Analog system and applications
Semester 4
Solved Paper — 2018

Question Paper
1. Attempt any five of the following:
(a) Define drift and diffusion currents in doped semiconductors.
(b) Explain with a circuit diagram, how Zener Diode is used in
voltage regulation under varying load conditions.
(c) Draw the IV characteristics of a Solar cell for different
intensities of light.

(d) Calculate the value of Ig, Ic and Vg for the following
circuit, given that Rg=470 kQ): Re = 2.2 kQ; Vgg=
V(‘C= 18 V; B=]00.
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(e) For a BJT compare the “voltage divider bias circuit”
with the “fixed bias circuit” with respect to their
stability. ' |

(f) How does negative feedback, in an Amplifier, improve
its stability?

(g) In the following circuit, open loop gain A of op-amp is
2 x 10° and R;, =1 kQ. Find the value of Ry if the

- resulting gain with feedback is to be 20 dB.
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(h) Define accuracy and resolution for a D/A converter.

3x5=15

2. (a) Explain the formation of depletion region in a p-n
junction. Derive an expression for the depletion width and

barrier potential for p-» junction.

(b) A Germanium p-n step junction has donor density Ny
=10"" cm™ on » side and acceptor density N, =10'° ¢m™ on
p side. Calculate the built-in potential at the junction if
intrinsic carrier density n;, =10"° cm™. Assume kT/e =0.026
V. 10,5

3. (a) Explain with a neat diagram the working of a full
wave bridge rectifier. Derive the expression for its ripple
factor and the rectification efficiency.

(b) Give advantages of ﬁ;ll wave bridge rectifier over
center tap full wave rectifier. | 12,3



4. (a) Give the hybrid equivalent circuit of a CE Transistor.
Derive the expressions for the current gain, input
impedance and output admittance of a CE transistor
amplifier using hybrid model.

(b) In the voltage divider bias circuit given below, Ve =20
V, Rc =2 kQ, Rg =3 kQ, R;= 10 kQ and R; =6 kQ. Draw
the dc load line and determine the Q-point. 10,5

Veo

5. Explain with a neat diagram RC coupled amplifier. Give
its equivalent circuits in different frequency ranges. Obtain
the expressions for its voltage gain in low and middle
frequency regions. Sketch the frequency response curve.

15

6. (a) Draw the circuit of a Colpitt Oscillator and explain its
working. Derive the expressions for the frequency of
oscillations, and the condition for sustained oscillations.



(b) In a phase shift oscillator, R= Ry =10 kQ and C= 0.01

HF, calculate the time period of oscillation and Ay of the
transistor. | 10, 5

7. (a) Draw the circuit of an Op-amp as a Differentiator and
explain its operation.

(b) An op-amp integrator has R=1 MQ and C=0.5 pF.
With input signal 2 sin 100ns determine the output voltage
as a function of time assuming that initial voltage across
capacitor is zero. Sketch the output in relation to the input.

(¢) In the following circuit calculate output voltage if V;

=5V and V, =2 V. 55,9
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Solution

Ans 1a) Diffusion current is a current in a semiconductor caused by the diffusion
of charge carriers (holes and/or eectrons). Thisisthe current which is dueto the
transport of charges occurring because of non-uniform concentration of charged
particles in a semiconductor. The drift current, by contrast, is due to the motion of
charge carriers due to the force exerted on them by an éectric field. Diffusion
current can be in the same or opposite direction of adrift current.



Ans 1b)
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Ans 16) refer your class notes

Ans 1f) The quantity that directly determines whether a negative-feedback circuit
Is stable or not isloop gain which is given by:

A
1+ ApB

Ger =

This formula assumes that AP is a positive number (because positive A3 means
that the feedback is negative). What happens when AP is not positive? Consider
the case when A} = -1:

A A
G-‘- =Tt :I_ -:
CL L) 0 00

In this context, a closed-loop gain of infinity correspondsto an oscillator—even
with zero input the output is saturated. Thus, the critical quantity in stability
analysisistheloop gain.

Ans 1g) hint: use gain formulafor inverting amplifier

Ans 1h) Accuracy can be defined as the amount of uncertainty in a measurement
with respect to an absolute standard. Accuracy specifications usually contain the
effect of errors due to gain and offset parameters. Offset errors can be given asa
unit of measurement such as volts or ohms and are independent of the magnitude
of the input signal being measured.

Resolution is the ratio between the maximum signal measured to the smallest part
that can be resolved - usually with an analog-to-digital (A/D) converter.



It is the degree to which a change can be theoretically detected, usually expressed
as anumber of bits. Thisrelates the number of bits of resolution to the actual

vol tage measurements.

