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Detailed Solutions

ESE-2025 E &T Engineering
Mains Test Series TestNo: 2

Section A : Digital Circuits + Signals and Systems

+ Microprocessors & Microcontroller

Q.1 (a) Solution:

The state diagram for the 3-bit binary counter.

The state table for 3-bit binary counter,

ocopyright: [MADE ERSY www.madeeasy.in



12 | ESE 2025: MAINS TEST SERIES

The excitation table:

Present state

2

== =R =R O O O O

Q
0

[ N = T = T T W = G

Output state transitions

Present state

QZ Ql
0 0
0 0
0 1
0o 1
1 0
1 0
1 1
1 1

The Boolean expressions for flip-flop inputs T,, T, and T}, as

Qo
0

[ o T S S o S S S S Y

Next state
Q QL QA Q
0 0 0 1
1 0 1 0
0 0 1 1
1 1 0 0
0 1 0 1
1 1 1 0
0 1 1 1
1 0 0 0
Next state Flip flop inputs
Qe Q& @ L T T
0 0 1 0 0 1
0 1 0 0 1 1
0 1 1 0 0 1
1 0 0 1 1 1
1 0 1 0 0 1
1 1 0 0 1 1
1 1 1 0 0 1
0 0 0 1 1 1

For T, Q1Qo
O~ 00 01 11 10
ol Tz 1|1 =1
1] 1] 1]1
. Q1Qo
For I: O~_ 00 01 11 10
0 1| iH—1"5"%
1 101
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. Q,Q
For I O~ 00 01 11 10
0 |T’—//' T,=Q:Q
1 H

The logic diagram, since it is 3-bit binary counter we need 3FFs.

1

T, :Di T

T, Q Q,
FFO FF1 FF2
0 0 ¢}

clock

Q.1 (b) Solution:

(i) 8085 Microprocessor has 16 address lines A0-A15. For interfacing 512 bytes i.e.
29 bytes/address locations, 9 address lines are required. So A0-A8 can be used to

directly connect to address bus of memory.

From the remaining address lines A9-A15, three address lines A15-A12 can be used

as enable and input lines to 3 x 8 decoder for generating a chip select signal to

memory as shown below. We assume the chip is selected i.e. CS=0 when the
inputs to the decoder A15 = 0, A14 = 0, A13 = 0 and A12 = 0. A11-A9 can be
considered as don’t care signals. Thus, the memory address map is given by,

Al15 Al14 Al13 Al12 A1l A10 A9 |A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 0 0 X X X|]0 0 0 0 0 O 0 0
0 0 0 0 X X X1 1 1 1 1 1 1 1

Because of the don’t care signals, the address range can be

0000 to O1FF
0200 to O3FF
0400 to O5FF
0600 to 07FF
0800 to 09FF
0A00 to OBFF
0C00 to ODFF
OEOO to OFFF
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Address decoding circuit:

Al5
512 B Memory

Al4— 12
A13— 11
A12— 10

EN — 4GS
A8— A8
3x8 : DO
(7415138) : (=D
.. A0— A0 D7

WR
10/M

RD

—————9 WR

MEMW —q RD

MEMR

Address decoding circuit using 3 x 8 decoder

(@ii) The 8085 assembly language program to move a block of data of 16 bytes starting

from address location 2050H to another location starting from 2070H is given as

below:
Instruction
LXI H, 2050H;
LXI D, 2070H;
LXI B, 10H;

L1: MOV A, M;

STAXD;

INX H;
INX D;

DCX B;
JNZ L1;
HLT;

Load starting address of the block into register pair HL
Load destination address into register pair DE

Load counter (number of bytes to move i.e. 16,, = 10H) into
register pair BC

Move data from source address pointed by HL to

accumulator A

Move data from accumulator A to destination address
pointed by DE

Increment source address
Increment destination address
Decrement counter

Jump to L1 if counter is not zero

Halt the program
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Q.1 (c) Solution:

@ Xl \ / >< s
X[4] \ / =] W;O 1/8 x[l]
X " X
6 3
X[6] ] w <] VT x[3]
X[3 6
N w T
X[7] - x[7]

_ = _D _ |
Wy ! W Uowg v

(ii) Statement: If x[n] is causal [i.e., x[n] = O for n < 0], then x[0] = lim X(z)
Z—>o0

Proof: By definition of z-transform, we have

+oo

X@) = X x[z™"

Nn=—co

Since x[n] =0 for n < 0, we obtain

oo

X(z) = Zx[n] z "

n=0

X(z) = x[0] + x[1]z7' + x[2]z72 + x[3]z73 + ..........
N lim X(2) = lim [ 1[0+ 2[1]z7" +2[2]z + 3]z + ... ]
— lim X(z) = 4[0]
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Q.1 (d) Solution:

Given logic circuit,

()

A

B

AB+AB=A®B

When both inputs are high or low, the output X is HIGH.

Output, X

G, output
G; output

Output X

Data output

Q

o——

8-bit
shift

A

s

(@ii) Given, serial-in-serial-out shift register,

Data

1 clk

in

’7> Register

clk

(1 MHz)

www.madeeasy.in
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A A A A ~ -~ N A4 A A

Data in —

Data out

When the given input pulse applied to the serial input, it enters the first stage on
the triggering edge of the clock pulse.

It then shifted from stage to stage on each successive clock pulse until it appears on
serial output n clock periods.

Given, clock frequency, fC x = 1MHz
the time period of clock,

= L=1usec
fclk

For n-bit serial-in-serial-out shift register,

-~

the time delay for outputisn x T,

t; = 8x1=28usec
Q.1 (e) Solution:

(i) Given,

Y(s) s-1

System function, H(s) = m = 1
By taking Laplace transform of y(t),
Y(s) = ——;Re{s}>-2
1

Y(s) _s+2

X0 = Hg "1

s+1

s+1
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The pole-zero diagram of X(s) is

Imgis}
X o % Re(s)
-2 -1 1

Since the given system is a causal system, the ROC of the impulse response is
right-sided. Thus, from the given H(s), the ROC is Re{s} > -1. We know that the
ROC of Y(s) is at least the intersection of the ROCs of X(s) and H(s).

In the above case, we can choose the ROC of X(s) to be either -2 < Re{s} <1 (or)
Re{s} > 1.

In both cases, we get the same ROC for Y(s) because the polesats=-1and s=1in
H(s) and X(s) respectively are cancelled out by zeros.

