is connected across the secondary of this transformer.

CIRCUIT OPERATION.

The input signal appears across the secondary AB of driver transformer. Suppose during the first half-
cycle (marked 1) of the signal, end A becomes positive and end B negative.

This will make the base-emitter junction of Ty reverse biased and that of Ty, forward biased. The circuit
will conduct current due to Ty, only and is shown by solid arrows.

Therefore, this half-cycle of the signal is amplified by T, and appears in the lower half of the primary of
output transformer. In the next half cycle of the signal, T, is forward biased whereas T, is reverse
biased. Therefore, T;; conducts and is shown by dotted arrows.

Consequently, this half-cycle of the signal is amplified by T;; and appears in the upper half of the output
transformer primary. The centre-tapped primary of the output transformer combines two collector
currents to form a sine wave output in the secondary.

It may be noted here that push-pull arrangement also permits a maximum transfer of power to the Load
through impedance matching. If Ry is the resistance appearing across secondary of output transformer,
then resistance R’y of primary shall become:

2N
R'L= (N_Zl) 'Ry
Where N; = Number of turns between either end of primary winding and centre-tap
N, = Number of secondary turns
ADVANTAGES

1) The efficiency of the circuit is quite high (= 75%) due to class B operation.

2) A high a.c. output power is obtained.

DISADVANTAGES

1) Two transistors have to be used.

2) It requires two equal and opposite voltages at the input. Therefore, push-pull circuit requires the use
of driver stage to furnish these signals.

3) [If the parameters of the two transistors are not the same, there will be unequal amplification of the
two halves of the signal.

4) The circuit gives more distortion.

5) Transformers used are bulky and expensive.
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4+ COMPLEMENTARY-SYMMETRY AMPLIFIER

> By complementary symmetry is meant a principle of assembling push-pull class B amplifier without
requiring centre-tapped transformers at the input and output stages.
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> Fig. shows the transistor push-pull amplifier using complementary symmetry. It employs one npn and
one pnp transistor and requires no centre-tapped transformers.

> The circuit action is as follows. During the positive-half of the input signal, transistor T, (the npn
transistor) conducts current while T,(the pnp transistor) is cutoff.

> During the negative half-cycle of the signal, T, conducts while T, is cut off. In this way, npn transistor
amplifies the positive half-cycles of the signal while the pnp transistor amplifies the negative half-
cycles of the signal.

> Note that we generally use an output transformer (not centre-tapped) for impedance matching.

4+ Advantages: - (1) This circuit does not require transformer. This saves on weight and cost.

(2) Equal and opposite input signal voltages are not required.

#+ Disadvantages: -(1) It is difficult to get a pair of transistors (npn & pnp) having similar
characteristics.

(2) We require both positive and negative supply voltages.
+ HEAT SINK: -

> As power transistors handle large currents, they always heat up during operation. Since transistor is a
temperature dependent device, the heat must be dissipated to the surroundings to keep the temperature
within allowed limits.

> Usually transistor is fixed on Aluminum metal sheet so that additional heat is transferred to the Al sheet.

> The metal sheet that serves to dissipate the additional heat from power transistor is known as Heat
Sink.
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[SINUSOIDAL OSCILLATOR]
INTRODUCTION TO OSCILLATOR: -

Many electronic devices require a source of energy at a specific frequency which may range from a few
Hz to several MHz. This is achieved by an electronic device called an oscillator.

Oscillators are extensively used in electronic equipment. For example, in radio and television receivers,
oscillators are used to generate high frequency wave (called carrier wave) in the tuning stages.

Audio frequency and radiofrequency signals are required for the repair of radio, television and other
electronic equipment. Oscillators are also widely used in radar, electronic computers and other
electronic devices. Oscillators can produce sinusoidal or non-sinusoidal (e.g. square wave) waves.
SINUSOIDAL OSCILLATORS:-

An electronic device that generates sinusoidal oscillations of desired frequency is known as a
sinusoidal oscillator. Although we speak of an oscillator as “generating” a frequency, it should be
noted that it does not create energy, but merely acts as an energy converter.

It receives D.C. energy and changes it into A.C. energy of our desired frequency.

The frequency of oscillations depends upon the constants of the device. It may be mentioned here that
although an alternator produces sinusoidal oscillations of 50Hz, it cannot be called an oscillator.

Firstly, An alternator is a mechanical device having rotating parts whereas an oscillator is a non-
rotating electronic device.

Secondly, An alternator converts Mechanical Energy into A.C. Energy while an oscillator converts
D.C. Energy into A.C. energy.

Thirdly, An alternator cannot produce high frequency oscillations whereas an oscillator can produce
oscillations ranging from a few Hz to several MHz.

ADVANTAGES

Although oscillations can be produced by mechanical devices (e.g. alternators), but electronic
oscillators have the following advantages:

An oscillator is a non-rotating device. Consequently, there is little wear and tear and hence longer life.
Due to the absence of moving parts, the operation of an oscillator is quite silent.

An oscillator can produce waves from small (20 Hz) to extremely high frequencies (> 100 MHz).

The frequency of oscillations can be easily changed when desired.

It has good frequency stability i.e. frequency once set remains constant for considerable period of time.
It has very high efficiency.

TYPES OF SINUSOIDAL OSCILLATIONS:-

Sinusoidal oscillations can be of two types viz Damped Oscillations and Undamped Oscillations.

(i) Damped Oscillations: - The electrical oscillations whose amplitude goes on decreasing with time
are called damped oscillations. Fig (i) Shows waveform of damped
electrical oscillations.

Obviously, the electrical system in which these oscillations are
generated has losses and some energy is lost during each oscillation. [

eori eori
L A

Further, no means are provided to compensate for the losses and ° || |/~
consequently the amplitude of the generated wave decreases gradually. P
It may be noted that frequency of oscillations remains unchanged
since it depends upon the constants of the electrical system. w )
(ii) Undamped Oscillations. The electrical oscillations whose amplitude remains constant with time are
called undamped oscillations. Fig. (ii) Shows waveform of undamped
electrical oscillations.