Ans 2a) refer your class notes
Ans 2b) try yourself
Ans 3a)
In a full-wave rectifier both halves of the input-cvele are used. There are two types of full-wave
rectifiers: (1) Centre tapped full-wave rectifier. and (2) Bridge rectifier.
Centre tapped full-wave rectifier. A full wave rectifier circuit consists of two diodes £), and
D, connected to the secondary of the step-down transformer. The input A.C. signal 15 fed to the
primary of the transformer (Fig. 58.13)
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Working. During the positive half-cvele of the secondary voltage, one end of the secondary,
say /1, becomes positive and end B becomes negative. So the diode 22, 1s forward brased. and diede
D s reverse biased. As a result of this. the diode
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flows from C to D praducing output voltage I,
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During the negative half evele of AC inpul, end A becomes negative and end 5 positive: So the
diode D, 1s reverse biased and the diode ), 1s forward biased As a resull, the diode D, does not
conduct and £3; conducts current. Agam current flows from C to 1) through the load I‘(:Slbldl'lu.. R,
producing uulpul voltage I, The current i1s shown by the dotted arrows:

Thus. during both the half c,_\ cles. current flows through the load in the same direction. The output
voltage 1s developed across the load R, during the entire evcle. It is a pulsating D.C, voltage
contaming both A.C and D.C. components. The input and the rectified output wave-fonms are
shown m [1g. 58 16.

Mathematical Analysis

Let the diodes 2, and £, be identical and have the same dynamie resistance . AL any instant.
let the mapmitudes of AC voltages applied to the dwodes be cach equal to I =1 smwt. 7, 15 the
peak mput vellage.

Let K, = dypamie lorward resistance of the diode

I'he current pulses m the two diodes are given by
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(iiy Power supplied to the cirewit. Thea.c. power inpul o the rectifier rom the supply is



given by
(R +R )1,

.

Poo = Jl R+l )= —— (4
8 2
(vh Average power supplied to the load £,. The d.c. power oulput across the load K 14 given
by
2 415 R, g
.lrj_f_. - 'r.:}uH." = # <33
-

(v) Rectilier efficiency. In o rectifier, the useful power output is the d¢ power which 1s
developed across the load R, Therefore. efficiency
d ¢ power supplicd 1o the Tpad
Total inpui AC. power
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Thus, the rectification efficiency of a full-wave rectifier is double that of a half-wave rectifier
under identical conditions
The maximum possible efficiency of a full-wave recufieris 812 % when B << R,

(vi} Ripple Factor. 1he npple faclory s given by

|I|l 'FJ'm.-r -I I:r "r.lu / "lIE )
o= -1 =] -1
ﬂ I \Jl 2, mJ
v = 0.482

The ripple Factor of a Tull-wave rectilier is D482 and 15 much smaller than that of hall=wave
reclifier: Henee: in actual practice. a full-wave reetifier 1s preferred 1o a hall-wave rectifier
Ans 3 b) Advantages of full wave rectifier as compared to centre tap full wave
rectifier are asfollows:
1:full wave rectifier has acomplex circuit as compared to centre tap rectifier.
2: Four diodes are used in centre tap full wave rectifier so Voltage drop at diodes
are twice of that center tapped rectifier.

Ans4a)

Accordingly. the equivalent circuit is drawn in Fig. 62.2. Here the a.c. voltage source i, I,
which acts in opposition to the input signal I, represents the “feedback’ of the output voltage to
the mput circuit. The current source of magnitude £, 1, may be looked as if the input current /, is
amplified and appears as /1, [, in the output circuit, Thus hy, = B, the current amplification factor,
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(i6) Input impedance. The input impedance Z;, of the transistor is the impedance at the inp
terminals 1 and 1°,
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Ans4b) solve it yourself.
Ans5)

The cascaded amplifier where an RC network is used for interstage coupling is known as a
resistance-capacitance (RC) coupled amplifier, A two-stage RC coupled transistor amplifier in
the CE configuration is depicted in Fig. 9.2. The coupling capacitor C couples the output signal
of the first stage to the input of the second stage. The capacitor blocks the de voltage at the
output of the first stage from appearing at the input of the second stage, but it allows the ac
~components of the output signal to pass through it. The quiescent operating point is determined
by the supply voltage V... together with the resistances R, R,, R, and R, The bypass capacitor
Cy in shunt with R, has a very small reactance at the lowest slgnal frequency



Fig. 9.2 A two-stage RC-coupled CE transistor amplifier.

The voltage gain of one stage, say the first stage, of the RC-coupled amplifier is

Vy

AV:V;

=lAvl£e.

