GATE - 1997

Electronics and Communication Engineering

1. For each of the followling questions {1.1—1.11},
four alternatives &, b, « and i are given.

1.1 Thecurrent i, in the circuit of the figure is equal

o
At PR
DY
el iy Ak
@ 12ZA  -12A
{c} 4A {@d Noneafl these

1.2 The voltage V in the figure is equai to

Ay

® '__ _____ 1
) - j—_ av

@ 3V o -3V

vy 5V (#y Moneof these

1.3 The voltage V in the figure is always equal to

S n

{a) 9V
© 1V

1.4 The function ft) ha uri
The Fourier Transfo

0 Bt 4y

ransform g{i).

is

1
® 5. S}
() None of the above

Laplace Transform of ectt cos (o tyisequal to

(5s-a) (s+o)
@ m ® (s—lat}2 +o?

1

{c} {s- rx}2 @) None of the above

L6 A transmission line of 30 Q characteristic
impedance is terminated with a 100 (2 resistance.
The minimum impedance measured on Lk
is equal o
W 08 B 250
{} 50Q @ 100 ¢

1.7 A rectangular air-fitled wave:

ross
section of 4 cm % 10¢m. The mini ency
which can propagate in the waveg
(n) 1L.5GHz 0G
&y 25GHz 38GHz

1.8 Theline cod, a mponent for pulse
Lransmissién of ran nary data is

tozgvo (NRZ)
}
Aark Inversion (AM)

the above
prabability density fucntion is given by

(X)= KL""';'Q —mEy Cw,

he value of K should be
1 2
{#) P (b "
! L
© 37 y 7

110 A determininistic signal has the power spectrum

given in the figure is, The minimum sar‘nplin_g
rate needed to completely represent this signalis

il

4{RHz}

-2~15-) o 115 7
{m 1kHz ( 2kHz
¢ 3kHz (M Noneof the above



1.11 The voltage Vin the ligure is h surface potential ks negative and sl by
Fermi potential in magritude

iy surface polential is postive and equal 1o
{wice the Fermi potential

2.4 Inacommonemitier BIT amplitier, the maximur,
usable supply vollage is fimited by

1V {n 153V 1} Avalanche breakdown of Base-Emitier
@ 3V (f)  None of the above jupclion
) th Cellector-Base breakdown voltage wi
2. Foreachof the follotving {2.1—2.10}, alternalives emilter open BV, )

a, b, ¢ and d are given. Indicate the correct ot the

Dbest anstver by writing the letter i, I < or d against base BY

the corresponding question number. Al parts of mastopen (BY

this queeslion must be attempted strictly in order. () f(-(' ner breakdown vollage of
(=1 =1t junehion

(7 Collector-Emitter breakdown valt

2.5 Each cell of a static Random\Rccess a0l

2.1 In the BJT amplifier shown in the figure s he k
contains

transistor s based in the forward aclive region,

Putting a capacitor across Ry will ) 6 MOS transist
by 4 MOS transi 2 capacitors
() 2 MOS transi and Hcapacitors
______ 1_§ @ 1 MO capacitor
{ £ . R .
Rosr i " 2.6 A 2 bit bi plier can be implemented
. - ¢
] u
v oo { Ds only
S S &y Rs and & input AND gales only

&2 inputs NORs and one XNOR gate
XOR gates and shift regislers

27040 standard TTL., the “totem pole” stage refers o
{7} the multi-emitter input stage

{#} the phase splitter
{c}  the output buffer
{d} open collector cutput stage

{7} decrease the voltage gain and decreasg the
inputimpedance

(b} increase the voltage gain and dg
input impedance

) decrease the voltage gain
inpul impedance

, 2.8 The inverter 74 ALS04 has the follewing
{d) increase the voltage

. . specifications
inpitt impedance
[ =z-04mA, L =Rl =20 mA,
2.2 A cascade amplifie s eglivalent lo Offens = O ot rim
(1) a common emiliBt stage followed by a Lianey = = 0L A,
ase stage The fan out based on the above will be
ase s@e tollowed by an emitter o 10 b 20
) 60 (@ 100
lower stage followed by a . .
base stage 2.9 The output of the logic gate in the figure is
base stage followed by a common ) ©
@ 1 ' EJD'—‘
OS capacitor fabricated on a p-tvpe T
iconductor, strong inversion occurs when o A
{m surface potential is equal to Fermi potential @ F

