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Q.2 a. An intrinsic silicon bar is 4mm long and has a rectangular cross section

60x100 (um) 2 At 300K, find the electric field intensity in the bar and voltage
across the bar when a steady state current of 1pA is measured. (Resistivity of
intrinsic silicon at 300K is 2.3 x 10° Q-m. (6)
Answer:
Length=4mm
A=60x 100 (um)>
Current [ =1pA
Resistivity r= 2.3 x 10° Qm
J=GE
E=l/c=(VA)(l/o)=(l/A)r
E=(1x 10 (60 x 10° x 100 x 10°))x 2.3 x10°
=383.33x 10° V/m
V=EL=383.33x 10" x 4mm=1.53x 10° V

b. What types of doping should be used in a switching diode? What is reverse
recovery time? (5)
Answer:

In switching diodes a lightly doped neutral region is made whose length is shorter than a
minority carrier diffusion length. In this case the stored charge for forward conduction is
very small since most of the injected carriers diffuse through the lightly doped region to
end contact. When such a diode is switched to reverse conduction, very little time is
required to eliminate the stored charge in the narrow neutral region. A second approach is
to add efficient recombination centres to the bulk material. For Si diode, Au doping is
useful for this purpose. To a good approximation the carrier the carrier lifetime varies
with the reciprocal center concentration. The total time required for the reverse current to
decay to 10% of its maximum magnitude is defined as recovery time.

c. Distinguish between avalanche and zener breakdown in p-n junction diode.

()
Answer:

Both avalanche breakdown and zener breakdown occur under reverse biased condition of
p-n junction and the common cause is the electric field accelerating a carrier which
collides with an ion and breaks the covalent bond releasing one or more extra carriers. In
the case of avalanche breakdown, the carriers are thermally generated ones accelerating
under externally applied large electric field in reverse bias and the process is cumulative
giving rise to more and more pairs of carriers by multiple collision of ions. The result is
destructive.

On the other hand, in a zener diode, the breaking of ionic bond and generation of extra
carriers is by the intense electric field across a very narrow depletion region at the
junction, due mainly to rather heavy doping of both p and n regions of the diode. The
resulting process gives rise to large reverse current and is reversible. This phenomenon is
called ‘Zener breakdown’.
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Q.3 a. Sketch the circuit of a bridge rectifier and describe its operation. Derive
expressions for rectification efficiency and ripple factor of the circuit. If a
capacitor is added to the circuit, show the output voltage waveform of the

rectifier.
Answer:
The bridge rectifier circuit is as shown in Fig.

Operation: During positive half cycle of the input voltage point A becomes positive.
Diodes D1 and D2 will be forward biased and D3 and D4 reverse biased. D1 and D2
conduct in series with the load and the current flows in the direction as shown in figurel
by solid arrows. In the next half cycle, when the polarity of the ac voltage reverses, ‘B’
becomes positive D3 and D4 are forward biased, while D1 and D2 are reverse biased. D3
and D4 conduct in series with the load and the current flows as shown by dotted arrows.

During both the half cycles of input signal, the current through RL is in same direction

and is as shown in Fig.
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Expression for efficiency and ripple factor:

ip=Ipsinot 0<@ts w
ip=-Ipsinot T<ot<2n

Iic = (1/7) [ Iy sin ot d(ot)
0

lse=2I/mand E4. = 2E,, /T
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| 7 Zm | N “ 2
Iqms = ||(1/2nJ i7 dmt) — ll'(Z/ZT[JO (lmsinwt)) d(wt)

N N v N

I nn
= Iy ,‘ 1/ ‘ [(1— cosZwt) /2] d(wt) = I, /A2
N -0

In bridge rectifier, in each half cycle two diodes conduct simultaneously. Hence
maximum value of load current is

Im = Em/ (Rs+2Rf+RL), where Rs = transformer secondary winding resistance.
PDC = IDC’RL = (2Im/p) > RL

PAC = Irms? (2Rf+Rs+RL) = (Im/O2)? (2Rf+Rs+RL)

[(4In2/7%) Re] 8R;.
rectification = Ppo/Pac= ~ (since 2R#+R.<< R})
efficiency I.2/2 2QR+R+4R)) 'R,
= 8/1° = 81.05%

= 8/ = 81.05%
Ripple factor = V(Ims/Inc) "= 1

= V[(IN2Y QL)) =1 = (778) -1 = 0.48.

