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Answer any five questions.
Marks OBE
CO RBT
1 Explain how an Op-amp can be used as a non-inverting summer and subtractor. 10 co1 L2
2 Demonstrate an Instrumentation amplifier with transducer bridge input. Derive the 10 Co1 L2
expression of output voltage for same.
3 For a non inverting amplifier with single polarity supply R#=50Q=R,, 10 Co1 L2
Ci=C;=0.1uF,R1=R,=R3=100k Q, R=1M Q and +Vcc=+15V.Determine bandwidth of the
amplifier and maximum output voltage swing.
4 Using a UA741 Op-amp, design a capacitor coupled non inverting amplifier. The 10 co1 L3
specifications of the circuit are :-Closed loop voltage gain =3,Input voltage =2V, load
resistance=2.2kQ and lower cut off frequency =120 Hz
5 Define slew rate, CMRR, input offset voltage, input offset current and input bias current 10 co1l L2
for an Op-amp with necessary expressions.
6 Derive the expression for closed loop gain, Ideal closed loop gain, Input resistance and 10 co1l L2
output resistance of a voltage shunt feedback amplifier with circuit diagrams.
7 \With a block diagram explain the different stages of a typical Op-amp 10 Co1 L2
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Scheme Of Evaluation
Internal Assessment Test 1 — Mar.2019

Sub: Operation Amplifiers & Linear 1Cs Code: 17EE46
Max ) .
Date: | 07/03/2019 | Duration: | 90mins | Marks; | 50 | S¢™ |V | Branch:)  EEE
Note: Answer Any Five Questions
Question Description Max
# Marks
1 Explain how an Op-amp can be used as a non-inverting summer and subtractor.
Non-Inverting Amplifier M
e Circuit diagram
e Explanation 2M
e Expression of output voltage 2M oM
Differential Amplifier as Subtractor 1M
e Circuit diagram oM
e Explanation oM
e Expression of output voltage
2 Demonstrate an Instrumentation amplifier with transducer bridge input. Derive
the expression of output voltage for same M
e Circuit of Instrumentation amplifier with transducer bridge
e Explanation M1 1om
e Expression for output voltage 4M
3 For a non inverting amplifier with single polarity supply Ri=50Q=R,,
Ci=C1=0.1uF,R1=R2=R3=100k Q, R=1M Q and +Vcc=+15V.Determine
bandwidth of the amplifier and maximum output voltage swing 3M
e Calculation of F 3M | 1om
e Calculation for Fy 3M
e Bw _ 1M
e Voltage swing
4 Using a uA741 Op-amp, design a capacitor coupled non inverting amplifier.
The specifications of the circuit are :-Closed loop voltage gain =3,Input voltage
=2V, load resistance=2.2kQ and lower cut off frequency =120 Hz 6M | 10M
e Calculate R1,R2R3 4M
e Calculate C1,C2




Define slew rate, CMRR, input offset voltage, input offset current and input
bias current for an Op-amp with necessary expressions.

2M
e Slewrate 2M | 10M
e CMRR 2M
e Input offset voltage 2M
e Input offset 2M
e Bias current
Derive the expression fo_r closed loop gain, Ideal closed loop ggir_n Inp_ut M | 10m
resistance and output resistance of a voltage shunt feedback amplifier with
circuit diagrams. M
e Circuit for voltage shunt feedback amplifier M
e Expression for close loop gain 3M
e Expression for input resistance
e Expression for output resistance
With a block diagram explain the different stages of a typical Op-amp. oM | 10m
e Block diagram oM
e Explanation for each block
I.  Input stage M
Il.  Intermediate stage 2M
1. Level shifting stage 2M

IV.  Output stage
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6—-5-2 Noninverting Configuration

If input voltage sources and resistors are connected to the noninverting terminaj
as shown in Figure 6—7, the circuit can be used either as a summing or averag-
ing amplifier through selection of appropriate values of resistors, that is, R, and

R..