9.2)

The variation of the magnitude and the phase angle of the gain of an amplifier with
frequency is referred to as the frequency response characteristic of the amplifier. A plot of the
magnitude of the voltage gain | A, | with frequency for one stage of an RC-coupled amplifier is

shown in Fig. 9.3. The plot of the phase angle 0 of the
voltage gain of the stage versus frequency is shown in Fig.
9.4. The frequency response characteristic of the stage has
three regions: (i) the mid-frequency range where the volt-
age gain |A,| is approximately constant and the phase
angle 6 is 180° over a range of frequencies, (ii) the low-
frequency range where the gain 1A, | decreases and the
phase angle increases over 180° with decreasing frequency
below the mid-frequency range, and (iii) the high-frequency
range where the gain |A,/| falls off and the phase angle 6
decreases below 180° with increasing frequency above the
mid-frequency range.

The fall of 14,1 and the increase of 6 over 180° with
decreasing frequency in the low-frequency range are ac-
counted for by the coupling capacitor C. As the reactance
of a capacitor increases with diminishing frequency, the
voltage drop across C becomes more important at low fre-
quencies. The decrease of 1A,| and the fall of 6 below
180° in the high-frequency range are primarily determined
by the transistor collector capacitance and the wiring ca-
pacitances appearing in shunt across the output. The drop

of h, at high frequencies also contributes to the high-fre-
quency response.
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Fig. 9.3 |A ) versus frequency plot for
one stage of an AC-coupled amplifier.
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A. Mid-frequency Gain
In the mid-frequency range, the coupling capacitor C has a negligible reactance. Also, the
output collector capacitor and other stray capacitors in shunt with the output are taken to

be open-circuited. Replacing the transistor by its 9—,;_7 0

approximate hybrid model (see Sec. 8.9), we
obtain the equivalent circuit of Fig. 9.5 for the %h, C,Dl helo %RL %h‘. v,
first stage of the RC-coupled amplifier of Fig. 9.2.

The parallel combination of R, and b, atthe - s
output gives the effective load resistance. R’; That : : :
is Fig. 9.5 Mid-frequency ac equivalent circuit of
. one stage of RC-coupled CE transistor amplifier.
1 1 1 h. R,
—— e 0P, R, m (9.3)
R, R h e B,
The output voltage is
Vo==h, LR, (9.4)
The input voltage is =
So, the mid-frequency voltage gain is
he R’ he R h
A, oLl S u (9.6)

" & h., h,,+R,._ 1+{hwfRL)

The negative sign in Eq. (9.6) implies that the phase angle of the voltage gam is 180°. In
other words, the output voltage leads the input voltage by 180°. Note that |A,, | is independ-
ent of frequency and rises with R, , approaching h as R, — ee.

B. Low-frequency Gain

In the low-frequency range, the reactance of the cou- 3 ?
pling capacitor C must be included. The shunt capaci- ol
tor can, however, be considered to be an open-circuit. ¥
Thus the ac equivalent circuit of one stage of the RC- R, p v,
coupled amplifier below the mid-frequency range is
as depicted in Fig. 9.6. Here the effective load imped- > 2
ance Z; consists of the series combination of 2, and G 8 R 28 gq —
C, ehunted by Ry, circuit of one stage of RC-coupled CE
1 1 1 transistor amplifier.



where o (= 2 nif) is the angular frequency corresponding to the frequency fin the low-frequency
range. Thus,

h;, - jAwC)
ZL oo hic + RL - J/(w) L (9.7)
The voltage difference between the points a and b in Fig. 9.6 is
If I, is the current through 4, and C in series, we have
= v’ _ keI Z)
2 by - jl@C)  hy, - jlC)
The output voltage is
hie he Iy Z,
Vo==h I,= = ———— 9.9
S Ty e
The input voltage is
Vi=h,1,. (9.10)
From Eqgs. (9.9) and (9.10), we have for the low-frequency voltage gain
h, Z h. R
Aw=£=— L TP S (9.11)
Vi h,-jwC) h, +R; - jleC)
where Eq. (9.7) is used. The magnitude and the phase angle of A, are given by
h, R
1Ay = — £ — (9.12)
Yk + Ry + U@ CP)
1
=" S L S
0, = 180° + tan oClh, + ) (9.13)
From Egs. (9.11) and (9.6), we obtain
A
Ay, L (9.14)

= 1- jA2xfC (hy, + Ry)]
Equation (9.14) relates the low-frequency voltage gain Ay, to the mid-frequency voltage
gain A, . At the lower half-power frequency f, |Ay,| = 1Ay, 1/J2. So, Eq. (9.14) yields at f = f,

| Ay | _ | Ay,, |
V2 1+ M2nf,Cih, + RP
1
or, fi= 2xC(h, + Ry) (9.15)

The low-frequency response improves, i.e. f, is lowered when C and R, are enhanced for a
given transistor. Using Eq. (9.15), Eq. (9.14) can be written as

