—2020-

Fy

RANK IMDrovement

WORKBOOK

Answer key and Hint of
Objective & Conventional Questions

Electrical Engineering
Digital Electronics

Publications




Boolean Algebra, Logic Gates

w Objective Solutions ]

‘uorssiwad usiiMm 8y} INoylIM Wloy Aue Ui pasi|iin 1o paonpoldal 8q Aew %00q siu} jo Led oN 1yjed maN ‘suoieolignd ASY3 IAVIA 0} Jelew joelgns 3ybuAdod @

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MBDE ERSY I Rank Improvement Workbook 3

m Conventional Solutions]

Solution : 1
(i) AB+ AC+BC = AB(C+C)+ AC+BC (-C+C=1)
= ABC+ AC+ ABC+ BC
= (B+)AC+(A+1)BC (-A+1=1)
= AC+BC
(il AB+BC+CA = (AB)(BC)(CA)
= (A+B(B+CO)(C+A)
= (AB+ AC+ B+ BC)(C+ A)
= ABC+AB+ AC+AC+BC+ AB+BC+ ABC
= AB+BC+CA+ ABC
= AB+BC+ CA(1+B)
= AB+BC+ CA ¢(-1+B=1)
Solution : 2
5 5 écz— cD,D,D,
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D1w gi: vy
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p—
Solution : 3

(i) Prime implicates: WxZz,xy z,wxy,Wx Z
(ii) Minimal representation: WxZ + wxZ + xy Z+ Wxy

= XZ+xyz+wxy
— = ——

(iii) Two-level realization using NAND Gates only,

NI =I|

Y = output

< =S| N<I=
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Combinational Circuits
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m Conventional Solutions]

Solution : 1
()
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(ii) P, =
P, =
P, = bc
If P,= @b, thenP,=bc
and if P, =bec, then B, =ab
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6 Electrical Engineering ® Digital Electronics
Solution : 2
()
A —>o——
B
S
4Do_
C
(i)
T J Q—
CLK —
K Q|—
Toggle flip-flop
(ii) — Y3
] 1x4 [ T2
DMUX [ "1
yO
A B
2 to 4 decoder
Solution : 3
= Xo
Xo Yo
N — Y,;=0 [Permanently grounded]
Xy —— i
Y2
X, —
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Solution : 4
A, A, A A, B, B, B, B,
IR N IR
c, (74L583)

~—Cy

4-bit parallel adder

S, 'S,

S3 SZ
S,
C' =
Carry on the N
next BCD Adder
RN

(74L583)
4-bit parallel adder <—‘

rrry =L

E;, E, E, E —
: 0 L:Correction
BCD Sum adder
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Solution : 5
11—l
D—1
D—1,
0—h 8x1
11—, MUX oY
00—
0 — I
D—1
A B C
Solution : 6
(a)
00— 0
00— 1
00—2
10— 3
00— 4
Bo—5
00— 6
10—7
D CA

e

(b) It can not be realized with a 4 to 1 multiplexer as 5" and 71" lines are being used.
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m Conventional Solutions]

Solution : 1
Q Q Q
1— | >0 11— |1 1— |2
CLK TFF - TFF - TFF B
Q Q Q
Logic Diagram
Solution : 2
1—dh Q 1/ ) 1% Qz_\1__a~’3 Q3
CLK—— ——
1_ KO QO 1_K1 Q1 1_K2 Qz_ 1_K3 Q3
Clear Clear Clear Clear
Solution : 3

Realizations of counter using above results:

—( -

Qc

M
\'4
|
\4
\'4

CLK

Solution : 4
The diagram of a 4-bit shift register using JK flip-flops is shown below:

DATAIN J o J Q J o Q J  Q—=° DATAOUT
> o> o> o>
K Q K Q K Q K Ql——o

CLOCK o L

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha




MBDE ERSY 1 Rank Improvement Workbook | {1

The output waveforms of all flip-flops as for the given data are shown below

= .1 1 1o High (1)
CLK P
] E [ I I I --- Low (0)
—
DATA N B R
0 ; : | | |
1 ! !
0 1 0 (U N
Q — | |
1 AR N\
0 1 0 101 1
QZ I |\ \I_
1 | | N\
i i 0 1 0 \1
Q1 0 E i 1
o
Q o : ! ! o] 1 0
Solution : 5
Johnson counter is twisted ring counter
E
Dy O D. @ D, D, Q —
> FF3 > FF, > FFy > FFy
a, & a, 12 a, 1< Q [-£
CLK
4 bit Ring counter using D flip-flop
S Q b Q VR oo Q[
CLK
> r> r> r>
K3 63 F K2 62 r K1 61 r KO 60
4 bit Ring counter using J-K flip-flop
Solution : 6
I Q— L Jq @ J Jo Q J
1 1
K Q@ |_ Ki @ |_ Ko @
CLK
EEER
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2. 8
3. D

A/D and D/A Converters
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Solution : 1
This type of ADC uses an array of comparators connected in parallel, each comparator switching onin a
definite ratio of the reference voltage.

