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Analog Electronics

1. Operational Amplifiers

Level-1

1.1 (a) For the circuit shown, find the currents through all branches and the voltages at all nodes.

(b) Since the current supplied by the OP-AMP is greater than the current drawn from the input

signal source, where does the additional current come from. (10 Marks)

10 kQ

AAAA
\AAAJ

%

— = <§2 kQ
Solution:
For an inverting amplifier as we know, 13";3
Yo _ i1 1kQ y }ia
\/i H1 — A
-R = o oY%
= VO = —2X \/l ! <=
1 = = ip | S2kQ
-10 1
Vi = (Tj (=1) = 10 volts =
i, can be calculated as
W
Iy = ﬁ =5mA
V;
also, i = i3:ﬁ=1mA
by KCL at point A,
ig+iy = iy
Hence, i, = iy—iy

iy, = (5-1)mA=4mA
Hence the additional current comes from the output of the OP-AMP.

1.2 Aninverting OP-AMP circuit for which the required gain is =50 V/V uses an OP-AMP whose open loop
gain is only 200 V/V. If the larger resistor used is 100 kQ, to what must the smaller be adjusted? With
what resistor must a 2 kQ resistor connected to the input be shunted to achieved this goal?

(Note: A resistor R, is said is to be shunted by resistor R, when R, is placed in parallel with R,)

(10 Marks)
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Solution:
. . . . 100 kQ
By drawing the figure according to the question v, MW
Let the gain of OP-AMP is A = 200 V/V R,
_ _ Vio—WW—=
P T D, oy,
! A 200 _70
and overall close loop gain, =
Yo = -50 VIV
Vi
by using KCL at point P:
-V -V
V-~ ~0_y
' ( A ) _ ( A 0)
R B 100K
V, -V V,
100K | V, + -4 100K | —9 + -9
0 {’JFA} {50 200}
= F?1 = v = v
-V Z0 -V +_O
[ 0 A} { 0 200}
3
R, = 100K X — = 1.49 kQ
201
as given in question shunt resistor is R,
and R,12kQ = 149K
R, x2K
by solving above equation we will get
R, = 5.84 kQ
1.3 The two circuits in figures are intended to function as voltage to current converters, that is, they

supply the load impedance Z, with a current proportional to V, and independent of the value of Z,.
Show that this is indeed the case, and find for each circuit i, as a function of V,. Comment on the
differences between the two circuits.

v
:
@

o—AMA— s
- s R
1 <
z Ry

<
By
AAAA
VVVy

(@) (b)
(12 Marks)
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Solution:
From figure (a):

Since input current for the Op-amp is zero hence V; appears across the resistance A.

Y
SO, iy = E
From figure (b): MW
R‘l
as Vo = Z)i R;
. . Vi o—AMW——-
Using superposition, V,=V,-V, + A . . '
V. o
Vo Zji R
Considering V, only Vy = 79 = L2101 v, e AN y D $r
R <
KCL at point, !
Zi Zji
Vi- L201 L201 —ig(£L + A) '
= [0
R, R, 2
. . 2
So, \/1:101R=>101:E =
Considering (-V,) only
-V, + Z;i
Vg = — L > Loz (by super position)
igp X(R+2Z))
T
as V, = Vghence

Vo + 2 dgy =iy R+igy Z)

-V, =i, R
. _V2
= =

Total currentis :

Circuit in figure (a) has infinite input while the circuit (b) has finite input resistance with one side of Z, is
grounded.
1.4 A differentiater utilizes an ideal op-amp, a 10 kQ resistor and a 0.01 uF capacitor.

(a) What is the frequency f, (in Hz) at which its input and output sine-wave signals have equal
magnitude?

(b) What is the output signals for a 1 volt peak to peak sine wave input with frequency equal to
10£,? (10 Marks)

Solution:

(a) We know that for a differentiator

ENES

(S) = _SRC=-Sx001x108x10x10% =-104S
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7/ )
7?(/(») = —j(107%)
V.
vl =-10%0
When o = 10%rad/s
V.
then 7? =1
So, onf = 104
So f=1.59 kHz

(b) When frequency will be 10 times then the output will be 10 times as large as the input 10 volt peak to peak.
(=) means the output lags the input by 90°
So Vy() = =5 sin(10°t + 90°) Volts

1.5 Consider the circuit shown in figure. The circuit uses an ideal operational amplifier. Assuming that
the impedances at nodes A and B do not load the preceding bridge circuit, calculate the output
voltage V.