(b} surface potential is zero



2.10 Inan 8085 p P system, Lhe RST instruction will 3.4
cause an interrupt

{(n) only i an interrupt service routine is nol

It the signal fiow graph of the figureis y /v equals

being executed ‘> i ty
(& only if a bitin the interrupt mask is made 0 N
() onlyifinterrupts have been enabled by an El N
nstruction
(@) Noneof the above @ 3 o %
3. For each of the fniiowing (3.1—3.11), four w2 () None of the above
alternatives, 4, b, « and d are given.
3.1 fn the circuit of the figure is the bsorbed 3.5 A certain linear time invariant sysle ¢
. s the enetgy absorbe: state and the output i iven b
by the 4 2 resistor in the time interval Hiputequations glven

(), =y is X0 1 -110%,3
N Xz - n 1 X2J+ Hi
m\f{i% zr:[-tvc
— ¥ (R)uEw

(@ 36 Joules {16 foules
{r} 256 Joules () Noneof the above

3.2 in lhe circuit of the figure is the egquivalent @) Noneof the above
impedance seen acrass terminais a, bis 3 ion channel has Grst order low
t function. The channel is used to

ransmit puises ata symbol rate greater than the

-power frequency of the low pass function.
ich of the network shown in the figure is can
e used to equalise the received pulses ?
R
?'_'W"'r”"i

(3) o T Qutgut

3
) [+
8 ‘ ?"—{ +
) [5 +12 ;) Q Natie of the zbove ) wewr & Butput
f in

3.3 In the cireui figure is the current i,
i diode (zero cut in voitage and

® 4A
@ 1A {@ None of the above



3.7 The pewver spectral densiy of a deterministic
signal is grven by fsin (1 F Twherefis frequency.
Thwe aulovorrelation function of this signal in the
time Jomain is
() arectangular pulse
) adefta function
{c} asine pulse

) 2 triangular pulse

3.8 Anamplifier A has 648 gain and S0 input and
output tmpedances. The noise figtre of this
amplifier as shown in the figure is (a) is 1d8. A
cascade of two such amplifiers as in the ligure is
will have a noise ligure of

Fig 1.6 {a) . iz 3.4 4a)
W) 6d4B {h 8§dB
{e] 12dB {f)  Noneof the above

3.9 A parabolic dish antenna has a conical bear
wide, the directivity of the an is
approximately
{1y 20J4B i 3048

{©) 4048 iy 5048

3.10 Averylossy, A/4 long,
open circuited at tife
impedance measured

is approkimately
W o {:’* MQ
fe) L} None of the above

311 at 10 MHz for a conduclor is 1
velocity of an ¢leciromagnetic
he conductor at 1,000 MHz is about

B 6x 10 m/sec
W) 6= 10" m/sec

" m/sec
® 10° m/sec

For each of the following (4.}-—4.10), lour
alternativesa, b, ¢ and 4 are given.

41 Theantput voltage Vol the cireuitshown i i,
figure s

[y -3V {n a6V
Wy SV )y -3EV
4.2 The decoding circuit shownn igfite 15 has

been used to genera active iow chip select
signad for a macy or F‘iphemi. {The
address lines are tedfs AQto A7 for 1,0
addresses)

The peripheral will correspond to 1/} addresses
in the range
{a) 60HIWOIH B AdtwATH

) A0HW33H ¢ 70Hto73H

4.3 The following insturctions have been executed
by an 8085 ni*

ADDRESS (HEX) INSTRUCTION
[y EXIH BAZOH
o3 MOV AL
G015 ADDH
66 DA
6017 MCW H, A
6018 PCHL

From which address wiil the next instruction be

fetched ?