The partial fraction expansion of X(s) is

2 1
3 3
= +
X() s—=1 s+2
Taking the ROC of X(s) to be -2 < Re{s} <1
2 1 _
We get, x(t) = get {-u(-t) +§e 2tu(t)

Taking the ROC of X(s) to be Re{s} > 1, we get

2 1 _
x(f) = 3¢ u(t)+§e 2y(r)
(iij) From the given information, we can write
H(s)Y(s) = X(s)
(Here, X(s) is the output and Y(s) is the input)

X(s) s+1
Clearly, H(s) = %_s——l
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The pole-zero plot of H(s) is

o % Re(s)
1

Since the system is given to be stable, the ROC of the impulse response mustt
include the jo axis. Thus, the ROC of H(s) has to be Re{s} < 1.

We can write,
s+1—2+2_s—1+ 2
s—1 s—1 s-1

() =

H(s) = 1+i
(®) = s—1

A h(t) = 8(t) + 2e!{-u(-t)}
Also Y(s) has the ROC: Re{s} > -2

X(s) must have the ROC: -2 < Re{s} <1
(i.e, the intersection of the ROCs of Y(s) and H(s)).

x(t) = —% elu(—t)+ % e u(t)

Q.2 (a) Solution:
The 3-bit Gray code truth table.

Binary Code Gray Code
Q@ U Qa2 Qa1 Qoo
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 1 1
0 1 1 0 1 0
1 0 0 1 1 0
1 0 1 1 1 1
1 1 0 1 0 1
1 1 1 1 0 0
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The state diagram for 3-bit Gray code:

The next state table for the 3-bit Gray code:

Present state

Qe

= R R O O O O

QGl

S O Rk R R =R O O

Transition table for JK flip-flop:

Flip-flop

Qco

0

1
1
0
0
1
1
0

Inputs

Qn

0
0
1
1

QN+1

0

1
0
1

Next state

+
Qe

0
0
0
1
1
1
1
0

Transition
outputs

K

J

+
QGl

O O O Rk Rk = = O

X
X
1
0

+
Qco

SO O Rk Rk O O =k =
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Present state inputs

12 KZ ]1 Kl IO KO
0 X 0 X 1 X
0 X 1 X X 0
0 X X 0 X 1
1 X X 0 0 X
X 0 X 0 1 X
X 0 X 1 X 0
X 0 0 X X 1
X 1 0 X 0 X

Implementing logic functions for present state ] and K inputs:

Iy Qc1Qc0
Qo 00 01 11 10

0

|T|
1XXX|L|

J» = Qa1 Qco
Kz: Qc1Qc0
Qo 00 01 11 10
0 m X | X | X
11
Kz = Q—GlQ—GO
I+ Qc1Qc0
Qo 00 01 11 10
o =] x
1 X X
J1 = Qc2 Qco
KI: Qc1Qc0
Qo 00 01 11 10
0] X X
1 x ([x ] 1]
Ky = Qs Qg
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Jo: Qa1Qa0
Qo 00 01 11 10
o[ =] x
BREE
Jo = Qc2Qc1+Qc2 Q61
KO: Qc1Qc0
O~ 00 01 11 10
o[x] [T
ERlE
K, = Qa1 Qca +Qc2 Qa1
= Q2 ®Qc1
—{(
v §
IO QGO L:)— ]1 QG1AD—D— ]2 QGZ
> > S
D°—K0 GGO— ED»K1 GGl—/:D K —
TR Qe
5 W
clk IJ <
?

Q.2 (b) Solution:

2, -1<t<1
@i Given, x(t) = 11, 1<t<3
0, elsewhere
and h(t) = 28(t + 1) + §(t + 2)
x(f)
2
1
-1 0 1 3
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Let y(t) be the output of x(¢) * h(t)
y(t) = x(f) * [28(t + 1) + (¢ +2)]
2(x(£) # Bt + 1)) + (x(t) * 3(t + 2))

We know that,
x(t) *O(t-ty) = x(t-t,)
Thus, y(t) = 2x(t+1) + x(t + 2)
Let yy(f) = 2x(t+1)
Yot) = x(t+2)
x(t) yy(f) = 2x(t + 1)
2 N A
1
-1 0 1 3 -2 0 2
()
12
1
t
-3 -1 0 1
y(t) = () + yy(t)
y()

|
@

|
N

|
RIS
o
—_
N

|
N

=~ A A A

IAN AN =+~ o~ =
I
—

<
—~
=
1]
N W NN
[
ININ P N W
N o~ A A A
o

_ O

o©Copyright: MMIADE ERSY www.madeeasy.in



24 | ESE 2025 : MAINS TEST SERIES

(i) Given,

dy(t)

" +10y(t) = Tx(’c)z(t—'c)d'c—x(t)

2(f) = e_‘tu(t) +8(t)

By taking Fourier transform,

where

jo Y(w) +10Y(w) = X(w)Z(w) - X(w)
Y(O)[10+jo] = X@)[Z(©) - 1]
Y(w) Z(w)-1
H(o) X(w) 10+ jo
Taking Fourier Transform of z(t),
1
Z(w) = 1+]'co+1
2+jw
Z(w) = 1+ jo
2+jo 1
 I+jo (24 jo-1-jo)
HO) = 040~ (14 jo) 10+ jo)
1
H®©) = (14 jw)(10+ jo)
By using partial fraction expansion,
1 A ._B
(1+jo)(10+jw)  1+jo 10+ jo
A = ! -1
10+ jo =1 9
R B B
1+jw j0=-10
-
9 9
= +
HO) = 150 10+ jo
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By taking inverse Fourier transform,

o) = 3¢ (=g u()

Q.2 (c) Solution:

(i) 4 KBmemory has 4 x 210 =212 address locations and thus, requires 12 address lines
for addressing. But 8085 has 16 address lines (A0 - A15). Hence, four of address
lines (A15 - A12) are used for address decoding to select the memory block.

Given that starting address for memory is AOOOH. So, for 4 KB memory, ending
address becomes AOOOH + OFFFH [4 KB] = AFFFH.

Al5 Al14 Al13 A12 | A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Start Address: 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
End Address: 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1

A0-A11 address lines are directly connected to address bus of memory chip. A12-
A15 are used for generating chip select for memory chip.

Address decoding circuit using 3 x 8 decoder.