The Fig. shows how a capacitor filter is connected to the rectifier output and the
output voltage waveform of the rectifier across the load, with capacitor filter.

Rectifier + T
Circuit T C Il R
Ve. Vi
F
Em
fFJ [
) ." \\ U )
\ ) ll 4
0 : +

The dotted line in Fig. shows the rectifier output without filter and solid line shows the
output across the capacitor filter.

b. Design a series voltage regulator to supply 1A to a load at a constant voltage
of 9V. The supply voltage to regulator is 15V+10%. The minimum zener
current is 12mA. For the transistor to be used, assume VBE=0.6V and p=50.

(8)
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Answer:

=t 1A

g 50

Vou =V:=Vae
9=V_-0.6
V.=9.6v
Voltage drop in resistor R=V;, -V; =15-9.6=5.4v
Current through resistor R, =15 +1; =20+12=32mA
_ Voltage drop inresistor R 5.4

1 © 32mA

=20mA

¢

R=168.7502.

Q.4 a. Draw a figure to show the output V-I characteristic curves of a BJT in CE
configuration. Indicate thereon, the saturation, active and cut off regions.
Explain how, using these characteristics, one can determine the value of hg

or PBe. 8

Answer:
a. Fig. shows the characteristics of BJT in CE configuration. To find hfe, draw a constant

VCE line (vertical) going through desired Q point. Choose constant IB lines suitably,
which cut the constant VVce line at X and Y.

i c (mA)‘ saturation

_ region
l active reglon
8 Ig,=80pA
1
Fcz 1 7 ST X Ig, =60 pA
Al R I, = 40pA
i 24— o Yy 134 =20p4A
ICI IBS =OPA
WQ— c:utgf’f region
] S R\ S T
5 10 20 VCE

hg. = Ale/ Alg. From fig hg = (Ica-1cy) / (IBs-182)
= (6-2) mA / (60-20) A =100.

b. The transistor in the feedback circuit shown below has =200.
Determine (i) feedback factor (ii) feedback ratio (iii) voltage gain without
feedback (iv) voltage gain with feedback in the circuit. In the transistor,
under the conditions of operation, VBE may be assumed to be negligible.(8)
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Vee=24V
3.8MQ 21Ke
}—ov()
vino—( Cc

Cin
1KQ
Fig.1
Answer:
V=24V, Rp=38MQ, =200, Rp=1kQ
I V., 24
p= -
DRy AL 0°
Ip=1.2mA

25mv _ 25mv
I, 1.2mA
r.=20.83Q
Voltage gain without feedback,
R. 21x10°

A==
r. 20.83

[

AC Emitter resistance, r, =

A=1008.16
Feedback ratio /5= Ry _ 1x 19'1
R.  21x10°
B =0.0476
Feedback factor = A =0.0476x1008.16

Feedback factor = 48.0076
Voltage gain with feedback,

A __ A _ 100816
P14 A 1+48.0076
A; =20.57

Q.5 a. Draw the block diagram of Series Voltage negative feedback and derive the

expression for overall voltage gain with negative feedback.

Answer:
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13-1 SERIES VOLTAGE NEGATIVE FEEDBACK

MNegative Feedback Concept
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Figure 13-1 In a negatve feadback amplifier, 8 portion of the output is fed back to tha

input. The instantansaus potanty of the feadback vehage [v)] is negative with respact b

the signal voltage fe.)

b. Draw the circuit of Hartley oscillator and derive an expression for its

frequency of oscillation.
Answer:

© IETE



AC103/AT103 ANALOG AND DIGITAL ELECTRONICS | DEC 2015
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The Hartley oscillator widely used as a local oscillator in radio receivers.
hi(Z, +Z,+Z2)+ 2, Z,(1+h, )+ Z,Z,=0 - (1)

Here Z,— jwl,+ jwM, Z, jwl,+jwM and Z5=—) =—/
T jwe we

Substituting these values in equation (1), we get
hef|:(_;'wL| + jwM )+ (jwL, + jwM J—%}u (jwL, + jwM ) jwL, + jwM )1+ hy)+ (jwl, + jwM )I B % C ] =0

we

jwhrg[}_l L, +2M —Lq}— w3 (L, +M ;[[Ll +M)1+h,)- : }= 0

w c
Equating imaginary parts of above equation to zero we get,

While [g -LE—QM-L]zo

wec
Or L, +L,+2M - ]j =0 . whe=0
wc
2 1
we=—
L+L,+2M
or =% _ !