Although the electrical system in which these oscillations are being
generated has also losses, but now right amount of energy is being
supplied to overcome the losses. AR AR
Consequently, amplitude of generated wave remains constant. It should VoW
be emphasized that an oscillator is required to produce undamped
electrical oscillations for utilizing in various electronics equipment.
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OSCILLATORY CIRCUIT: -
A circuit which produces electrical oscillations of any desired frequency is known as an Oscillatory
Circuit or Tank Circuit.

A simple oscillatory circuit consists of a capacitor (C) and inductance coil (L) in parallel as shown in
Fig. This system can produce electrical oscillations of frequency determined by the values of L and C.
To understand how this comes about, suppose the capacitor is charged from a d.c. source with a polarity
as shown in Fig. (i).
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(i) (41) (iir) (iv)
(i) In the position shown in Fig (i), the upper plate of capacitor has deficit of electrons and the lower
plate has excess of electrons. Therefore, there is a voltage across the capacitor and the capacitor has
electrostatic energy.
(ii) When switch Sis closed as shown in Fig (ii), the capacitor will discharge through inductance and the
electron flow will be in the direction indicated by the arrow.
This current flow sets up magnetic field around the coil. Due to the inductive effect, the current builds
up slowly towards a maximum value.
The circuit current will be maximum when the capacitor is fully discharged. At this instant, electrostatic
energy is zero but because electron motion is greatest (i.e. maximum current), the magnetic field energy
around the coil is maximum. This is shown in Fig (ii).
Obviously, the electrostatic energy across the capacitor is completely converted into magnetic field
energy around the coil.
(iii) Once the capacitor is discharged, the magnetic field will begin to collapse and produce a counter
e.m.f. According to Lenz's law, the counter e.m.f. will keep the current flowing in the same direction.
The result is that the capacitor is now charged with opposite polarity, making upper plate of capacitor
negative and lower plate positive as shown in Fig (iii).
(iv) After the collapsing field has recharged the capacitor, the capacitor now begins to discharge;
current now flowing in the opposite direction.
Fig (iv) shows capacitor fully discharged and maximum current flowing. The sequence of charge and
discharge results in alternating motion of electrons or an oscillating current.
The energy is alternately stored in the electric field of the capacitor (C) and the magnetic field of the
inductance coil (L). This interchange of energy between L and C is repeated over and again resulting in
the production of oscillations.
UNDAMPED OSCILLATIONS FROM TANK CIRCUIT:-

As discussed before, a tank circuit produces damped oscillations. However, in practice, we need
continuous undamped oscillations for the successful operation of electronics equipment.

. In order to make the oscillations in the tank circuit undamped, it is necessary to supply correct amount

. Therefore, in order to make the oscillations in the tank circuit undamped, ., _

Ll

3o

of energy to tank circuit at proper time intervals to meet the losses. i

the following conditions must be fulfilled : ’ fq. f/_\\.

(i) The amount of energy supplied should be such so as to meet the losses ol 1 17 -
in the tank circuit & the a.c. energy removed from the circuit by the load. ] "‘\J' \ ).
(ii) The applied energy should have the same frequency as tank circuit. e

(iii) The applied energy should be in phase with the oscillations set up in the tank circuit.

If these conditions are fulfilled, the circuit will produce continuous undamped output as shown in Fig.




points may be noted carefully :

& A transistor amplifier with proper positive feedback will work as an oscillator.

# The circuit needs only a quick trigger signal to start the oscillations.
# Once the oscillations have started, no external signal source is needed.
»
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. Therefore, the amplifier will produce sinusoidal output with no external signal source. The following

In order to get continuous undamped output from the circuit, the following condition must be met:

Where A,= Voltage Gain of Amplifier without Feedback and m,=
& This relation is called Barkhausen Criterion.
ESSENTIALS OF TRANSISTOR OSCILLATOR: -
Fig shows the block diagram of an oscillator. Its essential components are : -
Tank circuit. It consists of inductance coil (L) connected in parallel with capacitor (C).
The frequency of oscillations circuit depend upon the values of
inductance of the coil and capacitance of the capacitor.
& (ii) Transistor Amplifier.

W*UO:Q

mA,=1

The transistor amplifier receives
D.C. power from the battery and changes it into a.c. power for
supplying to the tank circuit.

®. The oscillations occurring in the tank circuit are applied to the
input of the transistor amplifier. Because of the amplifying

properties of the transistor, we get increased output of these

oscillations.

Y

Feedback Fraction

]

TRANSISTOR
AMPLIFIER

FEEDBACK

¢ DIFFERENT TYPES OF TRANSISTOR OSCILLATORS:-

w. A transistor can work as an oscillator to produce continuous undamped oscillations of any desired
frequency if tank and feedback circuits are properly connected to it.

® All oscillators under different names have similar function i.e., they produce continuous undamped
output. However, the major difference between these oscillators lies in the method by which energy is
supplied to the tank circuit to meet the losses.

®. The following are the transistor oscillators commonly used at various places in electronic circuits:

() Tuned Collector Oscillator (ii) Colpitt’s Oscillator
(iv) Phase Shift Oscillator
(vi) Crystal Oscillator

(iii) Hartley Oscillator

(v) Wien Bridge Oscillator

% TUNED COLLECTOR OSCILLATOR:-

. Fig shows circuit of tuned collector oscillator. It contains
tuned circuit L; - C; in the collector and hence the name.

®. The frequency of oscillations depends upon the values of
L;and C and is given by :

w. The feedback coil L, in the base circuit is magnetically

f

C

K

CIRCUIT

This amplified output of oscillations is due to the D.C. power supplied by the battery.
The output of the transistor can be supplied to the tank circuit to meet the losses.

(iii) Feedback Circuit. The feedback circuit supplies a part of collector energy to the tank circuit in
correct phase to aid the oscillations i.e. it provides positive feedback.
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coupled to the tank circuit coil L;. In practice, L; and L, form the primary and secondary of the

transformer respectively.

. The biasing is provided by potential divider arrangement. The capacitor C connected in the base circuit

provides low reactance path to the oscillations.

& Circuit Operation. When switch S is closed, collector current starts increasing and charges the
capacitor C;. When this capacitor is fully charged, it discharges through coil L,, setting up oscillations
of frequency determined by above equation.
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. These oscillations induce some voltage in coil L, by mutual induction. The frequency of voltage in coil
L, is the same as that of tank circuit but its magnitude depends upon the number of turns of L, and
coupling between L; and L.

