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Section A : Electronic Devices & Circuits

+ Advanced Communication Topics

The energy band gap of silicon (Si) depends on the temperature as follows:
T2
T+636
If the intrinsic carrier concentration of Si at T = 300 K is 1.05 x 1019 cm™3, what is the
intrinsic carrier concentration of Si at temperature T = 77 K? (Assume at 300 K,

KT=0.026 eV, Eg(SOO K)=1.12eV)

E, =117 eV - 473%x107%
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Consider a silicon one-sided abrupt junction with N, = 2 x 10?° cm™3 and
Ci(Vg = 0V)

_—

N =8 x 105 cm3. Calculate the ratio of junction capacitance, atT=300K,

where V is the applied voltage across the junction.
(Assume, V;=0.0259V, e _=119¢€,, n,=9.65 x 10° cm3)
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Q.1 (o)

Two step index fibers exhibit the following parameters:

() A multimode fiber with a core refractive index of 1.5, a relative refractive index
difference of 3% and an operating wavelength of 0.82 um.

(ii) An 8 pm core diameter single mode fiber with an core refractive index same as (i),
a relative index difference of 0.3% and an operating wavelength of 1.55 um.

Estimate the critical radius of curvature at which large bending losses occur in both
cases.
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A base station transmitter has a power output of 10 watts operating at a frequency of
250 MHz. The transmitter is connected by 20 m of an RF coaxial cable, which has a loss
of -3 dB/100 m specification, to an antenna that has a gain of 9 dBi. The receiving antenna
is 25 km away and has a gain of 4 dBi. There is negligible loss in the receiver feeder line,
but the receiver is mismatched; the receiving antenna and feeder cable are designed for
a 50 Q impedance, but the receiver input has 75 © impedance, resulting into a mismatch
loss of about 0.2 dB. Calculate the power delivered to the receiver, assuming free space
propagation.
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Q.1 (e)

Py = Dkuk C{Y \/
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(i) A photoconductor with dimensions L = 6 mm, W =2 mm and D =1 mm is placed
under uniform radiation. The absorption of light increases the current by 2.83 mA.
A voltage of 10 V is applied across the device. As the radiation is suddenly cutoff,
the current falls, initially at a rate of 23.6 A/s. The electron and hole mobilities are
3600 cm?/V-s and 1700 cm?/V-s respectively. Find:

1. the equilibrium density of electron-hole pairs generated under radiation.
2. the minority carrier lifetime.

3. the excess density of electrons and holes remaining 1 ms after the radiation is
cut off.

(ii) A field transistor has N, = 10'7 cm™3, & =10"em™ and an n* polysilicon local

interconnect as the gate electrode. If the requirement for sufficient isolation between
device and wellis V,, > 20V, calculate the minimum field oxide thickness. (Assume
0, =098V, e =119€¢,€,=39€,n,=9.65x10°cm=, V. =26 mV)
[6 + 6 marks]
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Consider a MOS structure shown below:
o

"/
Vea
: : Semiconductor
Metal Oxd d e ( P- ty_p e)
—t 0 x

The oxide thickness, ¢, = 50 nm and the doping level in the substrate is N, = 10'® cm™3.

Assume, intrinsic carrier concentration of semiconductor, n,=101%/cm?, thermal voltage,

Viy=26mV, e ., =345x10BF/cm, € ;=1.05 x 10712 F/cm.

Calculate the hole concentration, P at the oxide-semiconductor interface (i.e., x = 0) under

the following conditions:

(i} Atflatband.

(if) At threshold

(iii) At a condition in which the potential build up from the quasi-neutral body of

semiconductor to x =0is 0.5 V.

(iv) Atacondition when the capacitance per unit area of the MOS structure is 50 nF/ cmZ.

[20 marks]
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Q.2(b)

(i) Explain in detail noise in photodetector.

