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MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

MODEL ANSWER
WINTER- 18 EXAMINATION
Subject Title:  Digital Techniques Subject Code: 22320

Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not applicable for
subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The figures
drawn by candidate and model answer may vary. The examiner may give credit for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may vary and
there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based on
candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent concept.

Q.1 Attempt any FIVE of the following : Total Marks
a) Write the radix of binary,octal,decimal and hexadecimal number system. ;2/I
Ans: | Radix of: Binary -2 Y% M each
Octal - 8
Decimal - 10

Hexadecimal -16

b) Draw the circuit diagram for AND and OR gates using diodes. 2M

Ans: 1 M each
Diode AND gate :Diode OR gate :

v

»Q
Y
<0

O I‘ '®) Y=A+B
Y
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MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 — 2013 Certified)

C) Write simple example of Boolean expression for SOP and POS. 2M
Ans: | SOP form: 1 M each
(any proper
Y=AB+BC+AC E)éample can
considered)
POS form:
Y=(A+B)(B+C)(A+C)
d) State the necessity of multiplexer. 2M
Ans: | Necessity of Multiplexer:
2 M(any two
e It reduces the number of wires required to pass data from source to proper
destination. points)
e For minimizing the hardware circuit.
e For simplifying logic design.
e In most digital circuits, many signals or channels are to be transmitted,
and then it becomes necessary to send the data on a single line
simultaneously.
¢ Reduces the cost as sending many signals separately is expensive and
requires more wires to send.
e) Draw logic diagram of T flip-flop and give its truth table. 2M
Ans: | Note: Diagram Using logic gates with proper connection also can be 1M (any one
consider. diagram)
Logic Diagram:
[ [
Te o E} T o ! a (}
J-K ¥ -
CK o FF CKo— Fi
— a ()
- 1M
I Cr OR [ cr
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(ISO/IEC - 27001 — 2013 Certified)

Truth Table:
Input Output Operation Performed
Th Qn+1
0 Qn No change
1 Qn Toggle
f) Define modulus of a counter. Write the numbers of flip flops required for | 2M
Mod-6 counter.
Ans: e Modulus of counter is defined as number of states/clock the counter Definition:
countes. 1M
e The numbers of flip flops required for Mod-6 counter is 3. '1\1'3' of FF-
9) State function of preset and clear in flip flop. 2M
Ans: ¢ In the flip flop , when the power is switched on, the state of the circuit |1 M f_or each
is uncertain i.e. may be Q =1 or Q = 0. function (
e Hence, the function of preset is to set a flip flop i.e. Q = 1landthe tab!e 1S
optional)

function of clear is to clear a flip flop i.e. Q = 0.

Inputs Quiput Operation performed
CK cr Pr [
I 1 1 @ (Table 7.1) Normal FLIP-FLOP
] 0 I 0 Clear
] 1 0 | Preset
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MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION

Programmable in;:')ut

%_I
m Output Lines

4M
a) Draw the block diagram of Programmable Logic Array.
Ans: | Diagram :- 4 M
lo
|1 '% :0 A go
—A Input ——t EiE
[
| Buffers | AND || Motl:i
i | Matrix | anx
| !
1 Ph-1
So — Fo
S Flipflops/ —— F1
Invert/ ! Output | |
Noninvert : Buffers |
Matrix . Ly P
G 4
(St |
Block diagram of Programmable Logic Array
OR
PLA
n Input AND : OR
Lines Array . Array
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b) Convert — 4M
(255)10 = (?)16=(?)s
(157)10= (?)BcD = (?) Excess3
Ans: |(i) (255)10 = (FF)16=(377)s
(255)10 = (FF)16 1M
16 ‘ 255 F(15) ’I\
15 F
(255)10= (377)s
8]255 7 1M
8|31 7
3 3
(i)  (157)10= (000101010111)co = (010010001010) Excess3
(157)10= (000101010111)scD
i 5 7
0001 0101 0111 1M
(000101010111)scp = (010010001010) Excesss
11 111 111 1M
0001 0101 0111
+ 0011 0011 0011
0100 1000 1010
c) Draw the symbol, truth table and logic expression of any one universal 4M
logic gate. Write reason why it is called universal gate.
Ans: (Note: Any one universal gate has to be considered.)
Universal Gates:  NAND or NORSymbol:
- > ;
Truth table:
AlBly |lA1B.Y 1M
ololq1]lo]o. 1
ol1l1|le]1 o©
1]o|1ff*1o9.©
111l 0
Logic expression:
— 1M
Y=AB y=(A+B)
NAND and NOR gates are called as “Universal Gate” as it is possible to 1M

implement any Boolean expression using these gates.
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d) Minimize the following expression using K-Map. 4AM
f(A9 B7 C’ D) = Zm (0’ 1’ 2, 4, 5, 7, 8, 9, 10)

Ans: 1M-
drawing k
map
1M-
Representin
g function in
k map
1M-
Grouping
1M - Final
expression

AB

—
18 19 11 1"Il]
AB’

ﬂE+EE+Eﬁ+ﬂBD
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(ISO/IEC - 27001 — 2013 Certified)

MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION

Q.3 Attempt any THREE: 12-Total
Marks
a) Compare TTL and CMOS logic families on the basis of following: 4iM
(i) Propagation delay
(i) Power Dissipation
(ili)  Fan-out
(iv)  Basic gate
Ans: NOTE :- ( Relevant points of comparison- 1 M for each point) 1 Marks
each point
Parameter CMOS TTL
Propagation delay 70-105 nsec/more than | 10 nsec/Less than
TTL CMOS
Power Dissipation Less 0.1 mW/Less than | More 10 mW/ More
TTL than CMOS
Fan-out 50/More than TTL 10/Less than CMOS
Basic gate NAND/NOR NAND
b) Describe the function of full Adder Circuit using its truth table, K-Map 4M
simplification and logic diagram.
Ans: | ( Diagram- 1M, Truth table-1M, K-map- 1M,Logic diagram-1 M)
A full adder is a combinational logic circuit that performs addition between
three bits, the two input bits A and B, and carry C from the previous bit.
Block diagram : 1M
A ® Cour
FULL
B &1 ADDER .
Ciy &—— .
1M
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Truth Table :
Input Output
A B Cin Sum Carry
L 0 0 0 0
o 0 1 1 0
> : 0 1 0 1M
2 - 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
: 1 1 1 1
K-Map :-
For Carry (C,) For Sum
BC, 8C,,
A\ 00 01 11 10 AN 00 01 11 10
oo |olf1} o o o [{33| o |d1: M
1] o [ TH] 1) 1|13 o |13 o
Cou=AB+AC+B C;y Sum = ABC_,+ABT +AB T_+ABC,,

Logic Diagram:

(Note: Logic Diagram using basic or universal gate also can be consider)

A 3 '
i >
8 . ’ A®D B) D Cin
"-—;;'-D_
A D -
>_ Cout
—
in
C 3_ : (AB + ACin +BCjn)
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C) Realize the basic logic gates, NOT, OR and AND gates using NOR gates AM
only.
Ans
(NOT GATE USING NOR GATE:1 M) 1M
NS
where, X = ANOR A
X=A
(AND GATE USING NOR GATE:1.5 MARKYS)
A
Q
B
1.5M
Q=A+B=A+B
=A.B
=AB
(OR GATE USING NOR GATE:1.5 MARKS)
A
Q=A+B
=A+B
d) Describe the working of JK flip-flop with its truth table and logic diagram. | 4M
Ans: | (Diagram-2 M,Working-1M,Truth table-1M)
Truth Table :- 1M
Truth Table
J K CLK Q
0O O t Q,(no change)
1 0 t 1
o 1 t 0
1 1 t Q, (toggles)
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Diagram :-
Toggles on leading edge SR flip-flop
of clock signal i
o L e 2M
o——] 5
Jo— JK |—Q o ) : b+4++0 Q)
Flip-flop | '
Clk o—1> Clk | |
I I
I I
K 0— —eQ Ko |_ ): — P : eQ
L |
Symbol Circuit
Working :-

The JK flip flop is basically a gated SR flip-flop with the addition of a clock
input circuitry that prevents the illegal or invalid output condition that can
occur when both inputs S and R are equal to logic level “1”. Due to this
additional clocked input, a JK flip-flop has four possible input combinations,
“logic 17, “logic 0, “no change” and “toggle”.

1M

Both the S and the R inputs of the previous SR bistable have now been
replaced by two inputs called the J and K inputs, respectively after its inventor
Jack Kilby. Then this equates to: J =S and K =R.

The two 2-input AND gates of the gated SR bistable have now been replaced
by two 3-input NAND gates with the third input of each gate connected to the
outputs at Q and Q. This cross coupling of the SR flip-flop allows the
previously invalid condition of S =“1” and R = “1” state to be used to produce
a “toggle action” as the two inputs are now interlocked.