. The voltage across L, is applied between base and emitter and appears in the amplified form in the
collector circuit, thus overcoming the losses occurring in the tank circuit.

w. The number of turns of L, and coupling between L; and L, are so adjusted that oscillations across L, are
amplified to a level just sufficient to supply losses to the tank circuit.

. It may be noted that the phase of feedback is correct i.e. energy supplied to the tank circuit is in phase
with the generated oscillations. A phase shift of 180° is created between the voltages of L, and L, due to
transformer action.

w. A further phase shift of 180° takes place between base-emitter and collector circuit due to transistor
properties. As a result, the energy feedback to the tank circuit is in phase with the generated oscillations.

% COLPITT’S OSCILLATOR:- e

. Fig shows a Colpitt's oscillator. It uses two capacitors and

ﬁ KF GHOKE

XX Note that C;— C,— L is also the feedback circuit that g
produces a phase shift of 180°.

& Circuit Operation. When the circuit is turned on, the capacitors C; and C, are charged. The capacitors
discharge through L, setting up oscillations of frequency determined by exp.(i).

® Output voltage of the amplifier appears across C; and feedback voltage is developed across C,. The
voltage across it is 180° out of phase with the voltage developed across C; (Vo) as shown in Fig.

. [t is easy to see that voltage feedback (voltage across C;) to the transistor provides positive feedback.

X A phase shift of 180° is produced by transistor and a further * Ve
phase shift of 180° is produced by C,— C, voltage divider. In ‘ :

=
©} RF CHOKE

placed across a common inductor L and the centre of the two él !
capacitors is tapped. 231 ,-—J i :

@ The tank circuit is made up of C;, C;and L. The frequency of " } { r o= Vo
oscillations is determined by the values of C;, C;and L and is \ n ;
given by ; g . Lg +

f=—— Where Cpr=—— 1 '
ol [

this way, feedback is properly phased to produce continuous d 9 _

undamped oscillation. ‘ | . H ._EIJ Vo
% HARTLEY OSCILLATOR:- ) & I
= The Hartley oscillator is similar to Colpitt’s oscillator with SR, - =| to o=

minor modifications. Instead of using tapped capacitors, two L 7,5 g

inductors L; and L, are placed across a common capacitor C and ) 7 ;_F("" r b

the centre of the inductors is tapped as shown in Fig.
. The tank circuit is made up of L, L, and C. The frequency of oscillations is determined by the values of

L;, Lyand C and is given by :
f=——=1 ... (i)
e &l
pre] (=14
Where Lt=L;+ L+ 2M & M= Mutual inductance between L; & L, v .k; I L, ‘; v
& Circuit Operation. When the circuit is turned on, the capacitor is | 1= | i i==1'+ 4
charged. When this capacitor is fully charged, it discharges through coils l = -Er— L

L, and L, setting up oscillations of frequency determined by equ (i).

w The output voltage of the amplifier appears across L; and feedback
voltage across L,. The voltage across L, is 180° out of phase with the voltage developed across L; (Vour)
as shown in Fig.

. [t is easy to see that voltage feedback (i.e., voltage across L) to transistor provides positive feedback.

W A phase shift of 180° is produced by the transistor & further phase shift of 180° is produced by L; — L,
voltage divider. In this way, feedback is properly phased to produce continuous undamped oscillations.

FEEDBACK CIRCUIT
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% PRINCIPLE OF PHASE SHIFT OSCILLATORS:-

®. One desirable feature of an oscillator is that it should feedback energy of correct phase to the tank
circuit to overcome the losses occurring in it.

. In the oscillator circuits discussed so far, the tank circuit employed inductive (L) and capacitive (C)
elements. In such circuits, a phase shift of 180° was obtained due to inductive or capacitive coupling
and a further phase shift of 180° was obtained due to transistor properties.

® In this way, energy supplied to the tank circuit was in phase with the generated oscillations. The
oscillator circuits employing L-C elements have two general drawbacks.

. Firstly, they suffer from frequency instability and poor waveform. Secondly, they cannot be used for
very low frequencies because they become too much bulky and expensive.

w. Good frequency stability and waveform can be obtained from oscillators employing resistive and
capacitive elements. Such amplifiers are called R-C or phase shift oscillators and have the additional
advantage that they can be used for very low frequencies. c

||
. In a phase shift oscillator, a phase shift of 180° is obtained with a phase shift T V [

circuit instead of inductive or capacitive coupling.
w. A further phase shift of 180° is introduced due to the transistor properties. Thus, v, R (.

energy supplied back to the tank circuit is assured of correct phase. ‘:
. Phase shift Circuit. A phase-shift circuit essentially consists of an R-C network. l

Fig (i) shows a single section of RC network. From the elementary theory of *©

electrical engineering, it can be shown that alternating ¢ ¢ ¢ ]

voltage V'jacross R leads the applied voltage V; by ¢°. The T L ] I { L 1

value of ¢ depends upon the values of R and C.
= If resistance R is varied, the value of ¢ also changes. If R | RS RS RS v,
were reduced to zero, V'; will lead V; by 90° i.e. o= 90°. ' :
w. However, adjusting R to zero would be impracticable l
because it would lead to no voltage across R.
w. Therefore, in practice, R is varied to such a value that makes V', to lead V; by 60°.
w. Fig (i1) shows the three sections of RC network. Each section produces a phase shift of 60°.
Consequently, a total phase shift of 180° is produced i.e. voltage V; leads the voltage V; by 180°.
¢ PHASE SHIFT OSCILLATOR:-

. Fig. shows the circuit of a phase shift oscillator. It consists of a conventional single transistor amplifier
and a RC phase shift network.

w. The phase shift network consists of three sections R;C;, R,C; and R3C;. At some particular frequency
fo, the phase shift in each RC section is 60° so that total phase-shift produced by the RC network is 180°.
. The frequency of oscillations is given by:

fo= = | Where R;=R,=R;=R & C;= C,=C;=C

& Circuit Operation. When the circuit is switched on, it produces oscillations of frequency determined
by exp. (i). The output E, of the amplifier is fed back to RC feedback network.