A15 wny
l l l L 4 K Memory
EIE2E3 | — 4TS
Al11—{ A1l
Ald— 3x§ ; DO
el | e o
— 3 WR
WR MEMW ———4q RD
I0/M
MEMR
RD

Address decoding circuit using 3 x 8 decoder

A15 line is used for enabling 3 x 8 decoder chip. A12, A13, A14 lines are connected
to 3 x 8 chip as inputs. When these lines are 010, output should be “0". This is
provided at O2 pin of 3 x 8 decoder which is connected to chip select input of
memory.
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Address decoding circuit using only NAND gates:

Al5 4 K Memory
Al4——od =
‘A13 q CS
Al2—¢ All—— All
: DO
_ - AO— A0 D7 —
WR MEMW —
— 9 WR
I0/M SR
MEMR
RD

Address decoding circuit using NAND gates

A15, A14, A13, A12 inputs should be 1010, for enabling the chip. So, the address
decoding circuit using NAND Gates is as shown above.

(ii) Algorithm:

1.
2.
3.

9.

Start the program by loading HL register pair with address of memory location.
Move the first 8-bit number to register B.

Increment the memory location and move the second 8-bit number to register
C. It acts as the counter for how many times B will be added.

Add the current content of Register B to the content of the Accumulator (A). The
sum is stored back in A.

Check for carry. If a carry is generated, increment the content of Register D. This
accounts for the overflow into the higher byte.

Decrement the content of Register C and keep on adding the content of register
B to the accumulator till C is zero.

Store the content of the Accumulator (A) which corresponds to the LSB of the
final 16-bit result in memory.

Store the content of register D which corresponds to the MSB of the final 16-bit
result in memory.

Terminate the program.

Program:

MVI D, 00H Initialize register D to O0H.

MVI A, 00H Initialize Accumulator content to 00H.
LXI H, 4150H

MOV B, M Get the first number in B-register

INX H

MOV M Get the second number in C-register
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LOOP: ADD B Add content of register A to register B.
JNC NEXT JUMP on no carry to NEXT.
INR D Increment content of register D.
NEXT: DCR C Decrement content of register C.
JNZ LOOP Jump to LOOP if C is not zero.
STA 4152 H Store the LSB of result in Memory.
MOV  A,D
STA 4153 H Store the MSB of result in Memory.
HLT Terminate the program.

Q.3 (a) Solution:

(i) Given sequential circuit,

Q

clk

] QO*DY

}
[

We can write the following equations for the inputs.

T = x (input)
= QQ
K=01+Q

The next states for the above state equations,

QA Qo
0 O
0 O
0 1
0 1
1 0
1 0
1 1
1 1

T=x Q+1) J

0

R O R O R O R

0

O R OR R O R

K Q(t+1) Y
0 1 0 0
0 1 0 1
0 1 0 0
0 1 0 1
1 1 1 1
1 1 1 1
0 0 1 1
0 0 1 1
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The state table is,

Next state Output (Y)
Q Q x=0 x=1 x=0 x=1
0 0 00 10 0 1
0 1 00 10 0 1
1 0 11 01 1 1
1 1 11 01 1 1

The required state diagram is,

0/1

(i) Given, x[n] = a" sin(oyn) u[n]
Let gln] = a" u[n]

Take z-transform on both sides,

G(z) = ; ROC : |z| > |a|

1-az'’

g[n] - sin (wyn)

ejmon _e—jmon 1 ot 1 —joygn
8["]{2—].} = - gln]e™" ——g[n]e”™

x[n]

Take z-transform on both sides,

X(z) = le[c(e]f% j—c(e_fwo ﬂ 12| >

Scaling in z-domain property: o"x[n] <> X (é) ; ROC: |a|R

et/ |.|q|

Where ‘R’ is the ROC of x[n]
1 1 1

2_j z Y z T
] )
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| 1
- X = 2_] 1—ael®z _1—ae_j‘”°z_1}

1 T-age @z —14ge/®zt
= X(z) = 2| T—ae ™z —qel 42772

X 1 az "t (e/% — 71 )
= z = —
2j|1-az L(emio0 4 ef0) 4 g2572
az"" sin w,
= ; |zl > |a
1-2az" coswy +a’z™> o 2>

Q.3 (b) Solution:

(i) Given, 3 x4x2 PLA
Inputs Product Outputs
terms
K-map for F:
BC
A 01 11 10
0 F ] [Er
1l
F, = BC+AB+AC
K-map for F,:
BC
A 00 01 11 10
0@
|
F, = AB+AC+ABC
K-map for F, :
BC
A 00 01 E 10
0 0
1 [0 []lo]] ol

F, = AB+AC+BC
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PLA implementation:

—X% ¥ AC
% % D—x—— BC
>’< >’< >’< D X ABC
X——0

PLA programming table:

Product Inputs Outputs

term A B C F, | F,

1 AB 1 1 - 1 1

2 AC 1 - 1 1 1

3 BC - 1 1 1 -

4 ABC 0 0 0 - 1

(i) Given,

reference voltage, V, = 12V
fixed count = 010110, = (22),,

N = 6 bit
Discharge time of dual slope ADC,
T = VinXTl
2 Vr
3 VR XT2
in, max Tl
where, T,=2NxT=26xT
_ (12)x2°xT
Vin max = o7 349V
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Q.3 (c) Solution:

()

>

o Q

K Q

Q, toggles only when clock changes from ‘1" to “0".

pulse.

|

11—

h

K

Q

Q| 1—

[

Q

K, Q,

=

11—

)5

K

Qs

Qs

Q, toggles only when Q, changes from 1" to ‘0"

Q, toggles only when Q, changes from ‘0" to “1".

Q, toggles only when Q, changes from ‘0" to “1".

% @ @ Q cquivaent
Initially 0 0 0 O 0
1'cdk— 0 0 0 1 1
2Mek—> 1 1 1 0 14
39ck—> 1 1 1 1 15
shddk—> 1 1 0 0 12
5k 1 1 0 1 13
6k > 1 0 1 0 10
7hdk—> 1 0 1 1 11
ghelk > 1 0 0 0 8
otk > 1 0 0 1 9
10Mcdk—> 0 1 1 0 6
1Mk —> 0 1 1 1 7
2%dk—> 0 1 0 0 4
1Bhadk—> 0 1 0 1 5
14Mhcdk—> 0 0 1 0 2
Bhdk—> 0 0 1 1 3
16Mcdk—> 0 0 0 0 0
(ii) Frequency of Q, = fczlk = 160 ; Hz =80 kHz
Frequency of Q, = fcslk 190 ; Hz 20 kHz

ie., Q, toggles for every clock
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(iii)

oo Uy iy e
o N N T 2 2 2 O
Q, A | A | } | } |
o_ 4+
o _ 14 |

Q4 (a) Solution:

(i) The circular convolution of two sequences of lengths N, and N, respectively, can
be made equal to the linear convolution of the two sequences by zero padding
both the sequences, so that they both consist of (N, + N, - 1) samples as shown
below.