If the circuit is now “SET” the J input is inhibited by the “0” status

of Q through the lower NAND gate. If the circuit is “RESET” the K input is
inhibited by the “0” status of Q through the upper NAND gate. As Q and Q are
always different we can use them to control the input. When both

inputs J and K are equal to logic “1”, the JK flip flop toggles
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Q.4 | A Attempt any THREE of the following: 12-Total
Marks

a) | Draw and explain working of 4 bit serial Input parallel Output shift 4iM

register.

Ans: | (Diagram:2M,Explaination:2M)
Diagram :-
4-bit Parallel Data Output 2M
|
Qa Qg Qc Qp
A A A j
s D al—-{D al—-]D O] —islD Q
era
Datain FFA FFB FFC FFD
—CLK —{CLK —CLK —CLK
CLR CLR CLR CLR

Clear

Clock | |

Explaination :-

If a logic “1” is connected to the DATA input pin of FFA then on the first

clock pulse the output of FFA and therefore the resulting Qa will be set HIGH oM

to logic “1” with all the other outputs still remaining LOW at logic “0”.
Assume now that the DATA input pin of FFA has returned LOW again to logic
“0” giving us one data pulse or 0-1-0.

The second clock pulse will change the output of FFA to logic “0” and the
output of FFBand Qg HIGH to logic “1” as its input D has the logic “1” level
on it from Qa. The logic “1” has now moved or been “shifted” one place along
the register to the right as it is now at Qa.

When the third clock pulse arrives this logic “1” value moves to the output
of FFC ( Qc ) and so on until the arrival of the fifth clock pulse which sets all
the outputs Qa to Qp back again to logic level “0” because the input

to FFA has remained constant at logic level “0”.

The effect of each clock pulse is to shift the data contents of each stage one
place to the right, and this is shown in the following table until the complete
data value of 0-0-0-1 is stored in the register. This data value can now be read
directly from the outputs of Qa to Qp.

Then the data has been converted from a serial data input signal to a parallel
data output. The truth table and following waveforms show the propagation of
the logic “1” through the register from left to right as follows.

Basic Data Movement Through A Shift Register
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Clock Pulse No QA QOB QC
0 0 0 0
1 1 0 0
2 0 1 0
3 0 0 1
4 0 0 0
5 0 0 0

b) | Draw 16:1 MUX tree using 4:1 MUX. AM
Ans: Diagram :-
Inputs
10
M — 1M

12
13

—

o

sS3 s2

Cutput
()
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MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION

c) | Calculate analog output of 4 bit DAC for digital input 1101. 4AM
Assume Vrs = 5V.
Ans (Formula- 1M, Correct problem solving- 3M)
Formula :- 1M
VR = VFs
P 2 .
V., = Vp[d, 2 +d,2“+...+d 2"
o R | L i
3M
=5(1x271 + 1x272+0x23+1x2™
= 5(0.5+0.25+0+0.0625)
= 4.0625 Volts
OR
b3 b2 b1l b0
VFs:VR.(?-F T+ ?+ 1_6)
) ) ) ) 2 Marks for
Note — (Since Vr is not given find VRr) Vg and 2
marks for
Full Scale o/p mean Vo
b3 b2 bl b0 =1111
Vs =5V
_ 1,1 1 1
S_VR'(E-I_ Z+ g-l- E)
Vr=5.33
For digital i/p b3 b2 bl b0 =1101
_ 1,1 0 1
V0—5.33(E+ Z+ §+ 1_6)
Vo =4.33V
d) | State De Morgan’s theorem and prove any one. 4M
Ans: | (Each State and proof using table- 2M each)
2M
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(Autonomous)

(ISO/IEC - 27001 — 2013 Certified)

i) AB=A+B
It states that compliment of product is equal to sum of their compliments.
1 2 3 4 5 6
A B B |4 3 i
0 0 1 1 1 1
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 0 0 0
Column 03 = column 06 oM
ie. AB= A+B
Hence proved
OR

i) A+B= 4B

It states that complement of sum is equal to product of their complements.

1 2 3 4 5 6
A B A+B A B 4-B
0 0 1 1 1 1
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 0
Column 03 = column 06
~ A+B=A-B
Hence proved.
e) | Design one digit BCD Adder using IC 7483
Ans: | (Diagram:4M)
(Note: Labeled combinational circuit can be drawn using universal gate 4M

also)
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| 1 |
EEXZMEEEN
Clﬂ
Cout —4- 4-bit binary adder - _J_
Combinational $48,5,§ =
circunt
x ‘
Qutput C | |
Cﬂffy | ,_.“. S
l ]
h
0 ; 1 —t
S S E D
Cou * 4-bit binary adder — it
( Ignored ) L
\
‘ |
T

Q.5 Attempt any TWO of the following : Total Marks
12
a) Subtract using 2’s compliment method 6M
(35)10 — (5)10
Ans: Each step 3
Step 1 — Obtain binary equivalent of (35)10& (5)10 & then take 2’s compliment | Marks

of (5)10.
i.e. (35)10=(100011)2
(5)10 = (101):

2’s compliment of (5)10 = (000101) = 111010 - 1’s compliment

(111011),-~> 2’s Compliment

Step -2 :
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(ISO/IEC - 27001 — 2013 Certified)

Now add (100011), and (111011);
100011
+ 111011

1| 011110

— Carry is generated so answer is in positive form, so will
discard the carry generated

Therefore final answer will be (011110)2 = (30):

b) Design a 4 bit synchronous counter and draw its logic diagram. 6M
Ans: | State Table:

Present state Next state Flip flop inputs
D[Cc[BJ[A|D [C[B [JA | To | Tc | Ts [ Ta
ofofofo] o 0 0 1 0 0 0 1
o001 0 0 1 0 0 0 1 1 oM-State
olo[1]o0] O 0 1 1 0 0 0 1 table
oo 1] 0 1 0 0 0 1 1 1
o100 o 1 0 1 0 0 0 1
o 1[0 0 1 1 0 0 0 1 1
o|l1[1]0] O 1 1 1 0 0 0 1
o111 1 0 0 0 1 1 1 1
1[oflo]o 1 0 0 1 0 0 0 1
1 ofo]1 1 0 1 0 0 0 1 1
1 /o1 ]o0 1 0 1 1 0 0 0 1
1 o1 ]1 1 1 0 0 0 1 1 1
1[1]o]o 1 1 0 1 0 0 0 1
1101 1 1 1 0 0 0 1 1
1 |1 ]1]o0 1 1 1 1 0 0 0 1
1111 0 0 0 0 1 1 1 1
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2M-Kmap
Logic Diagram: él}g-gl;g?r:c
1 TA A A TB B ABL— ¢ c e ™ Dl
Clock > —> _> T>
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(ISO/IEC - 27001 — 2013 Certified)

c) Describe the working of Successive Approximation ADC. Define 6M
Resolution and conversion time associate with ADC.
Ans Circuit Diagram:
Voliage
Analog Input comparator s
Control circuit —— UL 2 Marks
> — Diagram
End
MSB LSB
Successive
Approximulion el
Register
Output buffer
register
When the start signal goes low the successive approximation register
SAR is cleared and output voltage of DAC will be 0V. When start goes high 2 Marks
. Explanation
the conversion starts.
After starts, during first clock pulse the control circuit set MSB bit so
SAR output will be 1000 0000. This is connected as input to DAC so output of
DAC is (analog output) compared with Vin input voltage. If Vpac is more than
Vin the comparator output —Vsa, if Vpac is less than Vin, the comparator output
IS +Vsat.
_ ) ) ) 1 Marks
If output of DAC i.e. Vpac is + Vsx (i.e unknown analog input Each
voltage Vin> Vbac) then MSB bit is kept set, otherwise it is reset.
Consider MSB is set so SAR will contain 1000 0000.
The next clock pulse will set next bit i.e De a digital output of 1100 0000. The
output voltage of DAC i.e Vpac is compared with Vin, if it is + Vsathe De bit is
kept as it is, but if it is —Vsat the De bit reset.
The process of checking and taking decision to keep bit set or to reset is
continued upto Do.
Then the DAC input will be digital data equal to analog input.
When the conversation if finished the control circuits sends out an end
of conversion signal and data is locked in buffer register
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Resolution: The voltage input change necessary for a one bit change in the
output is called resolution.