27 2z Jc(ly + Ly + 2M)

Q.6 a. Compare the memory devices RAM and ROM? Explain why ROM is a non
volatile memory and dynamic RAMSs require refreshing? (8)
Answer:
Comparison of Semi-conductor Memories ROM and RAM
The advantages of ROM are:
1. It is cheaper than RAM.
2. It is non-volatile. Therefore, the contents are not lost when power is switched
off.
3.Itis available in larger sizes than RAM. '
4. It's contents are always known and can be easily tested.
5. It does not require refreshing.
6. There is no chance of any accidental change in its contents.
The advantages of RAM are:
1. It can be updated and replaced.
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2. It can serve as temporary data storage.
3. It does not require lead time (as in ROM) or programming time (as in PROM).
4. It does not require any programming equipment

ROM: ROM is Read Only Memory and is a Permanent or Semi-permanent
Memory. In Permanent ROM, the data is permanently stored and cannot be
changed. It can only be read from the memory. There cannot be a write operation
because the specified data is programmed into the device by the manufacturer or
the user. In Semi-permanent ROM also there is no write operation, but the data
can be altered, to a limited extent, by special methods. Programming of ROM
involves making of the required interconnections at the time of fabrication and
therefore, its contents are unaffected, even when the power is OFF. Thus it is a
Non-Volatile Memory.

RAM: RAM is Random Access Memory. Because of the charge’s natural
tendency to distribute itself into a lower energy-state configuration (i.e., the
charge stored on capacitors leak-off with time), dynamic RAMs require periodic
charge refreshing to maintain data storage.

b. Convert the decimal number 82.67 to its binary, hexadecimal and octal
equivalents. (8)
Answer:
Conversion of Decimal number 82.67 to its Binary Equivalent

Considering the integer part 82 and finding its binary equivalent

82

41  Remainder —---- 0(LSB)

20 Remainder ----- 1
10 Remainder ----- 0

Remainder --—--- 0

b2 b2 b2 (] ] (=] ]

Remainder -0

5
2 Remainder -—--- 1
1
0

Remainder --—--1 (MSB)

The Binary equivalent is (1010010),.
Now taking the fractional part i.e., 0.67
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Fraction Fraction X 2 Remainder Integer
New
Fraction
0.67 1.34 0.34 1
0.34 0.68 0.68 0
0.68 1.36 0.36 1
0.36 0.72 0.72 0
0.72 1.44 0.44 1
0.44 0.88 0.88 0
0.88 1.76 0.76 1
0.76 1.52 0.52 1

It is seen that, it is not possible to get a zero as remainder even after 8 stages. The
process continued further on an approximation can be made and the process is
terminated here. The binary equivalent is 0.10101011.

Therefore, the binary equivalent of decimal number 82.67 is
(1010010.10101011),,

() Conversion of the binary equivalent of decimal number 82.67 into
Hexadecimal:

The binary equivalent of decimal number 82.67 is (1010010.10101011),
Convert each 4-bit binary into an equivalent hexadecimal number i.e.

0101 PO10 [1010 1p11
5 2 A B
Therefore, the hexadecimal equivalent of decimal number 82.67 is (52.AB)16
(i) Conversion of the binary equivalent of decimal number 82.67 into Octal

number:

The binary equivalent of decimal number 82.67 is (1010010.10101011),
Convert each 3-bit binary into an equivalent octal number i.e.

001 |010 r)m 101 ’)10 110
22 1. 512

Therefore, the Octal equivalent of decimal number 82.67 is (122.526)s

1 6

Q.7 a. Prove the following Boolean identities. (6)
AOXY+YZ+ YZ=XY+Z
(i) AB+A.B+AB=A+B

Answer:
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(i) Prove the Boolean Identity XY + YZ + YZ=XY+Z

LHS = XY+YZ+ YZ
=XY(Z+ Z)+YZ+YZ(Z+Z = 1)
=XYZ+XYZ+YZ+YZ
=YZ(1+X)+ XYZ+YZ
=YZ+XYZ+YZ (v 14X =1)
=Z(Y+Y)+XYZ
=Z+XYZ (" Y+Y=1)
=Z+XY(wZ+XYZ=Z+XY)
= R.H.S (Hence Proved)

