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Choose positive integer value of x=>5.

Q3.(a) Thenecessary and sufficient conditions for a function to be self dual are
(i)the function must be neutral . A function with equal number of max terms and min terms,
is saidto be neutral .
(ii) the function must not contain mutually exclusive terms .
Theterm X =abc andtheterm Y =abc obtained by complementing each literal,
are saidto be mutually exclusive .

Only f,=x and f, =xy+ ;y =y satisfy these conditions.
fl(xs Y,Z) =X= 2(4959657) and f4 (Xa y:Z) = y = 2(29396:7)

Q4.(b) bc be bc  bc
a0 o 1|1
al 140 _[0) [ o

Q5.(d) T, =1/(20x10°) =0.05us=50ns
Let the counter state be defined as dcba with das MSB .
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As demonstrated below, the counter counts normally from dcba=0000to 0111 until
clock 7.At the 8"clock 'a' transits from 0 to 1 before 'd' transits from 0 to 1. There by , the
counter skips the state dcba=1000.

l50ns—»|
1 2 3 4 5 6 7 8 9
o LT TR Ty Ty T[Ty
>0k
a o 1 1 o 1 v 0 1 0 1y 0
—mlzl(s)w
b o 0 1 0 0 1 1oy
-
0 0 0 0 1 1 1 1 1
> 20
d 0 0 0 0 0 0 0 0 0 nsr

Q6. IxRIT1xR® + 2R+ D 43R +1)0=1xR% +0x R1+ 2R
RZ 3R -4=0=R= —lor4;R cannotbenegative.R = 4

Q7.(d) (26),=(0010 0110),
(36),,=(0011 0110),
(A6),,=(1010 0110),
and (37),=(011 111),
The only negative number in 2's complement is
(A6),,=(1010 0110), =—(90),,

Q8.(c) Theoutput of NOR gate is

x=(a+b+c)+5bc=a+b+c+bc=a+b+c=a_ be

The input values a=b=c=0 will force the LED to glow.

Q9.(¢) Themachineis mod 2 counter for p=0and mod 3 counter for p=1. Itis self starting in the
sense that it goes to valid counting sequence for any initial state.

p=0
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|| &
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Q10. —
a ath atb N
b - a+ btc;
A=3

Q11.(b) Dividing a binary number by 6 ,is not possible by bit shifting.

Q12. Number of prime implicants =4. AB AB AB AB
Th i implicant ==
e prime implicants are 75 7
AB,CD,BDand BCD B
CD [ 1| 1|1]]|1 ]
CD 1|1
CD [ 1) | af

Q13.(a) Inverting each bit and incrementing the result is equivalent to finding 2's complement.
(-124),,=(1,0000100), in2's complement
and 2's complement of (1,0000100),is 0,1111100.

Q14.(d)
clock
cycle 1] 23 |4 |56 7 |89 10
X 1|1 Llofol o1 ]1]11]0

state SIS IS [S S 1S 1SS [S |58,

M 0 0 |0 1 0|0 [0 [0 0 1

= M=1wheninput X has pattern 1110’

Q15.  Theclock period must be > (D FF delay + maximum combinational circuit delay +D
FF setup time)
T > [ 15+ (35+10+25)+15]
or T > 100 ps
CLK frequency <[100ps]'= 70 GHz
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Q17(d) F._CD CD D, CD
AB 1j( B
AB UK
AB 1
AB :l'i"“'\::,";
Q18.(b) Input PS FF  input NS
A Q D=out=AD,+AD=AQ+AQ | Q A=0
0 0 1 1
BE ) = T ION
10 0 0
(S 1
Q19.(b) F o= = -
: CD CD CD CD
AB| 13| (T
B[] 1 L@
B |t L i
Vo, AB [\
Q20 Voo
A A
A=4
B
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Q21.(d)

Inputs |PS | N

A B Q Q+ Q+ I B

0 0010 BQ BQ BQ BQ

0O 0 1 [0

0 1 0 0 A 0 0 0 0

0 1 1 0 T :

10|01 A LE 0

1 0|1 |1 Q =AB+AQ

1 1 0 0

1 1 1 1

Y=A+B®C),B=C=B®C=0
Q22.(d) 1. bj D;y=a@b 2. Y=AwhileB=C=B®C=1
Y=1+A=1
Q23.(b) Y EE e, o Y=X,X4 = X, X4
XX 00|00 «
4
X% 00|00 Y Z

xlxziw X X F X,
Xlgziﬂ 0 X &

Q24.(c) Thecircuitis designed to do the subtraction operation, thatis, X —Y. Forz=1, S,S,S,S,=0000,
thatis, X—Y=0or X=Y.