Conversion Time: The conversion time is the time required for conversion
from an analog input voltage to the stable digital output

OR

Circuit Diagram:

% ',-;°Qb/" i Low
| E ."/\J
Y
"Lale). 2 :
Mo (Vig) l :

l S— (.’I X
‘ Digftal @ —— Logie Conttol
Anaiog Convernel ano Soquencet

Explanation:

DAC-= Digital to Analog converter

EOC= End of conversion

SAR =Succesive approximation register

S/H= Sample and hold circuit

Vin= input voltage

Vref= reference voltage

The successive approximation Analog to Digital converter circuit typically
consisting of four sub circuits-

1. A sample and hold circuit to acquire the input voltage Vin.

2. An analog voltage comparator that compares Vin to the output of internal
DAC and outputs the result of comparison to successive approximation
register(SAR).

3. SAR sub circuits designed to supply an approximate digital code of Vin to
the internal DAC.

4. An internal reference DAC that supplies the comparator with an analog
voltage equivalent of digital code output of SAR for comparison with Vin.

The successive approximation register is initialized so that most significant bit
(MSB) is equal to digital 1. This code is fed into DAC which the supplies the
analog equivalent of this digital code Vref/2 into the comparator circuit for the
comparison with sampled input voltage. If this analog voltage exceeds Vin the
comparator causes the SAR to reset the bit, otherwise a bit is left as 1. Then the

2 Marks
Diagram

2 Marks
Explanation
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next bit is set to 1 and the same test is done continuing this binary search until
every bit in the SAR has been tested. The resulting code is the digital
approximation of the sampled input voltage and is finally output by DAC at
end of the conversion (EOC).

Resolution and conversion time associate with ADC-

Resolution:

It is the maximum number of digital output codes.

Resolution= 2"n

(OR) 1 Marks

It is defined as the ratio of change in the value of input analog voltage required | €ach

to change the digital output by 1 LSB.
VFS

~. Resolution = ﬂ

Conversion time:

The time difference between two instants i.e. 'to' where SOC signal is given as
input to the ADC and 't1" where EOC signal we get as output from ADC. it
should be small as possible.

|
sOC EOC

Page20



MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

Attempt any TWO of the following: Total Marks
12
a) Design 4 bit Binary to Gray code converter. 6M
Ans: 2M for truth
Truth Table for 4 bit Binary to Gray code converter table
Binary Input Gray output
B3 B2 B1 Bo Gs3 G2 G1 Go 1/2m for
0 0 0 0 0 0 0 0 each output
0 0 0 1 0 0 0 1 equation
0 0 1 0 0 0 1 1 2M for
0 0 1 1 0 0 1 0 realization
0 1 0 0 0 1 1 0 using gates
0 1 0 1 0 1 1 1
0 1 1 0 0 1 0 1
0 1 1 1 0 1 0 0
1 0 0 0 1 1 0 0
1 0 0 1 1 1 0 1
1 0 1 0 1 1 1 1
1 0 1 1 1 1 1 0
1 1 0 0 1 0 1 0
1 1 0 1 1 0 1 1
1 1 1 0 1 0 0 1
1 1 1 1 1 0 0 0
K-MAP FOR G3:
~I1BU g 01 11 10
8382
oo 0 0 0 U
11 1 1 1 1
10 1 1 1 1
G3=B3
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3515'3 oo 01 11 10
8382
o | O 0 0 0
01 1 1 1 1
11| 0 i 0 0
10 | |1 1 1 1
K-MAP FOR G2:

G2=B3 B2+ B2 B3

= B3 XOR B2
K-MAP FOR G1:
‘xE"l BO oo o1 11 10
B382

0o 0 0 1 1
0T 1 0 0
11 1 1 0 0
10 0 0 1 1
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G1=B2 Bl + B2 B1

=B1 XOR B2
K-MAP FOR GO:
B1B0 oo 01 11 10
B3E2
0o 0 1 0 1
01| o 1 0 1
11 0 1 0 1
10| o 1 0 1

GO=B1B0 + B1B0
= B1 XOR B0

Diagram for 4 bit Binary to Gray code converter:

B3 G3

. 82 7 Gray
Binary Output
Input A)D 61

B1
7
4) G o
B 7

0

Note: Realization of output equations can be done using Basic or Universal
gates
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MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION

called volatile memory

b) Compare the following (Any three points) 6M
)} Volatile with Non-volatile memory
i) SRAM with DRAM memory
Ans:
Parameter Volatile memory Non-Volatile memory
definition Memory required Memory that will keep Any 3points
electrical power to keep | storing its information (each 1
information stored is without the need of mark)

electrical power is
called nonvolatile
memory.

classification

All RAMs

ROMs, EPROM,
magnetic memories

Effect of power

Stored information
is retained only as

No effect of power
on stored

long as power is on. information

applications For temporary For permanent
storage storage of

information
2. SRAM with DRAM memory

Parameter SRAM DRAM

Circuit configuration | Each SRAM cell is Each cell is one
a flip flop MOSFET & a capacitor

Bits stored In the form of In the form of charges
voltage

No of components per | More Less

cell

Storage capacity Less More

Refreshing It does not require It require refreshing.
refreshing

Cost It is expensive It is cheaper

Speed It is faster It is slower

comparatively
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c) Give block schematic of decade counter IC 7490. Design Mod-7 counter 6M
using this IC.
Ans
1. block schematic of decade counter IC 7490-
2M block
schematic
Reset inputs Set inputs
— e N———
? 1 1 T Veo
Rocsy Row@) Raty  Rexy =)
'",‘:ut ——‘—0;“‘)::_'“;' -A °>3;}g}[-)ﬂ?g;r_;ét\l;?\
MOD - 2 ——\ ( ‘ ¥ GND
QLA lngu! Qp Qpn Qp
Qutput = | Output
Mod-7 means states are from 0,1,2,3,4,5,6,0
Therefore we have to reset counter IC 7490 when Qp,Qc,Qs,Qa=0111
Design reset logic:
Output of reset circuit should be HIGH because RO(1) and RO(2) are active high inputs.
Therefore reset logic output should be low for states 0 to 6.
Output should be HIGH for states 7 onwards.
Truth table & K-map:
Qs Qc Qs Qs Y
B 0 0 0 0
0 o 0 1 0 Truth
Table-1M
. 0 1 0 0 Kmap-1M
Logical Dig-
0
0 1 1 0 2M
» 1 0 0 0
. 1 0 1 0
- 1 1 0 0
< 1 1 1 1
1 O
= 0 0 1 Invalid State
: 0 0 1 1
ForY

Page25




MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 — 2013 Certified)

QG

QQ: 00 01 11 10
- Q:-Q:Qx
oo 0 0 0 /
01
0 0 : 0
=3 B 1 1 il
1
4 IE 1 1

Expression for Y:

Y=0Qc Qs Qa+ Qb

Circuit is-

Page26



o~ SO G
(v4) A
V2V EDTECH LLP

Online Coaching at an Affordable Price.

OUR SERVICES:

« Diploma in All Branches, All Subjects
« Degree in All Branches, All Subjects

« BSCIT/CS
« Professional Courses

Q +91 93260 50669
v2vedtech.com

© V2V EdTech LLP
d v2vedtech



tel:+919326050669
https://v2vedtech.com/
https://www.youtube.com/@v2vedtechllp
https://www.instagram.com/v2vedtech/?igshid=MzRlODBiNWFlZA%3D%3D
tel:+919326050669
https://www.youtube.com/@v2vedtechllp
https://v2vedtech.com/
https://www.instagram.com/v2vedtech/?igshid=MzRlODBiNWFlZA%3D%3D

MAHARASHT :BOARD OF TECHNICAL EDUCATION
(Autonomous) ‘

(ISO/IEC - 2700

“tified)

SUMMER-19 EXAMINATION
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Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in themodel answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may tryto assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given morelmportance (Not
applicable for subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in thefigure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for anyequivalent
figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constantvalues
may vary and there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer
based on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent

concept.
1 (A) Attempt any FIVE of the following: 10- Total
Marks
(a) List the binary,octal and hexadecimal numbers for decimal no. 0 to 15 2M
Ans: 2M
DECIMAL BINARY OCTAL HEXADECIMAL
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 7 7
8 1000 10 8
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9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
(b) Define fan-in and fan-out of a gate. 2M
Ans: | Fan-in is a term that defines the maximum number of digital inputs that a single logic gate im
can accept. Most transistor-transistor logic ( TTL ) gates have one or two inputs, although
some have more than two. A typical logic gate has a fan-in of 1 or 2.
Fan-out is a term that defines the maximum number of digital inputs that the output of a
single logic gate can feed. Most transistor-transistor logic ( TTL ) gates can feed up to 10 1M
other digital gates.
(c) Compare between synchronous and asynchronous counter (any two points). 2M
Ans:
Any two
Synchronous Counter Asynchronous Counter Y
All flip flops are triggered Different clock is applied to :(')‘:'each
with same clock. different flip flops. compari
It is faster. It is lower son
Design is complex. I Design is relatively easy.

Decoding errors not present. | Decoding errors present.

