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Logic Circuits

Q1. Design of a vending machine
Design and draw the logical diagram of a vending machine for pop drinks. Each can cost 15
cents. Only coins of 5 cents and of 10 cents are accepted. The circuit has two inputs X1Xo, and
two outputs Y1Yo. The behaviour of the circuit is described below:
Xa1Xo Description

00 No money is deposited in the machine Y1 =1=> Dispense a can

01 1 nickel is deposited in the machine YO0 =1=> Give change a nickel

10 1dime is deposited in the machine

1. Assuming that the machine starts from state 00,

complete the state diagram of the sequential
circuit given in the following figure:
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2. Derive the state table and then the
excitation table, given that JK flip-flops
are used for the state register of this
sequential circuit.

Find first the transition function for Q*; =
8(Qz1,Qo,X1,X0) to obtain J & K by mapping it to the
JKFF characteristic function 0""*t=0".-J"+0"-K"

Q"

XiXo| 00 | 01 | 11 | 10
Present State S"| In Sn+l Out  JQu in Qo in Q1Qo
Q1 Qo | X1 | Xo JQu*|Qo*| Y1 [Yo] Iz | K] Jo | Ko 00 0 0 _
o | o [o]ofofo]ofao]o]x]o]x 01 0 Etanes 0
0 0 of1gJoj1f{o0jJo0fo0 1 11 X X X X
ol el 10 1 o] x| o
0 O J1]OJ1]0JO0JOJI{xJO[X]|Qi*=QoXo+Q1Q0 X1= Qo(Qi+ Q1) Xo+ Q1 Qo Xi=
0 0 |1 |1]x|x|x|x]x[x]x|x = Qo(Q1) Xo+ Qo (Q'1) Xo + Q1 Q'0 X1=
0 1 lololol1]lolololxlx|oll Q" = Q1(QoXo+ Qo X1)+ Q1 XoQo =
Q= Q1 J1 + Q1 K1 (JKFF char. equation)
0 1 Oj]1)11|10]0(0)2xIx]|1
= Ji=QoXo+ Qo Xi; K1 =XoQo
0 1 1101002 )0J0xx|1
0 1 L)1 x| x| x|xx|[xfx]|x Qe
1 o lololzlolololxlololx ° N XiXo |00 |o1]11]10
1 o |ol1fo]ofa|olx|1]o]|x QQo
oo Jo [FENFENO |
1 0 1({0fJO0]O0Of212x|1J0|x 01 1 0 X 0
1 0 L1 x| x| x|xfx|[x]x]|x 11 X X X
1 1 OO x| x|x|xfx|[x]x]|x 10 0 0 0
1 1 o1 lx| x| x|xIx|x]x|[x]| Q" =Q:1Q0Xo
2> Jb=.. Ko =
1 1 110 x| x| x|xx|[xfx]|x
1 1 |11 x| x| x|x|x|xIx]|x Y1 X:Xo | 00 011110
- - - - - - - QlQO
3. Derive the simplified excitation equations of 00 olo [x lo
the JK flip-flops and the output equations.
One can find J1, K1, Jo, Ko, 01 0 JO fx |1 ]
a) directly from the above excitation table, 11 X X X X
or 10 0O 1 |x 1 |

b) do the transition table
Next state Sn+1/ Qutput = Q1* Qo*/ Y1 Yo

Q:Q5~XXo| 00 01 11 10
00 0 0:0 0|0 1:0 O|x xix x[1 000
01 0 1:00/10:00|xx'x x|00'10
11 xxixxxxixx xxixx
10 10000010 00i11

and then find the transition and output functions

as shown next.

Y1=QoXo+ Qo X1+ Q1 Xo+ Q1 X1

Yo | XiXo|00|o01]11]10
Q1Qo
00 0O |0 |x |O
01 0O |0 |x |O
11 X | X |x |Xx
10 0O [0 |x 1
Yo= Q1 Xy

4. Draw the logic diagram of the circuit, using only NAND gates and JK flip flops...
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Q2. Conceive a 3-bit multifunction register that can perform the following operations:
Use T-type flip flops and any logic gates or other combinational digital circuits.
Top-down design: I, [eaco| CK
|
. B 5 i
cl|co Function S I~ :
I 0 I |
0 | O [fO: Store (preserve) register's P! Jo© H— oM i To Q _ln 0
content P fol : 1U i sh)
0 | 1 [f1: Right shift (register’s serial || fo? —|2x i CLK —
input is connected to an RN —s | @ Q-
external input /) || | Iy R
1| 0 [f2: Increment by 1 ! : [« |
1 |f3: Swap the most significant : | f10 ' oM ! T Q l_Ql
bit (msb) with the least | Jit ' 1y :
significant bit (Ish) | 7 : 2y i LK —
Pl - I
i L ’ I < R
| "
i | 4
I | ﬁ() | 2
S | OM T2 #
: | Ve —L : Q msh)
! 2 ]
! I o | |1 LR 5
1 i Sy A%
I_______________________' ______ I____I
Transition Equations Excitation Equations T; (final results -
Ci| Co Function ( reliminarq steps) derived for each case separately,
P y step as shown after this table)
0 | 0 [f° Store (preserve) register's |0: (n+1) = O; (n) ; i= {0,1,2} 7;=0;i={0,1,2}
content
0 | 1 [r: Right shift (register’s serial |0; (1+1) = Ous () ; i=0,1 if Oi(n) = Oina(n) =>Ti = 0;
input is connected to an . if Qi(n) # Om(n) =>Ti=1;
external input /) el =) ie, T=0.00,,,i=01
T,=0,®1
1| 0 [f% Increment by 1 [Q2 01 Qol(n+1) = [02 01 QM) +U T, =0, -0y ; T,=0Q,; To=1
1| 1 |fe: Swap the most significant |00 (n+1) = 02 () T,=T,=0,-0y+0, -0, =0, ®Q,
bit (msb) with the least |01 (n+1) = O1 (n) Ti=0
significant bit (Isb) 0, (n+1) = Qo (n)