{#) 6019 {6379

© 6979 {#} None of the above



44 A sed mtener Bas been stored by By te usoge
The 2scomplement lovmal, We wish [o store ll\.:.:
sgette tavbesser anea o bt weord . We shuoeld
P vopy the omginal byie o the Jess signiicant
Lt ad Hhe wordd and il e more signiticant
with Feros

thy copy the original byte to the maore significant
byte of the word amd Fill the fess significant
hvte with zeros

et copy the onginal bvie to the less significant
byt of e word and make each f‘é{ of Hie
maore significant byie equal to the most
significant bit ot the onginagd bvte

uf) copy the original byvte Lo the fess signilicant
byte as well ag the more significant byvte of
the word -

4.5 A half wave rectifier vses a diode witha forwand
resistance RE The voltage is V| sin ot and the

toad resislance is R, . The DU current 1s given by

. Vm [R— MV_’,’.’,._,,._
o ogaRr L g (R; + R ,_)
2Vm ) lﬂ
{e} Jr {3 R,

4.6 The intrinsic carrier densily at 300K is 1.5 x 10"/

cm’, insiticon. For n-type silicon doped t02.23
107" atoms/cm?, the equilibrium  electro
hole densities are

(@ n=1.5x10 e p=
By n=15x 108/ e’ p=223x1
0 n=2.25%10"/em’ p= 14
)y n=15x 0%/ em’, p

4.7 For the NMOS logic
the logic function |

)

{t} “Am?ﬁ +C)+ DE ()

48 : Bl e have | O and K= 3
Asserirg e dhp Hop was itk ly clearond ansc
then clocked for 6 puleses, the sequence a Hie U
oulpeet will be .
010000
iy 0T
fob (A0
o] EOEHY

4.9 The gate dulav ot an NMUS imvertens domypate
by charge ume rather than disch,
becalse
(#} the driver transistor has latger

virdtage Bhan the toad tra

iy the Jdriver transistor h
currerts compared tothe

i}
iof} notwe of the

4.10 The boole,

Ly (AT B

p questions {3.1-—5.6), match each
ms b, 1 on the feft with the maost
appr ate jtema, b, ¢ or d an the right.
e ¢ 1f vou feel I matches with band 2 with v,
ite (1, 03 (2, v} 6 22 =il
{r the case of a linear Hme invariant wstem
{1) Poles in the right half plane implits
{er) hponentm!decavofontpu:
{2} hmpulss response Zere {ortsl II“PlN.b
fty  Systemis casual
i) Nostored energy intthe system
() Systemis unstable,

5.2 If the Fourier Transiorm of deterministic signal
gty is Gf), then
{1} The Fourier Transformof g (f~ 2) is
W G
2} The Fourier Transform of g (1/ 2} is
M Geh
20600
@ GY-2
{13 An8bitwide 5word sequential memory will
have

L

5.

(it} B Fixed ‘ANDY gates and 4
programmable “OR’ gates
{2y A 256 x 4 EFROM has
by Eight 4 bit shilt registers
() 4 wordsof 32 bits each
8 address pins and 4 data pins
vl



5.4 (1) Waveult
)
() Faraday Rotaton
by Ground wave propagation
{c} Space wave propagation
(1 lonospheric propagation

Under-waler propagation

5,5 While moving data between rogislers ol the SIS
and the stack
{1y a PUSH instruction

(@ Pre increments the stack poinker
{23 a POP instruction
thy Postincrements the stack pointer

) Pre decrements the stack pointer

ey [fost decrements the stack pointer

5.6 Nepative feedback in
{1) Voltage series configuration
W increase input impedance
{2) Current shunt configuration
{th  decrease input impedance

e} fncreases cdosed loop gain

) leads Lo oscillation
N
’L(;{_._E}w 2 I/
\\._

®

The figure is sh
representation of col
block Ahasa

diagram
- The system in
selt, (fy=euih),
tock B has an impulse response
K’ amplifies its mpuits
e overall syslem with input
{5}

the Inuse response when k=0
Find the vaiaes uf § for which the system
mes unstabi: ’
=019

=1t=0 .