Any required sequence can | Only fixed sequence can be
be designed designed.
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Resolution = VFS /(2n -1)

2. Accuracy:

Accuracy indicates how close the analog output voltage is to its theoretical value. It indicates
the deviation of actual output from the theoretical value. Accuracy depends on the accuracy
of the resistors used in the ladder, and the precision of the reference voltage used. Accuracy
is always specified in terms of percentage of the full scale output that means maximum
output voltage

3. Linearity:

The relation between the digital input and analog output should be linear.

However practically it is not so due to the error in the values of resistors used for the
resistive networks.

4. Temperature sensitivity:

The analog output voltage of D to A converter should not change due to changes in
temperature.

But practically the output is a function of temperature. It is so because the resistance values
and OPAMP parameters change with changes in temperature.

5. Settling time:

The time required to settle the analog output within the final value, after the change in
digital input is called as settling time.

The settling time should be as short as possible.

6. Long term drift

Long term drift are mainly due to resistor and semiconductor aging and can affect all the
characteristics.

Characteristics mainly affected are linearity, speed etc.

7. Supply rejection

Supply rejection indicates the ability of DAC to maintain scale, linearity and other important
characteristics when the supply voltage is varied.

Supply rejection is usually specified as percentage of full scale change at or near full scale
voltage at 250e

8. Speed:

It is defined as the time needed to perform a conversion from digital to analog. It is also
defined as the number of conversions that can be performed per second.

(d) State two specification of DAC. 2M
Ans: | 1.Resolution: Any
Resolution is defined as the ratio of change in analog output voltage resulting froma | two,
change of 1 LSB at the digital input VFS is defined as the full scale analog output
. s . .. 1M for
voltage i.e. the analog output voltage when all the digital input with all digits 1. h
eac
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e) Write the gray code to given no.(1101), =(?) Gray. 2M
Ans: | 4 1 0 1 Binary Code M
EX-OR EX-OR EX-OR
1 0 1 1 Gray Code
(1101), = (1011) Gray
f) Define encoder, write the IC number of IC used asdecimal | to BCD encoder. 2M
Ans: | An encoder is a device or circuit that converts information from one format or code to Definati
another, for the purpose of standardization, speed or compression. on-1M
Decimal to BCD encoder IC- 74147 IC-1M
g) Draw the logical symbol ofEX-OR and EX-NOR gate. 2M
Ans:
EX-OR GATE:-
.Y
¥ EX-OR-
- o 1M
A-B4+A-B
EX-NOR GATE:-
A | out
B A-B+A.B EX-NOR-
im

Attempt any THREE of the following:

12- Total
Marks
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a) Convert: 4M
(i) (AD92.BCA)16= (?)10=(?)s=(?)2
Ans: | (AD92.BCA)q¢ 1.5M
= (10 x 163) + (13 x 162) + (9 x 16") + (2 x 16°) + (11 x 16™") + (12 x 1672) + (10 x 1673)
=40960 + 3328 + 144 + 2 + 0.6857 + 0.046875 + 0.00244
= (44434.7368),, 1M
1.5M
(AD92.BCA);6 =(1010 1101 1001 0010.1011 1100 1010),
(AD92.BCA);6 = (1010 1101 1001 0010.1011 1100 1010),
=(001 010110110010 010.101 111 001 010),
=(126622.5712)5
Note: any other method can be considered.
b) Simplify the following and realize it aMm
Y=A+ABC+ABC+ABC+AB
Ans: | Y=A+ABC+ABC+ABC+ AB am
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Y= A+ABC 1 ABT +ABC +AR

)i
>

)
&~
14+
7N\
LN
A
n]
Nar

= ® y=A+B
B
c) Explain the following characteristics w.r.t. logic families : aMm
(i) Noise margin

(ii) Power dissipation
(iii)  Figure of merit
(iv)  Speed of operation

Ans: | Noise margin indicates the amount to noise voltage circuit can tolerate at its input for 1M each
. . finiti
both logic 1 and logicO. :e o

Power Dissipation: It is the amount of power dissipated in an IC.

Figure of Merit: It is defined as the product of propagation delay and power dissipated by
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the gate.

Speed of Operation: Speed of a logic circuit is determined by the time between the

application of input and change in the output of the circuit.

Sum

o
>o—
P

Note: logic diagram using NAND/NOR also can be considered.

d) Draw logic diagram of half adder circuit a4M
Ans: A B aMm
Sum
—
Carry
OR
A B

Attempt any THREE of the following :

12- Total
Marks
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a) Draw the circuit of successive approximation type ADC and explain its working am
Ans:
Offset voltage = 1/2 LSB = 0.5
Analog J; +
ge V, o () D/A Converter
\/i .
+ - l —o MSB é. Diagram
\. / Comparat o ©
parator e E 5 M
' +—o Lss | 8
Vo
Programmer
o
Clock
The successive approximation A/D converter is as shown in fig. An analog voltage (Va) is
constantly compared with voltage Vi, using a comparator. The output produced by
comparator (Vo) is applied to an electronic Programmer.
If Va=Vi, then Vo=0 & then no conversion is required. The programmer displays the value of
Vi in the form of digital O/P.
But if Va Vi, then the O/P is changed by the programmer. Exolanat
If Va> Vi, then value of Vi is increased by 50% of earlier value. . xpzal\r;la
But if Va< Vi, then value of Vi is decreased by 50% of earlier value. on
This new value is converted into analog form, by D/A converter so as to compare it with Va
again. This procedure is repeated till we get Va=Vi. As the value of Vi is changed successively,
this method is called as successive-approximation A/D converter.
b) Describe the operation of R-S flip flop using NAND gates only . am
Ans:
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Diagram

mp =D, § 2w

I | | | S T i e & = Logical

R o

Description/explanation-

When clock = 0, the outputs of NAND gates 3 and 4 will be forced to be 1 irrespective of the

values of S and R. That means R’='S’ = 1.Hence the outputs of basic SR/F/F i.e. Q n+1 and Explanat
Qn + 1 will not change. Thus if clock = 0, then there is no change in the output of the ion 2M
clocked SR flip-flop.
Explanat
Casel:S=R=0,clock =1: No change ion
If S=R=0 then outputs of NAND gate 3 and 4 are forced to become 1. without
Hence R"and S' both will be equal to 1. Since R' and S' are the inputs of the basic S —R flip- clock
flop using NAND gates. There will be no change in the state of outputs. pulse
must
Casell:S=1,R=0, clock = 1: Set also be
Now S=0, R=1 and a positive going edge is applied to the clock consider
Output of NAND 3i.e. R =0 and output of NAND 4 i.e. §’ = 1. ed

Hence output of SR flip-flopisQn+1=1and Qn + 1=0.

This is the set condition.

Caselll : S=0, R=1, clock = 1: Reset
Now S=0, R=1 and a positive edge is applied to the clock input.
Since S=0, output of NAND — 3 i.e. R'=1. And as R’ = 1 and clock = 1 the output of NAND-4
i.e.S"=0. Hence output of SR flip-flopisQn+1 =0and Qn + 1= 1.
This is the reset condition.

Case IV :S=1,R=1, clock = 1: Undefined/ forbidden
As S=1, R=1 and clock = 1, the outputs of NAND gates 3 and 4 both are O i.e. S'=R'=0. So

both the outputsQn+l=1and Qn + 1
Hence output is Undefined/ forbidden.
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CLK INPUTS OUTPUTS REMARK
S R Qn+1 on+1
0 X Qn Qn No change
1 0 0 Qn Qn No change
1 0 1 0 1 Reset
1 1 0 1 0 Set
1 1 1 ? ? Forbidden
c) Give classification of memory and compare RAM and ROM (any four points) 4M
Ans: | classification of memory Classific
ation
MEMORY 2M
| Consider
even if
PRIMARY SECONDARY Seconda
—HDD ry
’ —FDD memory
—DVD is not
ROM RAM —Pendrive written
—PROM ‘
—EPROM
—EEPROM
SRAM DRAM
Comparison between RAM and ROM
RAM RAM

1. Temporary Storage. 1.Permanent Storage.

2 .Store data in MBs. 2.Store data in GBs.