School of Electrical Engineering and Computer Science

University of Ottawa




Logic Circuits

CEG 2136 Assignment 1

Page 4 of 9

cico = 01: Transition equation to implement: Qi (n+1) = Qi1 (n) ; i=1,2

Input of Qi | Present state of Qi | Next state of Qi
Qi+1(n) Qi(n) Qi(n+1) T
0 0 0 0 o
0 1 0 1 T;'_Q[@Qi+l’l_l’2
1 0 1 1 I,=0,®1I
1 1 1 0
cico=10:  [Q2 01 Qo](ntl) =[Q2 Q1 Qo](n) + 1
Present State Next State
Q2(n) | O1(n) | Qo (n) | Qa(ntl) | O1(n+l) | Qo(n+l) | T2 | T | To
0 0 0 0 0 1 0 0 1 T -
0 0 1 0 1 0o |o 1|1 2 =010,
0 1 0 0 1 1 0| o1 L=0,
0 1 1 1 0 0 111 To=1
1 0 0 1 0 1 0 0 1
1 0 1 1 1 0 0 1 1
1 1 0 1 1 1 0 0 1
1 1 1 0 0 0 1 1 1
=11 Qo (n+1) = Q2 (n)
cico = 11: O1 (n+1) = O (n)
Q2 (n+1) = Qo (n)
Present State Next State To=To
1Qo 00 01 11 10
O:(n) | O1(n) | Qo) | 02(n+)) | Qs+ ) | Qo)) | 2 | W | 0 | €2
0 | 0o [ o 0 0 0 [o]o]o o |00
0 0 1 1 0 0 1 0 1 1 lolol1
0 1 0 0 1 0 0 0 0 1
0 1 1 1 1 0 11011 I,=1y =
1 0 0 0 0 1 1 0 1 =0,-0,+0,-0,
o e b eelel oso
T1=0
1 1 1 1 1 1 0 0 0
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Q3.  Implement f (4,B,C,D)= %(1,4,5,7,9,12,13) using a MUX(8x1) where 4, C, and D are connected
to the multiplexor’s select inputs.

AlB[c|D]| f Alclp[B][f
ofoJofolo] o ofojolofo]o]| B ACD
1]ofofof1]1 olofo]1]1
2lofof1]o0] 0 1fofof1]of1] 1
3lofof1]1]o0 olol1]1]1 B—0
4flof1folo] 1 2lof1]ofoJol o] 11
s[o[1]o]1]1 ol1/of1]o0 o1
6lof1]1]0] 0 3lol1]1]o]o] B
ARNRRARE o1]11]1 B3 |+t
gl1|/o|l0|0] O 4l1/0/0|0J0o|B| B_ |4
9[1]ofof1]1 1lolof1]1 1 s
10]/1]of1]0] o slafofafo]a] 1] ;s
1|1fof1]1] o 1lol1]1]2 ]
12|1]1]o0fo0] 1 611000007/
13[1]1]of1]12 1/1]ol1]o ]
14|1]1]1]0] 0 71711700 0
151111 ]o0 1]1]1l1]o
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Q4. The figure below represents an intersection of two streets. Sensors have been placed in the proximity of the
intersection, along A, B, C and D lanes to detect vehicles’ presence. A sensor’s output is 1 when there is no
vehicle on its monitored lane (indicated as fiee in the following) and 0 when a vehicle is present (busy
lane). The two sets of intersection lights (East-West or EW, and North-South or NS) observe the following

logic:

1) The EW lights will turn green when vehicles will be simultaneously
detected on both C and D lanes.

2) The EW lights will also be green when either C is busy or D is busy,
and, if A and B are not both busy at the same time.

3) The NS lights will be green when vehicles will be sensed on both A
and B lanes, and, if C and D are not simultaneously busy.

4) The NS lights will also turn green when either A is busy or B is
busy, but C and D are both fiee.

5) The EW lights will also be green when no vehicle is present in the
intersection.

a) Using sensors A, B, C, D as input variables, implement a logical combinational circuit that controls
the lights. There will be 2 output functions NS(4,B,C,D) and EW(A4,B,C,D) whose values will be 1
when the light is green (and 0 for the red!). Simplify the 2 functions and derive their Sum-of-Products

minimal form (no logic diagram asked).

