EE2020/6 Digital Design Fundamentals

Extra Practice Questions (SOLUTIONS)
NOTE THAT THERE ARE MANY OTHER POSSIBLE SOLUTIONS TOO..

Question 1

We need an extra JK flip-flop to implement a 5-bit counter. For an asynchronous Mod-29
counter, it needs to be cleared asynchronously (immediately) when count reaches 29:

Qs Q3 Q2 Q1 Qo
290= (1 11 0 1)

Since “11111” will not be reached for a mod-29 counter, the condition to be checked for is
“111X1” i.e., we only need to detect Q4 = Q3 = Q2 = Qo =1 to clear the counter.
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Question 2

1) State Diagram
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2) Functional Block Diagram

J2 Q2
J
R 2 3
—t QF
11 Ql
Ql — Comb. K1 i Q
\ la Circuit L L QFfF
JO Qo
J
Q0 — ko[" [ ¢
_> —
3) Next State Table CLK
Current State Next State
Q2 [ Q1 | Q0 | Q2+ | Q1+ | Q0+
0 0 1 0 1 0
0 1 0 1 0 1
1 0 1 1 1 1
1 1 1 0 0 1
Other States X X X

4) Apply Excitation Table to determine Output Values of Combinational Circuit

Excitation Table
of JK FF

o 0 BBE e B

o o 1|1 o 0o X

s leX T«

18?1;010)(1

S A N R
Q2 Q2+ J2 K2 Q1 Q1+ J1 K1 Qo Qo+ JO KO
0 0 0 X 0 1 1 X 1 0 X 1
0 1 1 X 1 0 X 1 0 1 1 X
1 1 X 0 0 1 1 X 1 1 X 0
1 0 X 1 1 0 X 1 1 1 X 0
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5) Construct the truth table of the Combinational Circuit

Inputs of Comb. Ckt Outputs of Comb. Ckt
Q2 Q1 Qo J2 K2 J1 K1 JO KO
0 0 1 0 X 1 X X 1
0 1 0 1 X X 1 1 X
1 0 1 X 0 1 X X 0
1 1 1 X 1 X 1 X 0
Other States X X X X X X
6) Realize the Circuit
Method 1 : By inspection Method 2 : By KMAP
J2=K2=Q1orQ 0, Q, Q,
J1=Kl1=1 0,0, 0o 1 0,0, 0o 1 2,0, \" 0 1
JO — 1’ KO = @ 0l x| o 00 /\__1\. 00 /\__x\ »
01 (1_? Q o || x | x o f|1 | x
x| x nfx | x 1 |x | x
10] X | X 10 Q_l/ 10 L_X)
J, map J, map J, map
Q) 9, b
0,0, 0 1 0,0, 0 1 0,0, 0 1
00| x| x o |(x [ x)L-1 ol ©
o1 | x q‘* ~¢ or 1 | x o (X | X)
1| x _|J x| Il x|o
10 X |o 10 [(X | x) | x|o
K, map K, map K,map
Q, Q, 0,
HIGH HIGH J 3
¥ J J, ° J; J
> C = C > C
K, K, Kk, p—C
CLK

(ii) If the counter gets into state 3 (Q2Q1Q0=011), based on the circuit above, the next count is
Q2Q1Qu=100, followed by 111. Thus, the counter will return to a valid state through 3 > 4 2> 7.
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Question 3

Possible state after two clock cycles : SO or S3.

Question 4

Reset =1

Description:
This finite state machine asserts (sets TRUE) the output Q for one clock cycle if A is TRUE (‘1)

followed by B being TRUE (‘1) in the next clock cycle. Otherwise, the machine deasserts the
output Q (sets FALSE).
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1) Next State Table

current state inputs next state

0 0 1 X 0 1
0 1 X 0 0 0 S+1 — SOB
0 1 X 1 1 0
. ==
1 0 X | X 0 0 SO = 1 OA
current state
0 1 0 N
1 0 1 Q 1
Using D-FFs with synchronous resets, the circuit is as follows :
B | ST S
\ 1 D Q 1 Q
CLK+ Q[
|
Reset
3 } S; D @ So
A / _
CLK+ Q[
I
Reset
S, S,
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Question 5
cLk/ N/ \__/ T\ /T
Y /N N
Reset =1
1) Using the following State 2) Next State Table
Assignments :
State Binary Encoding Current State Next State
ol L L ! 0o 1 0 1 0 0
7
52 b 0 0 10 o0 0 0 !

S2'=S1, S2=So, So =Sz, Y=S,

Using D-FFs with active high synchronous resets and sets, the circuit is as follows :

D Q 1 D Q > D Q >0 Y
> CLK > CLK >CLK
Reset Reset Set
| | | Reset

CLK
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Question 6

By working backwards from the circuit provided, the next state table can be derived as follows:

Next State Table

current state (Detailed working on
subsequent pages)
5 So
0 0 1 1 1
0 1 ] 0 0
0 1 1 1 0
1 X X 0 1

Output Logic Table

current state output

51 So

This is a Moore machine.

When X = 1, this finite state machine is a divide-by-two pulse generator. When X = 1, the output Q
is asserted HIGH.