(a) when R, =R, =R_=R;= 10 ohms.

(b) when R, =R, =R, =10 ohms and R;= 120 ohms.
R, = 12 kQ
R, = 10 kQ

(5 Marks)
Solution:
R, 100
= 1 = X—=
(a) a= 10 R 100+ 100
v, = 12 _qpx 190 __
R- +Rp 100+100
Given op-amp is a differential amplifier
R 12k
V=_2V_V =—(6-5=0V
So, o R1( B A) 1OK( )
R
(b) V, = 10x—"t _q0x— 190 __
Ry +R, 100+ 100
R, B 100

VB = 10x =455V

= 10X ———
R. + R, 100 +120
Roy _yy - 12K

I6) R1( B — A) = m—k(455—5)=—055V
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Level-2

1.6 In the circuit given in the figure,
(a) Find the resistances looking into node 1, R, : node 2, R, : node 3, A, : and node 4, R, :
(b) Find the current I,, I,, I, and I, in terms of the input current 1.

(c) Find the voltages at nodes 1, 2, 3, 4 that is V;, V,, V; and V, in terms of (IR) (15 Marks)
T I
R 1 RI2 2 RI2 3 RI2 4
I
ERESE
= Ri= TI1 Ry = TIZ Ry = t[3 Ry
oV - - -
"
Solution:

(a) Fromthe figure:

R, can be calculated as:

R, = (E’||Ff)+g =R

R
Ry = (R, || R)+E =R
R R
R,=R3IRN+-=R|RA+-=R
2 2
(b) As, V=1IR
So, V,=LR
and L =1
I'=1+1=2]
By KVL at node-1
Vi+ ZI(BJ = RI,
2
Iq+1,= Rl
So, L =2l
I"=1,+1 =4I
By KVL at node-2
V, +41 xg = Rl
R
F1’><21+41><§ = Rl
hence, I =41
and I, = —[4] + 4] =81
(c) V,=-I,R=-IR
V, = -I,LR=-2IR
V, = -I,R=-4IR
R 8IR
V4 = _[3R+I4§ = —41R—T = —SIH
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1.7 Assuming the Op-amp to be ideal, it is required to design the
circuit shown in figure, to implement a current amplifier with
gaini /i, =20 A/A

(a) Find the required value of R.

(b) If R, = 1kQ and the op-amp operates in an ideal manner so
long as V, is in the range +12 V. What range of i, is possible?

10 kQ i R
AAAA > AAAA
VVVv VVVv
—
o— - =

oV,

(c) What is the input resistance of the current amplifier? If the amplifier is fed with a current source
having a current of 1 mA and a source resistance of 10 kQ find i, .

Solution:

(a) Given that:

(15 Marks)

10 kQ Ry

AAAA AAA
VVVv \AAAS l
R

i

Ui

lzi =20
I
= i, = 20i,
by KVL :
10 kQ x i, = R(i,~i,)
r= KX _hs3k0
20i; —i;
(b) Given R, = 1kQ and range of Vjis-12< V<12V
by KVL:
Vo = Ri, + (10K);,
= i{/—?’LfL+1OK}
Iz
Vo = i,[1kx 20 + 10K]
Vo = (80i)K
. Vo
i, = —
730
-12 12
— < [, £ —
So, 30 - 7730
= -0.4mA <i,<0.4mA
(c) Inputresistance of given current amplifier
R] = ﬁ = 9 = O
oy
as by diagram, ip=1mA 1 mA@ %
and i, =201, L =
So, i, = 20mA )

'\ = oy,
10 kQ +

1.8 A designer wanting to achieve a stable gain of 100 V/V at 5 MHz, considers her choice of amplifier
topologies. What unity-gain frequency would a single operational amplifier require to satisfy her
need? Unfortunately, the best available amplifier has an f of 40 MHz.

(a) How many such amplifiers connected in a cascade of identical non inverting stages would she

need to achieve her goal?
(b) What is the 3-dB frequency of each step she can use?
(c) What is the overall 3-dB frequency?