Q25.(b) Output frequency =f;, divided by 5x8x10=400.
%:30><103andfin:400x30><103Hz:]2]\ﬂLIz
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Q1.

Q2.(b) Fort,

Q3.(b)

Y XXy XX, XX, XX,

e AT

1Co NG ) )
(I Bl

N
Clo| x [ x| x [ix}
1

oy 1 1 H 0

C,Cy 14 10

~‘I \~’/

= 0 and considering only set up time constraints while ignoring hold time violations ,
the path from Q, to D, involves worst case delay =2xt, . of INV+t, . +t, =2x1+1+2=5ns
and there fore, the clock period T, > Sns.

fri ma= (1/5) X107 Hz=200 MHz.

The shortestdelay from Q,to D, ist

‘cq,min

of FF2+t

d,min

of INV=0.5+0.5=Ins.

There fore , there is hold time violation at input D, of FF1 . While D, should be held constant for hold
time, t,=1.5ns, Q, should notbe allowed to arrive at D,.
To eliminate this hold time violation at D,, it is required to delay Q, at least by
0.5ns so thatQ, arrives atD, atleastafter 1.5 ns. This can be achieved by delaying CLK to FF2
by 0.5ns.Thus, 7,

ly ,min

=().5ns.
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Q4.(d) 0100011010,=282,,
and v,=(5/1025) x 282=1.3756 V£ 2.82V.

Q5.(d)

PS FF . Inputs | NS (000010 011)(101)
Ql Qz Q3 D= Q3 D2: Q1Q3+ Q1Q3 D3= Qz Q;r Q; Q; m
1 11 - | 1 11 @ @ @
000 0 1 0 0 10
010 0 1 1 01 1
011 1 0 1 1 01
1 01 1 1 0 1 10
110 0 0 1 00 1 The circuitis mod -7 counter
0 0 1 1 0 0 1 00 without built in self-starting
100 | 00 U EORIOREN e o =2t 010 Q.
=111, there is no ongoing.
PS Input | FF Input NS
Q X [S=X®QiR=X®Q| Q _
Q6.(b) R X1
0 0 0 1 0
o ol i O @D e
10 |1 0 1 x=0
11 0 1 0 x=1

Q7. Letv,=v,forb,b,b, b,=0100 and v=v, forb,b,b,b,=0010.
Then, v,=2 v, will ensure that circuitacts as a 4-bit DAC.
For b,b,b,b,=0100, v,=v,=v,x (R,/2R)
For b,b,b,b,=0010, v,=v, is calculated as follows.
-V, -V _ 1+X LV —2rVy
R 2R r 2R +3r

v(}:vl
0-v, V R, [ 21V, }
== E=—
R, r r [2R+3r
_ 2RV,
2R +3r

RV _ 4RV 1
2R 2R+3r R

v, =2v, =
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Q8.  Stepsize,S=1.5/2*=0.09375V and 1.0/0.09375=10.66.
One step below, (10),,=(1010), and digital reading ( 1010), represents
10x0.09375=0.9375V. Error=1.0-0.9375=0.0625V =62.5mV.

Q9.(b) f(a,b,c)=S,(ab+ab)+S,(b+c) ; S,=a

=a(ab+tab)+tabc=ab+abec

Use K'map to get
£/=ab-+be-+ab al @ [[0]] 1] 1
F=(f'y = b+ borab 2 1[0 ]0

= (a+b)(b+c)(a+b)
QI0.¢)  gecimal Inputs | Output —
d xy z|ABZC T g HA
0 00 0[0 00O i : B A=xy
1 {00 1[0 0 1 />4 R
2 o1 0f0 1 0 I g YTy
3 o1 1fo 11 { }»A C=z
4 1 00/0 10 E==r '
5 1 0 1/0 1 1 ———C
6 1 1 0[1 0 0
7 1 1 1|1 01
Q11.(c) The gate equivalentcircuitis
A A B C" D' |Action
A=1 ! 0 0 C D |nochange
A > —C 0 1 0 ] [reset
1 0 10 [set
ol
B > L 1 1 1 1_1nvald
A=1 — | S=A, R=B, Q=C and Q=D
1 Ao
Q12.(b) 1 2 3 4 5 6 7 A 20 B
ck FYFYFY Ay F iy s 5 D
01
Y LI e ) .
zA__ A B[ClA D[cClLA (2-0) =)
. T ¢ TR 11
: : ' —» time (t D C
f b

t
Note : T hté state diagram is the part of Q12.This has not been printedin the book .
Inconvenience is regretted.
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Q13.(c) Atable of transition from Q (present state ) to Q" (next state) as per inputs.Jand K
of JK flip flop together with required 7' input of 7flip flop for corresponding state
transition , is demonstrated below.