Then find the DFT of both the sequences having (N, + N, - 1) samples individually.
Multiply the DFTs of both the sequences and find the inverse DFT of the obtained
product to get the convolved sequence.

x[n] Zero padding x,[n] DET| X(k)
N, samples | (N, - 1) Samples it

Y[k
@ W T yin]

hn] Zero padding | h1[1] BT H(k)
N2 samples (N1 - 1) Samples =
Given, x[n] = {1,1,1} = N, = 3 samples

hln]

{1,1} = N, = 2 samples

o N, +N,-1=3+2-1=4samples

Pad (N, - 1) zeros to x[n] and pad (N, - 1) zeros to h[n]. We get,
x[n] ={1,1,1,0}
hn] = {1,1,0,0}

DFT of x [n] and h [n] is calculated as below,

1 1 1 171 1+1+1+0 3
1 —j -1 j |1 1-j-1+0| |-j
X(k) = 1 -1 1 -1|1| |1-1+1+0]| |1
1 j -1 —j|o 1+j-1+0 j
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1 1 1 11 1+1+0+0 2

1 - -1 j |1 1-j+0+0 1-j
HIO=11 1 1 Zllo|T|1=1+0+0[7] 0

1 5 -1 -0 1+j+0+0| [1+7

Take sample by sample product to get Y(k):
Y(k) = X(k)-H(k)

k=0:Y(0) = X(0)- HO)=(3) - (2)=6
k=1:Y(1) = X(1)-H1)=(-)-1-))=(-1-))
k=2:Y(2) = X(2)-HQ)=(1) - (0)=0
K=3:Y(0) = X(3)- H) = () (1+]) = (-1 +))
1 1 1 17 6
y[”F%[W‘l]X[Y(k)] =% 1 _]1 _11 :i _10_]

(6-1—j+0-1+7 4
1(6-j+1+0+j+1| 18
© 4|6+1+j+0+1-j| 4|8
6+j-1+0-j-1) 4
= yln] = {1,2,2,1}
(@ii) We know, the Discrete Fourier Series (DFS) coefficients of signal x[n] is given by,
C = lN_lx[n]e—jmokn
¢ N n=0
Where, ‘N’ is the fundamental period and ‘w,’ is the fundamental frequency,
2n
W) = 37
1 &t 2k
_ C, = ﬁ%x[n]e N (i)

We know, the Discrete Fourier Transform (DFT) of signal x[n] is,

N-1 _i2m,
X(K) = E_%X[n]e It .(if)
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On comparing equations (i) and (ii), the relationship between C, and X(k) is,

o XW
k N
Q4 (b) Solution:
(i) FA,B,C D) =2m(0,1,2,3,4,7,9,10)
Consider a 4 : 1 MUX with select lines as AB.
A B Cc D F | Inputto4:1MUX
0 0 0 0 1
o 0|0 11 -1
0 0 1 0 1
0 0 1 1 1
0 1 0 0 1
0 1 0 1 0 I = ceD
0 1 1 0 0
0 1 1 1 1
1 0 0 0 0
1 0|0 11 I, = C&D
1 0 1 0 1
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1011 0] o0 ;=0
1 1 1 1 0
1
IO
L 41 C®D
MUX
: L7
13 [ W I
l s, 8, 1 4:1
= ‘ ‘ I, MUX
C D L
1 51 SO
o I? ]
{ L 41 A B
L MUX
2 C®D
13
Sl SO
= |
C D
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Address
(ii) r — —
12 11 Lines Input Data
l l 1-10 (8 lines)
2x4
M_»emory decoder
o—1 Data
o Address
| CS RAM  (8)—
1K x8
RW
Read/write 1024 - 2047
— Data
Address
A M CS RAM (8) 1
1Kx8
RW
2048 - 3071
o— Data
Address
| CS RAM  (8)—
1K x8
RW
3072 - 4095
— Data
Address
CS RAM ~ (8)—
1K x8
RW
Output (8)

The 4 K word memory requires 12-bit address. The 10 least significant bits of the
address are applied to the address input of all four chips. The other two most
significant bits are applied to a 2 x 4 decoder. The four outputs of the decoder are
applied to the CS inputs of each chip. The memory is disabled when the memory
enable input of the decoder is equal to 0. This causes all four outputs of the decoder
to be in the 0 state and none of the chips are selected. When the decoder is enabled
address bits 12 and 11 determine the particular chip that is selected.
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If bits 12 and 11 are equal to 00, the first RAM chip is selected. The remaining 10
address bits select a word within the chip in the range from 0 to 1023. The next 1024
words are selected from the second RAM chip with a 12-bit address that starts with
01 and followed by the ten bits from the common address lines.

Q4 (c) Solution:

(i) Algorithm: The algorithm for converting a BCD number into its binary equivalent
tirst unpacks the BCD number into two digits tens digit (upper nibble) and units
digit (lower nibble). The tens digit is multiplied by 10D or 0AH in hexadecimal
form, and then the unit digit is added with the result. The result is stored in 9001 H.

Program
MOV DPTR, # 9000H ; Point the data pointer to the location of the BCD number.

MOVX A, @ DPTR ; Move the BCD number to the accumulator.

MOV RO, A ; Copy BCD number to RO register.

ANL A, # OFH ; Mask the higher-order four bits.

MOV R1, A ; Save the (lower nibble) in register R1.

MOV A, RO ;  Bring the data again to register A.

ANL A, # FOH ; Mask the lower-order four bits.

SWAP A ;  Bring the higher four bits (upper nibble) to the lower
four bits.

MOV B, # 0AH ;  Store 10D in register B.

MUL AB ; Multiply the tens digit of BCD number by 10.

ADD A, R1 ; Add the result with the lower nibble (unit digit).