Again, to verify the functions of the circuit, the expression for the output volt-
age must be obtained. Recall that the input resistance R;. of the noninverting am-
plifier is very large (see Figure 6—7). Therefore, using the superposition theorem,
the voltage V, at the noninverting terminal is

R/2 R/2
G2 o RID o R
R + R/2 R + R/2 R + R/2

Ve

or

Vl=&+ﬁ+&=va'+vb+vf (6-9
3 3 3 3
General Linear Applications
R, Vo Re
AV VWA
L
741/351 _ Rge Vg + Vg i+ Vg
+V, o ‘15\» bt + Ve = (1 * F!_.)( 3 )
R
+V, O—AN———4 ~Vee R
R

+V, o—AavnA—-

AR
Rie = B g g
1 [

FIGURE 6—-7 Noninverting configuration with three inputs can be used as an averaging

amplifier or a summing amplifier.

Hence the output voltage V,, is

R,
vV,=(1+=E)v
iy o Be\ M+ V5 + ¥V,
T Rl 3 (6—10a)
L B __ TN B RN H )

6-5-2(b) Summing amplifier
A close examination of Equation (6—10a) reveals that if the gain (1 + RZ/R,) is
number of inputs, the output voltage becomes equal to the sum of all
s. That is, if (1 + R/R,) = 3 [from Equation (6—10a)],

V0=Va+vb+vc

equal to the

input voltage
(6—10b)

6—5 Summing, Scaling, and Averaging Amplifiers 203

Hence the circuit is called a noninverting summing amplifier.
Again, when the circuit of Figure 6-7 is used as either an averaging or g,

ming amplifier, offset null circuitry or an offset null compensating network mye

be used to improve its accuracy.
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6—6 Instrumentation Amplifier 209

6—-5-3(a) A subtractor

A basic differential amplifier can be used as a subtract.or as shown in Figy:
6—8. In this figure, input signals can be scaled to the _de.su'ed values b le
appt.'opriate values for the external resistors; when this is done, the circuit is .

Y selecting
ferred to as scaling amplifier. However, in Figure 6—8, all external resistors ar

equal in value, so the gain of the amplifier is equal to 1.

From this figure, the output voltage of the differential amplifier with a gain
of 1 is

M= = (V, — V) (see Section 3—5-1)
That is,

(6-111
a
General Linear Applications

AAA

FIGURE 6—8 Basic differential

amplifier used as a subtractor.

Thus the output voltage V, is equal to the vo_ltage _V,, app]ie?d t? the non}:nve_l;tcxgigt
terminal minwus the voltage V, applied to the inverting terminal; hence the ci
is called a subtractor.

frasiation S ——
P

i, ¢ AN

! =

Indicating
meter
6—-12 Differential instrurnentation amplifier using a transducer bridge

That is,

Re R,
R, R, (6=13)
Generally, resistors R,, R,, and R are selected so that the
the transducer resistance R, at so
is the sp

Y are equal in value to

me reference condition. The reference condition

ccific value of the physical quantity under measurement at which the

bridge is balanced. This value is normally established by the designer and depends

on the transducer’s characteristics, the type of physical quantity to be measured,
and the desired application.

The bridge is balanced initially at a desired reference condition. However, as
the physical quantity to be measured changes, the resistance of the transducer also
changes, which causes the bridge to unbalance (V, # V,). The output voltage of
the bridge can be expressed as a function of the change in resistance of the trans-
ducer, as described next.

Let the change in resistance of the transducer be AR. Since_ Rg and R are
fixed resistors, the voltage V, is constant. However, voltage V, varies as a function
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6-6-1 Instrumentation Amplifier Using

Transducer Bridge
Figure 6—12 shows a simplified differential instrumentation amplifier using :
transducer bridge. A resistive transducer whose resistance changes as a functin
of some physical energy is connected in one arm of the bridge with a small ci
cle around it and is denoted by (R; = AR), where Ry is the resistance of tk

transducer and AR the change in resistance Ry
The bridge in the circuit of Figure 6—12 is dc excited but could be ac excite

as well. For the balanced bridge at some reference condition,
Vb = Va

Rs(Vae) _ RaVao)
Rz + R R, + Ry

soLUTION

of the change in transducer resistance. I'herefore, according

Dl to the Volty, ‘
7 = Ri(Vye) “Codiy |
a Ry, + (R, + A\R;
Ry(Vy)
Vi = 228V des
Ry + Re