. This network produces a phase shift of 180° and a voltage E; appears at its output which is applied to the
transistor amplifier.

®. Obviously, the feedback fraction m= Ei/E,. The
feedback phase is correct. A phase shift of 180° is 3
produced by the transistor amplifier. g

™ A further phase shift of 180° is produced by the RC 1 t 1
network. As a result, the phase shift around the
entire loop is 360°. o G ¢, L

» Advantages TI ] | — T q) ouTPuT

Ve

-0

X [t does not require transformers or inductors.

X It can be used to produce very low frequencies. : E 1.
. . . g < '3 2 g T E

X The circuit provides good frequency stability. J{ ' { l i E:
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& Disadvantages
X It is difficult for the circuit to start oscillations as the feedback is generally small.
%X The circuit gives small output.

¢ WIEN BRIDGE OSCILLATOR:-

®. The Wien-bridge oscillator is the standard oscillator circuit for all frequencies in the range of 10 Hz to
about 1 MHz. It is the most frequently used type of audio oscillator as the output is free from circuit
fluctuations and ambient temperature.

w. Fig. shows the circuit of Wien bridge oscillator. It is essentially a two-stage amplifier with R-C bridge
circuit. The bridge circuit has the arms R;Cy, R3, R,C; and tungsten lamp L,,.

. Resistances R3 and L are used to stabilize the amplitude of the output. The transistor T, serves as an
oscillator and amplifier while the other transistor T, serves as an inverter (to produce 180° phase shift).

. The circuit uses positive and negative feedbacks. The positive feedback is through R;C;, C;R; to the
transistor T;. The negative feedback is through the voltage divider to the input of transistor T».

w. The frequency of oscillations is determined by the series element R;C; and parallel element R,C, of the
bridge.

f= —_— IfR1=R2=RandC1=C2=C, then, f=_

™ When the circuit is started, bridge circuit C
produces oscillations of frequency determined. I
w. The two transistors produce a total phase shift
of 360° so that proper positive feedback is

ensured.
. The negative feedback in the circuit ensures 5 5 5

constant output. This is achieved by the ‘ R < £ ’ RH) f s

temperature sensitive tungsten lamp L, Its K& ‘7% '3 - | ﬂ“

resistance increases with current. - B % % OUTPUT
= Should the amplitude of output tend to | ) G . l'--\ WAL [ |'-\ Wi

increase, more current would provide more | % < - )

negative feedback. LN/ " R RS R

i
||I|| ATAAA

. The result is that the output would return to =
original value. '
X A reverse action would take place if the output tends to decrease.
Advantages
(i) It gives constant output.
(ii) It works quite easily.
(iii)  Overall gain is high due to two transistors.
(iv)  The frequency of oscillations can be easily changed by using a potentiometer.
& Disadvantages
v) It requires two transistors & large number of components.
(vi) It cannot generate very high frequencies.

3o

% LIMITATIONS OF LC AND RC OSCILLATORS:-

w. The LC and RC oscillators discussed so far have their own limitations. The major problem in such
circuits is that their operating frequency does not remain strictly constant. There are two principal
reasons for it viz.,

& (i) As the circuit operates, it will warm up. Consequently, the values of resistors and inductors, which

are the frequency determining factors in these circuits, will change with temperature.

This causes the change in frequency of the oscillator.

. (1) If any component in the feedback network is changed, it will shift the operating frequency of the
oscillator. However, in many applications, it is desirable and necessary to maintain the frequency
constant with extreme low tolerances.

3o
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. It is apparent that if we employ LC or RC circuits, a change of temperature may cause the frequencies
of adjacent broadcasting stations to overlap.

. In order to maintain constant frequency, piezoelectric crystals are used in place of LC or RC circuits.
Oscillators of this type are called crystal oscillators.

. The frequency of a crystal oscillator changes by less than 0.1% due to temperature and other changes.

w. Therefore, such oscillators offer the most satisfactory method of stabilizing the frequency and are used
in great majority of electronic applications.

¢ PIEZOELECTRIC CRYSTALS:-

. Certain crystalline materials, namely, Rochelle salt, quartz and tourmaline exhibit the piezoelectric
effect i.e., when we apply an a.c. voltage across them, they vibrate at the frequency of the applied
voltage. Conversely, when they are compressed or placed under mechanical strain to vibrate, they
produce an a.c. voltage.

. Such crystals which exhibit piezoelectric effect are called piezoelectric crystals. Of the various
piezoelectric crystals, quartz is most commonly used as it is inexpensive & readily available in nature.

® Quartz Crystal. Quartz crystals are generally used in crystal oscillators because |
of their great mechanical strength and simplicity of manufacture. S e paxis

®. The natural shape of quartz crystal is hexagonal as shown in Fig. The three axes ’ :
are shown: the z-axis is called the optical axis, the x-axis is called the electrical
axis and y-axis is called the mechanical axis.

. Quartz crystal can be cut in different ways. Crystal cut perpendicular to the x-
axis is called x-cut crystal whereas that cut perpendicular to y-axis is called y-
cut crystal. The piezoelectric properties of a crystal depend upon its cut.

. Frequency of Crystal. Each crystal has a natural frequency like a pendulum. \

Sy | XAXIS

The natural frequency f of a crystal is given by: f= % Where,

K = Constant that depends upon the cut & t= Thickness of the crystal.

. It is clear that frequency is inversely proportional to crystal thickness. The thinner the crystal, the
greater is its natural frequency and vice-versa.

w. However, extremely thin crystal may break because of vibrations. This puts a limit to the frequency
obtainable. In practice, frequencies between 25 kHz to 5 MHz have been
obtained with crystals.

** WORKING OF QUARTZ CRYSTAL:- i

. In order to use crystal in an electronic circuit, it is placed between two
metal plates. The arrangement then forms a capacitor with crystal as the ‘)
dielectric as shown in Fig.

. If an a.c. voltage is applied across the plates, the crystal will start vibrating at the frequency of applied
voltage. However, if the frequency of the applied voltage is made equal to the natural frequency of the
crystal, resonance takes place and crystal vibrations reach a maximum value.