3. Volatile . 3.Non-Volatile
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4. Writing data is Faster. 4.Writing data is Slower.
Compari
son 2M
d) State the applications of shift register. a4M
Ans: | 1] Shift register is used as Parallel to serial converter, which converts the parallel data into Each
serial data. It is utilized at the transmitter section after Analog to Digital Converter (ADC) Applicati
block. on 1M
2] Shift register is used as Serial to parallel converter, which converts the serial data into Any
parallel data. It is utilized at the receiver section before Digital to Analog Converter (DAC) other
block. relevant
applicati
3] Shift register along with some additional gate(s) generate the sequence of zeros and on must
ones. Hence, it is used as sequence generator. be
consider
4] Shift registers are also used as counters. There are two types of counters based on the ed
type of output from right most D flip-flop is connected to the serial input. Those are Ring
counter and Johnson Ring counter.
4 Attempt any THREE of the following : 12- Total
Marks
(a) Subtract the given number using 2’s compliment method: 4M
(i) (11011), - (11100),
(ii) (1010); - (101),
Ans: i) Subtract (11011), — (11100),using 2’s complement binary arithmetic.
Solution:
(11011); - (11100),
Now,
2’s complement of (11100),= 1’s complement of (11100),+1 2
1’s complement of (11100), = (00011), comple
ment
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2’s complement = 00011+1 = 00100 im
Therefore, 1 1 0 1 1
0O 0 1 0 O
1 1 1 1 1
There is no carry it indicates that results is negative and in 2’s complement form i.e.(11111),.
Therefore, for getting true value i.e.(+1) take 2’s complement of (11111) is
1’s complement + 1 Final
= 00000 + 1 Answer-
Ans= (00001), 1M
Ans: (11011); —(11100), = 2’s complement of (11111), = (-1)10
i) Subtract (1010), - (101),using 2’s complement binary arithmetic.
2’s complement of (0101), = 1’s complement of (0101), +1
1’s complement of (0101), = (1010),
2’s complement = 1010+1 = 1011 s
Therefore, 1 0 1 O comple
. ment
1 0 1 1 M
1
1 0 1 0 1
There is carry ignore it, which indicates that results is positive i.e.(+5)
= (0101),
Ans: (1010); - (101) = (0101),= (+5)10 Final
Answer-
iMm
(b) Stare De-Morgan’s theorem and prove any one Y|
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Ans: | De Morgan’s 1* Theorem: Stateme
It states that the compliment of sum is equal to the product of the compliment of nts-1M
individual variables. each
(A+B)=A B
Anyone
Proof: proof -
2M
_ B (A+5) A F
A |B A A+B
0 0 1 1 0 1 1
0 1 1 0 1 0 0
1 0 0 1 1 0 0
1 1 0 0 1 0 0
De Morgan’s 2™ Theorem:
It states that the compliment of product is equal to the sum of the compliments of
individual variables.
(AB)= A+ B
Proof:
_ E A.B (AB) A+ E
A |B A
0 0 1 1 0 1 1
0 1 1 0 0 1 1
1 0 0 1 0 1 1
1 1 0 0 1 0 0
(c) a4M

Compare between PLA and PAL.
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Ans: PLA PAL Any four
4 points-
1) Both AND and OR arrays are 1) OR array is fixed and AND array is 1M each
programmable programmable.
2) Costliest and complex than PAL 2) Cheaper and simpler
3) AND array can be programmed to 3) AND array can be programmed to
get desired minterms. get desired minterm.
4) Large number of functions can be 4) Provides the limited number of
implemented. functions.
5) Provides more programming 5) Offers less flexibility, but more likely
flexibility. used.
(d) Reduce the following expression using K-map and implement it aM
F(A,B,C,D)=IIM (1,3,5,7,8,10,14)
Ans: cD Kmap-
Y
AB 00 01 11 10
(A<D) Pairs-
4 A 1.5M
0 o -‘-/
00 0 1 3 2 Final
Ans-
1.5M
0 0
01 4 \ 5 J7 6
A ,(A+ C+D)
] ] 12 13 15 14
0 0
10 8 9 11 10| '
— |\
(A+B+D)

F(A,B.C,D)=(A+D) (A+C+D) (A+B+D)
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C_[>._ . }

(e)

Describe the working of J-K flip-flop and state the race around condition.

am

Ans:

P11 Q
B>

Ol

O
CLK—
O

J Comments
0 0 $ Q @, | Nochange
0 t 0 1 RESET

1 0 4 1 0 SET

11 1t | Q Q| Togge

The clock signal is applied to CLK input.
IF CLK =0 than F/F is disabled and O/P Q and Q do not change

Diagram
-1.5M

Working
-1.5M

State-
im
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If CLK= 1 and J=K=0 then the output Q and Q will not change their state.
If J=0 and K= 1 then JK flip flop will reset and Q=0 & Q =1

If J=1 and K=0 then output will be set and Q=1 & Q =0

If )= K=1 then Q & Q outputs are inverted and FF will toggle

Race Around condition:

1) as shown below-

1 - Propagation
: delay

—t

Multiple times,
toggling will take
place. This is
race around
condition

clock/enable is high.

Race around condition occurs in J K Flip-flop only when J=K=1 and clock/enable is high (logic

In JK Flip-flop when J=K=1 and when clock goes high, output should toggle (change to

opposite state), but due to multiple feedback, output changes/toggles many times till the

Thus toggling takes place more than once, called as racing or race around condition.

5. Attempt any TWO of the following: 12- Total
Marks
a) Design BCD to seven segment decoder using IC 7447 with its truth table. 6M
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Ans:

Note: Any one type of display shall be considered
1. BCD to 7 segment decoder is a combinational circuit that accepts 4 bit BCD input and
generates appropriate 7 segment output.
2. In order to produce the required numbers from 0 to 9 on the display the correct
combination of LED segments need to be illuminated.
3. A standard 7 segment LED display generally has 8 input connections, one from each LED
segment & one that acts as a common terminal or connection for all the internal segments
4. Therefore there are 2 types of display 1. Common Anode Display 2. Common Cathode
Display :

Common Anode Display

Mme
| by »
A !
‘ | y AWM ! Anode
Yy Yy " |
|
‘- LY o Y\ 'A\‘ ) —
| ) '*.a\ +C ]\
pu { Ry
*%7) 1~ v,~,t.~',—f1 ——
't A -—9¢ '\ ,
| b D-AWN -
I P YR 1 y
S - W !
bo ' L1 Kt ~
¥
| ‘ | h leaic 2
Truth Table
A 1 iy Al | o r [
{ 4
B<hH Trnphy jmen ed puls f Flo
Y B . - 7 - ™ - y A 4
Dic O A ) o - " S ' 1 uls
¢ ¢ C C € 1
' | C | [ | :
{ | O A | | y
| [ O ( | | ‘.
' | ' L - ._..
| ¢ \ \ C ¢ n‘."
' | ( - < r_'.
' [ { 1

Explaina
tion 2M

Circuit
Diagram
2M

Truth
Table
2M
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Common Cathode Display:
v

Decland! eul ',l

Q) (5° e -_m,' ; -
Tpuks s ] Decodar | ee] . Is X
¥+ Ny L) ommon
v § i —M_ﬁ_ cotnode
5 - MW Cl lc
g d R L Ta

m__f (LR S TP a

Truth Table g

‘m'mhh "7 Segrunt loded cufpaly Draploy ;
Dlel®ial o @ b ¢ | el b 1 3 leulpuly

 lolelale]l ! l ( ! ' | o [

ojolol) | © |t |t o] 0|0 |o]| |

eloltiol + |1 |lo tl vJo]l¢] =2

©|0 ‘,Tl' [ I | o o { -\

ojr|joie]| © o © |lo |« s

rO{' ‘—" l.’ \ 0 t |V lo | ' l:_,.

Oolr1riol O 1St ev o] s

c_’.'}'iv'_;_.' | [ ¢ | O | O @) ;'.

|00 1 1= I3 I I T O P T I

|1jo]oj | V| o ' o | ) ' =

b) Describe the working of 4 bit universal shift register.

Ans:
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Circuit
Diagram
3M
Working
3M
Fig:4 bit universal shift register

Working:

1. PARALLEL LOAD: When mode control (M) is connected to logic 1, AND gates 2, 4, 6, 8 will

be enables and AND gates 1, 3,5,7, will be disabled . The 4-bit binary data will be loaded

parallel. The clock-2 input will be applied to the flip-flops , since M= 1, AND gates -10 is

enabled and gate-9 is disabled. Input will transfer parallel data to QA to QD outputs.

2. SHIFT RIGHT: When mode control (M) is connected to logic 0, AND gates 1,3,5,7 will be

enabled and gates 2, 4,,6, 8,will be disabled. The data will be shifted serially. The clock -1,

input will be applied to the flip-flops, Since M = 0, AND gates - 9 is enabled, and gates -10 is

disabled. The data is shifted serially to right from QA to QD.