Consequently, the voltage V,,, across the output terminals of the brig
Idge ;
Vo = Va— Vs gels
- R/‘\ ‘/dc _ R/y‘/(k
Ry, + Ry + AR R, + R

However, if Ry, = R; = R = Ry = R, then
AR(Vue)

V= —"—"—
@ 2(2R + AR) -1,

The negative (—) sign in this equation indicates that V,, < V, because of the ;
crease in the value of AR. the ip.
The output voltage V,,;, of the bridge is then applied to the differentia] inst
mentation amplifier composed of three op-amps (see Figure 6-12). The vollam
followers preceding the basic differential amplifier help to eliminate loadine i;
the bridge circuit. The gain of the basic differential amplifier is (—R./R,); there.
fore, the output V, of the circuit is
_ ( Re\ _  (AR)Vu Ry
E=Tl— =ma .
R, 2(2R + AR) R,

Generally, the c_:hange in resistance of the transducer AR is very small. Therefore,
we can approximate (2R + AR) = 2R. Thus, the output voltage

Ry AR

WV, = —— —15b

R, ar Ve (6-15b)
The equation indicates that V,, is directly proportional to the change in resistance
AR (_)f the transducer. Since the change in resistance is caused by a change in
ph_ysncal energy, a meter connected at the output can be calibrated in terms of the
units of that physical energy.

(6-15a)

a. The ac input resistance of the amplifier is

Rir = (R (RDII[Ri(1 + AB)]
Rir (R2) “(R';) since [R;(1 + AB)] > R, or R,

R = 100 kQ[| 100 kQ = 50 kQ

0

Therefore, from Equation (6—1),
1

L= Ba0-HG0E + 50y -8 H=E

The gain of the amplifier is (1 + Rp/R,) = 11. Hence from Equation

(3—10b)

B 1MH
iy e OB Z — 90.91 kHz

= As 11

and
BW = f;; — fo = 90.91 kHz — 0.0318 kHz = 90.88 kHz

b. The ideal maximum output voltage swing = + V- = + 15V pp.

6—-3 AC Amplifiers with a Single Supply Voltage 197
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Q.3

Q4

1 I
FromEq.4-3, C,= =
5 "TmfR. m X 10Hz X 22K

~0.6 uF  (use 0.68 uF standard value)

209 Figure 47 Capacitor-coupled non-
iverting amplifier designed in Example
= 44,

i =
LT 1eijuas e =g -
Solution o
The circuit is rearranged as in Fig. 4-6. sl .
For highest Zi,
_ 0.1 Vge _ 0.1 X 0.7V
Eqg: 3-1; Ritmaxy = Tt -7 500 nA
= 140 k2

(use 120 kQ_standard value)

R: = 18 k2 and Ry = 270 £ as in Example 3-4
From Eq. 4-2, C, = : =. !
27fi(R,/10) 27 X 120 Hz x (120 kQ/10)
= 0.11 uF [use 0.12 uF standard value]
S —
Q5

g

Input Offset Voltage. 1nput offset voltage is the voltage that must be applied be-

wween the two input terminals of an op-amp to null the output, as shown in Fig-
ure 2-2. In the figure V., and V., are dc voltages and Rg represents the source
resistance. We denote input offset voltage by V. This voltage V,, could be posi-
tive or negative: therefore. its absolute value is listed on the data sheet. For a 741C

the maximum value of V,, 1s 6 mV dc. The smaller the value of V,,, the better th
input terminals are matched. For instance,

11 the 714C precision op-amp ha
V., = 150 oV maximum. ; y !