L Lireuit showen o e Tigere a5 an NMOE shyt

regrister. AH transistors are NMOS enhancemen)
tvpe with threshold voltage V., = Iv_f-','upp;\, Lised
PRV

T 154

1 capacitors are initially discharged and the
v

i 8 voelts is applied. i values of
apacitors are U = 2 pfand T, =t 4, oot
voltage V ., on capacitor C., afler ¢, goes low.

Negleet body-etfecl on V. in yourevaluation,

The transislor in the circuit shown in the figure
i 50 biased (de biasing network is nol shown)
that the e collecter current ] = { mA. Supply is
V=5V, {53



The nebwork conponents lave in] fowing values SECTION B (50 Marks)
o 5
R =2r0 Atlempt an i
. . pt any TEN guestions from s sect
R.= k0 question carries 5 marks.} ton- {ach
A R, = 100 2 1. Consider the circuit given in the figure is using

. . an ideal i o
The transistor has specifications. aloperational amplifier.

{# = 100 and base spreading resistance

r, = 1000 R B
S
Assume 7 = 25mV. (JB Ham Rl &
Evaliate smail signal Vollage Gain A, at a
frequency of 10 kHz, and Inpul Resistance R for
tWo Cases The characteristics of the diad@b e
(1) CE, the hypass capacitor across R is 25 uF. Y E
{l The bypass capacitor C is removed leaving relation =1 [:ﬁ B l]
R, unbypassed where V is the for age afiyoss thediode.
N (a) ExpressV a ongd V assuming V, >0
9. A~2— section of a 600 £ transmission line, short ET

H H . N lR= 3 F "1 §
circuited at one end and open circuited at the B UR=QoiaIglpAand i 2V find

other end, is shown in the figure is 100 V/73Q
generator is connected at the mid point of the 12, {
section as shown in the figure. Find voltage at
the open circnited end of the line. (35)

eV for whichV =0.

it shown in the figure is assume that
onal amplifier is ideal and that
tially. The swilch is connected first to
" charging C, to the voltage V. [t is then

o - g cohnected to the point ‘B'. This process is
%?m epeated ftimes per secand.
{?\DD\"

e 71 s 1% ek [

¥ g o=
- v
o P I
10. Inihe ciruit of the figure is : + =
R=100C, L=20nHg, z . 3 B

The circuitis mainta rature af 300
K. Derive and plat ti bectral density of
the voltage V@Mark ali evant points on the )
i rica i‘aiues. {The Boltzmann () Calculate the charge transferred per second
Fo 128 %10-231/K from node A tonode B.
() Derive the average Tate of change of the
outputvoltage V .

() if the capacitor and the switch are removed
and a resistor is connected between points A
and B. find the value of the resistor to get the
same average rate of change of the output
voltage? )

I the repetition rate of the switching action
is 10* times per second, C, = 100 pF, C,=10
pFand V=10 mV, what is the average rateof
change of the output voltage ?



13 16. Find Stalic Noise-Margins for o BT inverker
shown in the figure is Transistor used ig an
#-gi=1t by pe with specifications as follows

B, = 70
Vg = 07V
Viar = 08V
In the cascade amplifier circuit shown in the Vepgar = DIV.

figure is delermine the values of RI, K and R
such that the quiescent current through the
transistors is I mA and the collector voltages are

V.=3Vand V=6V, Take V=07V transistor
B tobe high amd base currenls to be negligible.

14. A seguence generator is shown in the figure is 17.
The counter status (3, Q,, Q,) is initialised to fighire he fallowing data available
(10 using preset/ clear inputs.

feg P {_.,;

FFa
[1— - c' {#) Minority carrier life time in the Base regionis
Bk o 1, =5 psec.

