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[E1.2]

Special instructions for invigilators: None

Information for candidates:

In the figures showing digital circuits, all components have, unless explicitly
indicated otherwise, been drawn with their inputs on the left and their outputs on the
right. All signals labelled with the same name are connected together. All circuits use
positive logic. The least significant bit of a bus si gnal is labelled as bit 0, and the most
significant bit with the highest integer number. Therefore the signal X[7:0] is an eight
bit bus with X7 being the MSB and X0 the LSB.

In questions involving circuit design, you may use any standard digital circuits that
are not explicitly forbidden by the question provided that you fully specify their

operation.

Marks may be deducted for unnecessarily complex designs unless you are explicitly
instructed not to simplify your solution.
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[E1.2]

[Question 1 is compulsory]

1. a)  Figure 1.1 shows the truth table of a three-input, two-output logic module. Using
Karnaugh maps, derive minimal sum-of product expressions for F and G.

inputs outputs
A B C F G
0 0 0 0 1
0 0 1 1 1
0 1 0 1 0
0 1 | 0 0
] 0 0 0 0
1 0 1 0 1
1 1 0 1 1
1 1 1 1 1
Figure 1.1

[4]
b)  The waveforms for signals P and Q shown in Figure 1.2 are applied to the circuit shown
in Figure 1.3. Copy the timing diagram and add waveforms for S, T, Uand V. Assume

that initially U=0 and V=1.

[6]
P
Q
Figure 1.2
5 S
u
r
V
Q il

Figure 1.3

¢)  Assuming that all numbers are represented using 16 bits, and that ASCII charactzrs are
stored as consecutive bytes, complete the missing entries which are not shaded in the
following table. An ASCII table is provided at the end of this paper. Signed numbers
are represented in 2°s complement form.

(No marks will be awarded for this question unless you show how the solutions are

derived.)
Unsigned Signed Hexadecimal Binary ASCII
Decimal Decimal

? A ? 0100 1000 0110 1001 ?
2 -2049 2 2222222222227

[10]
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[E1.2]

d) Giventhat F=XYZ+ XY Z ,find F in product-of-sum form.
[4]

e)  Simplify the Boolean expression 4 B+ AC + B C using Boolean algebra so that the
expression is sum of two products, each product having only two variables.

(6]

f)  For the circuit shown in Figure 1.4, draw a truth table showing the output Q for all
combinations of inputs A, B and C.

MUX MUX

A 0 0 0 0
B 1}GTH c 1}63
0 0

Q

1—j3 B 3

Figure 1.4

[6]

e)  Draw the state transition table for the finite state machine (FSM) shown in Figure 1.5.

>
clock

Figure 1.5

[4]
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[E1.2]

a)  With the aid of a diagram, show how the following logic function can be implemented
on a PAL device.

f=(X+Y+Z)(X+7)
[10]

b)  Figure 2.1 shows a finite state machine (FSM) implemented with a ROM that contains
eight 4-bit numbers and three D flip-flops. The ROM address signals are A[2:0] and the
ROM data signals are D[3:0]. D[2:0] are connected to the D inputs of three flip-flops
as shown in Figure 2.1. The most significant data bit D3 from the ROM provides the
output signal Z. The outputs of the flip-flops Q2, Q1 and QO are connected to the
address signals A2, Al and A0 of the ROM respectively. The contents of the ROM are
shown in Figure 2.2. The registers are initially set to all ones (i.e. Q0 = Q1= Q2= ‘1").

(i)  Draw a Moore state diagram showing the state transitions and the output values

of the FSM.
[10]
(i)  Sketch the waveforms for the signals Q[2:0] and Z for at least 6 cycles of the
clock.
[10]
clock —l
z
ROM D3
D3
A2 - - D2 D Q| Q2
Al D1 D1 Q1
[ﬂ A Do %0 £
Figure 2.1
Address A[2:0] ROM Data DJ[3:0]
0 0001
1 1101
2 0000
3 1000
4 0000
5 0110
6 1011
;) 0000
Figure 2.2
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a)  Figure 3.1 shows a combinational circuit with six inputs (D3, D2, D1, DO, S1, S0) and
one output Y. Derive a Boolean equation for Y. Hence, or otherwise, draw a

functional truth table for this circuit.
[10]

S0 >0

S1
DO

D1

|

JUUU

D2

D3
Figure 3.1

b)  Figure 3.2 shows the truth-table of a priority encoder circuit with 4 inputs (D3, D2, D1
and D0), and two outputs (Al, A0). Use Karnaugh maps to find the minimized
Boolean equations for A1 and A0. Hence design a gate level implementation for this
circuit. You may use any basic gate types.