INC DPTR ; Increment the data pointer to the next location 9001H.

MOVX @ DPTR, A ; Save the result at the location 9001H pointed by the data
pointer.

WAIT :SJMP WAIT ; Terminate program execution.

10
(i) Given, Yi=1+2+3+..... +9+10
i=1
Algorithm:
1. [Initialize a counter (CX) to 10 = 000AH.

2. Initialize a sum register (AX) to 0.
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3. Loop while CXis less than or equal to 10:
- Add the current value of the counter (CX) to the sum (AX)

- Decrement the counter (CX).
4. The final sum will be in AX.

Program:
START:
MOV CX,0000H ; CX=1
MOV  AX,0000H ; AX=0
CONTINUE: ADD  AX,CX ; AX«— AX+CX
INC CX ; X« CX+1
CMP CX,000AH ; Compare CX content with 10
JBE CONTINUE ; Jump if contents of CXis below or equal
to10".
HLT
END :

Section B : Digital Circuits + Signals and Systems

+ Microprocessors & Microcontroller

Q.5 (a) Solution:
(i) Given, f(t) = 2ecos10t - t+ + 6t -10); >0

Let, fit) = 2e tcos10t u(t)
h(t) = ~tu(t)
f5(t) = 6=t
Thus, At = f() + (8 + £()

Taking Laplace transform,
F@) = Fy(5) + Fys) + Fy(9)
For £, (t);
L

We know that, coswyt u(t)«——> 2 ; Refs} >0
ST+ 0‘)0

et x(H) L X (s —50)

coletu(t)%L% > °
s +100
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L s+1 )
(s+1)%+100"
2(s+1)
(s+1)*+100

e~ cos10tu(t)

Re{s} > -1

2¢ 7! cos10tu(t) L

7 ROC, : Refs} > -1
For £,(t);

k!
We know that, tku(t)%L%SI{T; Refs} >0

4 —4!
—t u(t)«———;Re{s} >0
s

—t4u(t)%L%_—254; ROC, :Refs} >0
s
For f,(t):
f(t) = 6et=Ou(t)
= 6et - elV - u(t)

6e10 etu(t)

6e'0 - e tu(t) L 6e™” 11 ; ROC; : Res} > -1
S

From (i), (ii) and (iii),

10
25+l 24,6 ROC:ROC; AROC, AROCs : Refs} >0

()= s+124100 & s+1’

(i) Given, x(t) = n(t—1)

sin(wT/2)
oT/2

We know that, Arect(%j AT

Using the principle of duality,

T sin(t1/2) 2mArect —i = 27A rect i
tT/2 T T

X' (@)

sin(2mt)
Tt

Thus, xX'(f) =
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sin(2mt)

X(t) = — u(o+ 21) — u(0 - 27)
We have, X(b) = S;I(‘t(%ﬁt)) = smffg:f m) . % = X(t-1)
We know that, x(t) L X ()
x(t-1) 1 e X ()
Therefore, x(t) = S@HL)) ET, oo [u(w +2m) — u(e - 2)]

n(t—-1)
X(o) = e7[u(ow + 27) - u(w - 2m)]

Q.5 (b) Solution:
(i) For the given 4-bit R-2R ladder converter output voltage,

Relp b b b
fl1 9 2 3 4
VO = VR?[Z—l‘FZ—Z'FZ—S 2—4:|
Given that, Ve =10V
R =5kQ

value of 1 LSB = 1 volt

R
1 = 10 x f [l}

5x10% | 24
3 4
R - 5%x10% x 2
f 10
= 500 x 24 = 8000 Q
R, = 8 kQ
(ii) For binary value of 1000
b, =1,b,=b,=b,=0
R 1
f
= 10)( —
8 5x103[2}
8x2x5x10°
R, = =8kQ
f 10 8

(iii) Thus for getting a full scale voltage of 10 V,
b, =b,=b,=b,=1
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Rf><10{1 1 1 1}

5x10° 2 22 2% 2F
- f{ —5[0.9375]
Ry
Q.5 (c) Solution:
We know, y[n]

(-n-1)
Given, x[n] = (1) ul-n-1|

2
and h[n] =
Limits of x[n]: -ecc<n<-1
Limitsof h[n]: 1<n<eo

10

1

5% 10°

= 5.333 kQ
0.9375

+oo

x[n] *hn] = D, XkI-hln—k]

k=—c0

3 (9 (g e

uln -1]

The range of the convoluted signal of two discrete-time signals is the sum of the range

of the individual signals. Thus,

(et 1) <n<(-1+o0)=-c0c<n<oo

Limits of y[n] :
Plot x[n] and h[n] :
x[n]
173
4
3-2-110

Change the n-axis to k-axis:

x[k] -
17 1
4
..... gl NERRE=
32110 ol 123 45
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Find time reversal plot of h[k]:

Plot h[n - k]:

Case (i):

Put(n-1)-k=p

Limits:

J1000

n-5 n-4 n-3 n-2 n-1 10
n-1 < -1
n<9o0

+oo

Y x[k]-h[n-k]

k=—c0

y[n] =

x[K]h[n - K]

(/27

......
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27’1
1

2(2)"

-1,

oo

=2"2

p=0

1

2

5 -+51

}=rm=%”

>
p=0

Case (ii): n-1)=2-1 = n=0
x[k]-h[n - k]
11
12 ‘
...... TI : k
3 -2 -1 10 (n-1)
+oo
yin] = Y, x[k]-h[n—k]
k=—oo
1 1 -k
E i = 323 0
f=—o0
Put-k=p
1 1 p | p = 1 p
. - $2(3) =253 -4 5(3) ]
p=e° 2 p=1 2 p=0 2
= 2[11 -2=4-2=2
1-=
2 |
y[n]=2""1 ; n<0
= ; n=0
yln]
2
1 1 [ ]
. ‘ ‘ ‘ ‘ ‘ { ..........
4
WWWFTI )
-6-5-4-3-2-1 101 2 3 4 5
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Q.5 (d) Solution:

1.

BHE/S7 : The bus high enable (BHE) pin is used in the 8086 to enable the most
significant data bus (D,5 - Dg) during a read/write operation. It goes low for the
data transfer over D, .-Dg and is used to derive chip selects of odd address memory
bank or peripherals.

MN/MX: The MN/MX pin is used to select either the minimum mode (single

processor) or the maximum mode (multiprocessor) operation for the 8086. This is
achieved by connecting this pin to either +5V directly (for minimum mode) or to
the ground (for maximum mode).