(ii) Prove the Boolean Identity A B + AB+A B=A+B
RHS=A +B
=H(B+§)+B(A+H)("'B+E “1&A+ A =1)
=AB+B)+B(A+A)
= AB+AB tBA+BA
= AB+ AB +BA(AB+ AB= AB)
= L.H.S (Hence Proved)

b. Minimize the logic function Y(A,B,C,D) = >m(0,1,2,3,5,7,8,9,11,14) . Use
Karnaugh map. Draw logic circuit for the simplified function. (10)
Answer:

Fig. 5(i) shows the Karnaugh map. Since the expression has 4 variables, the map has 16
cells. The digit 1 has been written in the cells having a term in the given expression. The
decimal number has been added as subscript to indicate the binary number for the
concerned cell. The term ABC D cannot be combined with any other cell. So this term
will appear as such in the final expression. There are four groupings of 4 cells each.
These correspond to the min terms (0, 1, 2, 3), (0, 1, 8, 9), (1, 3,5,7) and (1, 3, 9, 11).
These are shown in the map. Since all the terms (except 14) have been included in groups
of 4 cells, there is no need to form groups of two cells.

co| ) )
LB cD £p cD
0) 5 = @ L
5 1L 1 1 1 |w1— 4B
_ 4) 3 (M1 (&) -
AE » AD
(12) (13) (15) (14)
AB _
()=——A4BCD
® e (10 )
AB 1 1 1
EC —
e = FD
Fig.5(i)

© IETE 10



AC103/AT103 ANALOG AND DIGITAL ELECTRONICS | DEC 2015

The simplified expression is Y (ABCD) = ABC D+ AB+BC+BD + ADgjg 5ji) shows
the logic diagram for the simplified expression

Y(ABCD) = ABCD+ AB+BC+BD+AD

AD o—
[
e
— 1 =2
Fig.5(ii)
Q.8 a. Discuss in detail, the logic and working of Full Adder. Also realize circuit by
NAND-NAND Logic. (8)

Answer:
Full-Adder: A half-adder has only two inputs and there is no provision to add a carry
from the lower order bits when multibit addition is performed. For this purpose, a third
input terminal is added and this circuit is used to add An, Bn, and Cn-1, where An and Bn
are the nth order bits of the numbers, A and B respectively and Cn-1 is the carry generated
from the addition of (n-1)th order bits. This circuit is referred to as full adder and its truth
table is given in Table

Inputs Outputs

o

= =| o o ~| = o o @
E
= = =] 2| =] = o o £

= D = @ = @ = @
'—'OO'—'O'—"—OE‘A

>
=
S
w
S
]
>
™
=|
]
|
o
=

énBy A.By

Cha 1 1 Crrl 1

Cor | 1 ! Can mmuinilif

The K-maps for the outputs Sn and Cn are given above respectively and the minimized
expressions are given below, the NAND-NAND realization of which, is also given
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So= A, B,C,_, + A B, Cor 4 As B. C., +AuB,Cu
Co= Ay By+B, Coy + A, Cas
A n
D E‘n:D—
Sn B
" D—

b. Design a4 to 1 Multiplexer by using the three variable function given by(8)
F(A,B,C) =>m(1,3,5,6).
Answer:

The function F(A,B,C) = Y'm(1,3,5,6) can be implemented with a 4-to-1 multiplexer as
shown in Fig.. Two of the variables, B and C are applied to the selection lines in that
order, i.e., B is connected to S1 and C to S0. The inputs of the multiplexer are 0, I, A, and
A'. When BC =00, output F = 0 since 10 = 0. Therefore, both minterms m0 = A' B' C' and
m4 = A B' C' produce a 0 output, since the output is 0 when BC = 00 regardless of the

value of A.

When BC = 01, output F =1, since 11 = 1. Therefore, both minterms m1 =A' B'C and m5
= AB'C produce a 1 output, since the output is 1. when BC = 01 regardless of the value of

A

When BC = 10, input 12 is selected. Since A is connected to this input, the output will be
equal to 1 only for minterm m6 = ABC', but not for minterm m2 = A’ BC', because when

A'=1,then A =0, and since 12 =0, we have F = 0.