. This natural frequency is almost constant. Effects of temperature change can be eliminated by mounting
the crystal in a temperature-controlled oven as in radio and television transmitters.

—i—
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CHAPTER - 7

[FIELD EFFECT TRANSISTOR (FET)]

% INTRODUCTION: -

X/
L X4

In the previous chapters, we have discussed the circuit applications of an ordinary transistor. In this type
of transistor, both holes and electrons play part in the conduction process. For this reason, it is
sometimes called a Bipolar Transistor.

The ordinary or bipolar transistor has two principal disadvantages. First, it has low input impedance
because of forward biased emitter junction. Secondly, it has considerable noise level.

Although low input impedance problem may be improved by careful design and use of more than one
transistor, yet it is difficult to achieve input impedance more than a few mega ohms.

The field effect transistor (FET) has, by virtue of its construction and biasing, large input impedance
which may be more than 100 mega ohms.

The FET is generally much less noisy than the ordinary or bipolar transistor. The rapidly expanding
FET market has led many semiconductor marketing managers to believe that this device will soon
become the most important electronic device, primarily because of its integrated-circuit applications.
CLASSIFICATION OF FIELD EFFECT TRANSISTORS: -

N-Channel
JFET <
P-Channel

FET N-Channel
Depletion <

Type
yp P-Channel
MOSFET
N-Channel
Enhanceme
nt Type
P-Channel

¢ Other types of C-MOS also There Such as: -CMOS, VMOS, LDMOS etc.
DIFFERENTIATION BETWEEN BJT & FET : -

FET BJT

X [t means Field Effect Transistor ¥ Means Bipolar Junction Transistor

X Its three terminals are Source, Gate & Drain | ¥ Its terminals are Emitter, Base & Collector.

X [t is Unipolar devices i.e. Current in the ¥ [t is Bipolar devices i.e. Current in the device
device is carried either by electrons or holes. is carried by both electrons and holes.

X [t is Voltage controlled device. i.c. Voltage at | ¥ [t is Current controlled device. i.c. Base
the gate or drain terminal controls the amount Current controls the amount of collector
of current flowing through the devices. current flowing through the devices.

X [t has very High Input Resistance and Low ¥ It has very Low Input Resistance and High
Output Resistance. Output Resistance.

X Low noisy operation ¥ High noisy operation

X Itis Longer Life & High Efficiency. X It is Shorter Life & Low Efficiency.

%X It is much simpler to fabricate as IC and X [t is comparatively difficult to fabricate as IC
occupies less space on IC. and occupies more space on IC then FET.

X [t has Small gain bandwidth product. X [t has Large gain bandwidth product.

X [t has higher switching speed. X It has higher switching speed.
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JUNCTION FIELD EFFECT TRANSISTOR (JFET) : -
A junction field effect transistor is a three terminal semiconductor device in which current conduction is
by one type of carrier i.e., electrons or holes.
In a JFET, the current conduction is either by electrons or holes and is controlled by means of an
electric field between the gate electrode and the conducting channel of the device.
The JFET has high input impedance and low noise level. t DRAIN (D) + DRAIN (D)
CONSTRUCTIONAL DETAILS.
A JFET consists of a p-type or n-type silicon bar
containing two pn junctions at the sides as shown in Fig.
The bar forms the conducting channel for the charge
carriers. If the bar is of n-type, it is called n-channel (G
JFET as shown in Fig (i) and if the bar is of p-type, it is
called a p-channel JFET as shown in Fig (ii).
The two pn junctions forming diodes are connected
internally & a common terminal called gate is taken out. | SOURCE (s) | souRcE (5)
Other terminals are source and drain taken out from the wChannel JEET p-Channel JFET
bar as shown. Thus a JFET has essentially three
terminals viz., Gate (G), Source (S) & Drain (D).
JFET POLARITIES: -
Fig (i) shows n-channel JFET polarities whereas
Fig (i1) shows the p-channel JFET polarities.
Note that in each case, voltage between gate and
source is such that the gate is reversing biased.
This is the normal way of JFET connection.
The drain & source terminals are interchangeable
1.e., either end can be used as source and the
other end as drain. ‘
The following points may be noted:

& The input circuit (i.e. gate to source) of a JFET is reverse biased. This means that the device has

high input impedance.

& The drain is so biased w.r.t. source that drain current Ip flows from the source to drain.

& In all JFETs, source current Ig is equal to the drain current i.e. Is= Ip.
WORKING PRINCIPLE OF JFET:-

Principle: - Fig. shows the circuit of n-
channel JFET with normal polarities. Note
that the gate is reverse biased.

The two pn junctions at the sides form two l
depletion layers. The current conduction by
charge carriers (i.e. free electrons in this
case) is through the channel between the two
depletion layers and out of the drain.

The width and hence resistance of this channel can be controlled by changing the input voltage Vs.

The greater the reverse voltage Vgs, the wider will be the depletion layers and narrower will be the
conducting channel. The narrower channel means greater resistance and hence source to drain current
decreases. Reverse will happen should Vg decrease.

Thus JFET operates on the principle that width and hence resistance of the conducting channel can be
varied by changing the reverse voltage Vgs.

In other words, the magnitude of drain current (Ip) can be changed by altering Vgs.

Working: - The working of JFET is as under :

(i) When voltage Vpgs is applied between drain & source terminals and voltage on the gate is zero [See
the above Fig (1)], the two pn junctions at the sides of the bar establish depletion layers.

The electrons will flow from source to drain through a channel between the depletion layers.

Vs
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The size of these layers determines width of the channel & hence current conduction through the bar.
(ii) When a reverse voltage Vs is applied between the gate and source [See Fig (ii)], the width of the
depletion layers is increased.
This reduces the width of conducting channel, thereby increasing the resistance of n-type bar.
Consequently, the current from source to drain is decreased.
On the other hand, if the reverse voltage on the gate is decreased, the width of the depletion layers also
decreases. This increases the width of the conducting channel and hence source to drain current.
It is clear from the above discussion that current from source to drain can be controlled by the
application of potential (i.e. electric field) on the gate.
For this reason, the device is called field effect transistor. It may be noted that a p-channel JFET
operates in the same manner as an n-channel JFET except that channel current carriers will be the holes
instead of electrons and the polarities of Vs and Vpg are reversed. 7
JFET AS AN AMPLIFIER :-
Fig shows JFET amplifier circuit. The weak signal is applied between
gate and source and amplified output is obtained in the drain-source
circuit. For the proper operation of JFET, the gate must be negative
w.r.t. source i.e., input circuit should always be reverse biased.

