18.12 Transistor Astable Multivibrator— < \

A multivibrator which generates Square waves of its own (i.e. without any external triggerin g pulse)
is known as an astable or free running multivibrator.

The *astable multivibrator has no stable state. It switches back and forth from one state to the
other, remaining in each state for a time determined by circuit constants. In other words, at first one
transistor conducts (i.e. ON state) and the other stays in the OFF state for some time. After this period
of time, the second transistor is automatically turned ON and the first transistor is turned OFF. Thus

the multivibrator will generate a square wave output of its own. The width of the square wave and its
frequency will depend upon the circuit constants.

Circuit details. Fig. 18.13 shows the circuit of a typical transistor astable multivibrator using

two identical transistors 0, and Q,. The circuit essentially consists of two symmetrical CE amplifier

 Stages, each providing a feedback to the other. Thus collector loads of the two stages are equal i.e.
R, = R, and the biasing resistors are also equal i.e. R, = R3. The output of transistor Q, is coupled to
the input of O, through C, while the output of Q, is fed to the input of Q, through C,. The square
Wwave output can be taken from Q, or Q.. ‘

Operation. When Veeis applied, collector currents start flowing in Q, and (,. In addition, the
coupling capacitors C, and C, also start charging up. As the characteristics of no two transistors
(i.e. B, Vyp) are exactly alike, therefore, one transistor, say Q,, will conduct more rapidly than the
other. The rising collector current in @, drives its collector more and more positive. The increasing
positive output at point A is applied to the base of transistor Q, through C,. This establishes a reverse

..............................

------------------
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Fig. 18.13

- bias on Q, and its collector current starts decreasing.
- As the collector of Q, is connected to the base of Q,
through C,, therefore, base of @, becomes more nega-
tive i.e. Q, is more forward biased. This further in-
creases the collector current in O, and causes a further
decrease of collector current in Q,. This series of ac-
tions is repeated until the circuit drives O, to satura-
tion and O, to cut off. These actions occur very rap-
idly and may be considered practically instantaneous. 0 (re—. TIME

The output of O, (ON state) is approximately zero and Fig. 18.14

that of Q, (OFF state) is approximately V.. This is 4

shown by ab in Fig. 18.14.

When Q, is at saturation and Q, is cut off, the full voltage V. appears across R, and voltage
across R, will be zero. The charges developed across C; and C, are sufficient to maintain the satura-
tion and cut off conditions at O, and @, respectively. This condition is represented by time interval bc
in Fig. 18.14. However, the capacitors will not retain the charges indefinitely but will discharge
through their respective circuits. The discharge path for C,, with plate L negative and Q, conducting,
is LAQ,V-R,M as shown in Fig. 18.15 (i). g

The discharge path for C,, with plate K negative and Q, cut off, is KBR R,J as shown in Fig.
18.15 (ii). As the resistance of the discharge path for C, is lower than that of C,, therefore, C, will
discharge more rapidly.

As C, discharges, the base bias at 0, becomes less positive and at a time determined by R, and
C,, forward bias is re-established at Q,. This causes the collector current to start in Q,. The increas-
ing positive potential at collector of Q, is applied to the base of O, through the capacitor C,. Hence
the base of Q, will become more positive i.e. Q, is reverse biased. The decrease in collector current
in O, sends a negative voltage fo the base of Q, through C,, thereby causing fu ther increase in the
collector current of 0, With this set of actions taking place, Q, is quickly driven o saturation and Q,
to cut off, This condition is represented by cd in Fig. 18.14. The period of tir i during which Q,
remains at saturation and Q, at cut off is determined by C, and R,

— OUTPUT
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ON or OFF time. The time for which either transistor remains ON or OFF is given by :
ON time for O, (or OFF time for Q,)is
: T, = 0.694R,C,