3. SHIFT LEFT: When mode control (M) is connected to logic 1, AND gates 2,4,6,8 will be

enabled. This mode permits parallel loading of the resister and shift -left operation. . The

shift -left operation can be accomplished by connecting the output of each flip flop to the

parallel input of the previous flip- flop and serial input is applied at the input.

c) Design basic logic gates using NAND and NOR gate. 6M
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Ans: | AND gate using NAND

AB
A

/
-4 /
ln[‘l_” b'— {_‘ }‘ Y = A-B s A'B

B

AND gate using NAND

OR gate using NAND

_— s

—}ﬂ-sﬂna

— E -

NOT gate using NAND A.A=A4

OR gate using NOR gate:
Expression for OR gateis Y=A4 +

oy

=A+B

Each
Gate
Design

1 Marks
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A+B A+B
B

AND gate using NOR gate:
Expression for AND gateisY=A + B = A.B = A.B (Applying De Morgan"s theorem)

NOT gate using NOR Y=A+ A=A

[) s

12- Total

6. Attempt any TWO of the following :
Marks
a) Design a mod-6 Asynchronous counter with truth-table and logic. 6M
Ans: | MOD 6 asynchronous counter will require 3 flip flops and will count from 000 to 101. Rest of
the states are invalid. To design the combinational circuit of valid states, following truth
table and K-map is drawn:
Truth
Table
2M
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Subject Name: Digital technique Model Answer _Subject Code: | 2239

Qc | Qs | Qa | Reset Logic
0 [0 |0 |1

0 [0 |1 [1

0 {1 [0 |1

0 [1 |1 |1

1 10 |0 |1

1 10 |1 |1

1 1 10 |0

T 11 11 |0

From the above truth table, we draw the K-maps and get the expression for the MOD 6
asynchronous counter.

', "‘
-~ ‘\‘
' ou . & 3
=20 L =
o
2 = : >
- - $ 43 <
{ ! ) |
Rt =2 “: '/ ',‘ | 5-
» - - p—
- ~ L
A, " » € 4 2 p

Fig: K-map for above truth table

Thus reset logic is OR of complemented forms of QC and QB. This will be given to the reset
inputs of the counter so that as soon as count 110 reaches, the counter will reset. Thus the
counter will count from 000 to 101. The implementation of the designed MOD 6
asynchronous counter is shown below:

Logic
Diagram
2M

Circuit
Diagram
2M
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| ¥ 1
R = e
—71" Ocv_'“‘ UL hue '—-—-4": /:(  ala
' ! |
| /P 2 -
stk | | 1
= <2 ~|
l P arel [ Lorel Qs ™ ‘ Fesek ﬁ‘
_‘_¢_‘,._—._-' . -— -'- -

Fig: Circuit diagram of MOD 6 asynchronous counter

b) Design 1:8 de multiplexer using 1:4 de multiplexer 6M
Ans:
Design
3M
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Subject Name: Digital technique Model Answer Subject Code: | 29239()
Din Din ‘0
L4 N
. DEMUX Y2
A $2 . Truth
Vv’ i So Y3 Table
B 3M
G
S1 So Y4
s D-m i
1:4 Ys
DEMUX e 0
52 [re— Y
Fig:1:8 Demultiplexer using 1:4 demultiplexer
Data Input Select Inputs Qutputs
P | s [ s [ sl%]|% || tWw]t | 66|
D D D 0 0 0 0 o 0 0 0 D
D 0 0o | 1 0 0 0 0 0 0 D | o
D D 1 0 0 0 0 o 0 D 0 0
D 0 1 | 1 0o | o o | o | o] o | o] o
D 1 D 0 0 0 0 D 0 0 0 0
D 1 0o | 1 0o | o D | o | o o | o | o
D 1 1 1] 0 D 1] ] i 0 0 0
D 1 1 | 1 D 0 0 ] 0 0 0 | 0
Fig: Truth Table of 1:8 Demultiplexer .
c) Draw the circuit diagram of 4 bit R-2R ladder DAC and obtain its output voltage expression | 6M
Ans:
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Subject Name: Digital technique Model Answer Subject Code:
logic | ‘
V; G
R e ; l 0y ic Q
eeed]

Bt o Al R g

Fig1: 4 bit R-2R ladder DAC

“p 8 )

)

VR ‘b2

N

0 &

TRNCE e !
V& oA
23
3R

' 2
2
[ARY)
Fig 2:Simplified circuit diagram of Fig 1

Therefore output analog voltage Vois given by,

2M

2M
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o

Vo=- (2

-—

RE
K

3
\ér +

=4

L_ VRbl
3R 2°

R b &?..\J_&-b>
4}'1&: FdoEg tigT TR

) [%) ]:Sbs+4bz+%1+bj

2M
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WINTER - 19EXAMINATIONS

Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in themodel answer scheme.
2) The model answer and the answer written by candidate may vary but the examiner may tryto assess the
understanding level of the candidate.
3) The language errors such as grammatical, spelling errors should not be given morelmportance (Not applicable for
subject English and Communication Skills.
4) While assessing figures, examiner may give credit for principal components indicated in thefigure. The figures drawn
by candidate and model answer may vary. The examiner may give credit for anyequivalent figure drawn.
5) Credits may be given step wise for numerical problems. In some cases, the assumed constantvalues may vary and
there may be some difference in the candidate’s answers and model answer.
6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based on
candidate’s understanding.
7) For programming language papers, credit may be given to any other program based on equivalent concept.
Q. Sub Answer Marking
No. Q. N. Scheme
10-Total
1 Attempt any FIVE of the following:
Q P yeys g Marks
a) Convert (D8F) ssinto binary and octal. 2M
Ans: sdaiage. : 3 9 1M
1Yo [O¢ (RN -» Bimory
Tlﬂf’.‘-.il f11o1 1 oot WS N f
‘_ra bep ),“_7 7 1oy 1ge0 0 1 L, 1M
i L ) I
G G 1 | = lal
l/!.,\;.‘\)}h- (6 &) '\‘l
b) Draw symbol, Truth table and logic equation of Ex-OR gate. 2M
Ans: = YoM
EX-OR ijn*’Q
SyM bo | A ‘:> j\‘_:(
D & s ]/2 M
Logic Equation = AB+AB OR” 0 5
Truth Table:
Inputs Output 1M
A B Y
0 0 0
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0 1 1
1 0 1
1 1 0
c) State the DeMorgan’s Theorems. M
Ans: | De Morgan’s 1% 1°-1M
Theorem complement of sum is equal to product of their individual complements. 2" 1M
OR A+B=A eB
De Morgan’s 2™ theorem
Complement of product is equal to sum of their individual complements.
OR AeB=A+B
d) Convert the following expression into standard SOP form. oM
Y=AB+ AC + BC
Ans: | Y=AB+AC +BC 2M
Total variable ABC
1% Product term = AB ( C is missing)
2" Product term = AC ( B is missing)
3" Product term = BC ( A is missing)
Y=ABel +AC o1 +BCe |
Y= AB(C+C) AC(B+B) + BC(A+A)
_ . _ 2y il
Y=ABC + ABC+ABC+ ABC +ABC + ABC ( MR=E)
Y=ABC + ABC + ABC + ABC Standard SOP Form
e) Draw symbol and write truth table of D and T Flip Flop. 2M
Ans: | (Note: Symbol with other triggering method also can be consider) 1M
' Symbol
e) D Flip Flop T FF P
Py s Mbc‘
mbol J -
(hrs'%l B —F 8 T— Ray (Yat1) T +  KRayy
Cloa 9 FF — Tﬁm. clodc T FF @H 1M
7 S Truth
rlu”\ tol\e ('/L M ) table
f) | Write down number of flip flops are required to count 16 clock pulses. 2M
ANS: | No of states= no.of clock pulses = 16 2M
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2" =m

n = no.of flip flops requried

m= no.of states

2"=16

n=4

4 flip flops are required to count 16 clock pulse.

9) List the types of DAC

2M
Ans: 1) Binary weighted DAC 1M each
2) R —2R ladder network DAC
12-Total
2 Attempt any THREE of the following:
Q prany 1IREs g Marks
Perform the subtraction using 2’S Complement methods.
a) 4M
(52)10 — (65)10
Ans: R Conversio
2|52 |0 @sB) 2 |es [V (@sB) ! n-1M each
2 |2¢ |O 2| 32 |o
2113 | L Y 2] & (@]
2 2 (e}
= s |7 AR
I I (Msi) 2- { b1 Cmss)
."(5))10: (ltbloo)l i (é'g)fo: ('_QQOOO,)
(o1 loloo)l — (Iooooo\)L = 3
o000 BlL 5w ol LIl O Complime
: P + L nt-1M
W S 2 S SIS R O S
S % o I 0"@
-+ (S
e !
i1t + o 01 1
As ‘i':"‘“\ CasA Y IS nNot ae_nekahd
ArselE T ngahve ond tbs Q¢  Foawn
he To gebk dinal answer duke ac of Kewl} Final
't oo | i € ocweolloob answer-
e 1 1M
.*( : S2fC EI UGNy,
S EDe =62, = = Cuon, |
b) Simplify the following Boolean Expressionand Implement using logic gate. iy
ABCD + ABCD + ABCD + ABCD
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Ans: 2M
2M

c) Minimize the four variable logic function using K map. 4M

F(A,B,C,D) = Yym(0,1,2,3,5,7,8,9,11,14)