) um and Colleetor doping =5 x 10%¥/ec

WL-‘ = 1 um and Emitter doping = 104% /ce
Base doping = 5 x 10% /cc

The clock has a period of 50 ns a
take place at the rising clock edge.

() Give the sequence genera 2
(5} What is the repetili of the generated l
sequence 7
15. Givenan NMOS circui owilin the figure is Under Punch-through condition the
The specifications of the ¢ are
. Vo =10V +V volts.

Vo= 10V H, CHW/L) = 107 Amp/v?
V. = 05 mA Here V,, is the built in potential of Base- collector

! ” o |nncl|on Emitter Injection efficiency can be
Eva  for the circuit. assumed as 1 for this transistor.

feetlor V.. Evaluate Base Width W and the current gain a.

Yo w1 {Standard data for this qucstmn 151w Lox 107
% _ KT
» caloumbs; ~, =25mV
R - 7 )
'"&i;'_] Forsiliconat T=300K, D, = 30 em’/seC;

B ) Kq G“ = '[{]"12 Flomy "= 1.5 % 10“’/0:]



i An on-lvpe .t'-.iiwun bar s doped uniformly by
p}m,-:phnruus abtoms o g rnncc}him'lt{)h
45~ 10 e, The bar has cross-section of | mm
aned Jength of T0 e, 1t is Huminated uniforndy
for region v < 0 as shown in the figure is. Assume
opttical generation rate 107! Electron-ioke pairs
per o’ persecond, for this case. The hole lifetime
and electron lifelime are equal, and equal to |

pLSEC.
Ly *20
1
o
Pilti
b e iy
A SEmPCRndiT e J
weld i 5 a \0cm
|
el

Evaluate the hole and electron diffusion currents
atx =346 pm.
Following expressions and data can be used in
this evaluation

o % &
jp-(f i dxr]n"'q " d,‘f

whereD, = 12 cm?/sec; d, 30 = emi/sec.
g= 1.6 107" coloumbs; (kt/g)=26mV.

19. An IC 555 chip has been used to construct
pulse-Generator. Typical pin connections
components is shown below in the fi is
such an application. However it is @esir
generate a square pulse of 10AHz

va Ry
- Deschirge
L 4
Triggor
55 I ;Ra
Threshold
i

oamF
Control ‘[

Evaluate values of R, and R, if the capacilor C
has the value of 0.01 yF for the configuration
chosen. §f necessary you can suggest modification
in the externat circuit configuralion.

200 A0 BOBS pd uses 2 2 Ml Ly crystal. Fing \he time
laken by it o execute the foltowing deht
sub_mutine, inclusive of the call instruction in tlhy
catling program. )

Calling program DELAY . PUSH pSw
e MVI A, b4 H
DELAY LOOP: NOP
DCR A
INZLOOP
POP PowW
RET

You are given that a CALL instructio

cycles of the system clock, PUSH re

cycles and a conditional jump ¢
the jump is taken and 7 ¢

All olher instructions used a

clock cycles, where n is the ng

2%

\ |
Inthe figure is a linear time invariant discrete

Systme is shown. Blocks labelled Drepresent unit
delay elements. For i <@, youmay assume that x

{113, 3,00, y (n} are attzero.
(@) Find the expression for y{n) and y,(n) in
terms of X(71)

Y,z
() Find the transfer function —xgg“}* in the

z - domain
w I x(H)=1 at n=9
=0 otherwise,
find _uz(n)

22,

)

In the circuit of figure when R =062, the current

i, cquals 10A o

40 Find the volue of R for which it
FRANLIMLITE LT

(i3 Find thevalue vty

1 Find ¥, when R = @ {open circnit)

absorbs



23.

In the circuit of the figure is all currents and

voltages are sinusoids of [requency o rad/sec.