OFF time for Q, (or ON time for Q,)is E o

, : T, = 0.694R,C, - 4
Total time period of the square wave is

T =T,+T, = 0.694 (R, C, +R, C,)
AsR, = Ry =RandC, = C, = C,
: T = 0.694 (RC+ RC) = 1 .4 RC seconds

Frequency of the square wave is ;

]

f = % = 2—2. Hz
It may be noted that in these expressions, R is in ohms and C in farad.
Example 18.4. In the astable multivibrator shown in Fig, 18.13 R, =R;=10kQand C, = C,
= 0.01 uF. Determine the time period and fmguency of the square wave,
Solution.
Here R = 10kQ = 10°Q; C = 0.01 yF = 10 F
Time period of the square wave is
' T

14 RC = 1.4x10* x 107 second 1

1.4x 10~ second = 14x10*x10° m sec :
= 0.14 m sec

Frequency of the square wave is

T ks,

Tinsecond 14107
: 7x10°Hz = 7 kHz
i O ol
18.13 Transistor Monostable Muitivibrato

A multivibrator in which one transistor is
non-conducting (i.e. in the OFF state) is

1}

always conducting (i.e. in the ON State) and the other is
called a monostable multivibrator.
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| A *monostable multivibrator has only one state stable, In m‘hcf’ lWordal. if one
L and the other i non-conducting, the circuit will remain in this position,
\ W‘f‘}fﬁm of external pulse that the cireuit will interchange the states, However, after
” rl:;wﬁit will automatically switch back to the original s\lnblc state flncl remaim there
& s is applied. Thus a monostable multivibrator cannot generate Square waves

3 | stable multivibrator. Only external pulse will cause it (o generate the square way

Circuit details. Fig, 18,16 shows the cireuit of a transistor monostable multi !
& £ iwo similar transistors Q, and Q, with equal collector loads f.e. Ry = K. The val
. are such as to reverse bias Q, and keep it at cut off. "The collector su'pply Vee andg
& ond keep itat saturation, The input pulse is given through €, to obtain the square wi
@ can be taken from Q, or Q, ;

~Vec

Fig. 18.16

Operation. With the circuit arrangement
shown, Q, is at cut off and Q, is at saturation,
This is the stable state for the circuit and it will
continue to stay in this state until a triggering pulse
is applied at C,. When a negative pulse of short
duration and sufficient magnitude is applied to
the base of Q, through C,, the transistor 0, starts
conducting and positive potential is established
at its collector. The positive potential at the col-
lector of Q, is coupled to the base of Q, through
capacitor C,. This decteases@: forward bias on
Q, and its collector current decreases, The increas-

ing negative potential on the collector o Q, is

lied to through R,. This further T Py Jjjj,
increase 5 the forward bias on Q, and hence its ey T
: | R R R Rl
collecto current. With this set of actions taking gt e '--’ rtkindird >

place, € | is quickly driven to saturation and Q,t0
-cut off. .

------------

------
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Bisauration and the other to cut off in a manner described for the astable multivibrator, Assume that Q,
‘.mmed ON and Q, is cut OFF. If left to itself, the circuit will stay in this condition. In order to
switch the multivibrator to its other state, a trigger pulse must be applied. A negative pulse applied to -
ihe base of @, through C;-will cut it off or a positive pulse applied to the base of Q, through C, will
=sause it to conduct. | |
Suppose a negative pulse of sufficient magnitude is applied to the base of Q, through C;. This
Ewill reduce the forward bias on Q, and cause a decrease in its collector current and an increase in
Sepollector voltage. The rising collector voltage is coupled to the base of 0, where it forward biases the
S8 pase-emitter junction of Q,. This will cause an increase in its collector current and decrease in
s collector voltage. The decreasing collector voltage is applied to the base of Q, where it further
= reverse biases the base-emitter junction of Q, to decrease its collector current. With this set of actions
y_ & taking place, O, is quickly driven to saturation and Q, to cut off. The circuit will now remain stable i
E .'_"this state until a negative trigger pulse at Q, (or a positive trigger pulse at Q) changes this statﬁ:)l
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25.23 Applications of OP-Amps

The operational amplifiers have many practical applications, The OP-amp can be connected in 3

pumber of eircuits to provide various operating characteristics. In the sections to follow »e
discuss impogtant applications of OP-amps. .