Simultaneous 3-bit A/D converter: “Flash type Converter”
The block diagram of simultaneous 3-bit A/D converter is shown below:

Cr
X, (MSB)
Cs 5
+ﬂ o—- 5
8
Cs R
NELA Ds E
Analog 8 G o
Input o v I C, D, CODING X é Digital
Voltage +—g 0> NETWORK ! 7 data output
(Vi) >~ G, 8x3 E o
R % ol Ds  Priority R
c Encoder
+ 2
X, (LSB)
v “dp
AP 1
8 —D
logic 1 0

= The simultaneous 3-bit A/D converter uses 7 comparators to convert an analog input voltage into the

V o 2v 7V
digital output. The reference voltages used are 8 g ) for any input voltage between 0 and
+V.

= If the analog input voltage (V,) exceeds the reference voltage of a comparator, the output of the
comparator goes high. i.e. 1 and vice-versa.

= The outputs of the comparators are fed into a coding network which gets stored in register of 3 bit and
provide the digital output of 3-bit corresponding to the input analog voltage.
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Solution : 2
The 8-bit successive approximation A/D converter is shown below

Input analog U

Comparator !
voltage Vi, |
M Yo Control o soc CK ]
ontrol L -]
= © EoC
1
D7 Dy I
V;
DAC MSB LSB
_bi Successive
g :ICt Approximation e To—
ladd Register (SAR)
adder Or UP-DOWN CK
type synchronous counter
CL
Dy, Dy
Buffer
register
llllllll SOC —— Start of Conversion
D D EOC —— End of Conversion

Digital output

Solution : 3

| Dual-slope < single-slope < successive approximation < flash |

maximum conversion time for converting n-bit
= nx Ty =8x fL =8x 10 second = 8 p-sec.
CLK
Solution : 4
(i) Resolution = 1 mV as transducer is able to distinguish a minimum change of 1 mV in its signal
input.

10
(ii)  Total number of quantized levels = PTT=T 10000
X
So, minimum number of bits required = 14 [As 23 < 10000, 2'* > 10000]

1

(iii) Quantization interval = ————— =

1
— = -5
o(Number of bits) — 14 6.1 x 10>V

(iv) Number of decision levels = 27-1 = 214 -1 = 16383
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Solution : 5
Re
AAAA
Yvvy
R R 2R
VO
2R 2R 2R 2R 2R
LSB MSB =
0 // \\I1 0 // \\I1 0 // \j 0 // \\I1
I 1" l 1" I 1" I 1"
EEEE
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Solution : 1
Differences between ECL and TTL are as follows:
1. InECL, the positive end of the supply is connected to ground while in TTL, the negative end of the
supply is connected to ground.
2. InTTL, the inputs are connected to emitter while in ECL the inputs are connected to bases
3. ECL usestransistors in difference amplifier configuration while TTL uses a multiple emitter transistor.
Merits and demerits of TTL:
Merits:
1. Current drawn from the input source is very small.
2. Ithas high output drive capability.
3. Nodamage is done to TTL devices if inputs are left unconnected.
Demerits:
1. High power consumption.
2. Highcurrentdrain.
Merits and demerits of ECL.:
Merits:
1 It is the fastest of all logic families.
2. Inputimpedance is high.
3. Outputimpedance is low
4 High fanout.
5. Outputs of ECL gates can be connected to obtain additional logic.
Demerits:
1. High power consumption.
2. ECL gates are not readily compatible with other logic families.

I

VNaND
O Vnp=A-B

D Y

(A) V, O—Agi

Solution : 2

()

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




18 Electrical Engineering ® Digital Electronics MBDE ERSY

(i) Y=A+8B

i

VDD

. ] e

Vior

wie——[ L —C

—0 Vor=A+B

(iii) Y= A®B

VDD
Vi A

i
A
5 —— Vyor=A®B

.|||—
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(iv) Y=A0oB

|

- AT

L V= AB+ AB

— Voo A ALEI i

Solution : 3

As single NMOS acts as an inverter, implementing f would realize f(a, b, ¢)

VCC

|
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