Finally, when BC = 11, input 13 is selected. Since A’ is connected to this input, the output
will be equal to 1 only for minterm m3 = A' BC, but not for m7 = ABC. This is given in

the Truth Table shown in Table

Minterm A|{B|C|F
0 0000 to h t '3
1 0]0]1]1
2 0/1]0]0 A 0 @ 2 D)
3 01 ]1]1
4 1{olo]oO
5 Lo 1]1 A 4 6 7
6 L[ 1]0]1
7 I[1]1]0 0 1 R R
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Ao s 8, sy
Bo
Cuo
Q.9 a. Explain the working of master-slave JK flip flop. (8)

Answer:

Master-Slave J-K FLIP-FLOP: A master-slave J-K FLIP-FLOP is a cascade of two SR
FLIP-FLOPS. One of them is known as Master and the other one is slave. Fig. shows the
logic circuit. The master is positively clocked. Due to the presence of inverter, the slave
is negatively clocked. This means that when clock is high, the master is active and the
slave is inactive. When the clock is low, the master is inactive and the slave is active. Fig.
shows the symbol. This is a level locked Flip-Flop. When clock is high, any changes in J
and K inputs can affect S and R outputs. Therefore, J and K are kept constant during
positive half of clock. When clock is low, the master is inactive and J and K inputs can be
allowed to be changed. The different conditions are Set, reset, and Toggle. The race
condition is avoided because of feedback from slave to master and the slave being
inactive during positive half of clock.

SET State: Assume that Q is low (and Q is high). For high J, low K and high CLK, the

Master goes to SET state giving High S and Low R. Since Slave is inactive, Q and Q do
not change. Then CLK becomes Low, the Slave becomes to Set state giving High Q (and

low Q).
RESET State: At the end of Set State Q is High (and Q low). Now if J is low, K is high

and CLK is high, the Master Resets giving Low S and High R. Q and Q do not change
because Slave is inactive. When CLK becomes Low, the Slave becomes active and resets

giving Low Q (and High Q).

Toggle State: If both J and K are High, the Slave copies the Master. When the CLK is
High, the Master toggles once. Then the Slave toggles once when CLK is low. If the
Master toggles into Set state, the slave copies the Master and toggles into Set state. If the
Master toggles into Reset state, the slave again copies the Master and toggles into Reset
state. Since the second FLIP-FLOP simply follows the first one, it is referred to as the
slave and the first one as the master. Hence, this configuration is referred to as
masterslave (M-S) FLIP-FLOP. Truth Table of JK Master Slave Flip-Flop in Table
shows that a Low PR and Low CLR can cause race condition. Therefore, PR and CLR
are kept High when inactive. To clear, we make CLR Low and to preset we make PR
Low. In both cases we change them to High when the system is to be run. Low J and Low
K produce inactive state irrespective of clock input. If K goes High, the next clock pulse
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resets the Flip-Flop. If J goes High by itself, the next clock pulse sets the Flip-Flop.
When both J and K are High, each clock pulse produces one toggle.

L0

C mﬁn}i
K

.

SLAVE

T W

Inputs Output
PR CLR CLK ] K Q
0 0 X X X Race Condition
0 1 X X X 1
Pr 1 0 X X X 0
t 1 1 X 0 0 No change
Jo - aQ 1 1 0 1 0
M-S
CLK o———=< J-K
FF 1 1 1 0 1
Ko— | - 1 1 1 1 Toggle
Jr

b. Define a register. Explain how a shift register can be used as a ring counter
giving the wave forms at the output of the flip flops. (8)
Answer:

Register: A register consists of a group of flip-flops and gates that effect their transition.
The flip flops hold the binary information and the gates control when and how new
information is transformed into the register.
Shift Register as a Ring Counter: A Ring Counter is a Circular Shift Register with only
one flip-flop being set at any particular time; all other are cleared. The single bit is shifted
from one flip-flop to the other to produce the sequence of timing signals. Fig shows a 4-
bit shift register connected as a ring counter. The initial value of the register is 1000,
which produces the variable To. The single bit is shifted right with every clock pulse and
circulates back from T3 to To. Each flip-flop is in the 1 state once every four clock pulses
and produces one of the four timing signals shown in Fig. Each output becomes 1 after
the negative-edge transition of a clock pulse and remains 1 during the next clock pulse.

ARE

SHIFT RIGHT T Tl Tl T
REGISTER » o0 1 2| 3
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Fig. 4-bit shift register connected as a ring counter

cwexeuse [1 [T 1 1 1

S r
B

. T

" 1

Fig. Waveforms at the output of Flip-Flops
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