TEST: The TEST pin is an input that is tested by the WAIT instruction. If the

TEST pin is at logic 0, the WAIT instruction functions as a NOP (no operation)

instruction. If the TEST pin is at logic 1, the WAIT instruction waits for the TEST
pin to become logic 0. This pin is often connected to the BUSY pin of the 8087
(numeric coprocessor) to perform floating-point operations.

READY : This input is used to insert wait states into the timing cycle of the 8086
such that it is extended by a number of clock periods. If the READY pin is at logic
1, it has no effect on the operation of the microprocessor. If it is at logic 0, the 8086
enters the wait state and remains idle. This pin is used to interface the slowly
operating peripherals with the 8086.

RESET: This input causes the 8086 to reset, if it is held at logic 1 for a minimum of
four clocking periods. Whenever the 8086 is reset, CS and IP are initialized to FFFFH
and 0000H, respectively, and all other registers are initialized to 0000H. This causes
the 8086 to begin executing instructions from the memory address FFFFOH and IF
flag is cleared.

INTR: The interrupt request (INTR) is a level-triggered hardware interrupt, which
depends on the status of IF. When IF =1, if INTR is held high (i.e., logic 1), the 8086
gets interrupted. When IF = 0, INTR is disabled.
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Q.5 (e) Solution:
(i) Given, Boolean function, f(a, b, ¢) =2m(0, 1, 2,3, 7)
By using three variable K-map,

be

00 01

ol(1] 1

11
(1)

10

1)1

S|

1

1
¥\/
\
b

f= a+bc
By using 2 x 4 decoder and OR gates.

0_

2x4 1
Decoder 2

3

T

B
(@iij) Given Boolean function, f(a, b, ¢) =2m(0, 1, 2,3, 7)
By using 4 x 1 multiplexer

input| I, L L, I
c @ @ 4 6
c G 5 @
1 1 0 c
1—
1 4 x1
0 MUX ———f
c S; Sy
|
a b
f= ab+ab+abc
= a(b+b)+abc
f= a+bc
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(i) f(a,b,c) = Zm(0,1,2,3,7)
f=a+bc
By using a minimal network of 2 x 1 multiplexers
0710 241 1710 549
MUX 1 MUX —f
c—1 s 5
b a
Q.6 (a) Solution:
(i) MOV AL,29H ; Move the first BCD data to AL.
ADD AL,98 H ; Add the second BCD data to first BCD data.
DAA ; Decimal-adjust AL to get the result in BCD form.
MOV BX, 2000 H ; BX«2000H
MOV DS, BX ;  Initialize DS with 2000 H (DS holds the base address
for the data segment)
MOV [3000H], AL ;  Store the content of AL, which is the lower byte of
the result in the memory.
JC L1 ;  If the carry flagis 1, go to L1
MOV [3001 H], 00H ; Store O0H in the memory, since the carry is 0.
JMP L2 ; Gotol2
L1:MOV [3001H],01H ; Store 01H in the memory, since the carry is 1.
L2:HLT ;  Stop

(ii) After executing each instruction in a program, the 8086 checks if any interrupt has

been requested. If an interrupt has been requested, the 8086 processes it by

performing the following series of steps:

1. Pushes the content of the 16-bit flag register onto the stack to preserve the status

of the interrupt (IF) and trap flags (TF), by decrementing the stack pointer

(SP) by 2.

Disables the INTR interrupt by clearing Interrupt Flag (IF) in the flag register.

Resets TF in the flag register, to disable the single step or trap interrupt.

Pushes the content of the code segment (CS) register onto the stack by

decrementing SP by 2.
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5. Pushes the content of the instruction pointer (IP) onto the stack by decrementing
SP by 2.

6. Performs an indirect far jump to the start of the interrupt service routine (ISR)

corresponding to the received interrupt. An IRET instruction at the end of the
interrupt service routine returns execution to main program.

‘ Main program | e DPush flag register
* Clear IF and TF Interrupt service
e PushCSandIP routine (ISR)
* Load CS and IP with
Interrupt , ISR address
Saveregister contents in stack
Pop IP and CS Program for the
Pop flag register \ """"" task to be done.
Retrieve register contents
fromstack
IRET

Processing of an interrupt by the 8086

Q.6 (b) Solution:

@) Given, f(A,B,C,D) = ¥m(2,3,8,10,11, 12, 14, 15)
A BCD 00 01 |11 10
00 1 1
01
11 1 1 1
100 1 1 1

f= AC+AD+BC

By using NAND gates, realizing above minimized expression,

=

AC+AD+BC

- AC-

3
]
@
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;?D L — }f

D

i
;

(@ii) Truth table for the given logic circuit:

S, S Sy Y Y
0 0 0 Dy SyD,
0 0 1 Dy SyD;
0 1 0 D, SyD,
0 1 1 Dy SyDs
1 0 0 Dy SyD,
1 0 1 Ds SyDs
1 1 0 Dg SyDg
1 1 1 D, SyD,

Let output of 2 x 1 MUXs are Y, Y;, Y, and Y, respectively.
o = SoDo +SoD;

= SoDs +SoDs

—_

Y
Y
Y, = SoDy+SyDs
Y; = 5,Dg +SoD;
Output logic function

Y = 5,5 Y9+5,5, Y1 +5,5 Y, +5,5, Y,

Y = 8, 51(SoDg +SoD1) +5; S1(So D +SoDs3)

+5551(So Dy +SgDs) + 5,51 (S Dg + SyDy)
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Q.6 (c) Solution:

Jgp=Ax; Kg=A+xy;, Z=AX

= Bxy;

=Bx+By; K,

Given, [,

Ja

>

CLK

Kp

JB

Ky

Ja

Jp
>
K
O/P | Hlip flop inputs

CLK

Z

Next State

L
N
Input

y—Do

y | A(t+1)| Bt +1)

(i)

Present
state

(i)

www.madeeasy.in
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(iii) For a JK flip flop,

Q(t+1) = JQ(H)+KQ(t)
State equations for A and B,

A(t+1)

JAA+K,A
= [Bx+l_337]17\+(§—x37)A
= ABx+AByj+A[B+X+y]
= ABx+ ABy+ AB+ Ax + Ay
A(t+1)