(ii) The quantum efficiency of a particular silicon APD operating at a wavelength of
0.8 um is 90%. The incident optical power is 0.5 uW. The output current is 13 LA.

Determine the multiplication factor of the photodiode.
[10 + 10 marks]
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Q.2 (c)

The high frequency C-V characteristic curve of a MOS capacitor is shown in the figure
below. The area of the device is 2 x 10-° cm®. The metal-semiconductor work function
difference is ¢ =-0.5 V and V,, = -0.8 V. The oxide is S5iO, and the semiconductor is
silicon with doping concentration 2 x 1018 cm™. Assume ¢, = 1.06 x 1072 F/cm,
g,,=3.45x 10 F/em, n, = 1.5 x 101 cm and kT = 0.026 eV.

pt)
200

(@) Is the semiconductor 2 or p-type?
(ii) What is the oxide thickness?
(iti) What is the equivalent trapped oxide charge carrier density?

(iv) Determine the flat-band capacitance C;.
[20 marks]
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Q.3 (a)

Consider a GaAs pn diode at T = 300 K with N, = N, = 1077 cm™ and with a cross
sectional area of 10~3 cm? The minority carrier mobilities are u_ = 3000 em?/V-sec and
W, = 200 cm?/V-sec. The life times are T = Tug
assume the electron-hole generation and recombination rates are constant across space

charge region. Calculate the total diode current at a reverse bias voltage of 5 V and at a

= 1, = 107 sec. As a approximation,

forward bias voltage of 0.5 V.
(Assume, V,=0.0259 V, n,=1.8 x 10°cm™, € . = 13.1€ )

- . [20 marks]
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Q.3 (b)

(i) Determine the change in the electron density of E-layer when the critical frequency
changes from 4.5 MHz to 1.5 MHz for ionospheric communication between mid
day and sun set periods.

(i) Ina RSA cryptosystem, a participant A uses two prime numbers p =13 and g =17

to generate public and private keys. If the public key of A is 35, then find the private
key of A.

[10 + 10 marks]
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Q.3 {c)

(i) Give the performance comparison between IPv4 and IPv6 in detail.

i) 1.

Determine the minimum cluster size for a cellular system designed with an

C
acceptable value of signal to co-channel interference ratio 7 = 18 dB. Assume

the path loss exponent as 4 and co-channel interference at the mobile unit from
six equidistant co-channel cells in the first tier.

C
If the acceptable T is enhanced to 20 dB, will the cluster size determined in (i)

be adequate? If not, then what should be the cluster size?
[10 + 10 marks]
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(@)

(i)

For the system shown in figure (a), the receiver noise figure is 12 dB, the cable loss
is 5 dB, the LNA gain is 50 dB, and its noise temperature 150 K. The antenna noise
temperature is 35 K. Calculate the noise temperature referred to the input. Also,
repeat the calculation when the system of figure (a) is arranged as shown in

figure (b).

LNA i
p Cable R_ecewer
Tt 1 noise factor ——
T, lossL:1 F
figure (a)
. lnmeable LgA Receiver
ant o 1 noise factor ——
loss L:1 T, F
figure (b)

A QPSK signal is transmitted by satellite. Raised cosine filtering is used, for which
the roll off factor is 0.2 and a bit error rate (BER) of 107 is required. For the satellite

G
downlink, the losses amount to 200 dB, the receiving earth station = ratio is

T
32 dB K™, and the transponder bandwidth is 36 MHz.
Calculate:
1. the bit rate which can be accommodated, and
2. the EIRP required.
E
BER versus [ﬁb—] plot for baseband signalling for QPSK modulated waveform is
0

shown below:

1071

1077 ¢

1071

BER 1071

107
10761
1077
1078

Eb
0 1 23 45 6 7 8 9 101112 (No)ds
[10 + 10 marks]
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4 (b)

A silicon pnp bipolar transistor at T = 300 K has uniform dopings of N,

= 1018 em3,

N, =10 cm™, and N, = 10P cm™. The metallurgical base width is 1.2 um. Let
n,=1.5 %100 cm=, D = 10 cm?/s and 1, = 5 x 107 5. Assume that the minority carrier
hole concentration in the base can be approximated by a linear distribution. Let

Vi =0.625V.
{i) Determine hole diffusion current density in the base for V=10V,

(ii) Estimate the Early voltage for V. =5 V. Use the results from part (i).