(15 Marks)
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Solution:

As we know that, f; = 100 x 5 = 500 MHz

If we use single Op-amp

But given in question that best Op-amp has f, = 40 MHz, so the possible closed loop gain at 5 MHz is
40

(A) = 5 =8 VNV

as we need overall gain as 100 V/V, so at least three such amplifiers are cascaded,

40
Now if each of 3-stages has closed loop gain K, then its 3-dB frequency will be YMHZ .

So for each stage the closed loop gain is

Z S
1+(Lj
\J fq
K 3

overall gain is 100 so, 100 = >
K
1+ —
8
by solving K=57
So for each cascading stage,
40
s = 57
fygg = 7 MHz
So for overall amplifier total £, is
| 57 [ 7
2| T o
1+ (fT)
7
f; = 3.6 MHz

1.9 A particular inverting amplifier with nominal gain of =100 V/V uses an imperfect Op-amp in conjunction
with 100 kQ and 10 MQ resistors. The output voltage is found to be +9.31 V when measured with the
input open and 9.09 V with the input grounded.

(a) What is the bias current of this amplifier? In what direction does it flow?
(b) Estimate the value of the input offset voltage.

(c) A 10 MQ resistor is connected between the positive input terminal and ground with the input
left floating (disconnected), the output dc voltage is measured to be 0.8 V, estimate the input

offset current. (15 Marks)

Solution: 10 MO
( ) AVAVAVAV
Ig +1

(a) - Iy = A M1 100 kQ
2 v, o—MW F >
When input is open : o >—° Vo
V, = Vos + ‘|OOKIB1 Voo Ipp

931 = \/Os+1OOOOI,31 (1)
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When input connected to ground:

V,
V. = Vos +Ff’2(151 +$}
]

_ R
\/O - VOS(1+FZJ+RZIB1
1

9.09 = Ys(10N) + 1OOOOIB1
From (i) and (i), [(1) — (2)]

100 V,, = -0.22
Vos = —2.2mV
and IB1 = 930nA
So, Iy = Ig =930 nA
(b) input offset voltage, Vos = —2.2mV oMo
(c) Here V,, can be neglected as magnitude of Ris very large AW
Ve << Rlg 1
V, = I, x R, o >—° Yo
Zos = 1_8—',3 .
I,, = -80nA =

2. Diodes

Level-1
2.1 The circuit in the figure utilizes three identical diodes havingm = 1 and I = 10-'# A. Find the value of
the current I required to obtain an output voltage V,, = 2 V. If a current of 1 mA is drawn away from the
output terminals by a load, what is the change is output voltage? (8 Marks)
Solution:

V,
As each diode is identical. So the voltage across each diode is 2.

3
and diode current, I= Ige /3 _ 4ge2l3
4V, 0.025
= 3.81mA
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Now, let’s say now the changed voltage across each diode is AV.

<V%*O‘;1;/3 [=381mA
e .
VO
—1mA
(2-2)/3 l

0.025 2.81 mA

V,-2=-228mV

In the circuit shown in figure, I'is a dc current and V., is the sinusoidal signal with small amplitude (less

than 10 mV) and a frequency of 100 kHz. Representing the diode by its small signal resistance r
which is a function of 7, sketch the circuit for determining the sinusoidal output voltage V;, and thus
find the phase shift between V;and V,,. Find the value of I that will provide a phase shift of -45° and
find the range of phase shift achieved as I is varied over the range of 0.1 to 10 times this value

Lo
I
2.81
3.81
AV =
2.2
m=1).
Solution:

(10 Marks)

To get small signal circuit we open the current source and then we draw the circuit as:

Phase shift =

as we know that the phase shift is
So —45° =
o x10° x 2922 _

1
] =
Range of phase shift for I =
For 1=
= ¢ =
I =

—tan-‘(znx1o5x1ox1o-9x%j

_45°

—tan‘(znx1o5x10x109x@)

1

157 A

15.7 uAto 1570 uA is

15.7 uA

. s 0025
tan {2“10 X15-7MA} =-843

1570 pA
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= & = —tan”'|2n x 1073 x 0025 | _ 57
15.7 uA

Sorange is —84.3°to -5.71°.

2.3 (i) Draw the transfer characteristics of the circuit of figure, assuming both D, and D, to be ideal

(i) How would the characteristics change if D, is ideal, but D, is no-ideal and has a forward resistance
of 10 Q and a reverse of infinity.
1kQ
o +

\'4
D D
V,~+ f1f2§1m V,
- 1V v )
| |

O —

(5 Marks)

Solution:

(i) Given that both the diodes are ideal, so when the diode is forward bias then it will act as short circuit and
when the diode is reverse bias then it will act as open circuit.