25.24" Inverting Amplifier

An OP amplifier can be operated as an inverting
amplifier as shown in Fig. 25.46. An input signal v, is Ry
applied through input resistor R, to the minus input ey
(inverting input). The output is, fed back to the same
minus input through feedback resistor R, The plus
input (noninverting input) is grounded. Note that the
resistor R; provides the *negative feedback. Since the input 0 ou
signal is applied to the inverting.input (=), the output
will be inverted (i.e. 180° out of phase) as compared
to the input. Hence the name inverting amplifier. ‘ 46

Voltage gain. An OP-amp has an infinite input abaris
impedance. This means that there is zero current at the inverting input. If there is zero current
through the input impedance, then there must be no voltage drop between the inverting and non-
inverting inputs. This means that voltage at the inverting input (-) is zero (point A) because the
other input (+) is grounded. The OV at the inverting input terminal (point A) is referred to as virtual
ground. This condition is illustrated in Fig. 25.47. The point A is said to be at virtual ground
because it is at OV but is not physically_connccted to the ground (i.e. V, = 0V).

large
shal]

Virtual ground (0V) Ry (- > 1,\:”_ ‘ )
L ”
Vin 7 Vin® m IA =0 \(; i
9 V{ LS Vi R 1 —0 Vou
+
= T
() (if) -

Fig. 25.47
Referring to Fig. 25.47 (ii), the current I to the inverting input is zero. Therefore, current [,
flowing through R, entirely flows through feedback resistor R, In other words, [;= I,,.
z Voltageacross R, V,, -V, _V;, =0 _V,

Now I, = R, R, R K
Voltageacross R, V, -V, 0-V,,, Vo,
and If r Rf | ~ Rj Rf R!
v V
y2 = -l o A
Since I, = I, Re. %
Vou . Bt

Voltage gain, Ay = v, R,

----

is of the

e T
.....
'''''''
oooooooooooo
-----
........

| i input. Since the voltage drop across Ry
v tput voltage is 180° out of phase with thc input. Si
Z‘;l;o:i‘:eppolarity gw the applied voltage, the circuit is providing negative feedback.
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¢ | v Fig. 25.54
25,26 Noninverting Amplifier

There are times when we wish to have an output signal
of the same polarity as the inpiit signal. In this case, the
OP-amp is connected as noninverting amplifier as
shown in Fig. 25.55. The input signal is applied to the
noninverting input (+). The output is applied back to the

* input through the feedback circuit formed by feedback
resistor R and input resistance R;. Note that resistors R,
and R, form a voltage divide at the inverting input (-).
This produces *negative feedback in the circuit. Note
that R, is grounded. Since the input signal is applied to
the noninverting input (+), the output signal will be
noninverted i.e., the output signal will be in phase with
the input signal. Hence, the name non-inverting
amplifier. ] ‘

Fig. 25.55

Voltage gain. If we assume that we are not at saturation, the potential at point A is the same as
V.- Since the input impedance of OP-amp is very high, all of the current that flows through R, also
flows through R,. Keeping these thiugs in mind, we have, :

Voltage across R, = V,, o

~0 ; Voltage across R,= Vm_“— v

Now - . Current through R; = Current through R,
, » | R; R,
R : Ve = Vo0 R,-V,R
or ; Vo (R+R) = VouR;
or You = il L -R—f
Vl'n / Ri Rl'
Vo
Closed-loop voltage gain, Ay, = ‘;"" =1 by
The following points may be noted about the noninverting amplifier :
| R
(i) Ag = 1+=L
R;

* If the output voltage increases, the voltage at the inverting input will also increase. Since the ‘volta_gc
being amplified is the difference between the voltages at the two input terminals, the diffcrenflal
voltage will decrease when the output voltage increases. Therefore, the circuit provides negative
feedback.




l.

h

<

The voltage gain of noninverting
- amplifier also depends upon the values of
and R,

|
[

.
L
|

L (if) The voltage Rain of a non-
5

inverting amplifier can be made ‘
equal to or greater than 1.