34 interpretation of Data St
aterpretation of Data Sheets and Characteristics of Ap Op-Am
* 0t An Op-Amp

is fined as the maximum rate of change of oy
4 w rate (SR) is de p 5 ic s tput
.Sh:u' R"‘;i-' lSlll’l‘i:l of time and is expressed in volts per microseconds. In €Quatiop,
voltage

form.

dv,

SR

dt maximum Yidres 23,
Slew rate indicates how rapidly the output of an op-amp can change in response
to changes in the input frequency. The slew rate_ changes with change in voltage
gain and is normally specified at unity (+ 1) gain. The slew rate of an op-amp is
fixed; therefore, if the slope requirements of the output signal are greater than the
slew rate, then distortion occurs. Thus slew rate is one of the important factors in
selecting the op-amp for ac applications, particularly at relatively hi
One of the drawhbacks oof the 7410 jc ite leasxr class

gh frequencies.
S . PN BT SGl N e HSE L e
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Input Bias Current. Input bias current,
into the inverting and noninve
form,

urTe] Iy, is the average of the currents that flow
Ting input terminals of the op-amp. In equation

Iy + I,
5 (2-2)
2

e

Ig

Ip = 500 nA maximum for the 741C, whereas I for the precision 714C is =7 nA.

Note that the two input currents Ip) and Iy, are actually the base currents of the
first differential amplifier stage.

Ve = +H15V
Il1
N "
741C Output
—_ 2 4
laz FIGURE 2-3 Defining input offset
Lo =1Igy —Igz | —Vge =-18V current f,.

2-2 Interpreting a Typical Set of Data Shests 35

Input Offset Current, The algebraic difference between the currents into the in-

vg,mng and noninverting terming]s 18 referred to a input offset current, I, (see
Figure 2-3). In the form of ap equation,

5= “31 - 132\ (2-1)
where [, 15 the current into the noninverting input and I is the current into the
iverting input.

Mhon Shamacd &Pl wobumneialf. @ maewme v aaw

Common-Mode Rejection Ratio. The common-mode rejection ratio (CMRR) is
defined in several essentially equivalent ways by various manufacturers. Gener-

ally, it can be defined as the ratio of the differential voltage gain A, to the com- 5
mon-mode voltage gain A_,; that is, b

A
CMRR = —4

2-3) 1
cm

The differential voltage gain Ay is the same as the large-signal voltage gain A,

which is specified on the data sheets: however, the common-mode voltage gain

can be determined from the circuit of Figure 2—5 using the equation

Ve
A, = —om (2—a)
<m vcm
where V.., = output common-mode voltage
Vem = input common-mode voltage

A common-mode voltage gain

Generally the A, is very smalland A, = A is very large; therefore, the CMRR
is very large. Being a large value, CMRR is most often expressed in decibels (dB).
For the 741C. CMRR is 90 dB tvnicallv. Nate that thic valiie ~f CADD . a_._.
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Q.6

RS2

Summing junction

FIGURE 3-9 Block diagram of inverting amplifier with feedback using a voltage-

summing junction as a model for current summing.

Ry .
K = ——————, a voltage attenuation factor
where B g
B = ——'— oain of the feedback circuit
R, + Ry B

A comparison of Equation (3—15) with the feedback Equation (3—6) indicates
that, in addition to the phase inversion (— sign), the closed-loop gain of the in-
verting amplifier is K times the closed-loop gain of the noninverting amplifier,

where K < 1.

The one-line block diagram of the inverting amplifier with feedback is shown
in Figure 3—9. The reason for the block diagram is twofold: (1) to facilitate the
analysis of the inverting amplifier, and (2) to express the performance equations
in the same form as those for the noninverting amplifier.

The block diagram in Figure 3—3 for the noninverting amplifier and the block

g amplifier are identical, except for the K

diagram in Figure 3—9 for the invertin
block. However, the major difference is that in Figure 3—9 5
junction is being used as a model for what is actually current summing.

To derive the ideal closed-loop gain, we can use Equation (3—15) as follows.