Ans Kmap
with place
value-1M
Pair-1M
Answer-
2M

Implement the following function using demultiplexer.

d) = Zm(052,436) 4M

f,= >m(1,3,5)
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Ans: Fi= =m (0,2, 4,¢) C} masks ) 4M
‘FJ. P Em ("5f S_)
logie "
_‘- '-‘. [ — D‘" Y'L
b [
¥ L LYo
¥ — P
: ¥ Y4
118 Y 7
De‘nul ‘f;_
Ne I r
SQAobt/cno“t‘. Y Yi . -
7 i
R ="
3 8, S, So =2
A B
. (Mss) (Lsd)
Q.3 Attempt any THREE of the following: i/IZ;Ir'I(z;cal
Realize the following logic expression using only NAND gates.
a) (i) OR 4M
(i) AND
(ii)NOT
Ans: | ()OR 12 M
OR gate from NAND gates
INPUT A
:3:1} OUTPUT
INPUT B
(i)AND
AND gate
12 M
NAND gate NOT gate
Input A }
Output
InputB
(iHhNOT
‘ 1M
“or ot
(out put A bar)
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b) Draw binary to gray converter and write its truth table. AM
Ans: | Truth Table for 4 bit Binary to Gray code converter 2M Truth
Binary Input Gray Output table
B3 B2 Bl BO G3 G2 Gl GO
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 1 0
0 1 0 1 0 1 1 1 | Note:
0 1 1 0 0 1 0 1
0 1 1 1 0 1 0 0 | Kmapis
1 0 0 0 1 1 0 0 | optional
1 0 0 1 1 1 0 1
1 0 1 0 1 1 1 1
1 0 1 1 1 1 1 0
1 1 0 0 1 0 1 0
1 1 0 1 1 0 1 1
1 1 1 0 1 0 0 1
1 1 1 1 1 0 0 0
K-MAP FOR G3:
\B1B0 g o1 1 10
e3g2
oo 0 0 0 0 oM
o | g g 4 5 Logical
| | diagram
1 1 1 1 1
10 1 1 1
G3=B3
K-MAP FOR G2
“F180 oo 01 1 10
a3s2"
0o 0 0 0 u}
01 ‘ 1 1 1 1 l
n| o g ] o
10 | [ 1 1 1
G2 =B3B2 + B2B3
=B3 XOR B2
K-MAP FOR G1:
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~B180 og 01 11 10

B3B2
oo o o 1 1

01

o
o

11 1 1 0 C

10 o o 1 1

Gi1=R2 R1 + R2 B1
=B1 XOR B2
K-MAP FOR GO:
~.B180 gn 01 11 0
BHaB2
ac a 1 0 1

o1 4] 1 o) 1

10 o o 1

G0 = B1B0+B1B0
= B1 XOR BO

Diagram for 4 bit Binary to Gray code converter:

B3 G

J) ez
_ i E Gray
Binary Ou(pul
Input

B ) >

(Note: Realization of output equation can be done Basic or Universal)

©) Describe the working of JK flip flop with truth table and logic Diagram. aM

Ans: | logic Diagram: 1M

— > -Q

Ol

K—F »—1 >
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Truth Table
CLK | Q
Q.(no change)

0
1

- = O O (X
o

- O = O |-
—_ — —> —

Q, (toggles)

Working:

The JK flip flop is basically a gated SR flip-flop with the addition of a clock input circuitry
that prevents the illegal or invalid output condition that can occur when both inputs S and R
are equal to logic level “1”. Due to this additional clocked input, a JK flip-flop has four
possible input combinations, “logic 17, “logic 0”, “no change” and “toggle”.

Both the S and the R inputs of the previous SR bistable have now been replaced by two
inputs called the J and K inputs, respectively after its inventor Jack Kilby. Then this equates
to:J=Sand K=R.

The two 2-input AND gates of the gated SR bistable have now been replaced by two 3-
input NAND gates with the third input of each gate connected to the outputs at Q and Q.
This cross coupling of the SR flip-flop allows the previously invalid condition of S =*“1”
and R = “1” state to be used to produce a “toggle action” as the two inputs are now
interlocked.

If the circuit is now “SET” the J input is inhibited by the “0” status

Of Q through the lower NAND gate. If the circuit is “RESET” the K input is inhibited by
the “0” status of Q through the upper NAND gate. As Q and Q are always different we can
use them to control the input. When both

inputs J and K are equal to logic “1”, the JK flip flop toggles

1M

2M

d)

Describe the working of 4 bit SISO (serial in serial out) shift register with diagram
and waveform if input is 01101.

4M

Ans:

Diagram:(use SR or JK or D type flip flop)

0 momo

Serial 0 1 o 1
—-

Datain | Fpa FFB FFC FFD Serial
Data out

w)
=]
¥

w)
2
l

w)
=
L

w)
=]

CLK CLK CLK CLK
Clock 7L

Working:

The DATA leaves the shift register one bit at a time in a serial pattern, hence the
name Serial-in to Serial-Out Shift Register or SISO.

The SISO shift register is one of the simplest of the four configurations as it has only three
connections, the serial input (SI) which determines what enters the left hand flip-flop, the
serial output (SO) which is taken from the output of the right hand flip-flop and the
sequencing clock signal (CIK). The logic circuit diagram below shows a generalized serial-
in serial-out shift register, Output of FFA is Q4,FFB Q3,FFC Q; and FFD is Q;

1M

1%2M
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Waveform:(Input is 01101) 1% M
1
1
Clock ‘ |
0 |
|
Data ! I'
mput o 0
I
1 |
Q4 o ():
[
1 |
n
% 0 01
|
[
g !
2 ol
0 I
[
o ! !
0 L 0
Q4 Attempt any THREE of the following : 12-Total
Marks
a) | Design a full Adder using Truth Table and K-map. M
ANs: | A full adder is a combinational logic circuit that performs addition between three bits, the
two input bits A and B, and carry C from the previous bit.
A ——»
B Full Adder
C-IN—>»
Truth Table:
Input Output
A B Cin Sum Carry
0 0 0 0 0
Z (: : I z Truth
L u k 1 table 1%
: M
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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K-map simplification for carry and sum
1M
For Carry (C,) For Sum
8C,, BC,,
A 00 01 11 10 A 00 O1 1 10
‘.'__*, ,E.\b'-i; '_...".
olo|off1} o of o JE13] o |£13
1o {3 [17H] 1) 1 l 0 ,1 0
Cout=AB+AC +BC, Sum = A BC,+ABT,+AB T +ABC,,
Logical diagram:
A 4 e XY
B —¢—9——
o 1 2 Sum
8
A J_
A
- C
.——T_\ = out
in
=
B
Fig. 3.17 Implementation of full-adder
b) Describe the working of ring counter using D flip flop with diagram and waveforms. M
Ans: Diagram: Diagram:1
7 LM
A B C D
N Qa N ¢ Qb N Qc S Qd
D @ 3D a >D @ >0 Q [)J
P> CT P TR P> CTR P> CLR
CLK
PECET 1 1 1
Waveforms:
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‘ t B 2 J : tr S Waveform
gl | [ ] |em
shirt ‘
" 1
x 0
“ 0 |
: 0

Working:

The ring counter is a cascaded connection of flip flops, in which the output of last flip flop

is connected to input of first flip flop. In ring counter if the output of any stage is 1, then its

reminder is 0. The Ring counters transfers the same output throughout the circuit.

That means if the output of the first flip flop is 1, then this is transferred to its next stage i.e.

2nd flip flop. By transferring the output to its next stage, the output of first flip flop

becomes 0. And this process continues for all the stages of a ring counter. If we use n flip

flops in the ring counter, the ‘1’ is circulated for every n clock cycles.

Explainati
on:l1 M
C) Draw block diagram of programmable logic Array. AM
Ans: | Diagram: 4AM
b—> :jh ——- 7,
h—s Iy > ==
o G —. : 2 !"2 "’: T oh\®
— -
‘ F
~t
u.'f... I
d) Compare the following:

(i) Volatile with Non Volatile. AM

(i) EPROM with EEPROM.