{7} Find the impedance to the right of {A, B) at
w =0 rad /sec and w = = rad /sec.

i fw=u rad/secand i {t} = Isin{m 1) A,
where | is positive w,» 0, Gy 2w then find 1,
@, and Lt}

9.

+
1singat} fme) T I T 0
vartla -

For the circuit shown in the figure is choose state

variabies X, Xr X, tobe :‘u(r), V‘_z(t),fI 3(r)

{n} Wrile the state equations

X! X,
X =Al Xy | +8lett]
X, X,

@ Het)=0,+20,i,(0=0,V,, (©
1A, then what would the to
dissipated in the resistors
{0, ) be ?

25. Ablock diagram of asys
is draw the spectru
relative aptitudes of t

’m 0.5HMz
P
Samplar Sy APF Culput

{igacH) fidenl}

Find the mean of a function X (T} = sin® (T},
here o is a constant, and T is a random variable.
The pdfof T is given by,
fM=eTfor T20

=0for T<0

7. The figure is shows the block diagrim of phase.
iocked-loop (PLLY in the locked condition,

9 [ TEnae " fi
o ertectar '_"-—1/_."_"

o o

The output voltage of the phase detector is gi
Ly :

V7K -dg
where ¢ = phase of the input !

¢, = the phase of the Butput Vllltage
Controlled Osciliat

The value of I, is 1 Volt/radian,
The frequency devi

he V@D output s,

the VCO, and
z/volt.

{(ty = u{t) radian, where 1 {#) is the unit step
nection. Determine ®, {Hfort=0

e figure is shows the first stage of a
superheterodyne receiver. The desited input
signal is at a frequency of 700 MHz. The local
oscillator (L.O) frequency is | GHe. The mixer is
an ideal multiplier with a gain independent of
frequency. A band-pass filter {BPF) is used to
select the Intermediate Frequency {IF} cutput at
300 MHz.

IF Ingut

(@ What is the image frequency of the desired
i_nput ?

5 A Low Pass Filter {LPF) can be used before
the mixer to reject the image frequency. [fa
perfect rejection (zero transmission} of the
image is desired, what type of LPF should be
empioyed 7



(3 The input in the figure is corrupted by an 30.
undesired 730 MUz signal which has the
same amplitude as that of the desired signal
al 700 MHz. Let the BPF be of second order.
Al the BPF output, the undesired signal
should be 20 dB below the desived signal.
Calculate the Q required for the BPF,

A dipole antenna has 3 sin 0 radiatinn pattern
where Lhe angle 4 is measured from the axis of
the dipole. The dipole is verticaily located above
anideal ground plane the figure is. Whal should
be the height of the dipole H 1n terms of
wavelength so as to get a nuil in the radiation
pattern at anangle of 45° from the ground plane

29, A uniform plane wave s normally incident from ? Find the direction of maximum radiation als
air on an infinitely thick magnetic material with
relative permeability 100 and relative permitbrvity e -"“P.m
4 see the figure is. The wave has an eleciric (ield b
of 1V, meter (rms). Find the average pointing 777?77J7777777)‘?7777‘m7
vector inside the material. Grourd rane
o
L M : . ‘ ¥ B
" agnetic  material
m, =100 g =4

4

1.5(a 1.6 {a) 1.7 {a 1.8 (¢}
2.2 {a) 2.3 {d 2.4 (e} 2.5(a)
4 ic) 2.10 () 3.1(d) 3.2 b 3.3 ()
3.7 (& 38 39 (& 310 3.11 {a}
4.4 () 4.5(b) 46 (0 4,7 {0 4.8 (dh

116 1.2 {a} 1.3 {d) AN
18 1.10{)
2.6 {0 2.7 &}
3.4 ) 35
4.1 (d) 42 ¢

£.9(c) A0 ()

)—vd‘]—-b 52 (MV-a (2)-c
b, (2)-d 54 (1}-b (&-c
(e @) -d 56 (- (-5
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