ABy+ Ay + Ax + AB+Bx

B(t+1) = JzB+KyB

= AxB+(A+xy)B
- AxB+B[ A(xy)]
= AxB+AB(X +y)

B(t+1)

ABx+ ABx + ABy
Q.7 (a) Solution:
(i) The counter type ADC is constructed using only one comparator with a variable
reference voltage. The variable reference voltage can be obtained by a sequence or

binary counter and a DAC. The block diagram for an n-bit counter type ADC is
shown below,

Reset o |
Clock Binary MSB
Counter
, b, Digital
,,,,,, _. bZ‘ ! [ output
DAC LSB
v,
Analog input
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The operation of the counter type ADC:

The n-bit binary counter is initially set to 0 by the reset switch which is normally
active low. Therefore, the digital output is zero and the analog equivalent V_ is also
0. When reset signal is released (HIGH), the clock pulses gated through the AND
gate are counted by the binary counter. The DAC converts the digital output to an
analog voltage and connects it as the inverting input to the comparator. The output
of the comparator enables the AND gate to pass the clock. The number of counted
pulses increases with time and the analog output V, from DAC is a rising staircase
waveform.

(volts)

Counter stops

12345678910

The counting will continue until the reference voltage V, equals and just rises more
than V.. Then the comparator output becomes low and this disables the AND gate
from passing the clock. The counting steps at the instance V, < V and at that instant
the digital output represents the analog input voltage V.. Then the clock is inhibited,
the counter stops its progress and the conversion is said to be complete. The numbers
stored in the n-bit counter is the equivalent n-bit digital data for the given analog
input voltage.

Advantages:

* The counter type ADC s very simple and needs less hardware compared to the
simultaneous type ADC.

* This is suitable for digitizing applications with high resolution.

Disadvantages:

* In counter type A/D converter, the conversion time is very long, variable and
proportional to the amplitude of the analog input voltage. Since the counter
always counts from 0 through a normal sequence, a maximum of 2" counts are
required to convert a full-scale analog input voltage. Hence for an n-bit ADC,
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n
the average conversion time is > =2""1 times the clock period, which can be

very long for large value of n.

@iij) Fan Out: When the output of a logic gate is connected to one or more inputs of
other gates, a load on the driving gate is created. There is a limit to the number of
load gate inputs that a given gate can drive. This limit is called the fan out of the

X Load Gates

gate.

D

Vv

Driving
Gate
1. High state noise margin = VOH(min) - VIH(mm)
=27-2=07V
2. Low state noise margin = VIL(maX) - VOL(maX)
=08-04=04V
I 400
3. High state fan-out = OH - ~— =16
Iy 25
Iop 8
out = L="=2-20
Low state fan-out I, 04

Among these worst case fan-out will be taken, so number of NAND gate inputs
that can be driven is 16.

Q.7 (b) Solution:

(i) 3441
+4235
7676

Since largest digit used is 7, it is true for any base > 7

ii B 16
(11) 7 -
Assume base for the operation is b then
b2 +4b+2
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b>-3b-40 = 0

= b=38

i base (b) = 8
(iii) 23+44 +14+32 = 223

Assume base for the operation is b
(2 +3) +(4b+4) + (b +4) + (3b + 2) = (2b> + 2b + 3)

B2-4b-5=0
b=5
(iv) 21 x 16 = 366

Assume base for the operation is b then,
(2b+1) (b+6) = 3> +6b+6
202 +13b+6 = 3b*+6b+6

b>-7b =0
b=7
v) 502 =121
20
Assume base for operation is b,
3b% +2 C b4o4 1
2b b
3 +2 _ b +2b+1
2b b
30> +2 =207 +4b+2
b?-4b = 0
b=4
(vi) J51 =6
Assume base for the operation is b
5p+1 = 36
5b = 35
b=7

ocopyright: MMIADE ERSY

www.madeeasy.in



Test No : 2

E & T ENGINEERING | 53

Q.7 (c) Solution:
(i) Let

Hy (") = |H(e/*)|
The inverse DTFT of H, ,(e/®) is given by,

hyln] =

If the group delay function,

then

)

H(e®)

1
2m
1 f’ (1" de = i[em r
27t_% - 27 -
T

2mjn

H,, (ej“’ )ej“’”d(o

jn

—_dH(ef“’)
do

- am + 3 (where ‘B’ is a constant).

= (where ‘o is a constant),

Since the impulse response h[n] is real, the phase response |H (/) is an odd
function, and hence for |H (ejm) to be an odd function, the constant § = 0.

Therefo

=

re, H(ejm)

H(el®)

- 0w

|H(ejo))‘ HHE?) = H, (el eoe

Taking the inverse DTFT, we obtain
h[n] = hy,(n - o)

= h[n] =

Given that, T g(oo)

- —-dH (e/)
dw

= %(—O“D)

= (04

N|[W N|w N|w N|w

sinE(n —ot)

n(n-o)
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. The real-valued impulse response of the filter is,
: n( 3]
sin | n——_
3 2

hin] = n(n_;)

(ii) For a 5-coefficient FIR filter, if x[n] is the input sequence, the output sequence is

given by:
y[n] = h[0] x[n] + h[1] x[n - 1] + h[2] x[n - 2] + h[3] x[n - 3] + h[4] x[n - 4]
Taking z-transform on both the sides,

Y(z) = h[0] X(z) + h[1] 27! X(z) + h[2] 272 X(z) + h[3] 273 X(z) + h[4] z™* X(2)
= Y(z) = X(z) [H[0] + z7'A[1] + z72h[2] + z73h[3] + z~* h[4]]

The above FIR filter can be implemented using direct-form structure as shown

below:
- 1 1 ! AL
xn 4 4 4 4 4
VERAVERVCRV R v
8 8 8 8 8
ts O OO0 yll

The input x[n] is available in 4-bit 2’s complement representation, hence the input
line is represented by a bus of 4-bit.

Assuming, the filter coefficients are also represented by 4 bits, the multiplier is
then a 4 x 4 bit fixed point arithmetic multiplier giving 8-bit output. The adder
adds two 8-bit fixed point words and hence, a 8-bit adder is required.

The above structure, therefore requires:

1. 4-delay elements: Each delay element consists of 4-bit PIPO register which
produces a delay of 1 clock cycle.