(i)Volatile with Non Volatile. 2M (Any
Parameter Volatile memory Non-Volatile memory two point
definition Memory required electrical power to Memory that will keep 1 M each)

keep information stored is called storing its information
Ans: volatile memory without the need of
electrical power is called
nonvolatile memory.
classification All RAMs ROMs, EPROM, magnetic
memories
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Effect of power | Stored information is retained only as No effect of power on stored
long as power is on. information
applications For temporary storage For permanent storage of
information
i)y EPROM with EEPROM. IM(Any
Parameter EPROM EEPROM. two point
Stands for Erasable Programable Read- | Electrically Erasable each)
Only Memory. Programmable Read-Only
Memory.
Basic Ultraviolet Lightisused to | EEPROM contents are
erase the content of erased using electrical
EPROM. signal.
Appearance EPROM has a transparent EEPROM are totally
quartz crystal window at the | encased in an opaque plastic
top. case.
Technology EPROM is modern version | EEPROM is the modern
of PROM. version of EPROM.
e) Describe the working principal of successive approximation ADC. 4M
Ans: | Note: Other relevant diagram and explanation also can be considered.
Diagram:
Offset voltage = 1/2 LSB = 0.5
2M
Analog
voltage 7, D\A Converter
—o MSB| =
000 o K
o )
—o LSS
Programmer ’
Clock
Working:
The successive approximation A/D converter is as shown in fig. An analog voltage (Va) is
constantly compared with voltage Vi, using a comparator. The output produced by
comparator (Vo) is applied to an electronic Programmer. If Va=Vi, then Vo=0 & then no
conversion is required. The programmer displays the value of Vi in the form of digital O/P.
But if Va Vi, then the O/P is changed by the programmer. If Va> Vi, then value of Vi is
increased by 50% of earlier value. But if Va< Vi, then value of Vi is decreased by 50% of
earlier value. 2M
This new value is converted into analog form, by D/A converter so as to compare it with Va
again. This procedure is repeated till we get Va=Vi. As the value of Vi is changed
successively, this method is called as successive-approximation A/D converter.
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OR
\"/
Analog Input Oliage i
2
Control circuit [:_ﬂ.ﬂ-
End
MSB 9
[ e
[ Voac | 8bit Successive ‘J
DAC Approximation
Register

Output buffer
register

When the starts signal goes low the successive approximation register SAR is cleared and
output voltage of DAC will be Ov. When start goes high the conversion starts.

After starts, during first clock pulse the control circuit set MSB bit so SAR output wiil be
1000 0000. This is connected as input to DAC so output of DAC is compared with Vin
input voltage. If Vpac is more than Vin the comparator output —Vsat, if Vpacis less than
Vin, the comparator output is +Vsat.

If output of DAC i.e. Vpac is +Vsat (i.e. unknown analog input voltage Vin> Vpac) then
MSB bit is kept set, otherwise it is reset.

Consider MSB is set so SAR will contain 1000 0000.

The next clock pulse will set next bit i.e. D6 bit is kept as it is, but if it —\/sat the D6 bit
reset. The process of checking and taking decision to keep bit set or to reset is continued
upto DO. Then the DAC input will be digital data equal to analog input.

When the conversion is finished the control circuits sends out an end of conversion signal
and data is locked in buffer register.

Q5

Attempt any TWO of the following :

12-M

(@)

(i)Convert the following binary number (11001101), into Gray Code and Excess-3
Code.

2M
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Ans: 1M each
conversion
(i)Perform the BCD Addition. 2M
(17)10 + (5710
Ans: | (17)10 0001 0111
(57)10+ 0101 0111 - (172 M)
0110 1110
Valid Invalid
BCD BCD - (172 M)
ADD 0110 TO Invalid BCD
% Each
1 1 o
0110 1110 Step
+ 0000 0110
01110100 e (1/2 M)
7 4
= (74’)10 """""" (1/2 M)
(iii)Perform the binary addition. oM
(10110 e 110), + (1001 e 10),
Ans: | 10110.110), — (1001.10), = (100000.010), 2M
11111
10110.110
+ 1001.10
100000.010
(b) | Design a 4bit ripple counter using JK flip flop, with truth table and waveforms. 6M
Ans: 2M
Circuit Diagram:
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Qa Qs Qc Qo
Logic ="1" Logic =1 Logic="1' Logic ='1" J
J Q J a J Q J Q
clock > | > N > n > B
K .9 K .9 P i W
reset
Truth Table:
State L= Q. Qg Q. 2M
0 L8] L8] 0 0
1 L] L] L] 1
2 L8] L8] 1 0
3 L8] L8] 1 1
+ 4] 1 0 0
5 L8] 1 0 1
L& 1] 1 1 0
T L] 1 1 1
8 1 L8] 0 0
=] 1 L8] 0 1
10 1 L8] 1 0
11 1 L8] 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
0 L8] L8] 0 0
Timing Diagram / Waveforms:
1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 16
Puses
I |
QA | lsb)
abiil I I I O D M
I .
QB | ] | | | l
| .
d | | | L
2D I | mab)
i | K
L0000 001 €010 20 000 O%Y OTG 01T 1003 190% 1310 1T MO0 1M1 11D M1 0o
Calculate the analog output for 4 bit weighted register type DAC for inputs
(c) (i) 1011 6M
(i) 1001
Assume (Vs) full scale range of voltage is 5V
Ans: | Given: 3M each
VR = Vfs =5V
Formula Used:
Vo=-VR (B1.2"+B2.27 + B3.2% + B4.2*)
1. 1011
Vo=-VR (B1.2"+B2.2? + B3.2° + B4.2"*)
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=-5(1*1/2 + 0 + 1*1/2° + 1 *1/2%)
=-5(1*1/2 + 1*1/8 + 1 *1/16)
=-5(0.5+0.125 + 0.0625) = 3.4375V
Vo =3.4375 V
2. 1001
Vo=-VR (B1.2"+B2.2%+B3.2°+ B4.2")
=-10 (1*1/2 + 0 + 0 + 1 *1/2%)

=-10(1*1/2+0+0 + 1 *1/16)
=-10 (0.5 +0.0625) = 2.8125V
Vo=28125V
12-Total
Q.6 Attempt any TWO of the following:
Marks

Compare TTL, CMOS and ECL logic family on the following points.
(i) Basic Gates
(if) Propogation dealy
(@) (iii)Fan out 6M
(iv)Power Dissipation
(v) Noise immunity
(vi)Speed power product

Ans:
Parameter TTL CMOS ECL LM Each
parameter
Basic gates NAND NOR/NAND OR/NOR
Propagation delay 10 70-105 2
Fan out 10 50 25
Power Dissipation 10mw 1.01mw 40-55mw
Noise Immunity 0.2V 5V 0.25V
Speed Power 100 0.7 100
Product
(b) Design a BCD adder using I1C 7483. 6M

Ans: | (Note: Labeled combinational circuit can be drawn using universal gate also)
1) To implement BCD adder we require:
* 4-bit binary adder for initial addition
* Logic circuit to detect sum greater than 9
* One more 4-bit adder to add 0110201102 in the sum if sum is greater than 9 or carry is 1
2) The logic circuit to detect sum greater than 9 can be determined by simplifying the
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Boolean expression of given truth Table.
Inputs Output
Sy Sz S, Sy Y
0 0 0 0 0 Truth
0 0 0 1 0 Table: 2M
[\ ] 1 0 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 0
o 1 1 0 0
o 1 1 1 o
1 0 0 0 0
1 0 0 1 0
K-Map:
1M
=53.52453.51
3) Y=1 indicates sum is greater than 9. We can put one more term, C_out in the above
expression to check whether carry is one.
4) If any one condition is satisfied we add 6(0110) in the sum.
5) With this design information we can draw the block diagram of BCD adder, as shown in
figure below.
Circuit
Diagram:
3M
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8 B, B, By Ay A AMA
. l I LA ] 3
i A\ LN e, =
Cin
Cout —T—J 4-bit binary adder -—
Combinational S3 S 54 5
circuit ~_ [ |
“a ! '
; |
Output —
i g [
o— . |
IR IR R R
Cot +—1 4-bit binary adder 1 c_=0
(Ignored ) —2iky
[TT]
$35,51 S,
(© Design a 3 bit synchronous counter using JK Flip Flop. 6M
Ans: | 1) Stepl: 2M
Construct JK state table with corresponding excitation table:
Output State Transitions
Present Next state
State
Q2Q1Q0 Flip-flop inputs
Q2Q1Q0
J2K2 J1K1 JOKO
000 001 0X 0X 1X
001 010 0X 1X X1
010 011 0X X0 1X
011 100 1X X1 X1
100 101 X0 0X 1X
101 110 X0 1X X1
110 111 X0 X0 1X
111 000 X1 X1 X1

State Table and Corresponding Excitation Table (d=don't care)
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Step 2:

Build Karnaugh Map or Kmap for each JK inputs:

Q2Q
00

01
11
10

\G0

Qzan

Dy

0
0
X
X
2m
0
X
X
0
0

K2map

J2=Q1.Q0

K2=Q1.Q0

Step3:

Draw the complete design as below:

Logic 1

. S
g0 PR g
FFO

> CK

Kma

Y

Q,

J1=Q0

K1=Q0

12 PRg
FF2

Note: It can also be designed using any other Flip Flop.

2M

2M
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