If AB>=> 1, then (1 + AB) = AR and

3-16)

R,

TTTTT 7T T e xSsuil obtained in Equation 3—14).

3—4—-3 Inpuf Resistance with Feedbaclk
T'h[e ez:Qsl‘.:s;]mc?Ehod pf ﬁn.ding,. the input resistance is to Millerize the feedback re-
sistor R,; that is, split R, into its two Miller components, as shown in Figure 3—10._

+VCC
R, Va -
¥ Ry
Vig R, A
L1 Avig
vy |+ =
R,=002|R.
+
R =
Vin LI = —~Vas Ry A
1T+A T L Re
T+ A

FIGURE 3-10 Inverting amplifier with Millerized feedback resistor.

3—4 Voltage-Shunt Feedback Amplifier 8
3-3-5 Oufput Resistance with Feedback
Output resistance is the rgmm}:{nce delcrmmf:d l(')oking back into the feedback am-
plifier from the output terminal as shown in Figure 3—5. This resistance can be
+VCC
vy +
& iy i
1 gL o
N
Ri,=0% .,,i “_1 1
[ +
~ V'" +
-_— vo
+| Re
vi 2 R,
J7 Roe
FIGURE 3-5 Derivation of output resistance with feedback.
e

3-3 Voltage-Series Feedback Amp




In the circuit of Figure 3—10, the input resistance with feeq
eedbagy

. Rr
Rep=FRi+ 71714 (R) (exact)
Since R; and A are very large.
Rr
1+ A =04

Hence

nin's theorem for dependent SOUrces. Specifically, 1
independent source v, 1O 2¢r0 n "
e ,)')l

dback R, reduce
ng current £, In short, the
’ ‘,n;

d by using Théve
ate the resulti

ance with fee

obtaine
and then calcul

output resist
xternal voltage .

anc¢
as follows:

is defined
T’II
(3—1)“’

R,y ="
Ly

writing Kirchhoff’s current equation at output node N, we get
i, =1, + i
since [(Ry + R || Ri] = R, and i, => ij. Therefore,
1 52 Ty
The current i, can be found by writing Kirchhoff's voltage equation for the gy

put loop:
= le“i,, = f\'U,'{/ =0

1’“
o AT
l, — R -
\(,
However,
Vig = V1 — Lo
=0—v
—_ Rlvn
R, 4 Rps~ B
Therefore,
. u, ABy,
l, —
Substituting ’ W
< ing the value of i, in Equation (3—9a), we get
’ > 5
Rnl’ . s
(v, + ABv,)/R,
E R,, (3-9b)
1 + AB

This result sh
shows that the "
fieris 1/(1 + A : output resistanc
2o B) times ance of the voltage-seri -
put resistance of the Op-atrl;‘li)om.plutfreSlStance R, of thegolgsj:“cs Il?lCdba‘:k ampli-
sistance without fi with feedback is n -amp. That is, the out-
eedback 1s much smaller ’
: S r than the out
put re-

3-3-A Randharidel. ...:xL ]
- "~ [ § ]

3
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1-3 BLOCK DIAGRAM REPRESENTATION OF A

Q.7
TYPICAL OP-AMP

————

Since an op-amp is a multistage amplifier, it can be represented by a block dia-
gram as shown in Figure 1-1. ‘

The input stage is the dual-input, balanced-output differential amplifier, This
stage generally provides most of the voltage gain of the amplifier and also estah.
lishes the input resistance of the op-amp. The intermediate stage is usually another
differential amplifier, which is driven by the output of the first stage. In most am-

Noninverting

input
X Level 0
lsr:;:uet Intermediate shifting > Output utput
g stage stage stage
Inverting
input
Dual-input, Dual-in
3 put, Such as Complementar
bal;rﬁed-ou}put unbalanced output emitter follower sfmmeuv *
anmerlgpxual differential using constant push-pull
ihes ifi .
plitier amplifier current source amplifier

FIGURE 1-1 Block diagram of q typical op-amp.

2 Introduction to Operational Amplifiers
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