=

—_——O == O O O

T=JKQ+JKQ+JKQ+JKQ=(JK).0+(JK)Q+(JK)Q+(JK).1
Also, T =out=JK.I,+ JK.I,+JK.I,+ JK.I,
Comparetoget 1,=0,/,=Q,1,=Q and 1,=1

—_——_—_——_—o oo ol
—_—— o o= =0 o|R
—o~—o~—o~o|l0

O —_=—_O OO ~=O

Q14.(d) The design of NOR gate demands 4 PMOS transistors in series and 4 NMOS transistors in
parallel .The on resistance of a MOSFET is inversely proportional to W/L ratio . Each PMOS
transistors should have W/Lratio equal to 4p so that the delay of NOR gate is equal to that of
basic inverter .

The design of NAND gate demands 4 NMOS transistors in series and 4 PMOS transistors in
parallel. In order that the delay of NAND gate is equal to that of basic inverter , the W/L ratio of
each NMOS transistor should be 4.

In the basic CMOS inverter , the W/Lratio 'p "'of PMOS transistor is about 2 -3 times the
W/Lratio 'n'of NMOS transistor so that the two transistors have equal on resistance. Therefore,
the NOR gate requires the area much larger than the NAND gate.

Q15.(b) o 2 4 6 8 10 12 14

Itis apparent from the waveforms sketched just above, that the outputs Q, and Q, are oscillatory
in nature but the duty ratio at Q, is (4/5) x 100=80% and that at Q, is (1/5) x 100 =20%.
The average power dissipated in resistor SkQ is

2

5
P _=Peak Power X (duty cycle at =
av ( y y Ql) SkQ

x0.8=4mW
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Q16. CLK j )\
Q —]
3.5V
Z=Q.CLK
ov— !
-~ 2ms >
_>§0.25§<_
IS

The waveform atnode Zhas duty cycle=0.25/2=0.125
The average power dissipated in 360Q resistoris P,,=(3.5°/360) x 0.125W =4.25mW

Corrigendum:

In fig., the NAND gate should be AND gate . In answer key of Q16, read 4.25
instead of 8.5.Inconvenience is regretted

Q17.(c) X=AB.0+AB.1+AB.0+AB.A=AB+AB=B
Y=CX+C.C=BC+C=B+C

Q18.(c) The functionalityis 4 x 1 MUX with b,b, as select lines, a, to a, as data lines and fas

output line.

D//a, 4x1
D,/a, MUX
D/a, out/f

Di/ay g b sy,

Q19.(a)

Select Lines| Output
b, b, f
0 0 a,

0 1 a,
1 0 a,
1 1 a,
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Q20.(d) X= E El abd abc = abc + abd + abd + abc

X Ea Ed cd Ca Decimal

a_ b c d X

abl 1 1 0 0 0 0 0 1

) 1 0 0 0 1 1

ab 2 0 0 1 0 1

3 0 0 1 1 0

ab 1j1]t 4 O 1 0 0| o0

= 5 0 1 0 1 0

ab 6 o 1 1 0| o0

7 0 1 1 1 0

The LED turns on when X =0 and this is true 8 1 0 0 0 0

when input is greater than 2 but less than 13. 9 1 0 0 1 0

10 1 0 1 0 0

11 1 0 1 1 0

12 1 1 0 0 0

13 1 1 0 1 1

14 1 1 1 0 1

15 1 1 1 1 1

Q21.(b) X=(a®b)(b®c)c=(ab+ab)(bc+be)c
=(ab+ab)bc=abc
Forabc =011, the transistor terms on and so only the LED.
Q22. As demonstrated below, total time for a successful addition
operation= /8ns.
A3 B3 AZ BZ Al Bl AO AO
v LR 2NN TN TR 2 S
& S G e .
FA  [(2ns]FA_ [8ns|FA  Jang FA 0ns
¥isns Yiens  vioms  vens S
3 Sz Sl SO

Q23.(d)f=ZD+ZB=Z(XY+XY)+ZXY
ForZ=1,f=0indicates either X=0andY=0orX=1andY=0/1.

Q24.(d) In fact, the input x =0111 is correctly matched to output y=0011.
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Q25.(b) The input C changes from I to 0 while inputs A, B and D remain unchanged.

1 0 1 0
1 0 0) 0 P,
A B C D S
0—| l—| 0—| 0_|
P=0—1 O
BC ) W
_ —~P,=0 W
ABC i : :
I
ACD ) t t+5 4 t+15 —»t
1 1 +10
P=1-0 4
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