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Section A : Analog Circuits + Materials Science

Consider the circuit shown in the figure below:
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By assuming that the diodes are ideal, develop the transfer characteristic curve of the

above circuit.
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Consider the Wilson current mirror circuit as shown in the figure below:
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Assume that the three transistors to be matched with V., = V. and B, =B, = B, =.
Derive an expression for I ., in terms of I .
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Q1 ()

A long narrow rod (having cubic structure) has an atomic density of 5 x 10?® atoms/m®.
Each atom has a polarizability of 104° F-m?. Calculate the internal electric field in the
rod when an external axial field of 1 V/m is applied.

[12 marks]
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(d)

Explain Silsbee’s rule for superconductors. Also give some applications of
superconductors.

[12 marks]
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(e)| Write short notes on the following nanomaterials:
(i) Quantum dots
(i) Carbon nanotubes
[6 + 6 marks]
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(@)| (i) Consider the common source transistor circuit shown in the figure below:
? +5V
165kQ 2 27kQ
—f—e
G G Yo
It |
) 1
v@  weE L,
= 5V
CoW
The transistor parameters are V,, =08 V, K = s AR T =1mA/V? and 1 = 0.
Calculate the value of small signal voltage gain V,/ V_ of the circuit.

(ii) A differential amplifier has input voltages V; =1 mV and V, =3 mV. The amplifier
has differential gain A, =5 x 10° and CMRR = 1000. Calculate the output voltage of
the amplifier.

) [15 + 5 marks]
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Q.2 (b)

g1 2(¥)

Consider the circuit shown in the figure below:
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The figure represents a second order active filter system.

(i)

Derive an expression for V_ ./ V., .

(ii) If each of the impedance elements Z, through Z, are replaced by a resistor of value

R, then find the valueof V_ ./ V. .
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(i) Fora dielectric, establish an expression for the relationship between the polarizability
and permittivity. How does this relation lead to Clausius-Mossotti equation?

(i) When an NaCl crystal is subjected to an electric field of 1000 V/m, the resulting
polarization is 4.3 x 10~ C/m?. Calculate the relative permittivity of NaCL
[15 + 5 marks]
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(a)

Consider the voltage divider biasing circuit shown in the figure below:
VCC

R¢

~
oL
A
VVVy

For this circuit,
(i) Derive an expression for stability factor S [i.e., the variation of I w.r.t. I ].
(ii) Derive an expression for stability factor S’ [i.e., the variation of I w.r.t. Vp.].

(iii) Derive a relation between S and §'.
[20 marks]
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(b)

What are the types of cubic crystal structure? Derive the atomic packing factor of all the

cubic crystal structures.

[20 marks]
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Q.3 (c)

Electron drift mobility in indium (In) has been measured to be 6 cm? V-'s71. At room
temperature (27°C), the resistivity of In is 8.37 x 10 Q m and its atomic mass and density
are 114.82 gmol~! and 7.31 gem respectively.
(i) Based on the resistivity value, determine the effective number of free electrons
donated by each In atom in the crystal.
(ii) If the mean speed of conduction electrons in Inis 1.74 x 108 cms™!, what is the mean
free path?
(iii) Calculate the thermal conductivity of In at room temperature.
[20 marks]
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Q4 (a)

Consider a p-n-p transistor shown in the figure below. The transistor has Vg, =0.7V,
B =150 and V, = . Draw a neat and labelled graph for DC and AC load line. Mark the
Q-point on the graph.

+10V

[20 marks]
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Q.4 (b)| Consider the circuit shown in the figure below:
:
D
ICD —=C=10nF ,
Vt'
o

Iis DC current and V, is a sinusoidal signal with small amplitude and frequency of

100 kHz. Thus for small signal input and output voltages V; and V|, calculate:

(i) Phase angle difference between V. and V,,.

(ii) The value of DC current I for which the phase shift between V, and V is -45°.
(Assume V=25 mV)

(iii) The range of phase shift that is achieved as I is varied over the range of 0.1 to

10 times of the value obtained in part (ii).
[20 marks]
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t (c)

(1)

(ii)

What do you understand by magnetic hysteresis? Differentiate between hard and
soft magnetic materials?

In a magnetic material, the field strength is found to be 10® A/m. If the magnetic
susceptibility of the material is 0.5 x 10-, calculate the intensity of the magnetization

and the magnetic flux density in the material.
[12 + 8 marks]
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Section B : Electronic Devices & Circuits-1 + Advanced Electronics Topics-1
+ Analog and Digital Communication Systems-2
(a)| With neat diagrams, explain the Local Oxidation of Silicon (LOCOS) isolation technique
used in IC fabrication.
[12 marks]
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Q.5 (b)
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(i) The oxide removal rate and the removal rate of a layer underneath the oxide (called
a stop layer) are rand 0.1r respectively. To remove 1 um of oxide and a 0.01 um stop
layer, the total removal time is 5.5 minutes. Find the oxide removal rate (7).

(ii) Calculate the Al average etch rate and etch rate uniformity on a 200 mm diameter
silicon wafer, assuming the etch rates at the center, left, right, top and bottom of the
wafer are 750, 812, 765, 743 and 798 nm/min respectively.