D

This is achieved either by inserting a battery Vg in the gate circuit or n-Channel JFET p-Channel JEET
by a circuit known as biasing circuit. [Schematic Symbol of JFET]
In the present case, we are providing biasing by the battery V. A small change 1n the reverse bias on
the gate produces a large change in drain current. F Vs

This fact makes JFET capable of raising the strength of a weak signal. .

During the positive half of signal, the reverse bias on the gate SR,

decreases. This increases the channel width and hence the drain current.
During the negative half-cycle of the signal, the reverse voltage on the
gate increases. Consequently, the drain current decreases.

The result is that a small change in voltage at the gate produces a large I OUTPUT
change in drain current. SIGNAL

These large variations in drain current produce large output across the | l
load Ry. In this way, JFET acts as an amplifier 11 .

OUTPUT CHARACTERISTICS OF JFET Voo
The curve between drain current (Ip) and drain-source voltage (Vps) of _

a JFET at constant gate source voltage (Vgs) is known as output ) ]
characteristics of JFET.

Fig shows circuit for determining output characteristics of JFET. )
Keeping Vs fixed at some value, say 1V, the drain source voltage is | ‘
changed in steps.
Corresponding to each value of Vpg, the drain current Ip is noted. s Y ]

A plot of these values gives output characteristic of JFET at Vgs= 1V.

Repeating similar procedure, output characteristics at other gate-source voltages can be drawn. Fig.
shows a family of output characteristics.

The following points may be noted from the characteristics:

(i) At first, the drain current Ip rises rapidly with drain-source voltage Vpg but then becomes constant.
The drain-source voltage above which drain current becomes constant is j [5

known as pinch off voltage. Thus in Fig. OA is the pinch off voltage Vp.

(ii) After pinch off voltage, the channel width becomes so narrow that
depletion layers almost touch each other.

The drain current passes through the small passage between these layers. /7
Thus increase in drain current is very small with Vpg above pinch off 1 Vee=2V
voltage.
Consequently, drain current remains constant. The characteristics |/ !

resemble that of a pentode valve. O ‘% -V

Voe=1V

f".—|7 Veoe=3V



i

[PAGE —-7.4]
IMPORTANT TERMS : -
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1. Shorted-Gate Drain Current (Ipss): -
It is the drain current with source short-circuited to gate (i.e. Vgs = 0) and drain voltage (Vps) equal to
pinch off voltage. It is sometimes called zero-bias current.

2. Pinch Off Voltage (Vp) : -
It is the minimum drain-source voltage at which the drain current essentially becomes constant.

3. Gate-Source Cut Off Voltage Vs (off): -
It is the gate-source voltage where the channel is completely cut off & the drain current becomes zero.
PARAMETERS OF JFET: -
Like vacuum tubes, a JFET has certain parameters which determine its performance in a circuit. The
main parameters of JFET are: - (i) A.C. drain resistance (ii) Transconductance (iii) Amplification factor.
(i) A.C. Drain Resistance (rq). Corresponding to the a.c. plate resistance, we have a.c. drain resistance
in a JFET. It may be defined as follows :
It is the ratio of change in drain-source voltage (AVps)to the change in drain current(Alp) at constant
gate-source voltage i.e.

. . Av
A.C. Drain Resistance, rq=~ IDS

at constant Vgg
D

For instance, if a change in drain voltage of 2 V produces a change in drain current of 0.02 mA, then,
) i 2V
a.c. drain resistance, rg = =100 kQ

0.02 mA

Referring to the output characteristics of a JFET in Fig., it is clear that above the pinch off voltage, the
change in Ip is small for a change in Vpg because the curve is almost flat.

Therefore, drain resistance of a JFET has a large value, ranging from 10 kQ to 1 MQ.

(ii) Transconductance ( gg) : -The control that the gate voltage has over the drain current is measured
by transconductance gg & is similar to transconductance g, of the tube. It may be defined as follows: -
It is the ratio of change in drain current (Alp) to the change in gate-source voltage(AVgs) at constant
drain-source voltage i.e.

Al
Transconductance, g = # at constant Vpg
GS

The transconductance of a JFET is usually expressed either in mA/volt or micro mho. As an example, if

a change in gate voltage of 0.1 V causes a change in drain current of 0.3 mA, then, Transconductance,
> o= % =3mA/V = 3x10"> A/V or mho or S(Siemens)=3x10">x 10° u mho = 3000 p mho (or pS)

(iii) Amplification Factor ( n ). It is the ratio of change in drain-source voltage (AVps) to the change
in gate-source voltage(AVgs) at constant drain current i.e.

Amplification Factor, p = 2“;—"5 at constant I
GS

Amplification factor of a JFET indicates how much more control the gate voltage has over drain current
than has the drain voltage.

For instance, if the amplification factor of a JFET is 50, it means that gate voltage is 50 times as
effective as the drain voltage in controlling the drain current.
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RELATION AMONG JFET PARAMETERS: -
The relationship among JFET parameters can be established as under :

_ AV

We know p= Ve
Multiplying the numerator and denominator on R.H.S. by Alp, we get,

_AVps Al _ AVrs  Alp =r. X
AVes Al Al AVes > H d” Bfs
= Amplification Factor = A.C. Drain Resistance x Transconductance

JFET BIASING: -
For the proper operation of n-channel JFET, gate must be negative w.r.t. source. This can be achieved
either by inserting a battery in the gate circuit or by a circuit known as biasing circuit.
The latter method is preferred because batteries are costly and require frequent replacement.

1. Bias Battery: - In this method, JFET is biased by a bias battery Vgg. This battery ensures that gate is
always negative w.r.t. source during all parts of the signal.

2. Biasing circuit: -The biasing circuit uses supply voltage Vpp to provide the necessary bias. Two
most commonly used methods are (i) Self-Bias (ii) Potential Divider Method.