Step By Step Working : S1 =0, SO =0, X=0

CLK CLK
SO’ 51 Ly S1
i 0 01V 0
1
SO




Step By Step Working : S1=0,S0=0, X=1

CLK CLK
SO’ S1’ S1
1 0 1 0
SO




Step By Step Working : S1=0,S0=1, X=0

XO
CLK CLK
0 sc())' 51’y S1
0 1 ; 01V 0
SO

current state




Step By Step Working : S1=0,S0=1, X=1

x1
CLK CLK
0 SO’ S1' L, S1
o[ a 1¥]0

current state




Step By Step Working : S1 =1, S0 = X, X=X

¥ X
CLK CLK
1 o X 51/ L, S1
y 1{™M] X . 0|™| 1

current state




Question 7

(@)

E=0

(©)

Q1Q0

Dz==Cﬁ32+-EC5C%4-E€ZCA-%C§C530
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(b) In state 2, if E=0 the next state will be
state 3.

state2 state3

I | L
E O

During state 2, the machine checks for the
value of E, just before the next clock edge
comes. If E=0, this will make the machine
go to state 3 in the next clock cycle.

00

B

e | 1o

ol

Q1Q0

Q1 Q2+/D2 | Q1+/D1 | QO+/DO
0 0 0 0 0 0 1
0 0 0 1 0 1 0
0 0 1 0 0 1 1
0 0 1 1 1 0 0
0 1 0 0 1 0 1
0 1 0 1 1 1 0
0 1 1 0 1 1 1
0 1 1 1 0 0 0
1 0 0 0 0 1 0
1 0 0 1 0 1 0
1 0 1 0 1 0 0
1 0 1 1 1 0 0
1 1 0 0 1 1 0
1 1 0 1 1 1 0
1 1 1 0 0 0 0
1 1 1 1 0 0 0
EQ2

10 Q10N ¢ o1 ] 11 10

00

L0

Ll

oL

1 [ ol 0 lo]ofo
0o |o 2lolo]o|o
0 | o __1—7\00

o
|

E%::CEC%4'ECZ4'E(LCE Do::E-C%



EE2020/6 Digital Design Fundamentals

02 2 Q1 Qi @ a0 E E

0, +EQ,0,+EQ,0, + 0,00,

CLK

d) TC is TRUE if the state is 7 and EVEN=0, or if the state is 6 and EVEN=1.

E —
Q2 —
Q1 |
Q0 —
E —
Q2—
Q1 —
Q0™ TC = EQleQo + EQ2Q160




Question 8

1) State Diagram
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Main Street Traffic Light

Main Side

Main Side

Main Side

MSB

O|@
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LSB
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OO  [O|@] Y=

2) Functional Block Diagram

Main Street Traffic Light D2 Q2
D q
Q2 — —
L aF
T=1 —
=0 Ql
Q0 — D1 Ql
Comb. D a
T — Circuit L& afF
— =
DO
D Q Qo
L gF
CLK
3) Next State Table = Truth table of the Combinational Circuit
Current State Next State
T Q2 Q1 Qo0 Q2+ =D2 Ql+=D1 Q0 +=D0
0 0 0 1 0 0 1
0 0 1 0 1 0 0
0 1 0 0 0 0 1
1 0 0 1 0 1 0
1 0 1 0 1 0 0
1 1 0 0 1 0 0
X Other States X X X

4) Realize the Circuit

10



QT D2 Kmap
Qi 00 01 11 10
ol X|X|0o]o
o1l 1| 1| X|X
11| X | X | x| x
10 0|1 X |X
D, =Q,T +Q,

Q1 Qi Q0 @ T T
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qo7 DlKmap qoT DOKmap
Qo 00 01 11 10 2o 00 01 11 :.\10
ool X | Xx|1]0 00 7X X |01
011 00| X |X 01/ 0] 0| X [ X
1| X[ X[ xX|Xx 11] X [ X | X | X
10/ 0[O0 [Xx|X 10 1 0| X | X
Dl = QOT D0 —TQl

This question can alternatively be solved by the FSM approach.

11



Question 9
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State Transition Diagram Next State Table

Reset

—

current next state
state 5'9.0 . S S— —|—S S
S2:0 — P1R0 2%0
000 001 _ —
001 011 Sll = S2SO+S'ISO
011 010 S'O _ Sz D S'[
010 110
110 111 Q2 = Sz
111 101 Q'l . Sl
101 100
100 000 QO = SO
Final Circuit Implementation
— CLK
A ! %7
/ﬁ_.‘ ~ S, S, Q
m__/ 2
—O /
Jd N
Benka|taE
B 1
—O—_/ —
W S' S
l >o 0 0 Q,
S r
s,S,S, Reset
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Question 10

In State SO : the cumulative sum is a multiple of 3 (3n),
State S1 : the cumulative sum is a multiple of 3, plus 1 (3n + 1)
State S2 : the cumulative sum is a multiple of 3, plus 2 (3n + 2)

Question 11

For a more detailed explanation, please refer to the subsequent pages.

13
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Mealy :

The Moore machine requires five states, while in comparison, the Mealy machine requires only

four states. An easy way to remember the difference is that a Moore machine typically has More
states for a given problem.

Cycle1 | Cycle2 | Cycle3 | Cycle4 | Cycle5 ! Cycle6 | Cycle7 | Cycle 8 | Cycle 9 |Cycle 10
CLKy N/ " " . N N N\
Reset ! /
A 1 1 1 0 1 1 o/ 1\ 0
Moore Machine
S 177 XS0 Si S2 %S2 S3 54 %82 S3 S4 %S0
Y A\ / \ / \
Mealy Machine
S 177 XS0 Si S2 XS2 S3 S %S2 S3 =1 XS0
y_ T

14



EE2026 Extra Practice Question Set : Question 9

@1}

Alyssa owns a pet robotic snail with an FSM brain. The snail
crawls from left to right along a paper tape containing a sequence
of 1’s and 0’s. On each clock cycle, the snail crawls to the next bit.
The snail smiles when the last four bits that it has crawled over
are, from left to right, 1101.
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Reset=1

‘ A=0
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Reset=1
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