N A
4

NS

QB

NOTE: The Oxford English Dictionary explains “either ... or” as follows:
The primary function of either, etc., is to emphasize the indifference of the two (or more) things
or courses ... but a secondary function is to emphasize the mutual exclusiveness, = either of the

two, but not both.

1) | The EW lights will turn green when vehicles will be
simultaneously detected on both C and D lanes.

EW:=CD'

2) | The EW lights will also be green when either C is busy or D is
busy, and, if A and B are not both busy at the same time.

EW: = (C’ xor D’) (A'B’)’

3) | The NS lights will be green when vehicles will be sensed on
both A and B lanes, and, if C and D are not simultaneously busy.

NSi=A'B'. (C'D")’

4) | The NS lights will also turn green when either A is busy or B is
busy, but C and D are both fiee.

NS = (A" xor B') . (CD)

5) | The EW lights will also be green when no vehicle is present in | EWs=ABCD
the intersection. "\ Ay
w (g w >
CD 00 01 11 10 CD 00 01 11 10
A AB
00 1) 2 2) 00 3) 3) 3) 3)
01| 1 2) 2) 01 4) 4) 4) 4
i ) 2) 5) 2) 11
0] 1 2) 2) 10 4 4 4) 4
EW NS
CcDh 00 01 11 10 cD 00 01 11 10
A AB
00 1 00 1 1 1
01 1 1 1 01 1
11 1 1 1 1 11
10 1 1 1 10 1
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Condition: 1) 2) 3) 4) 5)

A|B|C |D|EW;: |CxorD | (AB) | EW2 | NS1 | NS, | EWs| EW | NS
0]J]0|J0|0]O0 1 1
110]10]0 |1 1 1 1
2100|1110 1 1 1
310(0(1 |1 1 1
4 10(1(01{0 1 1 1
510111011 1 1 1 1
6101|110 1 1 1 1
7101111 1 1 1
811101010 1 1 1
911100 (1 1 1 1 1
1001101 1|O0 1 1 1 1
111101 |1 1 1 1
1211]1]101|0 1 1 1
131110 |1 1 1 1 1
141111110 1 1 1 1
151111 1|1 1 1 1
b) Realize NS(A,B,C,D) and EW(A,B,C,D) using a 4-to-16 decoder and 2 OR gates; draw the circuit
diagram.

YO
Y, —
A Y, EW
B Y,
C Y, ]
D Y.
Y6 ||
Y7
Y8
vy || NS
9
Y I
10
Yll
Y12
Y13 1
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Q5. A sequential circuit has two JK flip-flops 4 and B, one input X and one output Z. The circuit logic
diagram is shown below. Derive the circuit State Table as well as the State diagram.

\—J Q- A %J Q|+ B
> Clk Clk

K l_K Q

CK ,_ —|

J4=B, KA=B’
JB=KB=(A®X) =AX+4'X’,
Y=(A®X) ®B

Ar+1 and By+1 can be derived using the JK characteristic equation (Q"" = 5 J+ O K' ).
EX., A1 = AKa'+ Ar’Js = A(B’)’+ Ai’(B) = A(B)+ A:’(B) = (4: + A:)B = B

You can also use the characteristic table instead of the characteristic equation:

J K | O+ A |B|X|JA| KA | As1 | IB KB | Bi1
0 0 O o lo]jo] o 1 0 1 1 1
0 1 0 o lof[1] o 1 0 0 0 0
1 0 1 0 [11]0 1 0 1 1 1 0
1 1 0’ 0 |11 1 0 1 0 0 1
1 oflo] o 1 0 0 0 0
1 [of1] o 1 0 1 1 1
1 (110 1 0 1 0 0 1
1 [ 11 1 0 1 1 1 0
State Table: State Diagram
Present State| In Next State | Out
A B X A1 Bi+1 Y
0 0 0 0 1 0
0 0 1 0 0 1
0 1 0 1 0 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 0 1 0 .
1 1 0 1 1 0 o
1 1 1 1 0 1
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Q6. Using D flip-flops, design and implement (devise the logic diagram) the sequential circuit
specified by the following state table:
Present State Next State | Out A"l = AB + BX B"i= X
A1 B+
0 0

>
w

R kR ~|lo|lo|lo|o
| |lo|lo|r|—|o|o

R |o|r|o|r|o|r|lol X|T
~ |k|o|o|~|o|o

~ |or|o|r|o|-
o|o|r|o|lo|o|lo|lo]l N

Q7. Using JK flip-flops, design and implement (devise the logic diagram) the sequential circuit
specified by the following state table:

Present State | Input | Next State | FF’s Inputs (Excitations)
X JA | KA | JB KB

>
W
W

Rl |o|lo|lo|o
Rl |o|lo|r|r|o|o
R|lo|k|o|r|o|r|o
olr|r|r|olr|o|lo] >
o|lr|r|o|r|o|r|o
X[X|X|X|o|r|o|o
R|o|o|o| X]|X]|X]|X
XX |o[X|X]|~|o
—|o|X|X|o|— | X]|X

01 11 10 BX 00 01 11 10

93]

X
o
S
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