SELF-BIAS FOR JFET : - + Voo
Fig shows the self-bias method for n-channel JFET. The resistor

RS is the bias resistor.

The d.c. component of drain current flowing through Rg produces = fp

the desired bias voltage. v I,
Voltage across Rs, Vs=Ip Rg N ¥

Since gate current is negligibly small, the gate terminal is at d.c. o - \ =||: ) Vg

ground i.e., Vg = 0. SIGNAL J =

Vgs=Vs—Vs=0-IpRg or Vgs=—1IpRsg x_ .

Thus bias voltage Vs keeps gate negative w.r.t. source. R r=

Operating point: - l 82

The operating point (i.e., zero signals Ip & Vps) can be easily = J_;

determined. Since the parameters of the JFET are usually known, zero signal Ipcan be calculated from
the following relation :

AVgs |2
Ip=1 1-———
p = Ipss ( MVescorn
Also Vbps= Vpp — Ip (RD + RS)
Thus d.c. conditions of JFET amplifier are fully specified i.e. operating point for the circuit is (Vps, Ip).
Also, Rg= %
D

Note that gate resistor Rg does not affect bias because voltage across it is zero.

Midpoint Bias: - It is often desirable to bias a JFET near the midpoint of its transfer characteristic
curve where Ip = Ipgs/2. When signal is applied, the midpoint bias allows a maximum amount of drain
current swing between Ipgs and 0.

It can be proved that when Vgs = Vs o)/ 3.4, midpoint bias conditions are obtained for Ip.

AVgs 2 AVGS(Off)/3'4' 2
Ip=1 ]-————) =1 ]-——————)"=051 .
p= Ipss ( AVGS(off)) pss ( AVescom DSS Yoo
To set drain voltage at midpoint (Vp = Vpp/2), select a value of Rp to
produce the desired voltage drop. 2p, “k,

JFET with Voltage-Divider Bias :- ' ¥
Fig shows potential divider method of biasing a JFET. This circuit is L
identical to that used for a transistor. oL :::\1': :,]
The resistors R; and R, form a voltage divider across drain supply Vpp. —

The voltage V, (= V) across R; provides the necessary bias. i '
V,=Vg= VD X Ry ‘ J . R%

Ri1+ Ry
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Now V,=Vgs +Ip Rg Or Vgs=V,-IpRg
The circuit is so designed that Ip Rg is larger than V; so that Vg is negative. This provides correct bias
voltage. We can find the operating point as under:

ID = % and VDS = VDD - ID (RD + Rs)

S
Although the circuit of voltage-divider bias is a bit complex, yet the advantage of this method of biasing
is that it provides good stability of the operating point.
The input impedance Z; of this circuit is given by ;  Z; =R || R2
JFET Connections: -
There are three leads in a JFET viz., source, gate and drain terminals. However, when JFET is to be
connected in a circuit, we require four terminals; +Vop
two for the input and two for the output.
This difficulty is overcome by making one
terminal of the JFET common to both input and
output terminals. Accordingly, a JFET can be |
connected in a circuit in the following three ways: : SN ‘
& Common Source connection & 11 ‘11: | R E QUTPUT
&% Common Gate connection T
& Common Drain connection $
The common source connection is the most widely ~ siGna. () é*’?u s
used arrangement. It is because this connection [ 3
provides high input impedance, good voltage gain - J_. l
and moderate output impedance. : COMMON SOURGE GONNECTION
However, the circuit produces a phase reversal i.e., output signal is 180° out of phase with the input
signal. Fig. shows a common source n-channel JFET amplifier.
Note that source terminal is common to both input and output.
JFET Applications : -
The high input impedance and low output impedance and low noise level make JFET far superior to the
bipolar transistor. Some of the circuit applications of JFET are :
& As a Buffer amplifier
& As Phase-shift oscillators
&% As RF amplifier

Cs
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CHAPTER - 8
OPERATIONAL AMPLIFIERS

s INTRODUCTION

The operational amplifier is an extremely efficient and versatile device. Its applications span the broad
electronic industry filling requirements for signal conditioning, special transfer functions, analog
instrumentation, analog computation, and special systems design. The analog assets of simplicity and
precision characterize circuits utilizing operational amplifiers.

s OP-AMP BASICS

Operational amplifiers are convenient building blocks that can be used to build amplifiers, filters, and even
an analog computer. Op-amps are integrated circuits composed of many transistors & resistors such that the
resulting circuit follows a certain set of rules. The most common type of op-amp is the voltage feedback
type and that's what we'll use.

The schematic representation of an op-amp is shown to the left. There are
two input pins (non-inverting and inverting), an output pin, and two power
pins. The ideal op-amp has infinite gain. It amplifies the voltage difference
between the two inputs and that voltage appears at the output. Without
feedback this op-amp would act like a comparator (i.e. when the non- — -
inverting input is at a higher voltage than the inverting input the output

will be high, when the inputs are reversed the output will be low).

% NON-INVERTING AMPLIFIER:

No current flows into the input, Rin = o The output adjusts to bring Vin- to the same voltage as Vin+.
Therefore Vin- = Vin and since no current flows into Vin- the same current must flow through R1 & R2.
Vout is therefore VR1 + VR2 = Vin- + IR2 = Vin- + (Vin/R1)R2.

Vino— —

>— $——O\Vout

AY]
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«* INVERTING AMPLIFIER

Because no current flows into the input pins there can’t be any voltage drop across the R1 ||
R2. Vin+ is therefore at 0V (this is called a virtual ground). The output will adjustsuch that
Vin- is at zero volts. This makes Rin = R1 (not o). The current through R1 & R2 have to be

the same since no current goes into the input pins.
Therefore I = Vin/R1. Vout = Vin+ - IR2 = 0 - (Vin/R1)R2. Therefore Vout =-Vin(R2/R1)

R2
—AANA—

R1
Vino——AAMM——&——] = |

+—oVoul

R1||R2

_W_

g,
5

< SUMMING AMPLIFIER:

Since Vin- is a virtual ground adding V2 and R2 (and V3 & R3) doesn't change the current flowing through
R1 from V1. Each input contributes to the output using the following equation:

Vout = -VI(R4/R1) - V2(R4/R2) - V3(R4/R3).