The voltage gain of .a non-
inverting amplifier will always be
greater than the gain of an
equivalent inverting amplifier by
a value of 1. If an inverting
amplifier has a gain.of 150, the
equivalent noninverting amplifier
will have a gain of 151.

‘The voltage gain is positive. This
is not surprising because output
signal is in phase with the input
S signal.

Voltége Follower

(@)

(@)

" The voltage follower arrangement is a special case of
- noninverting amplifier where all of the output voltage is fed
. back to the inverting input as shown in Fig. 25.56. Note that we

- remove R; and R, from the noninverting amplifier and short the

output of the amplifier to the inverting input. The voltage gain

-~ for the voltage follower is calculated as under : -

R
CAR A e
AL = ”?"HF"I

(" R.=09Q)

i i [

Thus the closed-loop voltage gain of the voltage follower is
. The most important features of the voltage follower
configuration are its very high input impedance and its very low
output impedance. These features make it a nearly
high-impedance sources and low-impedance lo

G

% ""’«-’;“% g : Z é
e X
Sy

Operational Ampllﬂof.

L,
/{/‘( /’M’ )
<N,

" Non-inverting operational amplifier.

ideal buffer amplifier to be cohnectéd betwe

"

&
L,

o]

Fig. 2556
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\2433 Applications of Summing Amplifiers
By proper modifications, a summing amplifier can be made to perform many useful functjo‘ns..
There are a number of applications of summing amplifiers. However, we shall dlscpss the following
two applications by way of illustration:
1. Asaveraging amplifier
\2. As subtractor |

k 1. As averaging amplifier. By using the

proper input and feedback resistor values, a
summing amplifier can be designed to provide
an output voltage that is equal to the average of
input voltages. A summing amplifier will act as
an averaging amplifier when both of the
following conditions are met;

() All input resistors (R, R, and so on)
are equal in value. - Fig. 25.77 :

(it) The ratio of any
circuits.

input resistor to the feedback resistor is equal to the number of inpﬁt |

Fig. 25.77 shows the circuit of averagin ‘ e 3 : =T e
. ging amplifier. Note that it is a summing am lifier meeting the
above two conditions. All input resisto o .

: rs are equal in val : v ot
- resistor to the feedback resistor, we get y ue (3 k). If we take the ratio of any input

il : 3K/ 1kQ =3, This is equal to th inputs to the
circuit. Referring to the circuit in Fig. 25.77, the output voltage isq given by? number of inp
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X 'k R
Vo = ~{-LvstystLy
o AR RE R
g 5 & N
2T RK iy
Ve = -(“+‘;2+V3) !

Note that V,,,, is equal to the average of the three inputs. The negative sign shows. the phase

reversal. ,
2. As subtractor. A summing amplifier can be used to provide an output voltage that is

equal to the difference of two voltages. Such a circuit is called a subtractor and is shown in Fig.
25.78. As we shall see, this circuit will provide an output voltage that is equal to the difference

between V, and V,.

W B
10kQ
R‘
o—=AAN—
Vy 10kQ

Fig. 25.78

The veltage V, is applied to a standard inverting amplifier that has unity gain. Because of this;
the output from the inverting amplifier will be equal to -V,. This output is then applied to the
summing amplifier (also having unity gain) along with V,. Thus output from second OP-amp is
given byy :

Ve = -V + V==V, + V)=V, -V,

It may be noted that the gain of the second stage in the subtractor can be varied to provide an
output that is proportional to (rather than equal to) the difference between the input voltages.
However, if the circuit is to act as a subtractor, the input inverting amplifier must have unity gain.
Otherwise, the output will not be proportional to the true difference between V, and V.