[10]

Inputs Qutputs

D3 D2 D1 DO Al A0
0 0 0 0 X X
0 0 0 1 0 0
0 0 1 X 0 1
0 1 X X 1 0
1 X X X 1 1

Figure 3.2

¢)  Modify the circuits in a) and b) above so that only NAND gates are used. You may use
NAND gates with any number of inputs above 2.

[10]
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b)

d)

E1.2 Digital Electronics 1

[E1.2]

Design a half adder circuit using only 2-input NOR gates.
(8]

Using half adders and 2-input NOR gates, design a 4-bit binary adder circuit that adds
two 4-bit numbers A[3:0] and B[3:0] to produce a 4-bit sum S[3:0].

[10]

Figure 4.1 shows a 4-bit adder-subtractor circuit. When the input SUB is low, the
circuit performs a 4-bit addition A+B. When the input SUB is high, the circuit
performs a 4-bit subtraction A-B. By adding extra components to the design in b), or
otherwise, design the adder-subtractor circuit.

(8]

The circuit in ¢) is used to add and subtract 4-bit signed numbers in 2°s complement
form. State with examples the conditions under which this circuit would produce
WIong answers.

[4]

A0 —— , ~

B[3:0] — & —— SUM[3:0]
Cin —— Carry_in

SUB —— sus

Figure 4.1
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ASCII Table for Question 1

[E1.2]
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E1.2 Digital Electronics 1
Solutions 2007

All questions are unseen.

Question 1 is compulsory.

1. a) SOLUTION:

F Ae AB AB

o [ ¢

O Y

J

F=BC+AB+ABC

b) SOLUTION:

G AB AB AB AB

c

c

A

|

[ o
\

0

B

G=AB+AB+A C

[4]

(6]

Vv
c)
SOLUTION:
Unsigned Signed | Hexadecimal Binary ASCII
Decimal Decimal
18537 77770 4869 0100 1000 0110 1001 “Hj”
65022 -2049 FDFE 7777777777777
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d) SOLUTION:

F=(X+Y+2)(X+Y+2)

e) SOLUTION:

AB+ AC + BC

= AB+BC(A+A)+ AC

= AB+ ABC + ABC + AC

= AB(C+1)+ AC(B+1)

= AB+AC

[6]
1)) SOLUTION:
C B A P Q
0 0 0 0 0
0 0 1 1 1
0 1 0 1 0
0 1 1 1 1
1 0 0 0 0
1 0 1 1 1
1 1 0 1 1
1 1 1 1 1
[6]
g) SOLUTION:

Z X X D =next Z
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
] 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

[4]

il
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2; SOLUTION

a)
41 { T =
& = - f
@ & & /—r
ZJ‘X &
X Y Zz
[10]
b) (1)
[10]
(i)
clock
Q[2:0]?XUX1X5X6‘XSXOX
e B \*
[10]
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SOLUTION:

a)
Y =S150 DO+S180 D1+S150 D2+ 5150 D3
S1 SO Y
0 0 DO
0 1 D1
1 0 D2
1 1 D3
b)
Al D1 DO A0 D1D0
00 01 11 10 00 01 11 10
00 |x|olo]o 0| x|o|1]1
ol 1[1]1]1 ololo]lo
D3 D2 D3 D2
1M1 ]1]1]1 Mml1]1]{1]1
10 11111 10111111
A1=D2+D3 A0 =D3+D1D2
=) >— &
D3
A0
- o D_I_Di
—
D1
c)
0 —-D
—
S1 D I )
Do ! |
D1 ]
Y
=
—
D3 = 7
*ED‘?D_A1
D3
0 > A0
D2 ——
D1 '
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4, SOLUTION:

a)
A
Ton s
B ) _ |
L®V =] HA
L) g - i
(8]
b)
Full adder
A S
HA HA
B
N T S,
c |
S, S, S, S,
A, —A sJ A—A :s—| A,—A sJ A,—A s
BO_B FA 81_8 FA BZ_B FA Bg-""'B FA
0 —iC Cuit c Cout c Cout C Cou— Carryoul
[10]
c)
. =
A[3:0] ”
G MUX
l:l ,:l ——— SUMI[3:0]
| ° L
B[3:0] >o—H! Snh
SUB
(8]
d)

When the sum or difference of the two numbers falls outside the range of value -8 to
+7. For example, 7+3 will give a sum -6 and not +10. Similar -7-3 gives 6, not -10.

[4]
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