A
B e (9.16)

1- Jihf)



so that |1A,| = - (9.17)
1+(fi/f)
The phase angle by which A,, leads A, is
o, = tan”! (f,/f). (9.18)
So the phase angle 8, by which the output voltage V, leads the input voltage V, is
0, = 180° + tan™ (f,/f. (9.19)

Equations (9.17) and (9.19) predict that |Ay;| drops and 6, rises as f decreases. This
behaviour is exhibited in Figs. 9.3 and 9.4. At f = f;, we have from Eq. (9.19),

8, = (180° + 45°) = 225
Ans 6a)
A Colpitts oscillator circuit is shown in Fig, 11.5(a). The dc operating point of the transistor in
the active region of its characteristics is established by the resistors R, R,, R, and R, and the
supply voltage - V_. The capacitor C; blocks the de current flow from the collector to the base
of the transistor through the coil of inductance L. The capacitor Cy is a bypass capacitor. The
reactances of C; and C;, are negligible at the frequency of oscillation. The inductance L and the
capacitances C, and C, constitute the frequency-determining network.

Fig. 11.5 (a) The circuit of a Colpitts oscillator, (b) Its AC equivalent circuit.

The transistor being in the CE configuration, introduces a phase shift of 180° between its
input and output voltages. The voltage across the capacitor C,, which is a fraction of the out-
put voltage, is the feedback voltage. As the feedback voltage is 180° out of phase with the
output voltage, the phase shift around the loop is 0° or 360°. It is noticed that Hartley and
Colpitts oscillators are similar with the inductance and the capacitance interchanged.



Since R, and R, are large resistances, they do not affect the ac operation of the circuit. Also, R,
being shunted by C; which bypasses the ac, is excluded from the AC equivalent circuit, shown
in Fig. 115 (b). Also, R, is omitted since it is much larger than 1k, and the current source is
transformed into a voltage source in the AC equivalent circuit to facilitate the analysis.
The potential difference between the points X, Y in Fig. 11.5(b) is
1
b

o

hte
L= 1, (11.27)

oe

V2 =

Applying Kirchhoff's voltage law to loops (1), (2) and (3) in Fig. 11.5 (b), we obtain respec-
tively

it g hrep o d g

(hic h—u' E)Illlez*.wl 13-0 (11.28)
hye LI O

gt I, +[Z mCJI, s I;=0 (11.29)

and S e B e S = 0 (11.30)

oC; © ol oC; ol
where Eq. (11.27) has been used. At the angular frequency o of oscillation, the tuned circuit is
1 1
b sl : 2 -.
nearly resonant so that oL o0y, oCs 0, Assuming h, << 1, and 2 >> 44, , the condi

tion for the sustained oscillations and the frequency of oscillation can be derived in the same
manner as for a Hartley oscillator. Thus, equating the real part of the determinant of the
coefficients of /,, I, and I, in Eqgs. (11.28) through (11.30) to zero, we get

G b

C, Ap
where &, =h, h —hg k.. The condition for sustained oscillations in the Colpitts oscillator is
given by Eq. (11.31). As h =50 and A, = 0.5, Eq. (11.31) shows that C,/C, =~ 100.

Putting the imaginary part of the determinant of the coefficients of I,, I, and I, in Egs.
(11.28) through (11.30) to zero, we get

(11.31)

Ry . 11

o = G, IC, + ic, (11.32)
The frequency of oscillation is
V2
_ o _1( h, 1 1
e (h,, c,C, LG, ch] aL5%

In practice, &,/ (h, C, C,) << [1/(LC,) + 1/(LC,) ]. Hence Eq. (11.33) reduces to
1

ke onJLC,

(11.34)



where 1/C, = VC, + UC,. Clearly, C, is the equivalent capacitance of C, and C, in series.
Equation (10.34) shows that the frequency of oscillation is approximately the resonant fre-

quency of the tank circuit.
Ans6b)
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Ans7a)

Iig. 638 (g} shows a crcuit that performs the operanon of differentiation.
A

i o Lo

= —
vin  © —5—VW—9,
o—I||—= B oo

L—0
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Fig. 65.8




The mput signal source of voltage v (1) 15 connected to the mvertimg mput terminal through
a capacttor ', The non-inverting mput terminal 1s earth-connected. Negauve feedback 1s given

through a resistance R.

Let v (1) be the signal voltage given as the input, which drives varving current through the

capacitance
We see from the equivalent eircuit of Fig. 65.8 (b) that
Lev(t
= )
dt
d

v, = =Ri==RC —v(1)
- dt

Hence. the output voltage 1s proportional to the differential of the mput voltage.

Ans7Db) : try yourself

(1)

L(2)