25.34 OP-Amp Integrators and Differentiators

"/ A circuit that performs the mathematical integration of input signal is called an infegrator The

output of an integrator is proportional to the area of the input waveform over a period of time. A
circuit that performs the mathematical differentiation of input signal is called a differentiator. The
output of a differentiator is proportional to the rate of change of its input signal. Note that the two
operations are opposite. .




" | R,
I ‘ -"\AW_-'
R, i +V ) : C, +V
T o—AM~ A —f |
—0 ;
l 1 V'V l : % Rl
A ey
¥ ' ¥
OP-amp Integrator . OP-amp differentiator
@ | (i)
Fig. 25.79 :

Fig.25.79 shows OP-amp integrator and differentiator. As you can see, the two circuits are
nearly identical in terms of their construction. Each contains a single OP-amp and an RC circuit.
However, the difference in resistor/capacitor placement in the two circuits causes them to have -
input/output relationships that are exact opposites. For example, if the input to the integrator is a
square wave, the output will be a triangular wave as shown in Fig. 25.79 (i). However, the
differentiator will convert a triangular wave into square wave as shown in Fig. 25.79 (ii).

\/é.35 OP-Amp Integrator

As discussed abeve, an integrator is a circuit that performs integration of the input signal. The
most popular application of an integrator is to produce a ramp output voltage (i.e. a linearly
increasing or decreasing voltage). Fig. 25.80 shows the circuit of an OP-amp integrator. It consists

- of an OP-amp, input resistor R and feedback capacitor C. Note that the feedback component is a
capacitor instead of a resistor.

As we shall see, when a signal is applied to the input of this circuit, the output-signal waveform
will be the integration of input-signal waveform.

T e |

Fig. 25.80 Fig. 25.81 _

Circuit Analysis. Since point A in Fig. 25.80 is at virtual ground, the *virtual-ground
equivalent circuit of operational integrator will be as shown in Fig. 25.81. Because of virtual

ground and infinite lmpcdance of the OP-amp, all of the input current i flows through the capacitor
le.i=i.

=) W
Now 3 V'R =-1_; ()
Also voltage across capacitoris v, =0-v,=-v,
Ie = ——‘Cj,v =-C% ()

........
% e TR R RS e L W . e T Ll W B A e R, e s e e, R N L Nt 2 S

current flows from point A to ground.
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Operating frequency, f = ! 2 |
mJL,C  2m\1140x107° x20x 107"
1052 x 10> Hz = 1052 kHz |
L , |
2 JOUH gy

) Feedback fraction, m, = — =
L, 1000 puH

acitor is available. Choose the inductor values in a Hartley oscillator, ¥

Example 14.6. A 1 pF cap
Lk

so that f= 1 MHz and m, = 0.2.

Solution.
Feedback fraction, m, = %
or 02 = % L, =5L,
1

Now : { f = 21t ’LTC

‘ VA 1
i Lr = Comfy  (ax107 %) @rx1x10%°

= 253x10° H=253mH

or L+L, = 253mH (- Ly=Ly+ L))
or ) . SL,+L, = 253 ~ L,=253/6=422mH
and L L s B L0 A2 20 TR

e of Phase shift Oscillator 5

n oscillator is that it should feed back energy of correct phase to the :::
the

it. In the oscillator circuits discussed so far,
(C) elements. In such circuits, a phase shift of 180° was
g and a further phase shift of 180° was obtained duet0
circuit was in phase with the gene

: drawbacks. Firstly:
d for very

14.12 Principl

One desirable feature of a
circuit to overcome the losses occurring in
circuit employe: . inductive (L) and capacitive
obtained due to nductive or capacitive couplin
transistor prope ties. In this way, energy supplied to the tank
oscillations. The oscillator circuits employing L-C elements have two general
they suffer from frequency instability and poor waveform. Secondly, they cannot be use

low frequencies because they become t00 much bulky and expensive.