1kQ
When V, is between 1Vto 2 V. —AMW o o+
1V < vV <2V D, D,
in this case both the diodes D, and D, are forward bias. v+<> g 1%Q v
1V and 2V can not be in parallel and its violation of KVL. - 1V 2V ]
So, this circuit does not exist. T -|- - o_
(i) v,<2V(D,FB.and D, FB)
Apply KCL 1kQ  2v  2v 2v
—MWWW 6 o +
I+1, = I,+1, - LI2IT 13l
V-2, , 2-1.2-0 . oe 1
Tk = 90 ik v() Sk v,
I 104_Vi 1V 2V
T o [ | .
I 20
104 -V,
>0
1000
104-V, 2 0
V. <104V = V =2V

Case 2: V.>104V, So, V=22V
Diode D, is forward bias.
Diode D, is reverse bias.

1kQ v, v,
— VW\—¢ I o +
10Q
+
V‘( I §1k§2 v,
1V -[ 2V -[
_ ® 0 —
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Apply KCL
Vo-V. V,-1 V,-0

1

T 10 "1k =0

V, —V, +100V, 100+,
Tk =0 °

102V, - V,~100 = 0

102V, = V,+100 /
2V

L ¥i+100 !
o~ 102 104 V i

2.4 Consider the circuit shown in the figure below:

v, Rs
o MW °
+ + 11z n +
=

c= SRV,
v, Vv, ="
L °

o =

The secondary voltage is given by v, = 24sinwt V. The Zener diode has parameters V, = 15 V at
I,=20mAandr,= 10 Q. Assume that all the diodes have a forward voltage drop of V, = 0. The value
of capacitance Cis designed in such a way that the peak-to-peak ripple voltage is no larger than 1 V.
Determine the maximum value of Rg such that load current can vary over the range
20 mA < I, <180 mA with I 7(miny = 20 mA. Also find the minimum value of C required when the line
frequency is 50 Hz.

min

(12 Marks)
Solution:
It is given that the maximum peak-to-peak ripple voltage is 1 V.
So, Vo = 24-1=23V
foo Y=Yz _ 2815 450
s =

IZ(min) + IL(max) B 20+180
For a full wave rectifier with capacitive filter,

Ve
= <1
Vi 2fRC
Ve
> P
¢= 2fR
Vp=24V, f=50Hzand R, = RS(max) +r,=50Q.
So, c - — 2 F_sgmF

min 2x50x50

Level-2

2.5 The circuit shown in figure is a model for a battery charger. Here V,is a 10 V peak sine wave, D, and
D, are ideal diodes, I is a 100 mA current source and Bis a 4.5 V battery.

(a) Sketch and level the waveform of the battery current i
(b) What is the peak value?
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(c) Whatis its average value?
(d) Ifthe peak value of V, is reduced by 10%, what do the peak and average values of i; become?
(20 Marks)
I
Vi o—i Db—=——o
D, D, J_
i B
Solution:
(a) By the figure we can observe that when V, < 4.5 volt, D, conducts and D, is cutoff so iz = 0. For
V, > 4.5 volt, D, conducts and D, is cutoff and all the current flows through the battery.
conduction angle = - 20 %
10sin© =45 10V -+
445 45V [fm-mmos .
= Slﬂ —_— | P \T 27'C
0 (10) 10 ! \/ t
(b) Fraction of cycle for that ig = 100 mA is N !
g A i
e[ 45 o
L (10) 100 mA l—l: |
x = = T
271 2n t
= 0.351 e —
. 1¢. 1
(c) igavg = ?j gt = —[100(0.357T)] = 36 mA
T
(d) If V,isreduced by 10% the peak value of the i; remains same.
So IBpeak = 100 mA
But the fraction of the cycle for conduction changes.
_ogin [ 42
x_n—ZO_n ZSIH(g)_l
on 2n 3
Thus i _ ] 100 . 33.3mA
' Bavg ~— T § - '
2.6 In a particular circuit application, ten 20 mA diodes (a - 20 mA diode is a diode that provides a 0.7 V

drop when the current through it is 20 mA) connected in parallel operate at a total current of 0.1 A.
For the diodes closely matched, withn = 1.

(a) What current flows in each?
(b) What is the corresponding small signal resistance of each diode and of the combination?

(c) Compare this with the incremental resistance of a single diode ha a series resistance of 0.2Q
associated with the wire bonds to the junction.

(d) What is the equivalent resistance of the 10 parallel-connected diodes?

(e) What connection resistance would be single diode need in order to be totally equivalent?
(15 Marks)