Five 4 x 4 bit fixed point multipliers.
Four 8-bit adders.
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Q.8 (a) Solution:
(i) Block diagram of 8255A

| :

Grou Group A Port A
ol o e
Power {—» +5V Control ® |._ PA,-PA,
Supplies | — GND |
Group A PC
= g
Upper
Bi-Directional 4) PC,-PC,
Data Bus < :: >~ Data
D,-D, Bus < >
Buffer 8 bit Group B pC
énter]r;al Port C L
abus| (2 ol
4) PC;-PC,
RD—>9 Read/ |
WR—>¢ eas Grou Group B Port B
Write p
B0~ Control B K= (= PotB K=
A~ Logic Contro ®) PB, - PB,
Reset — —‘ | L~ T
s 1

(ii) BSR mode is used to set or reset the bits of port C.

BSR mode in 8255A is concerned only with the eight bits of port C, which can be set
or reset by writing an appropriate control word in the control register.

A control word with bit D, = 0 is recognised as a BSR control word, and it does not
alter any previously transmitted control word with bit D., = 1; thus input-output
operations of port A and port B are not affected by a BSR control word. In BSR
mode, individual bits of port C can be used for applications such as an ON/OFF
switch.
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BSR control word :

D, D, D;s; D, D; D, D; D,
| o[ x| x| x| BitSelect [S/R]

l |—> Set=1
BSR Mode Reset =0
Not used

(setas0) | 0o =Bit0
001 = Bit 1
010 = Bit 2
011 = Bit 3
100 = Bit 4
101 = Bit 5
110 = Bit 6
111 = Bit 7

(iii) The control word to set/reset the bits PC, and PC, can be obtained as below,

D, D, Ds D, D; D, D, D,

TosethitPC, = 0 0 0 0 1 1 1 1 =0FH

ToresetbitPC,= 0 0 0 0 1 1 1 0 =0EH

TosetbitPC, = 0 0 0 0 0 1 1 1 =07H

ToresetbitPC,= 0 0 0 0 0 1 1 0 =06H

Given, the control register address = 83H.

Subroutine :

BSR : MVI A,0FH ; Load byte in accumulator to set PC,

OuUT 83H ; PC,settol
MVI A,07H ; Load byte in accumulator to set PC,
OuUT 83H ; PCysettol
CALL DELAY ; Delay
MVI A,06H ; Load byte in accumulator to reset PC,
OuUT 83H ; ResetPC,to0
MVI A,0EH ; Load byte in accumulator to reset PC,
OuUT 83H ; Reset PC, to 0
RET
The delay program can be written as below:
DELAY : MVIB, FFH
LOOP : DCRB
JNZ LOOP
RET
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Q.8 (b) Solution:

(i) Given, fundamental period, T =3

The Fourier series coefficient of an even function is also even. Thus,

From the fact 2, we can conclude that x(¢) = x(-t)

1T w2
We have, a, = ?Jx(t)e T
0
From the fact 1, a, = a,.,,
then we require,
2n . 2n
—jkx St —j(k2)x—t
x(t)-e = x(t) T
Am, '
— €] 3 _ 1:e]2nn
3n
= t = o wheren =0, 1, 2, ....

Thus, x(t) may have non-zero values only for t = 0, +1.5, £3, £4.5......

From the fact 3,

0.5
[ x(tydt =1,
-0.5
We may conclude that x(t) = §(¢) for -0.5<+<0.5.
1.5 3
Also given J-x(t)dt=2, thus we may conclude x(t)=26(t—5) in the range
0.5
05<t<15.

(Impulse must be within the given range)

Therefore, the periodic signal x(¢) with T = 3 can be written as,

) = 3 5(¢-3k)+2 Y 8(t—3k—%)

k=—c0 k=—o0
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(@ii) The given overall system may be treated as two feedback systems of the form shown

below connected in parallel.
Hy(s)

NN — .
x(t) — (%) 2 (D)— )
L)
o i
| s |
1 \T |
HyS B ;

__________________________________

The transfer function of the upper feedback system is,

2
Hs) = —S =2
S) = -
! 144x2 s+8

s
Similarly, the transfer function of the lower feedback system is,

1
Hye) = — S =
o\S) = -
1+2(1) s+2
S

The transfer function of the overall system is
H() = Hy(s) + Hy()
2 1
= —+—-
s+8 s+2
3s+12
s +10s+16
H(s) = ﬂ, we may write,
X(s)
Y(s)[s? + 10s + 16] = X(s)[3s + 12]
s2Y(s) + 10sY(s) + 16Y(s) = 3sX(s) + 12X(s)
Taking the inverse Laplace transform, we get the differential equation of the system

as,

d*y(t) dy(t) dx(t)
= 322 L 1ox(t
= +10 - +16y(t) TR x(t)
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Q.8 (c) Solution:

State table of Moore-machine,

Here, the states g, and g, are equivalent and the states g, and g, are equivalent.

So, reduced state table,

Present State | Input | Next State | Output
X z
0 q 0
o 1 " 0
0 q 0
n 1 2 1
0 1
” 1 Zi 0
0 1
& 1 Zi 0
0 0
* 1 Z; 1

Present State | Input | Next State | Output
X z
0 q 0
o 1 2 0
0 q 0
n 1 2 1
0 q 1
B 1 q; 0

Excitation table: Let state g, = 00, g, = 01, g, = 10

Present State | Input | Next State | J-K FF Inputs | Output
Q X Qi Q | K Jo K 4
0 0 0 0 1 0 X 1 X 0
0 0 1 1 0 1 X 0 X 0
0 1 0 0 1 0 X X 0 0
0 1 1 1 0 1 X X 1 1
1 0 0 0 1 X 1 1 X 1
1 0 1 1 0 X 0 0 X 0
K-Map for J: K-Map for K;:
WX 0 o 1 10 WX % 0 1 10
Q Q
0 0 1 1 0 0] X|| X | X ||X
1] X || X | X|| X 1| 1 0 X [| X
=X Ky =X
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K-Map for ] : K-Map for K;:
X 0 o 1 10 o o 110
Q Q

o] 1]l o | x |[X of x|([x]1]]o

1] 1] o | x ||X 1| x || x| x]|| x

Jo=X K, =X

K-Map for output Z:

QX
00 01 11 10
Q
of 0 0 1 0 _
_ m - Z=0Qp X+ X
1] o |x|IxX]
Circuit:
>
X N Q, j_D’_ ]0 Qo“ Z
Y > >
JPK1 61 4*:1(0 Go
Clk

Q000
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