Sinusoidal Oscillators m «

’g,,od frequency stability and waveform can be obtained from oscillators efnpl ,
i capacitive elements. Such amplifiers are called R-C or phase shift oscillators and
Rlitional advantage that they can be used for very low frequencies. In a phase shift oscil;
Puse shift of 180° is obtained with a phase shift circuit instead of inductive or capacitive coupli
R ither phaoceahift of 180° is introduced due to the transistor properties. Thus, energy supplied

e tank circuit is assured of correct phase.

0 |

as \Phase shift circuit. A phase-shift circuit essentially consists of an R-C network. Fig, 14,
Hows a single section of RC network. From the elementary theory of electrical engineering, it

§ibwn that alternating voltage V] across R leads the applied voltage V, by ¢°. The value of ¢ depe

Smion the values of R and C. If resistance R is varied, the value of ¢ also changes. If R were redug

B . ro, V; will lead V, by 90° i.e. ¢ = 90°. However, adjusting R to zero would be impracti ¥

suse it would lead to no voltage across R. Therefore, in practice, R is varied to such a value ¢

es V] to lead V; by 60°. ;
c v c C i
e ) : z g 1 ol et 1 e e ____} % ;
' o
ia ‘ o e R% [
= == s g Wil L s s e 1 g
@ - (i) 4
Fig. 14.16
Fig. 14.16 (ii) shows the three sections of RC network. Each spciion 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°.
' 14.13 Phase Shift Oscillator .
' Flg 14.17 shows the circuit of a phase shift oscillator. It consists of a conventional single transistor
% anphﬁcr and a RC phase shift network. The phase shift network consists of three sections R,C,, R,C,
-':'-md R.C,. At some particular frequency fo, the phase shift in each RC section is 60° so that the total *
z 153 ; N y g
? i : ' network is 180°. The frequency of oscillations is given by :. H
i phase-shift produced by the RC ne ' |
+Vec i
5 | 1
1= I |
|
E ]
o E, e
i 0 Rl ¢ R2. RS f,‘
' Fig. 14.17 e il
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1
J 21 RC 6
C = C=C=C

Circuit operation. When the circuit is switched on, it produces oscillations of frequency ey 2

-

mined by exp. (i). The output E, of the amplifier is fed back to RC feedback network. This nety,

produces a phase shift of 180° and a voltage E; appears at its output which is applied to the transjg
amplifier. 4

Obviously, the feedback fraction m = E,/E,. The feedback phase is correct. A phase shift of 1
is produced by the trahsistor amplifier. A further phase shift of 180° is produced by the RC networi s
As a result, the phase shift around the entire loop is 360°, 3

Advantages
(i) It does not require transformers or inductors.
(if) It can be used to produce very low frequencies.
(iti) The circuit provides good frequency stability.
Disadvantages
(¢) Itis difficult for the circuit to start oscillations as the feedback is generally small.
(@) The circuit gives small output. ‘ 2
Example 14.7. In the phase shift oscillator shown in Fig. 14.17, R 1= R, = R = IM.Qand 2
= C, = C; = 68 pF. At what frequency does the circuit oscillate ?
Solution.
R, = R, =R=1MQ = 10°Q
@ =0 = C=68pF = 8x107F

l
=
w

Frequency of oscillations is

fo = 2%k ¥e
1
= Hz.
21 x10° x 68 x 1072 /6
= 954 Hz . i
Example 14.8. A phase shift oscillator uses 5 pF capacitors. Find the value of R to produccq;j :
frequency of 800 kHz. : g ¥
Solution. ;
e " 2n RC J6
1 1
or R =