[6 + 6 marks]
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Q.5 (c)| A source emits seven symbols with probabilities 0.35, 0.3, 0.2, 0.1, 0.04, 0.005, 0.005. Give
Huffman coding for these symbols and calculate average bits of information and average
binary digits of information per symbol.
[12 marks]
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2. 5

The distribution (with respect to energy) of electron concentration in the conduction
band is given by density of allowed quantum states times the probability that state
being occupied by an electron. i.e., n(E) = g~(E) f(E)

where, g(E) = Density of allowed states, f(E) = probability of state being occupied.
Assuming that Boltzmann approximation in a semiconductor is valid, calculate the ratio

of n(E) at E=E.+4kTto thatat E = E. +(kT/2). Here, k = Boltzmann constant, E . = edge

of the conduction band and T = temperature in °K.
[12 marks]
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Consider a silicon Hall effect device which is used for the experiment as shown below:

1]
VJ.‘
The device has dimensions d =5 x 103 cm, W =5 x 102 cm and L = 0.5 cm. The electrical
parameters measured as the result of the experiment are I = 0.5 mA, V, =1.25 V and
B,=6.5x 1072 T. If the induced Hall electric field is EHy =-16.5mV/cm, then determine:
(i) Hall voltage (V)

(ii) The type of semiconductor

(iii) The majority carrier concentration

[12 marks]
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Q.6 (a)| Consider the random binary wave shown below:
X(#)

2V
l
A

1V

0"—-—

0

te— 2T, —~t= T, =t= T,=t=— 2T, —

In this binary wave, logic-1 is represented with positive rectangular pulse and logic-0 is
represented with negative rectangular pulse, both with different amplitudes. ¢ is an
independent random variable uniformly distributed in the range [0, T, ], where T}, is the
bit duration. Determine and sketch the auto-correlation function of X(t). Assume that
logic-1 and logic-0 are occurring with equal probability.

[20 marks]
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Q.6 (b)

A 1 cm long bar of n-type Ge has a cross section of 1 mm x 1 mm. The resistivity of

material is 20 Q-cm and the lifetime of the carriers is 100 microseconds.

(Assume p_ = 3800 cm?/V-s, u, = 1800 cm?/V-s and intrinsic carrier concentration

n,=2.5x10183/cm?).
(i) Calculate the resistance of the bar.
(ii) Calculate the donor concentration.

(iii) Calculate the resistance of the bar when it is illuminated such that excess electron-hole

pairs are generated at a rate of 10" cm™ s, uniformly all over the bar.

[20 marks]
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(1)

(i)

Binary data (equiprobable bits) with a rate of 1 Mbps is transmitted through an
AWGN channel using different modulation schemes. The two sided power spectral
density of the channel noise is 0.5 x 10-! W/Hz and the carrier signal used in the
transmitters is 5cos(2nf t) mV. In each case of different modulation schemes, the
signals are received by their respective correlator receivers with exact phase
synchronisation and with optimum threshold detection. Find the average symbol
error probability for modulation schemes BASK, BFSK and BPSK.

Suppose that two signals s,(f) and s,(t) are orthogonal over the interval (0, T).
A sample function n(f) of a zero-mean white noise process is correlated with s, ()
and s,(t) separately, to yield the following variables:

T T
m = [s1(t)n(t)dt and n, = [s(t)n(t)dt
0 0

Prove that n, and n, are orthogonal. [15 + 5 marks]
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Q.7 (a)

Consider the signal shown in the figure below:
s(t)
A

0 T t
This signal is passed through a channel and applied to a filter matched to the signal s(f)
at the receiving end. If the channel is not ideal, but has an impulse response

c(t) = 8(t)+ %ﬁ(t -%], then determine and sketch the output of the matched filter.

[20 marks]
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Q.7 (b)

O

Explain the basic steps involved in the fabrication of a CMOS transistor using silicon on

sapphire (SOS) process.
[20 marks]
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Q.7 (c)| Ap-typelightly doped semiconductor has electron mobility p, hole mobility p - intrinsic

carrier concentration n, and the acceptor impurity concentration N,,.

(i) Derive an expression for the hole concentration ‘p” in terms of n,, . and By such
that the conductivity of the semiconductor is minimum.

(ii) Derive an expression for the minimum conductivity of the semiconductor.

(iii) Ifn,=1.5x 10" em=, u = 1300 cm?/V-sec and u, =500 cm?/V-sec, then calculate
the value of minimum conductivity.

(iv) If there is 100% ionization of doping atoms, then calculate the value of acceptor
impurity concentration (N,).

[20 marks]
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Consider the discrete memoryless channel shown below:
P(x)=025 %

P(x) =050 %

P(x))=025 x;
Determine the mutual information I(X; Y).

[20 marks]
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Q.8 (b)

For a boron diffusion in silicon at 1000°C, the surface concentration is maintained at

10 cm-3 and the diffusion time is 1 hour. Assume that the diffusivity (D) of Boron in

Silicon at 1000°C is 2 x 10-* cm?/s. Determine:

(i) The total number of dopant atoms per unit area of semiconductor.

(i) The distance of the location from the surface where the dopant concentration reaches
10" cm. Assume that erfc(10%) = 2.75.

(iii) The gradient of the diffusion profile at the surface.

(iv) The gradient of the diffusion profile at the distance from the surface obtained in

part (ii).
[20 marks]
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Q.8 (c)

(i) Find the expression for reverse saturation current I, in a p-n junction diode in terms

of intrinsic carrier concentration 7,.
(ii) Find an expression for the reverse saturation current in terms of the conductivity of

, bo; | 1 1 n
the device and prove that, [, = AVt + where, h=-2%
p i,

[20 marks]
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