[20 marks]
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4 (c)

(i) Consider that a geographical service area of a cellular system is 4200 km?. A total
of 1001 radio channels are available for handling traffic. Suppose the area of a cell

is 12 km?.

1. How many times would the cluster of size 7 have to be replicated in order to

cover the entire service area? Calculate the number of channels per cell and

the system capacity.

2. If the cluster size is decreased from 7 to 4, then does it result into increase in

system capacity? Comment on the results obtained.

(ii) Give the performance comparison of UDP and TCP.

[10 + 10 marks]
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5 (a)

Section B : Analog & Digital Communication Systems-1
+ Signals and Systems-2 + Microprocessors and Microcontroller-2

(i) Consider the following wireless local area network (WLAN) receiver front-end as
shown in figure where the bandwidth of the bandpass filter is 100 MHz centered at
2.4 GHz. Assume the system is at room temperature.

1. Find the noise figure of the overall system.

What is the resulting signal-to-noise ratio at the output, if the input power
level is -90 dBm?

@ Can the components be rearranged to give a better noise figure?

G=10dB G=20dB
IL=15dB F=2dB F=2dB

(if) A message signal shown below phase modulates a carrier signal A_cos _f, where
f.=1MHez. If a maximum frequency deviation of 75 kHz is needed, determine the
value of the phase constant (K) to be used by the modulator. With this value, find
the range of variation of modulated signal frequency.

x(t)

(D (D) MM r\)ousa ﬂp,l?j/w\Q F<F -+(Fz~!)_”- g
b/oj/l Oa\\’) QL” ‘)6 !
(Gi=10 )




MBDE ERNSY4Y Question Cum Answer Booklet

Page 30 of 64

Do not
write in
this mar

oy 4§ 51835 X0 yad -

f
- (10 S N,
=

T e e | d




MADE EASY Question Cum Answer Booklet

Page 31 of 64

Do not
write in
this margin




MODE ERNSY Question Cum Answer Booklet | Page 32 of 64

Do not
write in
this map

Q.5 (b)

(i) 1. A WSS random process X(f) with auto correlation function
Ryy(1) = Ae® 1]

where A and o are real positive constants is applied to the input of an LTI
system with impulse response,

n(t) = ePlu(s)

where b is a real positive constant. Find the auto correlation of the output Y{(f)
of the system.

2. Let X(t) and Y(#) be both zero-mean and WSS random processes. Consider the
random process Z(t) defined by

Z{t) = X(H + Y(H

(@) Determine the auto correlation function and the power spectral density of
Z(t) if X(f) and Y(t) are jointly WSS.

(b) If X(f) and Y{t) are orthogonal, then show that the mean square of Z(#) is
equal to the sum of the mean squares of X(#) and Y(¥).

(ii) If the probability density function f,(x) of a random variable X is given by
fxx)=(1-x%)for0<x<1

Find the standard deviation of this random variable.
[8 + 4 marks]
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Q.5 ()

Consider the following Discrete Time Sequences:
xq(n) = {%, a,b,2} and x5(n) = {%, 2,d,4}

(i) If thelinear convolution of the sequence is {1 3,7,13, 14, 14, 8} then find, the values
ofa, b, candd.

(ii) Find circular periodic convolution of the sequences x, (1) and x,(n) in terms of
4, b, cand d.

(iii) Also find circular periodic convolution of the sequence x, (1) and x,(n) for the values
of a4, b, c and d calculated in (i).