2m f,C6  2mx 800 x 10° x 5 X 10-2 x 6
162 x 10° Q=162 kQ

14.14 Wien Bridge Oscillator" | ¢

The Wie! -bridge oscillator is the standard oscillator circuit for all frequencies in the range of. :
10 Hz to ¢ bout 1 MHz, It is the most frequently used type of audio oscillator as the output is free from' |
circuit fluctuations and ambient temperature. Fxg: 14.l§ shgws the circuit °,f Mcn bridge oscillator.
It is essentially a two-stage amplifier with R-C bridge circuit. The bridge circuit has the arms R,C;»




. lator and amplifier while the other transistor T, serves
. “
(L.€. 10 produce a phase shift of 180°). The circuit uses positive and negative ;eedbaclu.

dvefeedblckicmmughkc C,R, to the transi :
» G ) transistor 7', i
tage divider to the input of t:m:siatﬁz Or 71 The negative foedback is through

Ty The frequency of oscillations is determi
element R,C, and parallel element R,C, of the bridge. i

f= ‘
2n R, C, R, G,
If Rl = R?. = R
and C = C, = C, then,
% 1
f 2n RC ..(i)
Gy
, =l

Fig. 14.18

When the circuit is started, bridge circuit produces oscillations of frequencyldetemﬁned by exp.
- 41). The two transistors produce a total phase shift of 360° so that proper positive feedback is ensured.
" The negative feedback in the circuit ensures constant output. This is achieved by.the temperature
 sensitive tungsten lamp L, Its resistance increases with current. Should the amplitude of output tend
"o increase, more current would provide more negative feedback. The result is that the output would
feturn to original value. A reverse action would take place if the output tends to decrease.
Advantages ,
(i) It gives constant output.
(if) The circuit works quite casily. '
(iif) The overall gain is high because of two transistors.
(iv) The frequency of oscillations can be easily changed by using a potentiometer.
Disadvantages ‘
(i) The circuit requires two transistors and a large number of components.
(ii) ¥ canmot generate very high frequencies.

SRS L el
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(i6) Since'Ay= 1 for the circuit, v,,,, = v,,. Therefore, peak output voltage (V,,) is one-half of
6V,, i.e., V,, = 6/2 = 3 V. The maximum operating frequency (f, ) is given by ;
Slew rate _ 0.5 V/us
max = 2mV, 213

500 kHz
\ 2m %3
/25.28 Multi-stage OP-Amp Circuits
’ When a number of OP-amp stages are connected in series, the overall voltage gain is equal to the

product of individual stage gains. Fig. 25.63 shows connection of three stages. The first stage is
connected to provide noninverting gain. The next two stages provide inverting gains.

=2653kHz . (" 0.5 Vips = 500 kHg)

il S A Ay
WA AWV AV
J i ; |
R - Ry
L ma— | 2 AN 2%
Jj + ’
Fig. 25.63
The overall voltage gain A of this circuit is given by;
‘ A = AAA,
where A, = Voltage gain of first stage = 1 + (R(/R;)
A, = Voltage gain of second stage = —R;/R,
A, = Voltage gain of third stage = -R//R,

Since the overall voltage gain is positive, the circuit behaves as a noninverting amplifier.

Example 25.38. Fig. 25.63 shows the multi-stage OP-amp circuit. The resistor values are : R,
=470kQ; R, =4.3kQ; R, = 33 kQ and R; = 33 IK). Find the output voltage for an input of 80
uv.

Solution. Voltage gain of first stage, A} = 1 + (R/R)) = 1 + (470 kQ/4.3 kQ) = 110.3

Voltage gain of sccond stage, A, = -R/R, = 470 kQ/33 kQ = :5.2

Voltage gain of third stage, A; = -R/R; = —470 kQ/33 kQ =-14.2 3

Overall voltage gain, A = A,A,A, = (110.3) x (-14.2) x (-14.2) =22.2 x 10
Output voltage, v,,, = AX v, = 22.2 X 10 x (80 pV) = 1.78V
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