The input impedance for the V1 input is still R1, similarly V2's input impedance is R2 and V3's is R3. Most
of the time the parallel combination of R1-R4 isn't used and Vin+ is grounded.

R4

R1

V10——ANN—
R2

Ve ISR ¢——oVoul
R3 —t

VIO——AMNN—

R1||R2||R3||R4

GND
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“* DIFFERENCE AMPLIFIER:

You can work out the gain as before using the two rules (no current flows into the inputs,
and the output will adjust to bring Vin- to Vin+). The result is Vout = 2(V2-V1)*(R2/R1).

Also, Rin(-) = R1, Rin(+) = R1 + R2.

R2
—AMN—

R1
Vio—ANW— 4

—o\out

GND

s COMMON-MODE OP- AMP

These type of op-amp have common mode voltage to both terminals.

It means without connecting the same voltage at both the terminal we may connect one voltage or either
inverting or non-inverting terminal and other is connected with short to that voltage.

+
VIN YouT

s COMMON MODE REJECTION RATIO

Common mode rejection ratio which is defined as the ratio of differential gain to common mode
CMRR =A4/ Acm

Ad = VO/ Vd 5 Acm=V0/ ch

As the gain is generally high so CMRR is used to express as a logarithmic gain function

CMRRR=20log A¢/Acm
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* OPERATIONAL - AMPLIFIER WITH FEEDBACK

O—F+
- C

E A Eo

Non-Inverting Amplifier

EO=(1+F|;—“]-E|

|
The same voltage must appear at the inverting and non-inverting inputs, so that:

E-)-E+)-E

From the voltage division formula:
— RI
'R +R, °
Eo _R+Ro . Ro
E R, R,

The input impedance of the non-inverting amplifier circuit is infinite since no current flows into
the inverting input. Output impedance is zero since output voltage is ideally independent of

R
output current. Closed loop gain is H?O hence can be any desired value above unity.
I

Such circuits are widely used in control and instrumentation where non-inverting gain is required.

INVERTING AMPLIFIER

Eo

o 41:0

Figure 17. Inverting Amplifier

The invarting amplifier appears in figure 17. This circuit and its many variations form the bulk of
commonly usec operational amplifier circuitry. Single ended input and output versions were first
used, and they became the basis of analog computation. Today's modern cifferential input
amplifier is used as an inverting amplifier by grounding the non-inverting input and applying the

input signal to the inverting input terminal.

Since the amplifier draws no input current and the input voltage approaches zero when the
feedback loop is closed (the two summing point restraints), we may write:

E E

=1 =-=0 —p

R Rg
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Differentiator
G Ro
O H AAA
E, }
R —0
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dE
E, =-R,C, =L
0 [Ohad| dt

Figure 22. Differentiator Circuit

Using a capacitor as the input element to the inverting amplifier, figure 22, yields a differentiator
circuit. Consideration of the device in figure 23 will give a feeling for the differentiator circuit.

I RD
O | f = A '@
> >
E, le In Eo

o
O

Figure 23. An Intuitive Picture of the Differentiator

Since the inverting input is at ground potential:

dE

so that:
B Eo
dt R,
dE

E{) = _R0C| d—tl

It should be meantioned that of all the circuits presented in this section. the differentiator is the
one that will operate least successfully with real components. The capacitive input makes it
particularly susceptible to random noise and sgpecial techniques will be discussed later for
remedying this effect.
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Integrator
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Figure 21. Integrator Circuit

[ PAGE-8.6]

If a capacitor is used as the feedback element in the inverting amplifier, shown in figure 21, the
result is an integrator. An intuitive grasp of the integrator action may be obtained from the

statement under the section, “Current Output,” that current through the feedback loop charges
the capacitor and is stored there as a voltage from the output to ground. This is & voltage input

current integrator.

Voltage Adder

In a great many practical applications the input to the inverting amplifier is more than one
voltage. The simplest form of multiple inputs is shown in figure 24.

R
Es O——— A
R
E: O R L]
R Ro

>

oAl
=

l

Eo

O

E, = _:0 (E, +E, +E, +..)

Figure 24. Voltage Adding Circuit

Current in the feedback loop is the algebraic sum of the current due to each input. Each source,
E., Ez etc., contributes to the total current, and no interaction occurs between them. All inputs

“see” R as the input impedance, while gain is

with Ro = R|.

-||-—u

O . Direct voltage addition may be obtained
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ul



u

L]

[ PAGE - 8.7]
THE VOLTAGE FOLLOWER

e
> -

E
Eo

O LD

Let the veltage at the inverting input with respect to the non-inverting input be E-.
By Kirchoff's voltage law:

(E—)+ E =E;

EBut by definition:

Eo = -A(E—)

where A is the gain of the operational amplifier

Then:

€)=

—E,
A

And substituting:
E,
G- =Fe

Letting A go to infinity, Ef approaches zero, and:
E. =FE,
% VOLTAGE SUBSTRACTOR

> Generally Subtraction of signals are being performed by substracting one signal from another signal.
These types of subtractor are always used in analog signals.

Rf
AN —
R1
g e B ~
w0
R2
A +
va O SN
.
R3

O—
g

L]
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Voltage across terminal A can be found by using voltage division rule and we know that voltage across A is

equals to the B so VA =VB
VA=V2 R2/R2+R3 = VB
Applying nodal analysis in terminal B the equation becomes
(VB-V 1)/R1 +(VB-V0)/RF =0
VB/R1 + (VB/RF — V1/R1) = VO/RF
VB (1/R1 + 1/RF) —V1/R1 = VO/RF
But we know that VB= V2 .R2/ R2+R3
(V2 .R2/R2+R3) [(RF+R1)/R1 .RF] - V1 /R1 = VO/RF
(V2 .R2/R2+R3) [(RF+ R1)/R1] - V1. RF/R1 =V0
V0= (V2 .R2/R2+R3) [1+ RF/R1] - (V1. RF)/ R1
If we put RF=R1 =R2 =R3 =1 KQ
The output voltage VO becomes
V0=V2-VI1

SLEW RATE

It is the ratio of change in output voltage to change in time

SR=AVO/AT(V/us)
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