[12 marks]
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Q.5(d)| Describe the program status word register present in the 8051 microcontroller.
[12 marks]
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Q5(e)| A 12 MHz carrier is frequency modulated using a modulating signal
m(f) = A, sin 4m x 10°t. The resultant FM signal has frequency deviation of 8 kHz.
(i) Derive the expression for capture range of a PLL used for demodulation of this
signal.
(i) What should be the capture range of a PLL used for demodulation of this signal?
[10 + 2 marks]
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Q.6 (a)

The probability density function of two independent random variables X and Y are
given by

fy®) = aeu(x) and f,{y) = bePu(y)

where g, b are positive real constants and u(-) represents the unit step function. Determine
the probability density function of the random variable Z for each of the following cases:
{Assume z > ()

0 Z=X-Y (i) z:% i) Z=min(X,Y) (iv) Z=max(X,Y)
[20 marks]
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.6(b)| Given a second-order transfer function,

0.56(1 - z72)
H(z) =
&)= 15T+ 0472
Perform the filter realization and write the difference equations using the following

realizations:

(i) Direct form I and direct form II.
(ii) Cascade form via the first-order sections.

(iii) Parallel form via the first-order sections.
[8 + 6 + 6 marks]
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Q.6 (¢)

(i)

Draw and describe the block diagram for processor to memory communication

and processor to I/O communication.

(i) Write some differences between Microcontroller and Microprocessor.

[15 + 5 marks]
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Q.7 (a)| With the help of schematic diagram, explain the interfacing of 8255 with 8085 processor.
[20 marks]
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(ii)

Consider the system shown below used for generation of amplitude modulated
signal. The average value of m(f) is zero and maximum value of |m(t)| is A . The
square-law device with input x(f) and output y(t) is defined by

y(f) =6.5x(t) + 12%(¥)

m{t) + cos(wct) Square BPF

law device y(t) 0, Y apelt)

What should be the value of A, required to produce AM signal with modulation
index of 0.85?

In a receiver meant for the demodulation of SSB AM signals, the band-pass filter
has the characteristics H oqf) as shown in the figure below. Find FOM of the system.

|Hoyf) 12

11

[5 + 15 marks]
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7(c)

(i)

(ii)

The message signal m(t) has a bandwidth of 15 kHz, a power of 18 W. It is desirable
to transmit this message to a destination via a channel with 85 dB attenuation and

additive white noise with power spectral density, S = L 107 W/Hz and
p P ty, Sy 5

achieve a SNR at the receiver output of at least 55 dB. What is the required
transmitter power and channel bandwidth if the following modulation schemes
are employed?

1. DSB AM

2. SSBAM

3. Conventional AM with modulation index equal to 0.65.

For a superheterodyne receiver having no RF amplifier, the loaded Q of the antenna
coupling circuit is 120. If the super heterodyne receiver is to be improved for HF
reception so that its image rejection at 30 MHz is as good as at 1500 kHz.

Assuming IF of 455 kHz, determine:
1. loaded Q of an RF amplifier to be used for achieving the improved performance.

2. new IF for achieving the improved performance in the absence of RF amplifier.
{12 + 8 marks]
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3 (a)

(i) Find the inverse z-transform of

2 -102% —4z+4
27 —2z-4

X(z)= ; with ROC |z| <1
(i) 1. Using time shifting and time differentiation properties; find the Fourier
transform G(jw) of the trapezoidal signal shown below:

g(t)

-b -a a b ¢
What is the condition under which this procedure is valid?

2. Calculate the value of G(2j), if a = g =1.
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Q.8 (b)| Explain the Envelope detection and synchronous detection methods for demodulation
of AM signal. Show that in an envelope detector, to avoid diagonal clipping,

2

1 41-p . :
RC< = . Also, explain the Quadrature null effect in synchronous detector.

: [20 marks]
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Q8 (9

Briefly describe the 8255 A programmable peripheral interface and also draw the block

diagram of 8255 A.

[20 marks]
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